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1 Executive Summary

As NASA prepares for human exploration missions beyond low Earth orbit, including to the
Moon and Mars, addressing critical Human Health and Performance (HH&P) risks associated with
surface extravehicular activity (EVA) is essential. The goals of some EVA studies may not require
high-fidelity, pressurized space suits in gravity offloaded and/or neutrally buoyant environments
but rather can be effectively conducted in space suit simulators in analog environments. As access
to pressurized space suits is often limited and costly, the NASA EVA and Environmental
Physiology Laboratory (EEPL) developed the Hybrid Space Suit Simulator (HS3), a modular, low-
cost, unpressurized space suit simulator designed to support a wide range of EVA research
objectives. HS3 enables consistent, quantifiable simulation fidelity while significantly reducing
logistical and financial overhead for EVA analog research and testing.

HS3 was designed to be a modular system, allowing for components and/or subsystems to be
added or removed based on the goals of specific studies or tests. HS3 consists of seven major
subsystems:

1. Hard Upper Torso (HUT) with visor

2. Mock portable life support system (PLSS) with waist offload and thermal control
system

3. Electrical system that supplies and manage power

4. Soft goods system with a soft suit and gloves

5. Peripheral systems including communication, range of motion (ROM) ancillary
equipment, camera, boots, safety harness, etc.

6. Modular sensor system

7. Donning stand to simulate space suit donning/doffing

The HS3 was designed and developed in an iterative fashion with the final version, HS3 2.5,
being detailed in this report. We also describe a human-in-the-loop test series with physiologic and
performance data as well as HS3 system capability data as a reference for the performance
envelope of the HS3. In addition, full details of HS3 assembly instructions as well as user
guidelines are provided.

This report provides a comprehensive overview of the design, development, and construction
of the HS3 to enable research use of the HS3. In addition, this report highlights characterization
studies of the HS3, demonstrating its ability to be a customizable, modular research tool equipped
with integrated physiological sensors. HS3 is a critical tool for advancing EVA-related research
by enabling targeted studies that address knowledge gaps including objectives related to physical
and cognitive performance during simulated EVA tasks.

15



2 Introduction

As the National Aeronautics and Space Administration (NASA) transitions to exploration
missions beyond low Earth orbit (LEO), a plethora of Human Health and Performance (HH&P)
risks and knowledge gaps must be addressed to ensure safe and successful execution of
extravehicular activities (EVA) during missions to the Moon and Mars [1]. Some studies, such as
those focused on understanding injury mechanisms in the suit, require access to high-fidelity,
pressurized space suits and/or mockups; however, many EVA objectives related to HH&P do not
necessarily require a full pressurized and/or gravity-offloaded space suit. Examples of these types
of studies may include developing and testing novel EVA informatics and decision support
systems, biomedical monitoring systems, and assessment of physical and cognitive responses to
EVA tasks, timelines and training. Additionally, access to NASA space suits and/or mockup space
suits can be limited and costly. Thus, the NASA EVA and Environmental Physiology Laboratory
(EEPL) developed the Hybrid Space Suit Simulator (HS3). The primary goal of the HS3 project
was to create a low-cost, unpressurized space suit simulator for use as an EVA research tool
with modular capabilities to provide physical and cognitive workload approximations as
required by specific study aims during EVA simulations. A space suit simulator like HS3
significantly simplifies and reduces overhead for EVA analog testing while providing consistent,
quantifiable simulation quality and fidelity. This report describes the design, development and
characterization of the HS3 during simulated EVA as a modular, customizable research tool
with integrated human physiological sensors to address human health and performance
EVA knowledge and technology gaps.

2.1 Background: Suit Simulators

Space suit simulators are not a new concept and have been used as early as exploration EVA
development during Apollo training [2, 3, 4]. Training and research activities for microgravity
EVA have been heavily fine-tuned and characterized throughout the Shuttle and International
Space Station (ISS) eras; however, exploration-based EVA tasks and simulations are relatively
infantile as new space suits, tools, and concepts are just now being developed and characterized
for the Artemis program. NASA has a multitude of exploration-based EVA analogs such as the
Neutral Buoyancy Laboratory (NBL), the Active Response Gravity Offload System (ARGOS),
and various field-testing environments. The NBL and ARGOS facilities provide high-fidelity
gravity-offloaded, pressurized suited testing and training environments that will be required for
crew to be successful in future exploration-based mission objectives; however, exploration-based
EVA training tasks and concepts are actively and continually being defined and developed, initial
testing does not always require high-fidelity analogs. Historically, during Apollo-based
exploration development, rock yard and field-based training exercises were frequently utilized
including volumetric and weighted mock-ups of suit components.

Space suit simulation tools and mock-ups can be categorized into five main categories with
increasing cost and complexity [5, 6, 7, 8, 9], ranging from unsuited analogs (shirt-sleeve
environments), limited interface (using a limited number of components for simulating specific
suit aspects), representational simulation (using visually representative garments to provide
immersion during an EVA), unpressurized full-spectrum simulation (may have various suit
functions like ventilation or mobility restriction), and full-fidelity pressurized space suits (Figure
2-1).
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(a) Unsuited EVA analog testing used in the Assessments of Physiology and Cognition in Hybrid-
reality Environments (APACHE) facility [6]. (b) Limited interface suit simulator used by Apollo
crew to conduct geological training (source: NASA). (c) Representational suit simulator used
during public affair events (source: NASA). (d) Unpressurized full-spectrum simulator (Atlas
Devices) as ergonomic capabilities simulator of the NASA’s xEMU suit [8]. (e) Fully pressurized
suit (Z-2.5) used in the NASA neutral buoyancy laboratory (NBL) for crew training [9].

Focusing on unpressurized full-spectrum suit simulators, there is increasing growth in the
usage of EVA analog testing environments through field applications, virtual reality simulations,
and controlled lab settings. These analog testing environments provide opportunities to address
HH&P and human factors questions or knowledge gaps related to EVA. Additionally, the use of
space suit analogs provides workloads more representative of EVA tasks. Each of these
unpressurized full-spectrum suit mock-ups provide different applicable lower fidelity workloads
through specific focused attributes from the suits. For example, the Exploration ConOps (EXCON)
space suit mock-up (based on the exploration extravehicular mobility unit, xEMU) is a higher
quality volumetric suit simulation tool that emulates the feel of being in a restricted suit assembly
by including rotational bearings and volumetric constraints [8]. Current space suit simulation tools,
however, lack key suit capabilities from realistic range of motion (ROM) attributes to cooling loop
assemblies that are critical to characterizing exploration EVA workload approximations. Thus, the
HS3 project aimed to address the gaps in current analog suit simulators with the development
requirements listed below to allow for the modularity in suit applicable assemblies based on study-
specific goals.
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xEMU Mockup xEMU Mockup MK III Hollywood NDX-2AT Analog Suit FMT Weight Suit
(Vendor PAO Suit) (Atlas ExCON) (Global Effects) (UND) (NASA /EEPL)

R

Figure 2-2. Unpressurized full spectrum suit simulators used in research analog studies.
Mock-ups include NASA MK 111 mockups, vendor volumetric mockups, and academic
analog research suits [10]. These suit simulation tools focus primarily on volumetric
attributes of the suit including weight components.

HS3 Development Requirements:
e Shall provide suit-like experience and immersion during EVA.
e Shall be modular and reconfigurable based on study specific research objectives.
e Shall provide physical and cognitive workload approximation profiles of exploration EVA.
e Shall be lightweight (backpack-like, less than 40 Ibs for loaded weight on hips).
e Shall be capable of recreating various planetary space suit volumetric, field of view (FOV),
and similar constraints.
e Shall be able to be donned or doffed in ~20 mins or less.
e Shall include provisions for thermal management.
e Shall have low manufacturing costs.
e Shall have low maintenance overhead (rapid prototype/3D-Print/commercially available
items) that allows easy suit maintenance and swapping of hardware.
e Shall provide the following safety measures:
o Head, elbow, hand, knee pads
o Fall restraint or positioning devices, as needed (e.g., for virtual reality/treadmill
usage)
e Shall accommodate a wide range of anthropometry (target 1t to 99" percentiles) while
providing consistent FOV and ROM simulations with consistent results.
Shall provide helmet ventilation airflow.
Shall have easy-to-align fasteners, connectors, or mating system for donning/doffing; and
allow for self as well as single operator assisted don/doffing.
o Shall provide fast off-nominal doffing (i.e., breaks, emergencies, etc.) to allow airway and
chest access in less than 4 minutes for emergency purposes.
o Shall have integrated communications system with wireless connectivity.
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e Shall be compatible/configurable to allow for concurrent use of a wearable metabolic

system (e.g., COSMED or similar metabolic masks; COSMED masks shall not hinder

head/neck mobility.

Shall be able to integrate with virtual reality headsets.

Should provide mounting locations for helmet/visor lights as applicable.

Should provide a camera mount for first-person view.

Shall support EVA informatics and biosensor technologies, as applicable.

Shall provide a minimum simulation duration of at least 6 hours continuously.

e Shall support hydration, nutrition, & waste management (HNW) measures.

e Should provide cable management and organization within mock Portable Life Support
System (PLSS) enclosure.

e Shall be able to easily implement COSMED mounting/secure COSMED to PLSS and
protection from sand/dust.

o Shall have easy access option to PLSS internal hardware for performing hot swaps and
troubleshooting.

e Should consolidate power to single power bank.

2.2 Use Cases and Application for Research and Training

As space suit simulators are key tools used in human physiological EVA research, hardware
evaluation, EVA training, and generation of mission concepts of operations (ConOps)
development, selection of an appropriate suit simulator based on the test goals is critical. Example
use cases of HS3 are shown in Section 9.9. NASA has traditionally used volumetric suit simulators
in field testing environments to increase the fidelity in generating ConOps. For example, the Joint
EHP Test Team (JETT) field test series currently utilizes the volumetric EXCON suit, which uses
a backpack hip offloading configuration, to simulate bearing positions and suit interactions during
simulated exploration EVVA operations in 1G field test environments [11].

The HS3 system has been designed to add various modular components along with volumetric
suit applications to enable more realistic EVA-like workloads during analog testing with a lower
overall system weight (and thus lower injury risks). A large gap in field-based suit simulators are
suit components such as PLSS and thermal control systems which are included in the HS3 design
modularity. The HS3 also incorporates biomedical sensors and instrumentation for EVA research
studies. In addition, HS3 can be used to test new EVA prototype technologies (e.g., informatics
systems) for iterative design updates prior to high-fidelity pressurized suited testing. This enables
a lower cost and faster approach by only implementing testing in full fidelity pressurized suited
environments once technologies have been tested and improved in lower-fidelity suit simulators.
With HS3 being a 3D printed (3DPT) modular system, engineers can test the functionality and
ergonomics of a design concept at a lower cost than designing a pressurized system that may not
be efficient. Additionally, HS3 can simulate EVA-relevant physical and cognitive workloads in a
variety of EVA analog environments including virtual reality (VR), sandbox (lunar simulation),
and planetary analogs (rock yard). Assessing performance in various environments can identify
trends to be expected during exploration EVAs and assess HH&P implications.

HS3 could also be implemented for EVA training and increasing crew experience with the
mobility and workload challenges of surface EVAs. For example, the loaded body weight
experienced in the HS3 is similar to what would be expected in pressurized space suits. In addition
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to physical workload, HS3 simulates cognitive workload by allowing the crew/subject to practice
performing specific tasks, like navigating or operating tools, to prepare for EVAs. When
monitoring cognitive workload in HS3, researchers have the opportunity to develop and refine
procedures for various EVA tasks, like communication, navigation and emergency responses
based on performance with the ultimate intent of reducing crew cognitive demand. Exploration
EVA simulated tool usage, task completion, and HS3 suit interactions have been assessed in 1G
environments and could also be used for training purposes [12].

Overall, as a modular EVA simulation and research tool, HS3 can be used in custom
configurations to meet specific test objectives for exploration EVA tests and studies.
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3 HS3 Design

3.1 HS3 System Overview

This section will detail the design of the HS3 version 2.5 and its subsystems. The design

evolution of HS3 versions 1.0 through 2.5 is shown in Section 3.2. HS3 consists of seven major
subsystems comprised of multiple components:

1. Hard Upper Torso (HUT) — HUT and helmet/visor.

2. Mock portable life support system (PLSS) — PLSS, spine, waist belt, thermal control
system (ventilation, and cooling systems, i.e., bladder & cooling loop.)

3. Electrical — Power bank, LCG pump motor speed controller, switches, cables, etc.

4. Soft Goods — Soft suit, HUT arm canvas covers, and glove/gauntlet systems.

5. Peripheral — Liquid Cooling Garment (LCG) garment only, communication, range of
motion (ROM) ancillary equipment, camera, boots, safety harness, Thermal Comfort
Undergarment (TCU), treadmill adaptation (i.e., safety harness), lighting, etc.

6.

Sensors — A modular system for integrating sensors into HS3 on a per-test basis.

7. Donning stand —an adjustable, rollable stand with hard capture (HC) and soft capture (SC)
mechanisms.
= x
: J | ‘
MEVO Helmet/Visor /
. Camera | / |
:\ 3 / 11 |
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Figure 3-1. HS3 System Overview
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The HUT is the portion of HS3 that encloses the upper torso of the body (Figure 3-2). It
provides the 3D printed (3DPT) structural mounting interface for the PLSS, helmet/visor, and
camera assembly. The mounting interface includes the spine and hip offloading waist strap, similar
to a hiking backpack. See Section 4.2 for design details.

| ‘MEVO -~ V'lsorllfa!'lnf
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— = 2 =

Figure 3-2. HS3 HUT

The PLSS structure couples to the subject via a mounted back-packing spine, shoulder straps,
and waist belt assembly. Attached to the PLSS are two rail systems that allow for HUT mounting
and adjustable vertical sizing. The PLSS provides the housing for electrical and thermal cooling
systems (Figure 3-3). Power for the HS3 is provided by a single battery bank and required for
helmet ventilation system (helmet fan), thermal control system (water pump), and various
bioinformatics. The thermal control system provides cooling to the subject via a single water
pump, bladder, and full-body liquid cooling garment (LCG). The LCG is comprised of an outer
layer of stretchy Nylon fabric with embedded tubing allowing water from the bladder to circulate
around the subject to enable thermal control during operations. Connections between the LCG and
PLSS interface are two quick disconnect (QD) connection points. The LCG cooling system is
designed to be used with either a mobile LCG bladder OR a surface supply umbilical. See Section
4.1 for design details.
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Figure 3-3. HS3 PLSS Components

HS3 has peripheral systems to enhance the simulation experience such as LCG,
communication, ROM ancillary equipment, camera, boots, safety harness, TCU (which is made of
a COTS athletic base layer) (Figure 3-5), treadmill adaptation (i.e., safety harness), lighting, and
bioinformatic sensors. The LCG provides thermal cooling to the subject’s body. The
communication system can vary per user discretion, but wireless bone conduction headphones
have been found to work the best to provide two-way voice interface while performing tasks. HUT
mounts for camera access and lighting options enable study specific camera assembly usage which
can provide real-time video coverage from the subject’s point of view during operations. The PLSS
power bank provides flexible powering connections, and the soft suit/PLSS has multiple sensor
attachment points for easy integration of additional sensors. See section 4.4 for design details.

Although HS3 is not a pressurized system, ROM ancillary equipment is used to simulate suit-
like motion limitations that may be experienced during exploration EVA. ROM ancillary
equipment consists of elbow and knee braces, as well as a waist inhibitor. Refer to Figure 3-4 for
this layer (2). The elbow and knee braces are used for restriction of motion for the extremities as
a simulation of the Extravehicular Mobility Unit (EMU) pressurization. The waist inhibitor and
crotch pad assembly are used for creating suit-like restriction motion of the hips and legs. The
waist inhibitor limits the subject’s ability to bend at the waist while the crotch pad keeps the legs
separated during ambulation, similar to the lower torso assembly in exploration space suits. When
using ROM ancillary equipment, the subject is expected to experience difficulty executing tasks
such as bending extremities, kneeling, and walking. The outer layer of the HS3 consists of a soft
suit which provides additional suit-like ROM restrictions, keeps all ancillary equipment in place,
and provides an immersive feel of environmental isolation. The soft suit has interfaces with the
thermal control system, HS3 gloves, and boots. The thermal control system is accessed via soft
suit LCG access ports where the LCG QDs connect to the PLSS. The HS3 gloves are connected
via interference fit with removeable 3DPT wrist rings and gauntlets attached to the soft suit arms.
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The HS3 boots are hiking boots that provide volume and weight similar to EMU boots. The boots
also provide leg and ankle ROM restrictions during kneeling and ambulation. Various sizes are
available for all HS3 modular systems to accommodate subject’s differing physical anthropometry.
See Section 4.4 for design details.

Waist
Inhibitor

LCG
Thermal QDs

~ KneePad

e Added HS3 2.5 :
Y ROM restriction on

waist inhibitor

Figure 3-4. HS3 Layer 2 Figure 3-5. Layer 3 — HS3 Under Thermal
Comfort Undergarment (TCU) Layer
Note: Orange blocks in the image shows the
location of IMU sensor system, which is
optional, and it is part of the Sensors System.

3.2 HS3 Development — Design Process and Evolution

This section provides a high-level overview of the HS3 design evolution. The actual
performance comparison across different versions of HS3 is detailed in Section 6.3. Through
rigorous testing in the Assessments of Physiology and Cognition in Hybrid-reality Environments
(APACHE) facility [6] with HS3-focused studies and/or engineering runs, HS3 design has evolved
from version 1.0 to 2.5 based on subjective feedback from subjects with pressurized suited
experience, as well as objective measurements. Subjects were polled on shirtsleeve vs. suit
likeness across various HS3 suit systems using a 10-point subjective scale (see suited experience
survey, Section 6.1.2.2) with 0 indicating HS3 being shirtsleeve like and 10 indicating HS3 being
pressurized suit like. The overarching goals of the design evolution are captured below:

(1) Minimize subject injury and/or discomfort,

(2) Enhance EVA simulation quality and fidelity, and
(3) Simplify overhead cost by using a simple design for operation and manufacturing
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The 2.5 version is the current state-of-the-art and is the final design detailed in this report.
Figure 3-6 highlights the design evolution from HS3 1.0, to 2.0, to the final 2.5 version as an
unpressurized 1G suit simulator. Major sub-systems are labeled across the image for reference and
comparison.

3.2.1 HS3 1.0 (2021-2023)

The HS3 1.0 design was the first released version in 2023, and it was designed based on the
requirements outlined in Section 2.1. The 1.0 design was evaluated during multiple engineering
runs as well as the “HS3 Characterization Study” (~2 hr simulated EVA) with n=8 subjects who
had previous pressurized suit experience [12]. All subjects completed the study and provided
critical feedback as listed below. See Figure 3-6 for HS3 1.0 design.

HS3 Major Subsystems

1) (3)
(2) Helmet/ § (6) Cooling J (10) Range
Visor (LCG) of Motion
(3) PLSS : (11) Other
(s Boas Peripheral
(4) HUT (8) Gloves

Some of the sub-components are labeled for clarity

in illustration.

* Peripheral System includes (6) LCG vest only,
(7),(9), (10),and (11).

*  Soft goods system includes (1) and (8).

*  PLSS system includes (3), (5), and (6).

(A) HS3 1.0 e HUT system includes (2) and (4).

Figure 3-6. HS3 1.0 Design Features.

o Key Design Features and Feedback during 1.0 Design Evaluation
o Soft Goods — Included soft suit, glove, HUT canvas cover, and ventilation covers.
o Design:

o Soft suit was made of a lightweight Nylon Ripstop fabric with
waterproof canvas reinforcement around joint areas to restrict ROM.

o Softsuit had knee and elbow pockets that allow insertion of padding
which create ROM restrictions and knee/elbow support during EVA
when subject is kneeling or crawling.

o The soft suit was not a closed loop system (i.e. air leaked out from
suit). It creates a barrier layer from external environment which
enables a relatively isolated thermal environment for ventilation and
cooling, and a physical and mental EVA immersion space for
subjects.
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QD access ports for ventilation and LCG inputs were integrated into
the soft suit.

Bulky modified lacrosse gloves with cotton liner glove inserts
reduced finger dexterity and attached to soft suit via 3DPT quick
release wrist rings for easy suit-like don/doff.

o Feedback: Subjects reported the gloves provided good immersion but
asked for more bulk to increase dexterity restriction. Subjects also reported
soft suit provided good EVA simulated immersion. Operators reported
access ports on the soft suit are very useful for ventilation/cooling system
operation.

e PLSS (Figure 3-8) — Included the electrical (battery, sensors, and cables), waist
offload (spine and waist belt), ventilation, and cooling systems.

o Design:

o

PLSS was a hard structure that housed the ventilation system and
coolant feed water. The PLSS was attached to a backpacking spine
for hip offloading.

PLSS was powered by 3 isolated batteries, and the electrical
connections were scattered through the entire PLSS space.

PLSS cover used a modified tote box with magnetic ventilation
screen attached. The PLSS backplate used a flat plastic board.

The ventilation system provided airflow for cooling (4 body ports,
with 2 onarms, 2 on legs) and defogging of the helmet visor (1 port).

e Ventilation was driven by a 12V DC fan blower that was
mounted inside the PLSS and provided 30L/min of airflow
to each ventilation path.

« Ventilation airflow was pulled through a filter on the outside
of the PLSS into a secondary High Efficiency Particulate Air
(HEPA) filter mounted on the PLSS frame coupled to the fan
blower.

Cooling was achieved by using a Commercial Off the Shelf (COTS)
liquid cooling garment.

e A half body vest option was used in 1.0. Two pass-throughs
for the inlet and outlet LCG ports coupled via two QD
fittings with poppet shut-off when released.

e The LCG was charged (i.e. frozen overnight) via a 3L
feedwater bladder that was secured in the PLSS. The pump
was fixed near the feedwater to allow flow from the PLSS to
the LCG. A LCG on-off control switch was placed on the
HUT shoulder strap which allowed either subject or operator
to control the LCG on-off state.

o DI water is used in the cooling loop to minimize build-up of
residue in the pump system.

o Feedback: Operators preferred a centralized electrical system with better
cable management and protection against LCG bag condensation/leak.
Subjects reported HS3 1.0 was slightly warmer than Exploration
Extravehicular Mobility Unit (xEMU) and would like to have stronger
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cooling options and/or an umbilical/surface supply option. The LCG
cooling is short lived, requiring replenishment at least once per hour.
Operators preferred a redesigned PLSS shell and backplate for easier PLSS
access, better stability, and easier 3DPT processes. An Infinadeck adapter
was also needed for omnidirectional treadmill operations in HS3.

|

—[E]

Informatics
Controller

PWR:

Ventilation

control.

PWR: Informatics

PWR: LCG

D Fan/blower
@ LCG FeedWater
EcaE
Motor
Thermocouple
Controller
D Quick Disconnect Free
Legend Flow
Ventilation Quick Disconnect with
. m Shut Off
= Cooling
= Power @ LCG Heat Exchanger
% Outlet Air Duct
E Filter

Figure 3-7. The HS3 1.0 PLSS Schematic.
The HS3 1.0 suit is not an enclosed system but allows for air flow via the ventilation loop
(Yellow). The air flows into the PLSS via a filter opening. The circulation path feeds into
a secondary HEPA filter pulled via COTS fan bower. The outlet of the fan is fed into a
ventilation manifold splitting into five paths that fed into the soft suit garment via quick
disconnects (QDs) with open flow for the head, right arm (RA), left arm (LA), right leg
(RL), and left leg (LL). The open flow feeds into the suit and exits the soft suit garment
as it is not fully enclosed. The thermal cooling loop (blue) provides water cooling to the
LCG. The LCG is fed via a single 3L feedwater bladder that is pre-cooled prior to
donning. A pump pulls the water into the LCG via QDs with poppet with return into the
bladder for constant flow that can be turned on or off. The PLSS power (Red) consists of
two external COTS batteries that provide power to the ventilation fan blower and
informatics controller. There is additional power source inside the PLSS for LCG

HUT - Included HUT and helmet/visor.

o Design:

o A vest shape 3DPT Polylactic Acid (PLA) HUT design (composed
of 6 pieces jointed by heat inserts and fasteners) was jointed with
quick release pip-pins.

o The back of the HUT coupled to the PLSS and a backpacking spine
for waist offloading.

o The helmet consisted of a modified COTS motorcycle helmet that
was utilized for immersion of the EVA simulation. The helmet is
not an enclosed system. A magnetic 3DPT neck ring (w/ quick
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release pins) coupled between the soft suit and the helmet for quick
doff.
o The helmet visor acted as eye protection during geology tasks.

o Feedback: Subjects noted significant neck loading from helmet. Neck

pain/loading is not suit like and can result in neck injury for longer EVA.
The HUT needed better fit and comfort for small subjects. Subjects also
noted the HUT and Helmet should allow neck rotation while keeping
reduced FOV and ROM to best emulate suit-like immersion.

Peripheral — Included LCG garment, communication, ROM restrictor, camera,
boots, safety harness, TCU, treadmill adaptation (i.e., safety harness), lighting, etc.
o Design:

o A COTS half-body LCG vest was equipped with a subject-
controlled switch mounted to the front portion of the HUT.

o COTS wireless earbuds were provided for communication.

o A COTS camera (Mevo) was secured in a 3DPT housing and
mounted on a pivot joint.

o COTS flashlights could be mounted on the waist belt.

o COTS hiking boots were used with a quick release for quick
don/doff.

o A TCU made of an athletic clothing base layer was worn under the
LCG vest.

o A easy-to-clean head buff was worn under helmet to keep sweat and
hair out of the way.

o COTS treadmill harness (made from high tenacity nylon, UIAA
certified and rated to a minimum breaking strength of 17.8kN) was
used with fireman knot to create a low-profile safety harness for
positioning subjects on treadmill.

o Feedback: Subjects preferred more cooling and a full body LCG with

stronger cooling. Subjects indicated that HS3 1.0 was more shirtsleeve-like
when considering freedom of motion in the arms/legs. Subjects
recommended more large padding between legs/forearms and around the
thigh to help limit ROM (e.g., hockey goalie). Subjects preferred less
communication delay and better comm quality.

Sensor — Included all integrated sensors for HS3.
o Design:

o A COSMED metabolic mask was worn under the helmet with a
COSMED K5 (COSMED USA) unit secured to PLSS via Velcro
straps.

o Thermal skin temperature sensors (iButtons) were worn on the skin
for mean skin temperature calculations. These were powered
internally at the sensor.

o Resistive temperature detectors were used to collect LCG water inlet
and outlet temperatures. These sensors were connected to a
Raspberry Pi 3B+ and secured in the PLSS via Velcro.

o Feedback: LCG sensor data became corrupted likely due to accidental

cable disconnection from environment vibration and poor cable
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management. Operators recommended better solution to secure COSMED
unit on PLSS.
Donning stand for HS3 (Figure 3-9)

o Design

o Donning/Doffing was conducted in a seated position for subject ease
and safety.

o The donning stand used tightening handles and a sliding plate to
adjust PLSS donning height to accommodate different subject
heights.

o Subjects could not self-don/doff in this design, and it required two
operators to perform don/doff.

o The PLSS interfaced with the donning stand via 4 pip-pins manually
guided through holes on the PLSS mini-T frame structure.

o Feedback: Operators recommended updates to donning stand for improved
adjustment of height for subjects. PLSS mounting positions were not
conducive to self-donning and were difficult for operators to manage. PLSS
mounting hole clearance and locations were difficult to control during
manufacturing process.

HS3 1.0 Two tightening handles
with sliding plates allow
vertical adjustment of the
donning height.

Donning Stand

PLSS interfaces w/ ;
donning stand via 4 pip-
pins (and 4 through holes
~  on PLSS’s mini-T-frame.

Figure 3-8. HS3 1.0 Donning Stand.
(A) Operators Assist Subject Donning, (B) Subject Doffing.
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e Summary of 1.0 Design Evaluation

o Subjects indicated that HS3 1.0 is a reasonable simulator in most simulation
areas (scores averaged 4 to 6, out of 10, in suited experience survey, Section
6.1.2.2).

o HS3 1.0 provides good simulation in overall physical workload/comfort.
Subjects described the overall feel of HS3 1.0 is very similar to xEMU, but
individual body part contributions are different in HS3 1.0. For example, it
was noted that XEMU had more lower body workload and restrictions.

o The applicability of HS3 1.0 for EVA simulation when compared to suited
experience in other analogs:

o Subjects noted no one analog will contribute 100% of EVA
immersion, but HS3 is a step towards being more suit-like during
1G simulations.

o Strongest simulation areas: thermal environment, visibility (field of
view (FOV) restriction), and communication

o Good simulation areas: Cognitive/physical workload, comfort,
restricted dexterity, and EVA immersion

o Weakest simulation areas: balance, ROM, and motion

o Common hotspots/injury locations identified: Neck, Hip, Spine (based on
subjective suited experience, the hip & neck loading is not suit-like).

e Objective Suit Performance:

o Short average LCG hotswap time (1 hr), System weight (44 + 2 Ibs),
ventilation (30 L/min), average system battery life (2 to 2.5 hrs),
communication range (60-100”).

3.2.2 HS32.0(2023-2025)

The HS3 2.0 design was the second iterated released version and was upgraded from HS3 1.0
based on subject and operator feedback listed in section 3.2.1. HS3 2.0 design was then evaluated
in a shorter point validation HS3 configuration assessment study (“Config Study”). This
assessment aimed to characterize changes in workload/subjective experience due to suit hardware
upgrades between HS3 1.0 and 2.0 design iterations. The Config Study was conducted as a short
point verification test series (n=3) including repeat subjects from the original 1.0 cohort using the
same test protocol.
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HS3 Major Subsystems
®)

Ventilation

(1)

Soft Suit (9) Camera

LCG
switch |

(2) Helmet/
Visor

(6) Cooling
(LCG)

(10) Range
of Motion

(11) Other
Peripheral

(3) PLSS

(incl waist belt)

(7) Boots

(4 HUT

(8) Gloves (12) Sensor

Some of the sub-components are labeled for clarity

in illustration.

* Peripheral System includes (6) LCG vest only,
(7),(9), (10), and (11).

*  Soft goods system includes (1) and (8).

. * PLSS system includes (3), (5), and (6).
HS3 2.0 system diagram . ;0 em includes (2) and (4). (A)
HS3 1.0 Hardware Updates HS3 2.0

* Helmet: COTS motorcycle helmet - 3DP
open visor mounted to HUT

*  HUT: Vest style 3DP = modified xEMU 3DP
w/ adjustable torso height railings

* LCG: half-body (3L) = full-body (3L) w/
external cooling capabilities.

* ROM: Added elbow/knee pads +
waist/bending restrictions + larger volumetric
restrictions.

+ PLSS/backplate: hand-crafted plastic cover
-> impact-resistant 3DP w/ access panels &
Infinadeck mount adapter

* PLSS/Harness: Isolated waist/spine/shoulder
straps = integrated w/ adjustable and
increased padding

+ Battery: Isolated batteries (140W) >
integrated power bank (300W)

* Gloves: Increase Inner liner thickness for
restrictions.

* Donning stand: EMU like donning

mechanism (B)

Figure 3-9. HS3 2.0 Design Update Summary.
(A) HS3 2.0 System Design Diagram, (B) HS3 1.0 and 2.0 Design Update Summary: Yellow
Highlighted Areas Indicate Key Updates from 1.0 to 2.0.

o Key Design Update from HS3 1.0 to 2.0
A series of hardware augmentations were implemented into the updated HS3 2.0 based on
experienced suited subject and crew feedback from the HS3 1.0 characterization study.
Hardware updates are shown in Figure 3-9.
e Helmet/HUT: The Helmet and HUT interface design was modified from an
independent helmet to an XEMU-like HUT design to reduce neck loading for subject

comfort and more suit-like motion. The new HUT design features improved ROM and
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FOV restriction by limiting head down motion, and increasing suit-like head rotation,
and was coupled with more flexible vertical height adjustment (railing).
o Feedback: Subjects reported that neck pain and discomfort was relieved, and
motion/FOV was more suit-like overall.

e Range of Motion (ROM) (Figure 3-10): The following items were added between the
LCG suit and the soft suit layers: (1) Elbow and knee pads/wraps and (2) a waist
inhibitor (to inhibitor bending motion).

o Feedback: Subjects reported significant improvements in ROM restriction,
making it more suit-like; however, subjects indicated that ROM restrictions
between the thigh similar to a suit’s lower torso assembly was still lacking.

Elbow Pad

Waist Inhibitor

\

Knee Pad 7

Figure 3-10. HS3 2.0 and 2.5 Waist inhibitor Design Evolution
(A) HS3 2.0, (B) HS3 2.5 (included additional ROM restrictions between legs).

e Soft Goods — Glove: The 2.0 design maintains a two-layer glove configuration, but the
inner liner thickness was increased by switching to a GORE-TEX liner.
= Feedback: Subjects indicated the glove assembly provides great
simulation. Overall, subject responses averaged a 7 out of 10 (0 =
shirtsleeves and 10 = pressurized suit) for glove simulation. Further
recommendations were given from crew subjects to add sew-on turtle
skin on the palm for further reduction of dexterity to best emulate suit-
like feeling.
e PLSS:
o Battery: Switched from isolated batteries (140W) to an integrated power bank
(300W). This modification centralizes the electrical system and provides
improved electrical management.
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o Thermal: Improved thermal cooling capability and increased duration between

recharges by increasing the LCG bladder size from 1.5 L to 3 L. A full body
LCG garment was implemented to replace the vest LCG. External cooling
(surface supply) connections were also included in the 2.0 update.
= Feedback: Subjects reported significant thermal comfort and cooling
performance increase. The mean skin temperature (MST) measurements
also show improvement in thermal regulation during high workload
events (See Section 6.3 for data). The improved cooling loop redesign
also improved the LCG longevity from needing a hot swap every 60
minutes to every 90 minutes or longer.
PLSS harness: Switched from isolated waist/spine/shoulder straps to an
integrated adjustable COTS waist/spine/shoulder combination with increased
padding.
= Feedback: Subjects reported significant comfort and functional
improvement in ergonomic weight loading of HS3 system on the hip.
This augmentation simplified strap operations and improved the center
of gravity (CG) of the system.
PLSS structure: Switched from hand-crafted plastic cover to impact-resistant
3DPT assemblies with access panels & Infinadeck mount adapter.
= Feedback: Significantly improved the manufacturability of the PLSS.
The new design also provided better loading and stability of the CG
loading onto hip.

e Donning stand: Improved simulation fidelity with self-assisted donning

= Feedback: Subjects were able to do self or assisted don/doff. Subjects
and operators reported the design updates improved EVA simulation
quality and donning/doffing processes. Operators reported that hard
capture handles and interfaces to the PLSS structure were fragile and
prone to breakage.

e Summary of 2.0 Design Evaluation
The 2025 HS3 Configuration Study showed significant improvements in HS3 2.0
performance and subjective suited experience compared to the HS3 1.0.

Physical workload was comparable between HS3 1.0 and 2.0. HS3 2.0 trended
slightly higher, likely due to increased system weight (~ +10Ib from 1.0 to 2.0);
however, subjects reported the same or lower subjective fatigue despite increased
weight, presumably due to better hip/spine/shoulder offloading.

Subjects reported better CG loading of the PLSS weight in 2.0.

Cognitive workload was comparable between HS3 1.0 and 2.0.

HS3 2.0 was more suit-like based on experienced suited subject surveys.

Thermal responses improved significantly for HS3 2.0 based on subject thermal
comfort and objective skin temperature measures.
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o The LCG bladder hot swap was recommended to occur every 60 to 90
minutes. This was improved from every 60 minutes in HS3 1.0.
o Mean skin temperature was also lower for majority of the EVA timeline.
e Subjects indicated at least 5 min/hour “offloading” (rest) break is needed for a 6-hr
long EVA.

3.2.3 HS32.5 (2025)

The HS3 2.5 design is the final HS3 version that is released in this technical report, and it is
upgraded from HS3 2.0 based on subject and operator feedback compiled from the HS3 2.0 Config
Study detailed in Section 3.2.2. While the HS3 2.5 design was not evaluated formally in a
standalone study, the physical and cognitive workload of version 2.5 is expected to be enveloped
by HS3 1.0 and 2.0 performance bands due to the relatively benign nature of suit design updates.
The minor modifications in HS3 2.5 were implemented to improve subject acceptability for longer
EVA (up to 6 hr) and operation efficiency based on feedback received during testing of the HS3
2.0.

1
Soft Suit

(2) Helmet/
Visor

(3) PLSS

(incl waist belt)

(4) HUT

Some of the sub-components are labeled

for clarity in illustration.

* Peripheral System includes (6) LCG
vest only, (7), (9), (10), and (11).

*  Soft goods system includes (1) and (8).

* PLSS system includes (3), (5), and (6).

¢ HUT system includes (2) and (4).

HS32.5

Figure 3-11. HS3 2.5 System Diagram.

o Key Design Updates from HS3 2.0 to 2.5
e Improved Suit Simulation Experience:

o Added ROM crotch pad assembly to the waist inhibitor to increase gait
challenges during ambulation.

o Moved LCG control switch from back (assisted operator control) to front
(for subject control) with future ability to adapt into a display and control
unit (DCU). (Note: HS3 1.0 LCG control was subject controlled, but 2.0
was operator controlled only since it is located in the PLSS.)

o A bone conduction headset was incorporated for better communication.
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Figure 3-12. HS3 2.0 and 2.5 Waist inhibitor Design Evolution

Added a dual camera adapter on the PLSS to allow integration for 2 cameras
(for future face facing camera integration, if applicable to research study).
Replace thermal comfort undergarments (TCU) with thinner equivalent to
enhance cooling effectiveness.

Waist
Inhibitor

Elbow Pad

; Added HS3 2.5 AR R N R
% ROM restriction on S RSy
(. 2»0 2 waist inhibitor i b

(A) HS3 2.0, (B) HS3 2.5 (included additional ROM restrictions between legs).
Reduced system weight

o

HS3 was reduced from 55 Ibs to no less than 45 Ibs depending on modular
configuration to reduce 1G analog suit injury risk, increase HS3
accessibility to wider subject anthropometry (smaller subjects), and extende
HS3 usage duration while maintaining the physical workload envelope.
Ventilation system was removed due to primary cooling of the full body
LCG providing main thermal control. Head ventilation was retained using
a small central processing unit (CPU) type fan to conserve weight.

The solid PLSS wall (HS3 2.0) was replaced with honeycomb design to
reduce overall weight and material.

Mini aluminum T-frame for PLSS shelfing support was replaced with light
weight L-bracket mounted shelfs.

Weight was reduced by cutting excess HUT rail length.

Reduced 3DPT infill from 100% to 20-25% for HUT (easier to print, similar
structural integrity, and more cost efficient). This reduced the same print
weight by 50% and reduced weight.

Replaced dual LCG bladder (1.5L x 2) with a single 3.5L LCG bladder that
takes less space and reduced plumbing connections (Figure 3-12). HS3 1.0
used a 3L bladders, HS3 2.0 used dual 1.5L bladders, and HS3 2.5 settled
with a single 3.5L bladder for best weight vs. cooling efficiency and trade-
off.

Removed PLSS top access panel and hinges so PLSS components are more
accessible from single direction.
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(A) HS3 2.0
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(B) HS3 2.5
Figure 3-13. Cooling System Update from HS3 2.0 dual bladder design to HS3 2.5 single
bladder design.
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Summary of 2.5 Design Evaluation

e During HS3 usage as part of an external study for the Crew State and Risk Model
(CSRM) work in EEPL — the CSRM study engineering run subjects indicated that
the waist inhibitor and crotch pad assembly provide intended function in “keeping
the legs apart” while walking and thus added suit-like range of motion challenges
during traverse tasks.

« Operators reported more efficient operation with new power bank location, donning
stand handles, and front HUT detachable LCG switch.

e HS3 2.5 weight was reduced from 55 Ib to approximately 45 Ib.
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4 Construction of HS3 2.5

This section outlines the design details, construction, manufacturing, and assembly of the HS3
version 2.5.

4.1 HUT System
This section documents the design, construction, and assembly of the HS3 2.5 mock HUT
structure including interfaces, carriage rail struts, pip pin mounts, visor, and ventilation fan

assemblies (BOM #H-1 to #H-27).

4.1.1 Design details

Visor Fan
- Assembly

HUT

Carriage Rail LCG
Strut Assembly Switch

Figure 4-1. Hard Upper Torso (HUT) Assembly and Subsystems

The HUT is a slightly modified EMU suit hard upper torso, which provides some volumetric
restrictions to the wearer’s arms and shoulder mobility by confining the range of motion to the arm
rings. The HUT — along with the PLSS - innately also increases the volume of the wearer, adding
some suit-like immersion with increased volumetric depth as well as cognitive perception of
surroundings for the wearer in relation to the suit’s construction. Additionally, the HUT allows for
mounting of any additional equipment, such as a first-person wireless camera or lighting rails, in
addition to the LCG toggle switch assembly and visor. The HUT has two size options, small and
large, in which the primary difference is the decrease in depth of the arm rings in the small HUT
compared to the large HUT, shrinking the chest breadth; the chest and torso depth, width, and
height are the exact same.

Attached to the HUT are two carriage rail assemblies. The carriages themselves mount to the
aluminum carriage rails installed on the PLSS in Section 4.2 and are braked. These carriages can
be connected to the HUT through a series of rail struts and spring-loaded pip-pin mounting
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adapters fastened altogether on the back of the HUT. This carriage rail system allows for easy,
fine-tunable height shifting and adjustment of the HUT and visor in relation to the wearer’s head,
torso, and chin encompassing a wide distribution of anthropometries and torso widths and heights.
Furthermore, small-medium and large-XL sizing options for the rail struts can increase the chest
depth for larger, ‘barrel-chested’ wearers, increasing HS3’s sizing capabilities for different Anthro
ranges.

The visor mounted onto the HUT provides a few suit-like characteristics of a space suit helmet
bubble, including providing cooling via ventilation to the wearer and reducing the wearer’s field-
of-view. An 80mm USB-powered fan (~30 cubic feet per minute) and mesh filter mounted to a
slot in the visor provides cooling and thermal regulation to the wearer’s head and optimizes the
headspace environment conditions despite being an open-air system.

4.1.2 Construction: Assembly Instructions

This section will detail the construction of the HUT assembly including structural setup and
size adjustments, visor and fan subsystems installation and mounting, and carriage rail strut
assemblies and installation. The construction will be described in a linear process starting with the
basis of the HUT structure and heat inserts required for mounting and fastening components.
Construction of the PLSS and HUT requires all 3D printed components to be fully printed, sanded,
cleaned, etc., before full assembly.

4.1.2.1 Heat Inserts

Heat inserts are used in the PLSS and HUT structures to allow for component mounts in the
3D printed parts. Each structural item and component subassembly will have letters that are tied
to the part or fastener to detail placement as well as refer to you to the part in the BOM.

4.1.3 Carriage Rail Strut Assembly

Fasten the rail carriages BN to the carriage rail struts BP using screws BO (8 on each rail strut,
16 total for a pair for struts) Figure 4-2. When fastening the carriages onto the struts, be sure the
finger screw on the carriages faces the outside of the HUT/away from the wearer — if looking
straight at the front of the HUT, the finger screws on the carriages of the left strut point outward
left while the finger screws on the carriages of the right strut point outward right. This is to ensure
the carriages can be loosened or brake while the wearer is actively in the HS3 suit so on-the-fly
adjustments can be made without doffing the suit entirely. One pair of assembled rail struts consists
of a left and right rail strut and is needed for mounting both sides of the HUT.

Table 4-1. Carriage Rail Strut Assembly — Parts List

Item | BOMID Qty. Part # Description
BN H-4 4 3249K2 Locking Sleeve Bearing Carriage for 15
mm Wide Rail
BO H-5 16 91290A248 Alloy Steel Socket Head Screw
Black-Oxide, M5 x 0.8 mm Thread, 22
mm Long
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BP

H-6/7

Carriage Rail Strut - Left, S/M or L/XL

BP

H-8/9

Carriage Rail Strut - Right, S/M or L/XL

Figure 4-2. Carriage Rail Strut Assembly. Right XL Strut shown as example.

Table 4-2. HUT Pip-Pin Adapter Assembly — Parts List

Item | BOM ID Qty. Part # Description
BQ H-10 1 N/A HUT Pip Pin Adapter (left)
BQ H-11 1 N/A HUT Pip Pin Adapter (right)
BR H-12 4 93365A132 Brass Tapered Heat-Set Inserts for
Plastic
6-32 Thread Size, 0.25" Installed Length
BS H-13 4 90357A120 Ultra-Low-Profile Socket Head Screw

Alloy Steel, 6-32 Thread Size, 5/16"
Long

Using a heat insert tool, install heat inserts BR (Table 4-2) into the allocated holes on the edge
of the back of the HUT (two on each side, four total) Figure 4-3. Fasten the left and right pip-pin
adapters BQ onto the HUT by threading screws BS into the heat inserts. One pair of pip-pin
adapters consists of installing the left and right pip-pin adapter onto both sides of the HUT and is
needed for mounting the HUT to the carriage rail strut assembly.
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Assembled Pip-Pin Adapter

Figure 4-3. HUT Pip-pin Adapter Assembly. Right adapter shown as example.

Table 4-3. HUT and Spring-Loaded Pip-Pins — Parts List

Item | BOMID Qty. Part # Description
BT H-14 2 93871A250 Locking Quick-Release Pin for Tight
Spaces
6 mm Diameter, 50 mm Usable Length
BU H-15 2 93750A205 T-Handle Locking Quick-Release Pin
with Lanyard, 3/16" Diameter, 1" Usable
Length
BV H-16/17 1 N/A Hard Upper Torso (HUT) — S/M or L/XL

To fasten the HUT to the carriage rail strut assemblies (left and right), use pip pins BT and to
interlock the top of the rail strut to the top pip-pin adapter and pip pins BU to interlock the bottom
of the rail strut to the indented hole in the HUT BV (1 of each spring-loaded pip-pin on each side,
2 total of each) Figure 4-4. This connection of the HUT to the rail strut assembly happens on both

the left and right sides of the HUT.
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Table 4-4. Visor and Ventilation Fan — Parts List

Item | BOM ID Qty. Part # Description
BW H-18 1 N/A Hard Upper Torso (HUT) - Visor
BX H-19 4 97334A535 Nylon Socket Head Screws
1/4"-20 Thread Size, 3/8" Long
BY H-20 4 93365A160 Brass Tapered Heat-Set Inserts for
Plastic
1/4"-20 Thread Size, 0.3" Installed
Length
BZ H-21 4 94180A351 Brass Tapered Heat-Set Inserts for
Plastic

M4 x 0.7 mm Thread Size, 4.7 mm
Installed Length
CA H-22 4 91304A113 Alloy Steel Hex Drive Flat Head Screws
Blue-Dyed Zinc-Plated, M4 x 0.7 mm
Thread, 12 mm Long
CB H-23 1 BOCX2ZLTKS PC Case Dust Mesh Filter, 80x80mm
CC E-26 1 BOBZVDP3PY USB Computer Fan, 80mm (White)

Using a heat insert tool, insert heat inserts BY into the allotted holes on the neck ring of the
HUT (Figure 4-5). Then, use nylon screws BX to fasten the visor at the mounting indentation holes
to the HUT by threading the screws into the heat inserts. To mount the fan and mesh filter, first
use a heat insert tool to insert heat inserts BZ into the allotted holes in the square opening on the
top of the visor. For the fan, remove the pre-assembled metal wiring shield from the fan itself by
unscrewing its fasteners and spacers at each corner (the only thing you need is the fan and its USB
cable — all other accessories and fasteners are not needed). Place the mesh filter CB on top of the
square opening, then use fasteners CA to fasten the fan CC (and sandwich the mesh filter between
the wearer’s head and the fan blades) to the heat inserts in the square opening of the visor at each
corner of the fan.

\ S s =_° \F‘\ ) g
Figure 4-5: Visor Mounting and Visor Ventilation Fan Assembly and Mounting
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Table 4-5. Rail End Cap — Parts List

Item | BOM ID Qty. Part # Description
CD H-25 4 N/A Carriage Rail End Caps
- H-24 AR BOOAQ6IS1G 3M Dual Lock Reclosable Fastener
Adhesive Tape

Once the HUT and visor w/ fan are fully assembled, loosen the finger screws on the carriages
then slide the HUT onto the aluminum carriage rails installed on the backplate via the carriages
attached to the rail struts. Once placed in the desired place along the rail, tighten the finger
screws on the carriages to lock the HUT and visor assembly in place.

Friction-fit cap the ends of the two aluminum rails using the end caps CD to mitigate any
sharps or rough edges at the rail ends Figure 4-6. Also, place two strips of dual lock adhesive
side by side (to form a square) on the front left side of the side — if you are looking straight at the
front of the HUT — as to allow the LCG toggle switch assembly to snap fasten to the HUT.

Lastly, wire the USB fan cable and switch to the back of the PLSS and plug in the cable into
any of the USB Type A ports. To test the power to the fan, turn on the power bank then use the
in-line fan switch to turn the fan to “H” (high) power; observe for air flow and spinning blades.
This completes the PLSS and HUT assemblies of HS3.

Figure 4-6: Rail End Caps and USB Fan Cable Routing.
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4.2 Portable Life Support System (PLSS) and Electrical System

This section documents the design, construction, and assembly of the HS3 2.5 mock PLSS
structure including interfaces, thermal cooling loop, spine and waist assemblies (BOM #P-1 to #P-
48 and #E-1 to #E-26).

4.2.1 Design details

PLSS
Assembly

Figure 4-7. Side View of HS3 2.5 HUT and PLSS Assembly

Front Wall
Power Structures
Bank ‘ Backpack Spine/Frame
|  Assembly Mount
Hardware
Mounts
It ‘
Backplate -I
l o Hard Upper Torso
Cooling | Adjustment
System L : » / : r7 Carriage Rails

Figure 4-8. Overview of the HS3 2.5 PLSS Assembly

The mock portable life support system (PLSS) structurally houses the electronics, hardware,
and ancillary equipment and mounts necessary to power the liquid cooling system and pump as
well as provides the capability to power additional equipment (i.e., lights, toggle switches,
microcontrollers, displays, etc.) or biomedical sensors (i.e., thermowell probes, temperature-
humidity probes, etc.) as required by testing and facility environmental needs. From a high-level
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overview, the PLSS consists of multiple assemblies, to which the first is the structural volume that
holds the primary electrical components and liquid cooling system hardware composed of four
outer walls fastened together and reinforced. Second, the backplate of the PLSS acts as the primary
mounting point for all the internal shelving resting hardware, the backpacking frame and padded
harness/hip belt, the HUT adjustment carriage rails, and parts of the liquid cooling system
plumbing. Third, the liquid cooling system housed in the PLSS feeds frozen/chilled water from a
3.5L bladder reservoir into the liquid cooling garment to provide thermal cooling to the wearer
freely un-tethered from an umbilical-based cooling system for simulated tasks. In the same regard,
the PLSS and liquid cooling system have panel-mounted fluid disconnects on the PLSS walls and
inline diverting valves should a study want to supply the liquid cooling system from a tethered
umbilical or fluid line with a constantly chilled/compressor-cooled supply of deionized water
instead of the internal, limited supply by the chilled bladder during a simulated task. Fourth, the
PLSS houses all the electronics and batteries, in addition to the Raspberry Pi setup with
temperature probes collecting inlet-outlet water temperature data from the liquid cooling garment
as well as feeding out a wired toggle switch assembly to the water pump for subject control at any
point and a cable for the ventilation fan connected to the visor mounted on the HUT for subject
cooling. Overall, the HS3 PLSS houses and powers all the critical liquid cooling system hardware,
sensors, and any additional equipment as needed by the study. The structure of the PLSS is
completely modular in construction and can accommodate easily to fit a test team’s [and
hardware’s] needs and thus achieve desired outcomes of any study utilizing.

4.2.2 Construction: assembly instructions

This section will detail the construction of the PLSS assembly including structural setup,
cooling system and plumbing, electrical subsystems, and wiring for those subsystems. The
construction will be described in a linear process starting with the basis of PLSS structure and heat
inserts required for mounting and fastening components. Construction of the PLSS and HUT
requires all 3D printed components to be fully printed, sanded, cleaned, etc., before full assembly.

4.2.2.1 Heat Inserts

Heat inserts are used in the PLSS and HUT structures to allow for component mounts in the
3D printed parts. The basis of the PLSS structure is the backplate which couples the individual to
the PLSS assembly. Each structural item and component subassembly will have letters that are
tied to the part or fastener to detail placement as well as refer to you to the part in the BOM.

4.2.3 Backplate and PLSS Structure

Once the backplate A is printed, using a heat insert tool, insert heat inserts B, C, and D (Table
4-11) into their respective holes as indicated in Figure 4-3 by the orange circles and blue arrows.

Table 4-6. Backplate - Parts List

Item BOM ID Qty. Part # Description
A P-1 1 N/A PLSS Backplate
B P-11 28 94180A351 Brass Tapered Heat-Set Inserts for
Plastic
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M4 x 0.7 mm Thread Size, 4.7 mm
Installed Length
C P-15 12 94180A363 Brass Tapered Heat-Set Inserts for
Plastic
M5 x 0.8 mm Thread Size, 11.1 mm
Installed Length
D P-40 6 93365A160 Brass Tapered Heat-Set Inserts for
Plastic
1/4"-20 Thread Size, 0.3" Installed
Length
Front Back

Figure 4-9. Heat Insert Positions for Backplate

Table 4-7. LCG Bladder Com

partment — Parts List

Item | BOMID Qty. Part # Description
D P-6 1 N/A PLSS Bladder Compartment Shelf
A P-11 10 94180A351 Brass Tapered Heat-Set Inserts for
Plastic
M4 x 0.7 mm Thread Size, 4.7 mm
Installed Length
E P-9 AR BO7WVRQ59Q Neoprene Foam Roll Adhesive

Next, use the heat insert tool to insert heat inserts A (Table 4-7) into the bottom of the LCG
bladder compartment shelf D as seen in Figure 4-4. Additionally, cut out two 6” x 8”, two 6” x 7”
and one 7” x 8” sheets of neoprene foam E. Where there are slits in the LCG bladder
compartment’s walls, also cut slits in the foam at the same spot using scissors. At this point, you

do not need to remove the adhesive — lay aside the cut sheets of foam from now.
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Figure 4-10. Heat Inserts and Foam Cutouts for LCG Bladder Compartment.

Table 4-8. Battery Compartment Shelf and Corner Brackets — Parts List

Item | BOM ID Qty. Part # Description

F P-7 1 N/A PLSS Battery Compartment Shelf

G P-12 2 15655A72 Corner Bracket
304 Stainless Steel, 3-9/16" x 3-9/16" x

13/16"
H P-14 18 91304A113 Alloy Steel Hex Drive Flat Head Screws
Blue-Dyed Zinc-Plated, M4 x 0.7 mm
Thread, 12 mm Long

Mount the battery compartment shelf F (Table 4-8) to the LCG bladder compartment as seen
in Figure 4-11 by friction-fitting the two together at the four rectangular notches on the LCG
bladder compartment. Next, mount the assembled shelves/compartments into the PLSS by
fastening the six screws H into the screw mounts on the LCG bladder compartment shelf (two on
each side) and on the bottom of the battery compartment shelf (one on each side). After, support
the shelves by fastening the corner brackets G to their respective heat inserts on the backplate (3
on each bracket, 6 total) and on the underside of the bladder compartment shelf (3 on each side, 6
total). The battery and bladder compartments should now be firmly mounted into the PLSS/onto
the backplate. Once mounted, you may now remove the adhesive from the foam cutouts and place
them into the LCG compartment, on the backplate where the LCG compartment fits, and on the
underside of the battery compartment (Figure 4-11 (left)).
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Figure 4-11. Battery Shelf and LCG Compartment Installation.

Mount the battery shelf onto the LCG compartment (left). Fasten the assembled
compartment shelves into the middle of the backplate on the back side (middle). Firmly
mount the assembled compartment shelves into the PLSS with corner brackets and
fasteners near the bottom middle of the back of the backplate (right top, right bottom).

Table 4-9. LCG Pump and Corner Brackets — Parts List

Item | BOMID Qty. Part # Description
I P-13 1 BO7F35PTFR 36W Flow/Water Pump
H P-14 4 91304A113 Alloy Steel Hex Drive Flat Head Screws

Blue-Dyed Zinc-Plated, M4 x 0.7 mm
Thread, 12 mm Long

Using the same fastener screws H (Table 4-9), mount the water pump’s rubber feet (with
screw holes) to the underside of the LCG bladder compartment (two screws on each side, four
total) (Figure 4-12).

==

Figure 4-12. Mounting thEWater Pump to the LCG Bladder Compartment.
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Table 4-10. Heat Inserts for Top and Bottom PLSS Walls — Parts List

Item | BOMID Qty. Part # Description
J P-4 1 N/A PLSS Bottom Wall
K P-5 1 N/A PLSS Top Wall
L P-15 12 94180A363 Brass Tapered Heat-Set Inserts for

Plastic. M5 x 0.8 mm Thread Size, 11.1
mm Installed Length

Figure 4-13. Heat Inserts for PLSS Top (top, middle) and Bottom Walls (bottom).

Using the heat insert tool, insert heat inserts L (Table 4-10) into the 6 holes at the 45-degree
screw holes at the ends of each PLSS walls J and K (3 on each side, 12 total) as show in Figure

4-13.
Table 4-11. Left and Right PLSS Walls and Backplate — Parts List
Item | BOMID Qty. Part # Description

J P-4 1 N/A PLSS Bottom Wall

K P-5 1 N/A PLSS Top Wall

M P-2 1 N/A PLSS Left Wall

N P-3 1 N/A PLSS Right Wall

H P-14 16 91304A113 Alloy Steel Hex Drive Flat Head Screws

Blue-Dyed Zinc-Plated, M4 x 0.7 mm
Thread, 12 mm Long
@) P-16 12 91290A248 Alloy Steel Socket Head Screw
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Black-Oxide, M5 x 0.8 mm Thread, 22
mm Long

Using fastener H (Table 4-11), mount the PLSS Walls J-N at their screw holes onto the
backplate as seen in Figure 4-14 (4 screws each wall, 16 total). Then, using fastener O, fasten the
adjacent ends of the PLSS walls together through these holes into heat insert L (3 on each
end/joint, 12 total).

Figure 4-14. PLSS Wall to Backplate Installation.
Mounting the PLSS Walls onto the Backplate (left, top). Fastening the PLSS Walls together
(bottom, right).

Table 4-12. Left and Right PLSS Internal Frame and Corner Fasteners — Parts List

Item | BOM ID Qty. Part # Description
P P-32 2 5969N15 Miniature T-Slotted Framing
Single Rail, 10 mm High x 10 mm Wide
(18” Lg.)
Q P-33 2 5969N16 Miniature T-Slotted Framing
Single Rail, 10 mm High x 10 mm Wide
(24" Lg.)
R P-34 10 93365A132 Brass Tapered Heat-Set Inserts for
Plastic
6-32 Thread Size, 0.25" Installed Length
S P-35 10 90344A135 Socket Head Screws with Flat Washer
Black-Oxide Alloy Steel, 6-32 Thread
Size, 1/2" Long
T P-36 16 5969N21 M3 Self-Aligning Nut, for Single Rail

Miniature T-Slotted Framing

50




U P-37 8 5969N42 Corner Bracket for Single Rail Miniature
T-Slotted Framing

\/ P-38 16 5969N23 5mm Long, Button Head Screw for
Single Rail Miniature T-Slotted Framing

Cut T-slotted framing P (Table 4-12) into 14.2” lengths using a rotating belt saw. Cut T-
slotted framing Q into 21-1/8” lengths as well as cut a 45-degree angle off each end of Q. Next,
using a drill press, drill a 4” hole exactly 1.25” away from the longest edge of Q, then drill four
more holes alike exactly 4.5 apart from each other down the length of the T-slotted framing.
Once done, assemble the T-slotted framing corners as shown in Figure 4-## with nut T, bracket
U, and screw V to make an H-shaped frame.

Using a heat insert tool, insert R into the left and right PLSS walls as shown in Figure 4-15
(5 on each side, 10 total). Lastly, fasten the T-slotted framing assembly into the PLSS walls with
screw S (5 on each side, 10 total).

Figure 4-15. P
Mounting the heat inserts into the PLSS walls (left); making the corner brackets, cutting
the miniature T-slotted framing and assemble using the fasteners in Table 4-12. Fasten the

T-slotted frame into the PLSS Walls.

Table 4-13. Carriage Rail Mounting — Parts List

Item BOM ID Qty. Part # Description
X H-1 2 9867K12 15 mm Wide Guide Rail for 47 mm
Wide Sleeve Bearing Carriage (500mm
length)
Y H-2 12 91864A086 Black-Oxide Alloy Steel Socket Head
Screw
6-32 Thread Size, 9/16" Long
- H-3 2 19425A49 Half-Measure Adhesive-Back Ruler
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Vertical, Top-to-Bottom Reading
Direction, 1-1/2 Feet Length

Using fastener X (Table 4-13), mount the carriage rails Y onto the PLSS backplate as shown
in Figure 4-16. The top two screw holes of Y should be left empty/jutting above the PLSS and
backplate. Additionally, on the inside of each rail, adhere the back ruler evenly along the vertical
length of the rail; this will allow for easy and incremental sizing adjustments of the HUT along
the rails. This completes the assembly of the structural parts of the PLSS and backplate!

Figure 4-16. Mounting Carriage Rails to Backplate

4.2.4 Liquid Cooling System — Plumbing Installation

Assemble the diverting valves (parts lists in Table 4-14 to Table 4-17), inlet and outlet, and the
PVC T-adapter branches, inlet and outlet as shown in Figure 4-17. Prior to threading the plastic
barbed hose fittings into the valve and T-adapter, be sure to wrap Teflon tape AD around the
threads in the direction that you are turning to tighten the barbed hose fittings, so the Teflon tape
does not chafer/get damaged. Once threaded, tighten snugly with a wrench. Reference the DTP
and the CAD assembly for ensuring the barbed hose fittings are rotated in the proper direction:

Z - Leftmost diverting ball valve (outlet):
AB - (x1) Surface Supply Outlet [backward]
AB - (x1) Bladder outlet port [forward]
AC - (x1) Pump-to-LCG outlet [downward]
Z - Rightmost diverting ball valve (inlet):
AB - (x1) Surface Supply Inlet [backward]
AB - (x1) LCG inlet [downward]
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AB - (x1) Internal Bladder inlet port [forward]
AE - Leftmost PVC T-adapter (outlet):
AG - (x1) LCG outlet
AH - (x1) Pump-to-PVC T-adapter
AF - (x1) 50mm Thermowell for DS18B20 sensor
AE - Rightmost PVVC T-adapter (inlet):
AG - (x1) LCG inlet
AG - (x1) PVC T-adapter-to-diverting valve (inlet)
AF - (x1) 50mm Thermowell for DS18B20 sensor

Table 4-14. Diverting Valve (Outlet) — Parts List

Item | BOM ID Qty. Part # Description
Z P-18 1 4757K52 Compact Diverting Valve, 1/4 NPT
Female x Female
AB P-19 2 5218K782 Plastic Barbed Hose Fitting
for Water, Elbow, 1/4" Hose ID, 1/4 NPT
Male, 150 PSI
AC P-20 1 5218K789 Plastic Barbed Hose Fitting
for Water, Elbow, 3/8" Hose ID, 1/4 NPT
Male, 150 PSI
AD P-31 AR BODY5ZMRGF Teflon Tape
Table 4-15. Diverting Valve (Inlet) — Parts List
Item BOM ID Qty. Part # Description
Z P-18 1 4757K52 Compact Diverting Valve, 1/4 NPT
Female x Female
AB P-19 2 5218K782 Plastic Barbed Hose Fitting
for Water, Elbow, 1/4" Hose ID, 1/4 NPT
Male, 150 PSI
AD P-31 AR BODY5ZMRGF Teflon Tape
Table 4-16. PVC T-Adapter (Outlet) — Parts List
Item | BOM ID Qty. Part # Description
AE P-21 1 4880K154 Standard-Wall PVC Pipe Fitting for
Water
Tee Connector, 1/2 NPT Female
AF P-22 1 BO8QVAF8FF 50mm Thermowell
AG P-23 1 5218K688 Plastic Barbed Hose Fitting
for Water, Adapter, 1/4" Hose ID, 1/2
NPT Male, 150 PSI
AH P-24 1 5218K698 Plastic Barbed Hose Fitting
for Water, Adapter, 3/8" Hose 1D, 1/2
NPT Male, 150 PSI
AD P-31 AR BODY5ZMRGF Teflon Tape
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Table 4-17. PVC T-Adapter (Inlet) — Parts List

Item | BOMID Qty. Part # Description
AE P-21 1 4880K154 Standard-Wall PVC Pipe Fitting for
Water
Tee Connector, 1/2 NPT Female
AF P-22 1 BO8QVA4F8FF 50mm Thermowell
AG P-23 1 5218K688 Plastic Barbed Hose Fitting
for Water, Adapter, 1/4" Hose 1D, 1/2
NPT Male, 150 PSI
AD P-31 AR BODY5ZMRGF Teflon Tape
Diverting Valve (inlet) Diverting Valve (inlet)

Diverting Valve (outlet)

Diverting Valve (outlet)

Figure 4-17: Diverting Valves Assembly Instruction.

Insert the assembled diverting valves into the open circular protrusions on the LCG
compartment shelf. Reference the DTP and Figure 4-18 to ensure the barbed hose fittings are
rotated in the proper direction. Stage the PVC T-adapters on the PLSS bottom wall as seen in
Figure 4-19.
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Table 4-18. Panel-Mounted Fluid QDs — Parts List

ltem

BOM ID

Part #

Description

Al

P-17

Qty.
2

5012K94

Plastic Quick-Disconnect Tube Coupling
for Air and Water

Thru-Wall Plug, Shut-Off, 1/4 Size, for
1/4" Barbed Tube

Unscrew the hex nut that is mated with the panel-mounted fluid disconnect (Table 4-18) AE.

In the PLSS bottom wall, feed the two items Al through the 13/16” holes on the left side of the
bottom wall (where it is printed “inlet” and “outlet™). Screw the hex nut onto the fluid QD with a

wrench or socket as to mount it to the bottom wall, ensuring the barbed hose fitting is pointing
inside of the PLSS and not outside/outwards.

Figure 4-19: Panel-Mounted Fluid QDs being installed.
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Table 4-19. Hoses and Clamps — Parts List

Item | BOM ID Qty. Part # Description
Al P-25 2 N/A CPC male fitting 1/4" (two pcs)
AK P-26 AR 5233K56 Soft Masterkleer PVVC Tubing for
Air&Water 1/4" 1D, 3/8" OD
AL pP-27 AR 5233K64 Soft Masterkleer PVVC Tubing for
Air&Water 3/8" ID, 9/16" OD
AM P-28 1 N/A COMPCOOLER Extension Tubing with
sleeve protection Screw-in Connector
(3ft and 6ft)
AN P-10 1 N/A COMPCOOLER Single Chamber Quick
Release Detachable Cuboid Bladder
(3.5L) 0.4mm TPU Film
AO P-45 16 BO9BM1MNFX | 25 Pack Stainless Steel Hose Clamps, 1/4
inch to 1/2 inch

Once all the barbed hose fittings, diverting valves, water pump, and PVC T-adapters are in
place, next comes the plumbing for the liquid cooling system.

For the tubing: simply cut an approximately length of %4 or 3/8” hose (Table 4-19) using
scissors, loop on two hose clamps that have not been tightened yet, and securely connect the hose
ends to their appropriate barbed fittings. Once connected to their correct fittings, move the hose
clamp midway onto the barb and securely tighten the hose clamp with a flathead screwdriver once
placement and length of tubing is adequate and optimal. Use Figure 4-20 and Figure 3-13(B) as a
reference for where the tubing should connect and how water should flow through the system when
the pump is turned on.

For visual reference, in the CAD assembly: blue tubing indicates outlet/”cold” water, and red
tubing indicates inlet/”warm” water. The orange tubing is the connection between the external
cooling supply via the panel-mounted fluid disconnects Al and the diverting valves in the internal
cooling system.

The hosing connecting to the LCG bladder from the inlet and outlet diverting valves has a male
fluid disconnecting fitting AJ on it to allow connection to the water bladder.

For the LCG hose extension AM, the commercial item comes with screw/Luer lock fittings.
This hose extension connects at the female ends to the wearer’s LCG garment to the liquid colling
system where then the PLSS can supply cold water and return warm water back into the bladder.
To install this hose extension, cut off the screw-on fittings from the tubing using scissors, and then
cut away a few inches of foam insulation to expose the tubing underneath. Then, connect the tubing
to the PVC T-adapters and clamp down as shown to connect the inlet and outlet of the LCG
garment to the internal liquid cooling system and supply.

Once all hosing has been connected, fill the water bladder with DI water, plug the male fluid
QDs inside the PLSS/at the diverting valves into the outlet and inlet ports of the bladder (refer to
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the DTP for detailed steps for checking for leaks), then power on the liquid cooling system/water
pump. It is recommended to wait to test for leaks until all electronics hardware is installed and
connected as described in this report since the pump needs to be wired into the DC motor controller
and toggle switch before it will power on sufficiently.

Figure 4-20: LCG Hosing and Connections in PLSS.

4.2.5 Backpacking Frame/Padded Harness

To begin, our HS3 unit utilizes a backpacking frame and padded suspension harness to
offload the weight of the PLSS and HUT components onto mostly the wearer’s hip/iliac crest as
well as a slight bit on the shoulders and upper back.

To mount this backpacking frame and harness system on our HS3, we first must use a drill
press to drill six holes into the frame AR (Table 4-20) itself so we can use fasteners, washers, and
heat inserts to fasten it to the backplate. To do so, you will need to draw a sketch template on the
back of the flat part of the frame as seen in Figure 4-21. For the extra tall frame, the middle holes
line up directly with the open channels that allow the shoulder straps to slide up and down for easy
adjustment for the wearer. Whereas the regular and tall frame sizes do not line up with the extra
tall hole template/drawing. Though, the carbon fiber texture pattern on the frames is a perfect
horizontal, allowing the test team to easily measure across the frame and draw out their hole
markers between these frame sizes. For example, the extra tall spine has a textured line that lies
exactly at the bottom of the open channels for the shoulders while the regular and tall frames lie
about six textured lines above the extra tall hole template. Keep this in mind when drilling into the
frames and plan carefully. The reason for this template difference is to mount the frame to the
backplate consistently for wearer offloading in the same spot on the lower back and hips as to not
cause shifts in center-of-gravity or awkward offloading at higher vertebrae of the spine with
various anthropometric subjects of different torso heights whilst wearing HS3 and performing
simulated tasks.
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Table 4-20. Backpacking Frame/Padded Harness and Mounting Fasteners — Parts List

Item | BOMID Qty. Part # Description
AP P-41 6 92220A185 Alloy Steel Low-Profile Socket Head
Screw

Hex Drive, Black Oxide, 1/4"-20 Thread
Size, 3/4" Long
AQ P-42 6 91860A029 17-7 PH Stainless Steel Washer
for 1/4" Screw Size, General Purpose,
0.312" ID, 0.750" OD
AR P-43 1 N/A KUIU Carbon Fiber Frame
N/A P-44 1 N/A KUIU PRO Suspension Padded Harness

The hole template is a 2.35” x 4.5” rectangle across the upper middle of the frame where the
Velcro patches built into the spine and the open channels for the shoulder straps are located with
another line drawn at 2” below the top horizontal of the hole template. With this drawn on the back
of the spine, you should now have six vertices where you will mark ‘x’s to then drill through with
a ¥4 drill bit. Other reference measurements are shown below for trying to align the template to
the middle of the frame; unfortunately, the manufacturer does not provide the CAD for this frame
so only hand-taken measurements and dimensions were captured and drawn.

Figure 4-21. Hole Template Drawing for Drilling into the Frame.
Note the difference in heights of the template between the extra tall and the tall sized
frame.
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Before drilling, wear the proper PPE since this frame has carbon fiber in it and fine powder
will aerate once drilled into. To drill into the frame, clamp the flat part of the frame down to a
wooden block or surface, then align the drill bit into the center of the ‘x” mark for your holes. After
six holes are drilled, use a Dremel or sandpaper/sanding strips to remove any flaking or sharp bits
from the holes. Rinse the holes with a small amount of water and paper towel dry to help release
any fine plastic/fiber material from the frame before use or touching with your bare hands.

Once the frame is ready, it is now time to strap the padded harness to the frame before mounting
to the backplate of HS3. Since the harness and frame are sold separately, the padded harness and
frame system must be put together and are not one unit.

1.

N

Undo the lower lumbar pad from the Velcro on the back of the hip belt. Slide the
bottom part of the frame into this ‘pocket’ in the hip belt. Ensure the large vertical
Velcro strap is behind and above the middle support of the frame (orange rectangle
in Figure 4-22).

Flip the large Velcro strap down onto the Velcro patch at the back of the hip belt.
Align the bottom of the lumbar pad with the bottom of the hip belt and Velcro to
the hip belt.

Wrap and Velcro the left and right straps on the lumbar pad around the frame to
hold it in place and fasten it to the Velcro on the back of the lumbar pad.

Rotate the shoulder horizontally to align and guide the plastic T-shaped tab on the
back of the shoulder pad into the open channels of the frame. Rotate the shoulder
pad 90 degrees counterclockwise to lock the shoulder pads to the frame.

Velcro the back of the shoulder pad to the Velcro patch on the frame. Adjust as
necessary for subjects.

Figure 4-22. Visual Instructions for Attaching the Padded Harness to the Frame.
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To the mount the harness and frame to the backplate of the PLSS as seen in Figure 4-23,
align the six drilled holes in the frame with the six ¥-20” heat inserts melted into the backplate
in the same 2x3 pattern. Use fasteners AP and washers AQ (Table 4-20) with an Allen key tool
to secure the harness and frame to the backplate.

Figure 4-23: Mounting the Frame to the Backplate.

Once secured to the backplate, verify the straps at the top ends of the spine are connected to
the straps across the length of the shoulder padding (“vertical adjustment straps”). These straps
can be used to help correct slacking or drooping postures and straighten the wearer’s back, which
should help mitigate injury and back soreness related to wear of the HS3.

4.2.6 Electronics, Sensors, and Cabling

The electrical system of the HS3 PLSS consists of a central power bank (Anker C200 portable
power bank in HS3 2.5, Egretech 300W portable power bank in HS3 2.0) to provide power to the
three different critical subsystems: 1) the liquid cooling subsystem, which includes the DC motor
controller, potentiometer, toggle switch for the water pump and the water pump itself; 2) the sensor
hardware, which includes a Raspberry Pi assembly with DS18B20 sensors, sensor modules, and
associated wiring and boards; 3) a visor ventilation fan and cable with an in-line switch. An
equivalent power bank can be used in substitute for the Anker C200 if the power outputs of said
power bank are like the Anker C200 or Egretech 300W. See Table 4-21 for more details on HS3
power consumption of electronics/hardware as well as refer to the manufacturer’s manual for
greater details. Note the COSMED K5 metabolic cart has its own internal battery pack, so this is
excluded from the usage of the PLSS power bank. Furthermore, the Egretech 300W is not shown
in this table as the table below is for HS3 2.5 hardware, not HS3 2.0 hardware; estimated power
consumption for HS3 2.0 hardware was 44-47Wh for a total 282W over 6 hours of usage.
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Table 4-21. Power Management Plan of HS3 2.5 Components

Power Cons. | % Battery
BICI)DM Qty. | Short Description | Power Specs \é\gg:el;'\?:d? (for 6 hrs, (for 6 hrs,
Observed) | Observed)
E-3 1 DC Motor 6-30V DC, - - N/A
Controller max 8A
output
E-17 1 Raspberry Pi 3B+ S5V, 3A ~3 Wh max: 18W 9%
(15Wh)
E-26 1 USB Ventilation 5V DC ~2 Wh max: 12W 6%
Fan (2.5Wh)
P-13 1 Water Pump 12V DC, 3A ~28 Wh* max: 168W* 84%*
(36Wh)
' [/ /| |
E-2 1 Anker SOLIX (x3) USB
C200 DC Power | Type A, (x1)
Bank Station 15W USB-C,
L%lB)(l:O%xwl) Total: 33Wh | Total: 198W | Total: 99%
140W USB-
C ports.
200W max.

*Power consumption (observed) and watt-hours of water pump is an estimated max and assumes
the pump is switched on for 6 hours straight; in reality, subjects switch ON and OFF the water
pump to achieve their desired thermal preference, so the number shown in the table is inflated.

The PLSS captures the liquid cooling feed water temperature that is directly pulled from the
inlet and outlet of the LCG feed water plumbing. The temperature sensors are DS18B20
temperature probes that operate via a 1-wire communication protocol and the probe heads are
installed into 50mm thermowells thread into the PVC T-adapters (see Figure 4-24). The sensors
subassembly uses a Raspberry Pi to collect the data via a DS18B20 breakout board soldered onto
a prototyping customizable Raspberry Pi HAT. Schematic wiring is shown below (Figure 4-24) to
show placement of the breakout boards and appropriate power, ground, and data pins. Both
breakout kits are tied to the same GPIO pin #4 for data capture (DAT pin on DS18B20 breakout
board). The DS18B20 green terminal block is wired to a female 3-pin LEMO connector that is
mounted to the Raspberry Pi housing. The DS18B20 temperature probes are then wired to a mating
male 3-pin LEMO connector.

Table 4-22. Raspberry Pi - Housing, Sensors, Boards, and Standoffs — Parts List

Item | BOMID Qty. Part # Description
AS E-17 1 3775 Raspberry Pi 3 - Model B+ - 1.4GHz
Cortex-A53 with 1GB RAM
AT E-18 4 93655A096 Male-Female Threaded Hex Standoff,
M2.5, 10mm long
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AU E-19 4 91292A009 M2.5, 5mm long, 18/8 Stainless Steel
Socket Head Screw
AV E-20 2 BOONVWNGLQ | BOJACK DS18B20 Temperature Sensor
Module Kit with Waterproof Stainless
Steel Probe for Raspberry Pi
AW E-21 1 1528-1369-ND Perma-Proto HAT
AX E-22 2 NOR1416-ND | LEMO CONN RCPT MALE 3P GOLD
SLDR CUP
AY E-23 1 N/A Raspberry Pi Housing (Top)
AZ E-24 1 N/A Raspberry Pi Housing (Bottom)
00000000000000000000,

A

DS18B20 Temperature

LEMO connector mounted on
outer case

DS18B20 Temperature Probes —
wired to male 3-pin LEMO
connector then mated to 3-pin
female connector on outer case

Figure 4-24. Wiring Schematic of Raspberry Pi, Sensors, and Sensor Modules.

Red — Power (VCC), Black — Ground (GND), Yellow — Data (DAT).

Following completion of the schematic wiring diagram, the CAD assembly for the Raspberry
Pi data collection subsystem is represented in an assembly step approach (Figure 4-25, parts in
Table 4-22). Fasten the Raspberry Pi AS to the bottom housing by using hex standoffs AT. Fasten
the assembled protoboard HAT with DS18B20 sensor modules to the Raspberry Pi using screws
AU threaded into the hex standoffs. Then, fasten the LEMO connectors AX to the Raspberry Pi
top housing AY. Once fastened and all wiring connected, friction-fit the Raspberry Pi top and
bottom housings together to close off the electronics. The Raspberry Pi assembly is now ready to
be inserted into the PLSS and the DS18B20 sensors inserted into the 50mm thermowells.
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Figure 4-25. Raspberry Pi Sensor Assembly.

Table 4-23. Raspberry Pi and DS18B20 Sensor Wiring/Cables — Parts List

Item | BOMID Qty. Part # Description

BB E-2 1 N/A Anker SOLIX C200 DC Power Bank
Station

BC E-8 1 BOBXX1L8G7 | Short Micro USB to USB C Cable 0.65

FT

BD E-9 1 N/A CanaKit Raspberry Pi 3 PiSwitch (Micro
USB)

AV E-20 2 BOONVWNGLQ | BOJACK DS18B20 Temperature Sensor

Module Kit with Waterproof Stainless
Steel Probe for Raspberry Pi

AF P-22 1 BO8QVAF8FF 50mm Thermowell
- E-25 2 N/A Square 3M Double Sided Adhesive Pads
- P-29 AR 7565K31 Cable Holders

Adhesive-Back, Vinyl, 1/2" Long x 1/2"
Wide x 7/16" High

- P-30 AR 7565K81 Cable Holders

Adhesive-Back, Nylon, 1" Long x 5/8"
Wide x 9/16" High

To install and plug in the Raspberry Pi and DS18B20 sensors, first mount the Raspberry Pi
assembly to the backplate inside the PLSS by using 3M adhesive pads (Table 4-23) attached to the
housing. Wire and plug in the microUSB-to-USB-C cable BC into the Raspberry Pi and into the
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female USB-C end of the CanaKit RPi Switch BD. Wire the CanaKit RPi Switch into the 15W
USB-C port of the Anker C200 power bank BB using the native USB-C cable with the button
switch. For the DS18B20 sensors, feed the sensor cables from the lemo connectors of the
Raspberry Pi assembly all the way to the bottom of the PLSS. Use cable holders as needed for
cable management. Once fed to the bottom of the PLSS, install the DS18B20 sensor probe heads
into the 50mm thermowells AF; to install, loosen the black caps of the thermowells, insert the
probe head into the thermowell until the cable cannot feed any further in, then tighten the black
caps to secure the probe heads inside the thermowells. Optionally, use a thermal paste to also
secure the sensor probe heads inside the thermowells and to get better sensor contact with the
thermowell channel (can help improve sensor accuracy). Once the Raspberry Pi and DS18B20
sensors are installed, power on the Anker C200 battery then verify data readings are being collected
by turning on the Pi using the button switch.

,\ 11 Raspberry- . “
! 1 ] P _ s S
| ‘/\F 7 | DS18B20
= [ jpas 1 Cable
I3 Power Bank ! - —~ from RPi
N P 0 ‘ \\\)
. | N T e g
20W I N 2
USB-C
Output 7 .‘
DS18B20
Cable

from RPi

Figure 4-26. Raspberry Pi and DS18B20 Sensor Installation and Cable Routing.

Table 4-24. DC Motor Controller, Pump, and Toggle Switch Wiring/Cables — Parts List

Item | BOMID Qty. Part # Description
BB E-2 1 N/A Anker SOLIX C200 DC Power Bank
Station
BE E-3 1 B098WKHD75 | 6V-30V 8A DC Motor Speed Controller
BF E-5 AR BOCGHF2BSD | 16 AWG Stranded PVC Cord, 12V Low
Voltage/Tinned Copper/Flexible Cable
BG E-6 1 BO8BPYT6EHZ2 DC Power Pigtails, 3FT DC 5.5MM x
2.1MM Female Plug to Bare Wire
BH E-7 1 BOCBNQN7CR USB C to DC 5.5mm x 2.1mm Power
Cable Cord
BI E-10 1 BO7T6XWZKN | Waterproof Toggle Switch 12V DC 30A
Heavy Duty 2 Pin
BJ E-11 1 BO7VL7KSZP Blue Waterproof Safety Cover Switch
Guard
BK E-12 1 N/A Toggle Switch Box
BL E-13 1 N/A Toggle Switch Box Lid
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- E-14 AR B08BZ972B5 Nylon Spade Quick Disconnect

Connectors
BM E-15 1 BOBQSPD7YL Universal CPAP Hose - 6 Foot
- E-16 AR B08B4GVVQJ Vinyl Electrical Adhesive Tape
- E-25 1 N/A Square 3M Double Sided Adhesive Pads
- P-29 AR 7565K31 Adhesive Cable Holders

Adhesive-Back, Vinyl, 1/2" Long x 1/2"
Wide x 7/16" High

- P-30 AR 7565K81 Cable Holders

Adhesive-Back, Nylon, 1" Long x 5/8"
Wide x 9/16" High

- H-24 AR BOOAQ6IS1G 3M Dual Lock Reclosable Fastener

Adhesive Tape

First, mount the DC motor controller BE (Table 4-24) onto the backplate inside the PLSS by
using adhesive pads (see Figure 4-27). For the water pump power cable, connect the USB-C-to-
male DC cable BH into the female DC-to-bare wire cable BG. Then, connect the bare wire ends
of the assembled cable to the positive-negative screw terminals of the DC motor controller in the
‘Power’ terminals and tighten down using a Philips screwdriver. The male USB-C end can then
be plugged into the 100W output port on the Anker power bank BB and the battery can now be
powered on. For the water pump itself, the pump has two bare wires (red — power (VCC), green —
Ground (GND)) that extend from the back of the pump. With 16 AWG wire BF and some male
and female quick-disconnect electrical connecters, crimp the cable ends of the pump and the 16
AWG wire together at the necks of the electrical connectors. This minimizes soldering required
for the electrical system as well as allows for easy hot swap/disconnection of components if any
need to be replaced or troubleshooted. Then, connect the bare wire ends of your assembled cable
to the positive-negative screw terminals in the DC motor controller for the ‘Motor’ and tighten
down using a Philips screwdriver. The potentiometer for the DC motor controller is already
assembled and wired out of the box, so you can easily adhere it to the battery compartment shelf
using glue or adhesive pads. Note the potentiometer is always and must be set to ‘100” [100%
power] in our detailed test procedures as indicated by the LED screen, but the potentiometer is
otherwise left untouched. Once the motor is wired properly, insert an LCG bladder bag filled with
DI water into the LCG compartment and connect the bladder to the inlet and outlet fluid QDs. We
will test the liquid cooling system and pump once the toggle switch is installed and wired. Use
cable holders for cable management as desired.

To wire the toggle switch, we will need the 16 AWG cable BF and some male and female
quick-disconnect electrical connecters. First, cut off the rocker switch that comes pre-assembled
with the DC motor controller then use a cable stripper tool to expose the bare wire. Then, crimp
some male and female electrical connectors to the prepared wire from the DC motor controller and
some unsheathed/bare end 16 AWG wire bundle and connect the two wires together. This will be
about a 4-5ft cut length bundle of 16 AWG wire. Next, grab the CPAP tubing BM and cut off 2.5
feet of one side of the tube while leaving the other rubber connector as is. Feed the rubber connector
end of the CPAP tubing around two cutout hexagons of the PLSS right wall to secure it in place
snugly; feed the cut end through the bottom right opening of the backplate (see Figure 4-28). Once
fed through the backplate, feed the prepared switch wiring through the entire length of the CPAP
tubing as to bring the bare ends of the wire bundle through the end of the tube.
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Once the wire bundle is through the CPAP tubing, assemble the toggle switch box. To do so,
fasten the toggle switch Bl (Table 4-24) with its hex nut and the switch guard BJ to the toggle
switch box BK at the hole in the box. Note the switch guard is optional (as it will take two flips of
the toggle switch to turn on the water pump instead of one). Once the toggle switch is fastened to
the box, connect the wire bundle from the CPAP tubing to the screw terminals of the toggle switch
and tighten using a Philips screwdriver. Next, slide the toggle switch box lid BL onto the box to
close off the electrical wires and terminals of the switch. After, use electrical tape to hold the cut
end of the CPAP tubing as close to the toggle switch box as possible to cover/shield the wiring
underneath. Lastly, add some dual lock strips to the back of the toggle switch box as to allow for
easy mounting to the front of the HUT.

4 Motor Controller

Wiring for
| Water
" Pump

[ = | Raspberry
\ ‘ Pi
LCG Switch ! & 0
g i L his M/
o L \ | i
\ 100 W Wiring for
Q s USB-C ™= Toggle
@ | Output Switch
Potentiometer - ‘
100 kQ * \
ﬁ Battery Bank } " Power Bank
e I Potentiometer ||
L
\
\
\
\ 5
Figure 4-27. DC Motor Controller Wiring Configuration.

16 AWG Wire
Bundle for

Toggle Switch \

16 AWG Wire /! '
ng:?:lg“fgch Assembled Toggle Switch Box

Figure 4-28. Toggle Switch Assembly and Cable Routing
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Once the toggle switch is wired and installed, you may now test the liquid cooling system
assembled in Section 4.2.4. Connect an LCG garment to the LCG hose extension and turn on the
toggle switch by rocking it twice. If any leaks are present/observed while water is running through
the system, immediately power off the water pump with the toggle switch and tighten any hose
clamps or hose fittings down to repair the leak. If the water pressure seems to be causing the issue:
on the top of the water pump, there is a set of three screws with the middle screw being a pressure
screw to allow for adjustment of flow pressure. Simply loosen this screw with a Philips screwdriver
and power on the water pump again. If leaks are still observed, inspect the tubing itself at all
connections for any holes or punctures and replace as necessary.

For the ventilation fan in the visor, this will be assembled and connected to the electrical
system in Section 4.1.3.

4.3 Soft Suit and Soft Goods

This section documents the design, construction, and assembly of the HS3 soft suit (Part A,
BOM# S-1), HUT Arms Canvas Cover (Part B, BOM#S-13), and Glove System (Part C, BOM#S-
12).

4.3.1 Design Details

The soft suit and glove system are designed to provide extravehicular activity (EVA)
simulation while offering flexibility and integrability with Human Health and Performance
(HH&P) measures. The HUT arms canvas cover is designed to minimize soft suit wear and tear
on the underarm sleeve due to repeated contact when the subject’s arms brush against the 3D
printed HUT.

Key design features of the HS3 soft suit are shown in Figure 4-11. The designs were
intentionally kept simple to facilitate good EVA simulation.

e EVA simulation: the soft suit creates a space suit-like environment by isolating subject
from the surrounding environment.

e Regulated thermal environment: The soft suit is made of a breathable water resistant
two-layer fabric. It partially retains heat, reduces the effect of skin convective cooling, and
allows thermal load simulation similar to a space suit (compared to shirt sleeve where
convective cooling makes thermal load simulation less suit-like). It also provides a
regulated thermal environment when used with the integrated LCG and reduces external
environment impact on in-suit thermal environment.

¢ Flexible Anthropometric Range: the suit is designed with a vertical length adjustment
belt and is flexible to accommodate a wide range of subject anthropometry within a single
suit size.

¢ Flexible health sensor attachment points: the suit has 8 built-in Velcro sensor attachment
points that allow easy attachment of sensors external and internal to the suit.

e Multiple access ports: The suit features six 7-in long zipper ports that allow internal access
to the suit during EVA simulation without doffing the suit. This feature enables easy
adjustment of the underlayer garments and integrated sensors.
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e Built-in PLSS integration: The suit is designed to integrate directly with the PLSS in
providing built-in connection points for the LCG hose and ventilation system (optional in
HS3 2.5) via 3D printed (3DPT) ventilation adapter ports on the suit.

e Knee and Elbow pad pockets: Integrated pockets on the suit allow insertion of knee and
elbow pads. The pocket material was selected to add durability against damage during EVA
simulations.

e Integrated range of motion (ROM) restrictions: The soft suit itself offers ROM
restrictions around the entire body via the baggy fabric layer. The soft suit also keeps ROM
restriction devices in place.

Regulated Flexible Builtin Ventilation
thermal health sensor PLSS Integration
environment attachment Tntegration Option
points

Elbow/Knee
pad pocket

Anthro

Multiple
Range

§ ] access ports
‘) Y (zipper)
Y =

A

Integrated >

i S x;# Rangg of ' o
Built in Suit- \ % Motion R 9
like glove L4 o Restriction - _

integration

Figure 4-29. HS3 Soft Suit
(A) Front View, (B) Back View, and (C) Side View. Model is wearing a size small.
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Figure 4-30. HS3 Glove System
(A) Glove System Used During Geology (HS3 2.0), (B) Glove System Used During VR
simulation (HS3 1.0), (C) Glove System Keeps Palm Slightly Open During Neutral Position,
(D) Glove System Used During Task Board Operation, (E) Glove System Wrist Ring, and
(F) Glove System Component View.

The glove system is designed to (1) provide convenient quick-release glove integration, (2)
mitigate against dust intrusion, (3) provide EVA-like finger dexterity restriction, and (4) provide
Virtual Reality (VR) controller integration via capacitive stickers at fingertips (optional). The
glove system is composed of an inner layer of GORE-TEX comfort glove and an outer layer of a
modified lacrosse glove. The lacrosse glove is connected to an inner gauntlet with integrated 3DPT
wrist ring and an outer gauntlet that protects the wrist ring and inner gauntlet from dust intrusion.
The gauntlet can be easily removed from the wrist wring using its Velcro interfaces. In the neutral
position, the HS3 glove system keeps the palm semi-open with the thumb separated from the rest
of the fingers (Figure 4-12). The multi-layer glove and the bulky lacrosse glove design provides
dexterity restriction when subjects close their palms to use tools. Key design features of HS3 glove
system are shown in Figure 4-13. The design is intended to mimic that of an Extravehicular
Mobility Unit (EMU) glove.
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UNLINED AEROBIC GLOVE

Warm but breathable glove. Great for early
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Flgure 4-31. HS3 2.5 Glove System Design Features.

(A) Inner Layer Consists of a COTS GORE-TEX Glove (Photo credit: public domain,
LINK) (B) Outer Layer is Made of Modified COTS Lacrosse Glove, and (C) Outer Glove
Consists of a Modified COTS Lacrosse Glove Body, an Inner Gauntlet, and Outer
Gauntlet, and a 3DPT Wrist Ring that Integrates with a Male 3DPT Wrist Ring on the
Suit.

Nomenclature of the Soft Goods Parts

A full glossary of all soft goods construction components is provided in Table 4-8 with
information collocated, e.g., pattern ID, material usage, quantity, sub part name and numeration,
and where the instructions are located in this report. This table is separated into three segments,
i.e. the soft suit (Part A, BOM# S-1) which is constructed using all the [A-#] parts, the HUT Arms
Canvas Cover (Part B, BOM#S-13) which is constructed using all [B-#] parts, and the Glove
System (Part C, BOM#S-12) which is constructed using all [C-#] parts. An illustration of the
location of all the soft suit parts [A-#] is shown in Figure 4-32 (front view) and Figure 4-33 (back
view). Figure 4-34 shows the definition and location of the soft suit ventilation/LCG hole, zipper,
and seam locations. Table 4-26 provides a soft goods fabric key that matches the master Bill of
Materials (BOM) presented in Section 4.6.1. This table shows the required soft good amounts and
coding for the soft goods system. The above-mentioned nomenclature overview is critical for
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understanding and usage of Section 4.3.2, and users are recommended to reference these
nomenclature overview tables and pictures for clarity.

Front View [A-14] Collar

Body

[A-11] 4”x4” Soft Velcro

2”[)3‘”1 glﬂ [A-3] Body Front
Velcro [A-6] Sleeve

[A-16] Front Flap

[A-19] Front Flap Velcro Hook

[A-13] 17x15” Soft Velcro
[A-18] Front Soft Velcro*
[A-1] Pant Front

All holes use

[A-22] 33" fabric |

[A-23] 37x3” soft
velcro

[A-25] 17 x 37 Soft Velcro (suit)
[A-24] 1”x 3” Hook Velcro (pocket)

All parts are symmetrical across body
axis. For figure clarity, arrows only
indicate location on one side of body.
Figure 4-32. HS3 Soft Suit (front view) Schematics (left) and Completed View (right) with
Parts Labeled Matching Pattern Index.
Note: * = see Table 4-25 for size details. Color coding follows fabric key in Table 4-26.
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Back View

Body [A-26] 1”’x 4” Soft Velcro

Ax ;:/ (only on one side of body)
‘n [A-27] 1" x 4” Hook Velcro

< 0 W (only on one side of body) e

[A-5] Yoke Back . } )

ﬂ [A-28] 27x 4” Soft Velcro 35 L

) [A-25] 1” x 3 Soft Velcro (suit)
/

[A-24] 17x 3" Hook Velcro (pocket)

[A-4] Body Back

[A-22] 37x3” fabric [A-17] Back Flap

[A-23] 37x3” soft
velcro

[A-20] Back Flap Velcro Hook

[A-21] Back Soft Velcro*

[A-2] Pant Back L

All parts are symmetrical across body axis unless indicated. For figure clarity, arrows only indicate location
on one side of body. If a part extends from front view, 1t will not be labeled in back view

Figure 4-33. HS3 Soft Suit (back view) Schematics (left) and Completed view (right) with parts
labeled matching pattern index.
Note: * = see Table 4-25 for size details. Color coding follows fabric key in Table 4-26.

Bodv Bo(ﬁy
. Axis

Axis

Suit Seam Summary
(1) Underarm seam
(2) Body sideseam
(3) Pants outseam
(4) Pants inseam
(5) Front seam
(6) Back seam
(7) Waist seam
(8) Sholder seam
(9) Yokeseam

[A-22] 3"x3” fabric

[A-23] 37x3” soft
velcro

A total of 8 holes

Zipper Summary d
(a) Underarms (<7> zipper #3) o fo) LCG hole
(b) Body sides (<7> zipper #3) (one side only) |
(c) Inner leg (<7> zipper #3) 3),

(d) Back (<6> zipper #5) 4 [A-12] 2°x2”
Soft Velcro
All parts are symmetrical across

body axis unless indicated. For
figure clarity, arrows only

indicate location on one side of

A total of 8 locations

body

<5> foot
| — elastics

Front Schematics Back Schematics

Figure 4-34. HS3 Soft Suit Ventilation/LCG Hole, Zipper, and Seam Locations.
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Table 4-25. Pattern Index.
Note: “L” indicates large suit, and “S” indicates small suit. Color coding follows fabric key
in Table 4-26.

Part Name \ Qty Materials Purpose Instruction Pattern

[Part A] Soft Suit (to create one suit: large (L) or small (S))

[A-1] Pant Front 2 <2> Nylon Suit pant (require one per leg) [ 4.3.2.3.7 [ (I-1)
[A-2] Pant Back 2 <2>Nylon | suitpant (require one perleg) | 4.3.2.3.4 | (1-2)
[A-3] Body Front 2 <2> Nylon Suit body (require one per side)| 4.3.2.3.4 (1-3)
[A-4] Body Back 2 <2> Nylon Suit body (require one per side)| 4.3.2.3.4 (1-4)
[A-5] Yoke Back 2 <2> Nylon e o e e g 4.3.2.3.4 | (1-5)
[A-6] Sleeve 2 <2> Nylon Soft suit sleeves 4.3.2.3.3 | (I-6)
Should t ist
(A7) | owershoulder 5 IEE_1s Canvas | weaear vit HUT vwge, | 43233 | (1-7)
Patch increase ROM restriction
Should t ist
[A-€] Upper Shoulder |, SIS Ganvas | weartear with HUT wage, | 4.3.2.3.5 | (1-8)
Patch increase ROM restriction
[A-9] Elbow Pocket 2 <1> Canvas  |="™WPeceosomanebol 43232 | (1-9)
[A-10] Knee Pocket 2 <1>Canvas | <"ePocelRonani® | 43232 | (1-10)
Allow auxiliary sensor
[A-11] 47x 4” Soft Velcro 2 | <3>Velcro Soft |attachment (e.g., IMU) or patch| 4.3.2.3.3 NA
attachment
Allow auxiliary sensor
[A-12] 27x 2” Soft Velcro 8 | <3>Velcro Soft |attachment (e.g., IMU) or patch| 4.3.2.3.3 NA
attachment
[A-13] | 1”x 15" Soft Velero | 2 | <3>Velcro Soft | Voo #@RPTYt | 43237 | NA
[A-14] Collar 2 <2>Nylon ~ [Fronendbackomtintosingle] 4 3.5 310 | (1-14)
[A-15] Casing 1 <1>Canvas | Vool smotiCe 1 432312 | (1-15)

Vertical suit length adjustment

[A-16] Front Flap 8 <2> Nylon (front), need two pieces to 1 4 3 2.3.11 | (1-16)

make one unit. Four units
required per suit.

Vertical suit length adjustment

[A-17] Back Flap 4 <2> Nylon [ R ined per] 4:3.2.3.11 | (1-17)
suit.
Front Soft Velcro L4 o _
[A-18] L:2°x9” o, | <3> Velcro Soft vertcalsul oo 2SNt 432312 | NA

S:2”x8.5”
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Part Name \ Qty \ECIELS Purpose Instruction Pattern
Hook Velcro on the flap to
[A-19] | TrontFlapVelero 1, 1 is \selero hook | suportvericalsuitlngtn | 4.3.2.3.11 | (1-19)
Hook adjustment (front)
Hook Velcro on the flap to
[A-20] | BackFlapVelcro 15 1 so\seloro hook | suportvertcalsuitlnatn | 4.3.2.3.11 | (1-20)
Hook adjustment (back)
Back Soft Velcro o _ NA
A-21 L:27x5.5” 2 | <3>Velcro Soft | Ve st endthadjustment| 4 3 53,12
(back)
S:2”x4”
. For suit holes, ventilation hose NA
[A-22] 3” x 3” Fabric 8 <2> Nylon adapter for 3D printed vent | 4.3.2.3.13
coupler (optional for HS3 2.5 if
not us_ing ver_1ti|ation). But x1
[A-23] | 3”x3”Soft Velcro | 8 | <3>Velcro Soft | "leisreauiedforhs3zs | 432313 | NA
[A-24] | 17x3” Hook Velero | 4 | <4>Velcro hook [ ceon e moen | 4-3.2.32 | NA
[A-25] | 1”x3"Soft Velcro | 4 | <3>Velcro Soft [F™eaes esiionioct 43232 | NA
[A-26] 1”x 4” Hook Velcro | 1 [ <4> Velcro hook | secure/close collar via Velcro | 4.3.2.3.10 | NA
[A-27] 17 x 4” Soft Velecro | 1 [ <3> Velcro Soft | Secure/close collar via Velcro | 4.3.2.3.10 | NA
[A-28] | 2”x4”Soft Velcro | 2 | <3>Velcro Soft [Foraanseis stachment NA
. Velcro cover to protect the NA
[A-29] 4”x 4” fabric 2 <2> Nylon velcro when not in use.
Optional if [A-22] is not made.
[A-30] | 4”x4”hook Velcro | 2 | <4>Velcro hook | Veicro cover toprotect the NA
[A-31] 27x 2 Fabric 8 | <2>Nylon | Voo e NA
[A-32] | 27x2” Hook Velcro | 8 | <4>Velcrohook | Ve coverto protect the NA
Velcro cover to protect the NA
[A-33] 3”x 3” Fabric 8 <2> Nylon velcro wher;]nlot ;n use. (vent
oles
Velcro cover to protect the
[A-34] | 3"x3" Hook Velcro | 8 | <4>Velcro hook | ko norise e A
oles
[Part B] HUT Arms Canvas Cover (to create one pair of arms cover)
[B-1] 10" x 13" Canvas | 2 | <1>Canvas |B°% tgeidCeo)"er (Front\ 4324 | (11-1)
[B-2] 10" x 13" Canvas | 2 | <i>Canvas |Zo%°f tgeid"e‘;"er (Backl 4324 | (11-2)
D @K Fastening mechanism for
[B-3] 1” x 8” Soft Velcro | 4 | <3> Velcro Soft the Canvas cover 4.3.2.4 NA
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Part Name

Materials

Qty

Purpose

Fastening

Instruction Pattern

[B-4] 1” x 8” Hook Velcro | 4 | <4> Velcro hook | mechanism for the | 4.3.2.4 NA
canvas cover
» @ provide padding
[B-5] Sl Flg:rﬁ SO 2 PR MEAVNEOEMN between armsand | 4.3.2.4 NA
3DPT HUT
[Part C] Outer Glove System (to create one pair of gloves)
[C-1] 18” x 6” Nylon 2 <2> Nylon Inner gauntlet 4.3.2.5 -1
[C-2] 20” x 7” Canvas 2 <1> Canvas Outer gauntlet 4.3.2.5 11-2
[C3] | 6" x1”Soft Velero | 2 | <3>Velcro Soft | MNerGauntlet Soft |, 555 | o
Velcro for closing
[C-4] | 67x 17 Hook Velero | 2 | <45 Velcro hook | ™" Gauntlet Hookl - 55 o 1 A
Velcro for closing
[C-5] 8” x 17 Soft Velcro 2 | <3> Velcro Soft Ol Gl .SOﬁ 4.3.2.5 NA
Velcro for closing
[C-6] 87 x 1” Hook Velcro | 2 | <4> Velcro hook QUL ERLALE HOOk 4.3.2.5 NA
Velcro for closing
h3po-pn-xxxx-glv- 3DPT Glove Ring
: IC3D ABS Cuff Connector
[C-7] disc-a 2 . 4.3.2.5 NA
(BOM [S-14]) White (male), attached to
suit
h3po-pn-xxxx-glv- 3DPT Glove Ring
. IC3D ABS Cuff Connector
[C-8] disc-b 2 : 4.3.2.5 NA
(BOM [S-15]) White (female), attached to
glove
vy s Inner Gauntlet Soft
[C-9] 13'75\/5010 S 2 | <3> Velcro Soft [Velcro (for wrist ring| 4.3.2.5 NA
connection)
» o 19 Velcro on the 3DPT
[C-10] 13'75V:|ér0H00k 2 | <4>Velcro hook cuff connector 4.3.2.5 NA
(female)
[C-11] CLELE L= o | COTSLacrosse | oo erGlove | 4325 | NA
Lacrosse Gloves Gloves
> 1 Velcro on the 3DPT
- ’ <4> Velcro hoo cuff connector 3.2.
[c-12] | 1375 x1"Hook | 4|45 \selero hook ff 4325 | NA

Velcro

(male)
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Note: The digital pattern provides only 1 unit of pattern per each line item in Table 4-25. To
complete the number of quantities specified in Table 4-8 required for each suit, follow cutting
instructions below to “FOLD and DOUBLE LAYER CUT.”

4.3.2 Construction

The HS3 soft suit and soft good items are designed to be easily manufacturable at low cost and
can be constructed with basic equipment and skills by following instructions in this section, or at
a professional tailor shop by providing the instructions to a tailor.

4.3.2.1 Tools and Materials

For sewing, the study team recommends using a size 14 needle for all canvas sewing, and a
size 12 needle for all other materials. It is expected the user is familiar with sewing machine usage
and will use general sewing supplies/tools as needed (i.e., fabric chalk, fabric scissors, seam ripper,
measurement tape, hand sewing needles). These items are not listed in the BOM.

For sewing thread, the test team recommends using T24 Polyester Thread for soft suit
construction and Guutermann 100% Polyester Thread (LINK) for all other constructions. Table
4-26 is the soft goods fabric key for construction of the soft suit, HUT arms canvas cover, and
glove system, and it is included in the master BOM in Section 4.6.1.

Table 4-26. Soft Goods Fabric Key for the Soft Suit, HUT Canvas Cover, and Glove Gauntlet.

Materials Required Dimension per one suit

BOM Diagram

ltem # Color Code

Ottertex®
Waterproof Canvas
(White)

<2> | 1.9 Oz. Ottertex S-3 | 8yd
Nylon Ripstop 70
Denier DWR (White)

<3> | Velcro (soft, white) S-4 | 17 (4yd),2” (3 yd),4” (2 yd)
<4> | Velcro (hook, white) S-5 | 17 (4yd),2” (3yd),4” (2 yd)
<5> | Elastic (white) S-6 | [1/27x14“]x2

<6> | Zipper A (white) S-7 | Large Suit: (46” long, zipper #5) x1
Small Suit: (35 long, zipper #5) x1

<7> | Zipper B (white) S-8 | (7” long, zipper #3) x6

<8> | High Density EVA S-9 | (4” x 8 rectangles) x 2
Foam (5 mm thick,
Ultra High Density
85 kg/m?, white)
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https://www.amazon.com/Sew-All-PurposeThread-Yards-Black-GUTERMANN-Thread/dp/B01DT6ZOJ8/ref=sr_1_7?crid=2LGY0TDXS4LRW&dib=eyJ2IjoiMSJ9.o6WUayDawOwQV__4_FPdtvUPG4DdfYeLMJjUNpgubmfJzzV3Wv8oZ1toq6Kb16Wwn9LOn7o__3-KwcgJzZ_A0wDiGaj1vQUOABUcqrT78AGkfblov6YuHLfYWuK0mAEEkXzrsU26gyNhZmU2jPFHEb6uft-e4-2ng50vDaankGq_8r9WCx5xfqhf56boZpb9T1N16O-rcCXYyFo7O56ZTII5imGVbY2a48cpHuKpx9rK0RwDOV2-gEpvAHHVSJ59JYAIN95pnN2xL26DUYSVto-YBjj8SW3UbB5WHlNnerM.DAuY94sP2bTedXCRodE2ezmt2LLsYeLEwDy1p84N-pg&dib_tag=se&keywords=gutermann+sewing+thread&qid=1754077349&s=arts-crafts&sprefix=gutterman+%2Carts-crafts%2C137&sr=1-7)

4.3.2.2 Glossary for the Pattern

Prepare the pattern

The printable sewing patterns in Appendix A (see Section 9.1) can be printed on any paper.
Print the patterns at 100% scale and use the 2” x 2” sizing square on each pattern to ensure the
pattern was printed to the correct scale. For best results, translucent tracing paper is recommended.
The pattern includes only “one side” (e.g., arm = left arm) of the object unless specified. To
complete both sides of the suit (right and left), follow Cutting Instructions below. This pattern is
a multi-size pattern, which includes both small (for subjects below 6 ft) and large (for subject
above 6 ft) sized soft suit and gloves. Choose the desired size and follow the cutting lines for that
size per Table 4-25 and Table 4-27. To use the pattern, simply pin the pattern with the correct side
(per specification) on top of the fabric. It is recommended to reference the Pattern Legend and
Table 4-27 as some patterning might call for the “wrong side” up. Some portions of the patterning
might call for “right side” on one side of body and wrong side of the opposite side of body.

Pattern Legend

The digital pattern list in Table 4-25 provides only 1 unit of pattern per each line item. Table
4-27 provides the symbolic pattern legend for use with the patterns provided in this report. The
following cutting and sewing directions are used throughout the following sections in this report.

Cutting Directions (unless otherwise specified): To complete the number of quantities
specified in Table 4-25 required for each suit, “FOLD and DOUBLE LAYER CUT” to create
two units by folding the right side towards each other (so right side is facing inward) and then
cut along the pattern.

Sewing Directions: If seam allowance is not specified, default the seam allowance to the
following.

e Right side of fabric - The side of the fabric that will be facing outward of the suit.

e PIN - Use a pin or machine-baste seam matching notches or per instruction to keep the

fabric in place prior to stitching.

RAWEDGE - Sharpie black line (where the fabric is cut). This is also the cut edge.

FOLD - Fold fabric along the fold line.

PRESS - Keep seams in place and iron flat.

EDGESTITCH - Stitch along the edge of the fabric. (see Figure 4-35 (a)).

STAYSTITCH - Stitch 1/2” from the raw edge (joining two pieces of fabric, /2" from

both sides) (see Figure 4-35 (b)).

e HEMSTITCH (assume 1” hem unless otherwise specified) - Stitch 17 (unless
otherwise specified) from the raw edge, i.e. fold 1 and stitch along the stitch close to
edge of hem (see Figure 4-35 (c)). Single hem unless indicated otherwise.

e TOPSTITCH - Stitch 1/4” from the edge of the fabric. (see Figure 4-35(d))
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(c) HEMSTITCH Example (d) TOPSTITCH Example
Figure 4-35. Stitch Pattern Examples
(Large blue arrows show the stitch location, and orange small arrows show the distance to
stitch line).

Cut Edge
(Raw Edge)

Figure 4-36. Stitch Pattern Examples
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Table 4-27. Soft Suit Pattern Legend

Pattern Terms Description Symbol |
Notches Match notches <
Fold Line Place on fold of fabric | = -
Hem Line Fold along this line, and apply HEMSTITCH |  ............
Cut Lines Multi size pattern. Cut along this line for large suit. >€
Multi size pattern. Cut along this line for small suit.
(the scissor icon is optional) ——c =t =—=r >€
STITCH LINE Where the needles/stitch goes _
Position Position a part here e e e ms
Grainline The direction of the threads in a fabric
Zipper Location of the zipper E—
Pattern Number Indicating the pattern number (see Table 4-27) [XX]
Fabric: Right Side The side that is visible in the completed product, e.qg., RIGHT SIDE
on the outside of the suit. (RIGHTSIDE)
For <1> this is the rough side of the fabric.
For <2> this is the non-slippery side of the fabric.
(Right sides together means “right sides are touching
each other”)
Fabric: Wrong side | The side that is NOT visible in the completed WRONG SIDE

product, e.g., on the inside of the suit.

For <1> this is the smooth side of the fabric (PVC
backing side).

For <2> this is the slippery side.

(Wrong sides together means “wrong sides are
touching each other”)

(WRONGSIDE)

Sizing Square

Sizing square helps user to scale the provided pattern
to the correct scale for printing. Each sizing square
represents a 2-inch by 2-inch block when it is at 1-to-
1 scale.

2” x 2“
Sizing Square
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4.3.2.3 Manufacturing Instructions: Part A — Sewing Instruction

The soft suit pattern described in this section is a multi-size pattern.

4.3.2.3.1 Part A — Cutting Instruction

Cutting instruction for construction of Part A — soft suit is summarized in Table 4-28. Leverage
the FOLD and DOUBLE LAYER CUT technique where applicable as shown below.

Table 4-28. Cut Instruction for Part A - Soft Suit Construction

Cut Instruction

Pattern

(1) Fold the fabric with right sides together, pin the
pattern on fabric wrong side and cut along the
pattern cutline to create two units.
(2) Use “cutline (small size)” for small suit
[A-1] Pant Front 2 |construction), and “cutline (large size)” for large (1-1)
suit construction. If size is not mentioned, it is for &
large suit.
(3) Follow grain line direction per pattern when
cutting.
[A-2] Pant Back 2 Same as [A-1] (1-2)
[A-3] Body Front 2 Same as [A-1] (1-3)
[A-4] Body Back 2 Same as [A-1] (1-4)
[A-5] Yoke Back 2 | Same as [A-1] but without grainline consideration (1-5)
[A-6] Sleeve 2 Same as [A-1] (1-6)
(1) Pin the pattern on the right side of the fabric and
cut along the pattern cutline to create 1 unit. Repeat
Lower for second unit
[A-7] Shoulder 2 |(2) Use “cutline (small size)” for small suit (1-7)
Patch construction), and “cutline (large size)” for large
suit construction. If size is not mentioned, it is for &
large suit.
Upper
[A-8] Shoulder 2 Same as [A-7] (1-8)
Patch
[A-9] Elbow Pocket 2 Same as [A-7] (1-9)
[A-10] Knee Pocket 2 Same as [A-7] (1-10)
4”x 4” Soft On <3> Velcro soft (4” wide), cut 4” x 4” squares NA
[A-11] 2 ] :
Velcro per required quantity.

80




27x 2” Soft On <3> Velcro soft (2” wide), cut 2” x 2” squares NA
[A-12] : :
Velcro per required quantity.
1”x 15 Soft On <3> Velcro soft (1 wide), cut 17 x 15” strips NA
[A-13] : :
Velcro per required quantity.
[A-14] Collar Same as [A-1] (1-14)
(1) Pin the pattern on the right side of the fabric and
cut along the pattern cutline to create 1 unit.
i . (2) Use “cutline (small size)” for small suit i
Al el construction), and cutline (large size) for large suit. (=19
(3) Follow grain line direction per pattern when
cutting.
[A-16] Front Flap Same as [A-7] (1-16)
[A-17] Back Flap 4 Same as [A-7] (1-17)
Front Soft
[A-18] Velcro L: 4 | On <3> Velcro soft (2” wide), cut required length NA
L:27x9” S:2 strips per required quantity.
S:27x8.5”
Front Flap
[A-19] Velero Hook 4 Same as [A-7] (1-19)
Back Flap
[A-20] Velcro Hook Same as [A-7] (1-20)
Back Soft
[A-21] Velcro On <3> Velcro soft (2” wide), cut required length NA
L:2”x5.5” strips per required quantity.
S:27x4”
[A-22] | 3” x 3” Fabric Cut a square per size and quantity NA
37 x 3” Soft On <3> Velcro soft (3” wide), cut 3” squares per NA
[A-23] { ;
Velcro required quantity.
1” x 3” Hook On <4> Velcro hook (1” wide), cut required length NA
[A-24] 4 . \ _
Velcro strips per required quantity.
17 x 3” Soft On <3> Velcro soft (1” wide), cut required length NA
[A-25] 4 : : :
Velcro strips per required quantity.
1” x 4” Hook On <4> Velcro hook (1” wide), cut required length NA
[A-26] : y :
Velcro strips per required quantity.
1” x 4” Soft On <3> Velcro soft (1”” wide), cut required length NA
[A-27] _ ! _
Velcro strips per required quantity.
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2” x 4” Soft On <3> Velcro soft (2” wide), cut required length NA
[A-28] _ ! :
Velcro strips per required quantity.
[A-29] 4x 4” fabric Cut a square per size and quantity NA
4”x 4” hook On <4> Velcro hook (4” wide), cut required length NA
[A-30] : . :
Velcro strips per required quantity.
[A-31] [ 27”x 2” Fabric Cut a square per size and quantity NA
2”x 2” Hook On <4> Velcro hook (2” wide), cut required length NA
[A-32] : Y :
Velcro strips per required quantity.
[A-33] | 3”x 3” Fabric Cut a square per size and quantity NA
3”x 3” Hook On <4> Velcro hook (3” wide), cut required length
[A-34] X . ) NA
Velcro strips per required quantity.

4.3.2.3.2 Knee Pockets [A-10] and Elbow Pockets [A-9]

Patterns I-9 (Elbow) and 1-10 (Knee) are used in this section. See Appendix section (Appendix
A: Soft Suit Pattern) for printable detail version.

Cut line >

Cut line X8
FOLD & EDGESTICTCH: Edge D
FOLD & EDGESTICTCH: Edge D
HEMSTITCH : Edge D HEMSTITCH : Edge D
| [A-24] Hook Velcro e el il
a"x3" i | Wrongside of [A-10]
Pattern (I-9) Pattern (I-10)
Elbow Pocket P Knee Pocket g
= [A-10] :
< [A-9] z E g
o e 5]
i | |i woETSDE |
B RIGHTSIDE g 8 g
=] o 3 4
2 <1 S @
2 2 '
@ Sizing 2
g Squere - Sizing
3 x2* Z Square
2°x2"
LI [ Rold & RDGESITCH Rige C (Smalt Séve) 171 Fold & EDGESTITCH Edge C (Small Size)
___________ UTLDEGeEse 8 0 T e S T TR
Fold and EDGESTITCH Edge C (Large Size)
Fold and EDGESTITCH Edge C (Large Size)

A)

(B)

Figure 4-37. Pocket Patterns.
(A) A-9 Elbow Pocket, (B) A-10 Knee Pocket. (See Appendix Pattern (1-9) and (1-10) for

printable version)
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1. Fold and press the upper edge (Edge D) of Elbow Pocket [A-9] 4” from the raw
edge. EDGESTITCH along the fold, and then 1” HEMSTITCH from the edge by
folding along the hemline and apply hemstitch.

2. Fold and press the Edge A, B, and C of Elbow Pocket [A-9] along the fold line at 1%”
from the raw edge. EDGESTITCH along these three edges.

Edgestitch Hook Velcro

(On pocket)

Hemstitch fos:
-“id, 4 Y R
/ N W
(A) A W \

Figure 4-38. Pocket Construction: (A) Top Edge, (B) Completed View, (C) Velcro
Locations.

3. On the back of Elbow Pocket [A-9], pin 1” x 3” Hook Velcro [A-24] on the fold as
show in Figure 4-38(A). EDGESTITCH the perimeter of 1” x 3”” Hook Velcro [A-
24] in place.

4. Pin Elbow Pocket [A-9] to Sleeve [A-6] per Pattern 1-6 (see Figure 4-39).
EDGESTITCH the 3 sides of the pocket (Edge A, B, and C) to attach the pocket onto
the Sleeve [A-6].

5. Align and pin 1" x 3” Soft Velcro [A-25] on the suit (Sleeve [A-6]) beneath the 17 x
3” Hook Velcro [A-24]. EDGESTITCH the 1” x 3” Soft Velcro [A-25] on Sleeve
[A-6]. See Figure 4-38(C).
Note: [A-25] is stitched directly onto the Sleeve [A-6], and [A-24] is on the pocket
(inner side).

6. Repeat steps 1-5 for the other Sleeve [A-6] (the other arm). See Figure 4-38 (B).

7. Repeat steps 1-6 to attach Knee Pockets [A-10] onto both legs - Pant Front [A-1].

4.3.2.3.3 Lower Shoulder Patch [A-7], Sleeve [A-6], Soft Velcro [All, Al12]

Patterns 1-6 (Sleeve) and I-7 (Lower Shoulder) are used in this section. See Appendix section
for printable detail version.
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DA HILLLSIOL

Pl pem ) i
Sleeve i
Attach [A~6] I-' I||
Elbow Pocket [A-9] i
Here I|
; g /
i
W .II
g/
=l g
Fr I| /
el
I. Ill
. . 1" Hematiech - Bge [ (Small Sipe) | 1 | .|I I|
2 Fold & Press : Edge [ (Small Size) l-, I{
CUTLINE (Small Size)% |
........ I7 Hemstitch : Bdge & | ||
Fold & Press : Bdge b 11
Cutline (Large Size)>§

Figure 4-39. Sleeve [A-6].

(See Appendix Pattern (1-6) for printable version). Major grid line is spaced 1 inch part, minor
grid line is 1/8”. Note: this pattern needs to be split printed on multiple papers.
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No Fold: Edge D

r'/'/#

i |

| Pattern (I-7) |
! Lower Shoulder Patch : )
6| [A-7] E
A =
ol ! ME
o | Sizing %
S| = |z
N Bk

: CUTLINE (Small Size) >3 |

Fold & Press : Edge B CUTLINE (Large Size) >8

Figure 4-40. Lower Shoulder Patch [A-7].
(See Appendix Pattern (I-7) for printable version). Major grid line is spaced 1 inch part,
minor grid line is 1/8”.

1. Excluding the upper edge (Edge D) of Lower Shoulder Patch [A-7], fold and press
Lower Shoulder Patch [A-7] %2 along perimeter from raw edge (for Edge A, B, and
C).

2. Pin Lower Shoulder Patch [A-7] onto Sleeve [A-6] on top of each other with
RIGHTSIDE facing the same direction. EDGESTITCH Edge A, B, C of Lower
Shoulder Patch [A-7] in place per pattern 1-6 (See Figure 4-39 and Figure 4-41).
Then, apply TOPSTITCH along these Edge A, B, and C.
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Attach

: Elhow Pocket [A-91 H
Figure 4-41. Integrate Lower Shoulder Patch [A-7] onto Sleeve [A 6].

3. Place 4” x 4” Soft Velcro [Al1] at
the center of Lower Shoulder Patch \V
[A-7] per Pattern 1-6 (See Figure \
4-41 highlighted area). “°“'de
EDGESTITCH 4” x 4” Soft Velcro
[A-11] in place.

4. Place 2” x 2” Soft Velcro [A-12]
below Lower Shoulder Patch [A-7]
per Pattern 1-6 (See Figure 4-39).
EDGESTITCH 2” x 2” Soft Velcro
[A-12] in place.

5. Repeat Steps 1-4 for the other

Sleeve [A-6] and Lower Shoulder
Patch [A-7].

Only fold these
three edges

e
‘EdgeB

4.3.2.3.4 Body [A-1 through A-5]

Patterns I-1 (Pant Front), 1-2 (Pant Back) 1-3  Figure 4-42. Lower Shoulder Patch
(Body Front), I-4 (Body Back), and I-5 (Yoke Construction Complete View.
Back) are used in this section. See Appendix
section for printable detail version.
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Figure 4-43. Pants Pattern.
(A) Pant Front [A-1] (See Appendix Pattern (I1-1) for printable version). (B) Pant Back [A-

2] (See Appendix Pattern (1-2) for printable version). Major grid line is spaced 1 inch part,
minor grid line is 1/8”. Note: this pattern needs to be split printed on multiple papers.
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Figure 4-44. Body Patterns.
(A) Body Front [A-3] (See Appendix Pattern (I-3) for printable version). (B) Body Back [A-
4] (See Appendix Pattern (1-4) for printable version). Major grid line is spaced 1 inch part,
minor grid line is 1/8”. Note: this pattern needs to be split printed on multiple papers.
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......................... |
]
Atach | B
x4 ;i
..... Soft Velcro g‘g'
[A28] | & gl
Here =]
[
Yokeseam l

Figure 4-45. Yoke Back [A-5].
See Appendix Pattern (1-5) for printable version). Major grid line is spaced 1 inch part, minor
grid line is 1/8”. Note: this pattern needs to be split printed on multiple papers.
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1. With right sides together, pin Pant Front [A-1] to Body Front [A-3], ensuring
sideseam of Body Front [A-3] aligns with outseam of Pant Front [A-1].
STAYSTITCH Pant Front [A-1] to Body Front [A-3]. Press waistseam toward Body

Front [A-3]. EDGESTITCH and TOPSTITCH the waistseam from the right side. See
Figure 4-46.

Vs

1 Stitching from outside of the suit (from the right side of fabric).
,,,,, i Viewing from outside of the suit. (B)

Figure 4-46. Align the Sideseam of Body Front [A-3] with Outseam of Pant Front [A-1].
(A) Looking at inside of the suit (wrong side of fabric), (B) Looking from outside of the suit.

2. With right sides together, fold (towards right side of fabric), press, and

EDGESTITCH Seam B on the wrong side of fabric on Body Back [A-4] as shown
in Figure 4-47.

Shoulderseam

Body Back

T
}
|
Pattern (1-4) d
[A-4] :‘

|

Fold & Press (127 Edge A

|
|
1
|
|
1
I
|
I
|
I
1

il

I
l}
|
I
|
1
|
I
[}
|
1
I

/ P e B}
RS
=
-
Backseam

CUTLINE (Large Size) 3§
Body Back Pattern 1-4 (A)

Fold, press, EDGESTITCH seam B (B)

Completed View ©)

Figure 4-47. Body Back Seam Instructions (Part 1).
(A) Body Back Pattern [A-4], (B) Fold, press, and edgestitch along seam B, and (C)
completed view.
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3. Fold, press, and EDGESTITCH Seam A on the right side of fabric on Body Back
[A-4]. Then, pin Seam A onto Seam C on Body Back [A-4]. TOPSTITCH the top
and bottom edge of Body Back [A-4] to secure the pleats. See Figure 4-48

£
-

weIpun)

ik

__Backseam

‘ bhe
|
',
CUTLINE (Large Size) X L

Body Back Pattern 1-4 (A) Fold, press, EDGESTITCH seam B (B)

Completed View of the Pleats (C)

Figure 4-48. Body Back Seam Instructions (Part 2).
(A) Body Back Pattern [A-4], (B) Fold, press, and edgestitch along seam B, and (C)
completed view.

4. With right sides together, STAYSTITCH Yoke Back [A-5] to Body Back [A-4].

Press Yokeseam towards Yoke Back [A-5]. EDGESTITCH and TOPSTITCH the
Yokeseam (stitch this double seam on right side of fabric).

With right sides together, pin Body Back [A-4] to Pant Back [A-2], ensuring
sideseam of Body Back [A-4] aligns with outseam of Pant Back [A-2].
STAYSTITCH Body Back [A-4] to Pant Back [A-2]. Press waistseam(back) toward

Body Back [A-4]. EDGESTITCH and TOPSTITCH the waistseam(back) from the
right side of fabric.

6. Repeat steps 1-5 in this section for the other side of the suit.
4.3.2.3.5 Shoulder [A-3, A-5, and A-8]

Continue from last section, patterns 1-3 (Body Front), I-5 (Yoke Back), 1-8 (Upper Shoulder
Patch) are used in this section. See Appendix section for printable detail version.
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Figure 4-49. Upper Shoulder Patch [A-8].
See Appendix Pattern (1-8) for printable version. Major grid line is spaced 1 inch part,
minor grid line is 1/8”. Note: this pattern needs to be split printed on multiple papers.

1. With right sides together, STAYSTITCH along the shoulderseam of Yoke Back [A-
5] to the shoulder of Body Front [A-3] as shown in Figure 4-50(A & B). Press this
seam toward the shoulder of Yoke Back [A-5]. EDGESTITCH and TOPSTITCH the
shoulderseam from the right side of fabric.

A

Body Front
[A-3] :

Body Front i
[A-3]

Completed View ©

Line up the shoulderseam (yellow), Yoke Back [A- Line up the shoulderseam (yellow) (B)
5], Body Front [A-3], and [A-8] (green) (A)

Figure 4-50. Upper Shoulder Patch [A-8] Integration
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2. Fold and press Upper Shoulder Patch [A-8] 4™ along perimeter from raw edge (for
Edge A, B, and C) excluding top (Edge D).

3. EDGESTITCH Upper Shoulder Patch [A-8] to the Yoke Back [A-5] and Front Body

[A-3] by lining up the Upper Shoulder Notch A and B on [A-8] with the Upper

Shoulder Notch A on [A-3] and the Upper Shoulder Notch B on [A-5]. Figure 4-50(A

& C).

4. Repeat steps 1-3 in this section for the other side of the suit.

4.3.2.3.6 Body Sideseam [A-1 through A-8]

Patterns I-1 (Pant Front), I-2 (Pant Back), I-3 (Body Front), I-4 (Body Back), I-5 (Yoke Back),

I-6 (Sleeve), I-7 (Lower Shoulder Patch), I-8 (Upper Shoulder Patch) are used in this section. See
Appendix section for printable detail version.

1. With right sides together, STAYSTITCH Sleeve [A-6], Lower Shoulder Patch [A-7]

and Upper Shoulder Patch [A-8] along Edge E (Armhole edge), allowing [A-7] and
[A-8] to match along Edge A, B, and C. Press seam toward Sleeve [A-6].

w ﬂ.
(A) Body Front / '

1A-3]
Body Back

| ge E
Here - ;
[ Armhole Ed
‘ fmiele B9 1 ower Shoulder

Patch [A-7]

1" Hematitch - Edge D (Soall Size)

Fold & Press : Edge D (Small Size)

L2 ey Sleeve
CUTLINE (Small Size)>% |
iinnunnns) [A-6]

Figure 4-51. Sewing Sleeve [A-6], Lower Shoulder Patch [A-7], and Upper Shoulder Patch
[A-8] Along Edge E.
(A) Lining up in pattern view (note this is flipped horizontally 180-degree from (B), (B)
Completed view.
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2. With right sides together, pin outseam of Pant Front [A-1] to outseam of Pant Back
[A-2]. Pin sideseam of Body Front [A-3] to sideseam of Body Back [A-4]. Pin
underarm seams of Sleeve [A-6] together. Matching each part together,
STAYSTITCH the entire underarm seams, body sideseams, and pant outseams.
Verify the following notches are lined up:

a. Underarm seam
i. Back Notch: Body Back [A-4], Sleeve [A-6]

ii. Front Notch: Body Front [A-3], Sleeve [A-6]

iii. Upper Shoulder Notch A: [A-3], Upper Shoulder Patch [A-8]

iv. Upper Shoulder Notch B: Yoke Back [A-5], Upper Shoulder Patch

[A-8]

b. Pants outseam - Pant Notch B: Pant Back [A-2], Pant Front [A-1]
c. Pants inseam - Pant Notch A: Pant Bank [A-2], Pant Front [A-1]

3. With right sides together, STAYSTITCH inseam of Pant Front [A-1] to inseam of
Pant Back [A-2].

Upper &
Sleeve lower
[A-6] Shoulder
[A-7/8]
Body Yoke
Front Back
[A-3] [A-5]
Body
Back
[A-4]
Pant
Front
[A-1]
Pant
Back
[A-2]

4 ,' % ". ; i‘;
Figure 4-52. Completed View Body Side Seam Integration.

4. Repeat steps 1-3 in this section for the other side of the suit.
4.3.2.3.7 Pants and Sleeve Hem [A-1, A-2, A-6]

Patterns I-1 (Pant Front), 1-2 (Pant Back), and 1-6 (Sleeve) are used in this section. See
Appendix section for printable detail version.
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1. Fold and press Pant Front [A-1] and Pant back [A-2] !4” from raw edge along the
fold line (Edge D for [A-1], Edge A for [A-2]). Fold and press again along the
hemline (Edge D for [A-1], Edge A for [A-2]). HEMSTITCH along the hemline to
create a 1” hem from the edge.

2. Cut 11” of a '4” elastic band from material <5>. Sew each end of the elastic band to

the outseam and inseam of the inside of the pant leg.

Repeat steps 1-2 for the other pant leg.

4. Fold and press wrist 4” from raw edge on Sleeve [A-6]. Fold and press again along
the hemline. HEMSTITCH along the hemline to create a 1”” hem from the edge.

5. Pin 17x 15” Soft Velcro [A-13] into the inside of the wrist hem. EDGESTITCH [A-
13] in place.

w

g'hﬁ’%““ﬂi”"'sle'"%\é"'"'5{:';'"'“

b &
k2 A_w 'h ® 4

Figure 4-53. Complete Hem. (A) Pants Hem with Elastic, (B) Wrist Hem with Soft Velcro.

6. Repeat steps 1-5 in this section for the other side of the suit.
4.3.2.3.8 Front and Back Seam [A-1, A-2, A-3]

Patterns I-1 (Pant Front), I-2 (Pant Back), and 1-3 (Body Front) are used in this section. See
Appendix section for printable detail version.

7. 1. With right sides together, align the left and right half of the body, STAYSTITCH
(Body Front [A-3], Pant Front [A-1], Pant Back [A-2]) the entire front seam body
through the back crotch, stopping at the X-mark on Pant Back [A-2]. See Figure 4-54
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Figure 4-54. Staystitch Entire Front Seam Until the X Marker Shown in [A-2].

8. Press and fold 2" from raw edge of the body back seam through the back crotch
stopping at the X-mark [2] through Body Back [A-4] (Edge A/back seam), Pant Back
[A-2] (back seam).

9. Repeat step 2 for the other side.

10. Pin a zipper A <6> (Large suit: 46” long size #5 zipper; Small suit: 35” long size #5
zipper) under both sides of the previously folded back seam edges. TOPSTITCH the
zipper in place.

4.3.2.3.9 Zipper B Integration

1. Open 7” long inseam on pant leg 2 %” inseam below the crotch. See Pant Back [A-
2] Pattern (I-2) at zipper B location. See Figure 4-43.

2. Press and fold /2" from raw edge of the inseam previously opened. Pin a 7 long size
#3 zipper <7> under both sides of the previously folded back seam edges. Ensure
that the zipper opens downward and closes upward. TOPSTITCH the zipper in place.

3. Repeat steps 1-2 for the following locations, there is a total of 7 zipper B. See Figure
4-55.

a. Both legs: Pant Leg [A-2] at zipper B location on inseam
b. Both arms: Sleeve [A-6] at zipper B location on underarm seam
c. Both sides of suit: Body Front [A-3] at zipper B location on side seam
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Figure 4-55. Zipper B Integration.
(A)-(D) shows the 6 locations of zipper B (note, (A) and (B) is one location, i.e., pant
inseam), (E) completed view for zipper B at (C) location.

4.3.2.3.10 Collar [A-14]

Patterns 1-14 (Collar) is used in this section. See Appendix section for printable detail
version.

w0 CatlineX}
... .. Pattem(I-14)
Collar
Ay
| pdgeAbotomBége | 'n’u:m'

Figure 4-56. Collar [A-14]
(See Appendix Pattern (I-14) for printable version). Major grid line is spaced 1 inch part,
minor grid line is 1/8”. Note: this pattern needs to be split printed on multiple papers.

1. Press and fold %" from the bottom raw edge (Edge A) of Collar [A-14]. TOPSTITCH
Collar [A-14] in place. Do this for both pieces of Collar [A-14], i.e., front and back
of collar.
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2. With right sides together for the two Collars [A-14], STAYSTITCH the perimeter of
Collars [A-14] (Edge B, C, D), excluding the bottom edge (Edge A) of Collar [A-
14]. Flip Collar [A-14] inside out and press the collar perimeters.

3. TOPSTITCH the perimeter of Collar [A-14] (Edge B, C, D), excluding the bottom
edge (Edge A) of the Collar [A-14].

4. Pin Collar [A-14] onto the neck, leaving %4 excess on both ends of Collar [A-14]
(Edge C and D). Adjust the placement of Collar [A-14] as needed to match the Collar
Notches in the center of Collar [A-14] to the center of the neck on Body Front [A-
3]. EDGESTITCH Collar [A-14] in place. See Figure 4-56.

5. To secure the back ends of Collar [A-14] together, align and pin a 1” x 4” Hook
Velcro [A-26] and a 1’ x 4” Soft Velcro [A-27]. EDGESTITCH the perimeter of [A-
26 and [A-27] in place. See Figure 4-57.

Figure 4-57. Completed View of the Collar.

4.3.2.3.11 Front Flaps [A-16, A-19] and Back Flaps [A-17, A-20]

Patterns 1-16 (Front Flap) and 1-17 (Back Flap) are used in this section. See Appendix section
for printable detail version.
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(B)

Figure 4-58. Flap Patterns.

See Appendix Pattern (1-16, 1-17, 1-19, and 1-20) for printable version. (A) Front Flap [A-
16], (B) Back Flap [A-17], (C) Front Flap Velcro Hook, (D) Back Flap Velcro Hook. Major
grid line is spaced 1 inch part, minor grid line is 1/8”. Note: this pattern needs to be split

printed on multiple papers.

With right sides together of two units of Front Flaps [A-16], STAYSTITCH the
perimeter of Front Flap [A-16] to create one unit of Front Flap.
Flip Front Flap [A-16] inside out. Press Front Flap [A-16] flat.
Pin Front Flap Velcro Hook [A-19] under Front Flap [A-16]. TOPSTITCH the
perimeter of Front Flap [A-16] with Front Flap Velcro Hook [A-19]. See Figure 4-60

for completed view.

Repeat steps 1-3 in this section to create three units Front Flaps (each unit uses two

units of [A-16].

Repeat steps 1-3 in this section for the two units Back Flaps [A-17] using the Back
Flap Velcro Hook [A-20]. See Figure 4-61.

4.3.2.3.12 Casing [A-15]

Patterns I-1 (Pant Front), I-3 (Body Front), I-15 (Casing), I-16 (Front Flap), and 1-17 (Back
Flaps) are used in this section. See Appendix section for printable detail version.

| T T
Rz ! iEi Pattern (I-15 e
; 42 = oo e, 125 3
5 =8| rxr Casing _Hal:.:mm!me "é
CE, [A-15] RIGHTSIDE =~~~ == 5 °
i Edge A: Bottom Edge _1 %
Cutline (Large Size) >8

Figure 4-59. Casing [A-15]
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See Appendix Pattern (1-15) for printable version. Major grid line is spaced 1 inch part,
minor grid line is 1/8”. Note: this pattern needs to be split printed on multiple papers.

Note: Each Pant Front [A-1] has 2 units of Front Flap [A-16], and thus a total of 4 units Front
Flaps [A-16] for both legs. Each Pant Back [A-2] has 1 unit of Back Flap [A-17], and thus a total
of 2 units Back Flaps [A-17] per suit for both legs.

Note: A large HS3 suit uses 2 units of 2”’x 9” Front Soft Velcro [A-18] per Pant Front [A-1], and
thus a total of 4 units of [A-18] per large HS3 suit. A small HS3 suit uses 1 unit of 2”’x 9” Front
Soft Velcro [A-18] per Pant Front [A-1], and thus a total of 2 units of [A-18] per small HS3 suit.

1.

Pin Front Flaps [A-16] below the waistline, with 2 Front Flaps [A-16] on each front
panel as shown in Figure 4-43 on Pant Front [A-1] per Pattern (I-1). EDGESTITCH
Front Flaps [A-16] in place. See Figure 4-60(A and B). Complete this step for both
legs.

Press and fold %” from the top (Edge B) and bottom (Edge A) raw edges of Casing
[A-15]. Press and fold both ends (Edge C and D) of Casing [A-15] to fit the width of
Body Front [A-3].

Pin Casing [A-15] to Body Front [A-3] above the waistline. EDGESTITCH [A-15]
in place, see Figure 4-60(A).

Pin 2” x 9” Front Soft Velcro [A-18] 3 '4” below the waistline as pictured in Figure
4-60 (A). EDGESTITCH [A-18] in place. For the large suit, place two units of [A-
19] vertically next to each other below each pair of Front Flaps [A-16] as shown in
Figure 4-60(A). For small suit, place one unit of [A-19]. Repeat for the other leg.

Body Front
[A-3] §

Casing [A-15]

L Front Flap
Velcro Hook
[A-19]

x2 [A-18] Front Soft Vel’cro
~ (for large suit)

Pant Front
[A-1]

Figure 4-60. Integrate Front Flaps [A-16] onto the suit with the following completed views.
(A) A Large HS3 Suit, (B) Front Flap [A-16], (C) Front Flap Velcro Hook [A-19].
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5. Press and fold '4” from the top edge of Back Flaps [A-17]. Pin 1 unit of Back Flap
[A-17] to each Pant Back [A-2] panel as shown in Figure 4-43. TOPSTITCH the
Back Flaps [A-17] in place. Complete this step for both legs.

6. Pin2” x 5 %" Back Soft Velcro [A-21] 3 %" below the waistline as shown in Figure
4-61. EDGESTITCH [A-21] in place. Repeat for the other leg.

N
‘ Body Back
Body Back e [A-4] |

BackFlap 1Al
[A-17]

i

Back Flap
[A-17]

Back Flap Velcro Hook
[A-21] Back Flap Velcro
Hook [A-21]
Pant Back
[A-2]

Figure 4-61. Integrate Back Flaps [A-17] onto the suit with the following completed views.
(A) A Large HS3 Suit, (B) Back Flap [A-17].

4.3.2.3.13 Holes [A-22, A-23]

Holes are labeled with S1, S2, S3, etc, on the inside of the suit. The only hole (hole S3/S4)
required for HS3 2.5 is the LCG hole (diameter = 1.5”) located on Casing [A-15] since HS3
2.5 does not use body ventilation. All other holes (diameter 1 inch) are for body ventilation
purposes for HS3 2.0 version (3D printed ventilation adapters). If body ventilation is not used, user
can opt to not make those holes listed in this section.

1. Draw a 1” diameter circle in the center of 3” x 3” Fabric [A-22]. With right sides
together, pin 3” x 3” Fabric [A-22] on the suit where the hole is needed. Stitch the
along the previously drawn circle onto the fabric [A-22]. See Figure 4-62(A).

2. Cut out an inner circle ¥4” smaller from the previous stitch and cut small flaps (See

Figure 4-62(D)) along the circle without cutting through the previously sewn circle

in previous step. See Figure 4-62(B, C, D).

Flip 3” x 3” Fabric [A-22] into the inside of the suit. See Figure 4-62(E).

4. Press the circle flat. See Figure 4-62(F).

w
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5. Cuta 1” diameter circle in the center of 3” x 3” Soft Velcro [A-23]. Line up 3” x 3”
Soft Velcro [A-23] under the 3” x 3” Fabric [A-22] on the suit. Ensure that the 3” x
3” Soft Velcro [A-23] faces inside the suit and the circles align together. Figure 4-62
(G) shows the completed view from inside of the suit.

6. EDGESTITCH around the perimeter of the circle, ensuring that the stitch goes
through the 3” x 3” Soft Velcro [A-23], 3” x 3” Fabric [A-22], and suit. Figure 4-62
(H) shows the completed view.

7. EDGESTITCH around the perimeter of the 3” x 3” Soft Velcro [A-23] and 3” x 3”
Fabric [A-22]. Figure 4-62(G and I) shows the completed view.

8. Repeat steps 1-6 for additional holes and sizes as needed.

Figure 4-62. Hole Making Process for the HS3 Suit.
(A) Step 1: Overlay [A-22] onto desired hole location and stich along the desired circle, (B,
C) Step 2: Cut an inner circle that is ¥4” smaller, (D) Step 2: Cut small flaps along the
circle, (E) Step 3: Flip the circle over, (F) Step 4: Press the circle, (G) Step 5: Completed
view (from inside of the suit), (H) Step 6: Completed view (from outside of the suit), (1) Step

7: Stitch together [A-22] and [A-23].

4.3.2.4 Manufacturing Instructions: Part B — HUT Arm Canvas Covers

Patterns 11-1 and 11-2 are used in this section. See Appendix section for printable versions.
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Figure 4-63. HUT Arm Canvas Cover Soft Good Pattern.

(See Appendix Pattern (11-1 and 11-2) for printable version). Major grid line is spaced 1 inch
part, minor grid line is 1/8”. Note: this pattern needs to be split printed on multiple papers.

4.3.2.4.1 Part B - Cutting Instruction

1.

2.

o ok~

On the RIGHTSIDE, cut out 2 units of pattern (I1-1) on <1> canvas material along
thecutline(—— ) to create 2 units of [B-1].

Note: 1 unit of [B-1] and 1 unit of [B-2] make 1 unit of Canvas Cover. Thus 2 units
of [B-1] and [B-2] create 2 units of Canvas Cover (one for each arm per suit).
Onthe RIGHTSIDE up, cut out 2 units of pattern (11-2) on <1> canvas material along
thecutline(—— ) to create 2 units of [B-2].

Note: At this point [B-1] and [B-2] should look identical.

Cut 4 units of [B-3] soft velcro (1” x 8”) on <3> velcro soft material.

Cut 4 units of [B-4] hook velcro (17 x 8”) on <4> velcro hook material.

Cut 2 units of [B-5] 4” x 8” (rectangle shape) Arm Cover Foam on <8> EVA Foam
material.

4.3.2.4.2 Part B - Sewing/Assembly Instruction

1.

To make the front side [B-1] of the canvas cover:
a. EDGESTITCH 1 unit of [B-3] on the RIGHTSIDE of fabric per pattern (I1-
1) instruction on [B-1]
b. EDGESTITCH 1 unit of [B-3] on the WRONGSIDE of fabric per pattern (lI1-
1) instruction on [B-1]
c. Add in some reinforcement stitches by stitching along the stich lines across
the Velcro to make it more secure under repeated use.
With RIGHTSIDES together, STAYSTITCH front [B-1] x1 and back [B-2] x1
pieces together.
a. Only STAYSTICTH with %2” seam allowance along Edge A, B, and C stitch
line ( -) as labeled on Pattern (11-1).
b. The top edge of the cover should remain opened.
c. Repeat this step for the 2 unit of canvas cover
With RIGHTSIDES together, HEMSTICTH !4 along top edge (Edge D). See
completed view in Figure 4-64.
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Figure 4-64. Completed View of the Hem  Figure 4-65. Insert the EVA Foam [B-5] all
Edge on the Top Edge of the HUT Arm the way into the Canvas Cover Pocket.
Canvas Cover.

4. Flip the fabric over, with WRONGSIDES together, EDGESTITCH 1 unit of [B-4]

hook velcro on the RIGHTSIDE of [B-2] (back sides of the canvas cover) per pattern
(11-2) instruction. The stitches should go across all layers of fabric, i.e., [B-1] and [B-
2].
. To complete the back sides [B-2] of the canvas cover:
a. EDGESTITCH 1 unit of [B-4] on the WRONGSIDE of fabric per pattern (I1-
2) instruction. Verify positioning of this hook velcro so that it will properly
align with the [B-3] soft velcro on the opposite side of [B-1] (wrong side).
b. Add in some reinforcement stitches by stitching along the stich lines across
the Velcro to make it more secure under repeated use.
Insert 1 unit of [B-5] EVA foam and push it all the way down into each arm canvas
cover as shown in Figure 4-65.
Repeat steps 8-15, to make a second unit of HUT Arm Canvas Cover. See Figure
4-66 for the completed assembly of one unit of HUT Arm Canvas Cover.
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Approximate location
where the EVA foam sits
inside the cover

Approximate location
where the EVA foam sits |
| inside the cover

Figure 4-67. HUT Arm Canvas Cover Installed on the HUT.
Notice the Velcro are on the lower edge of the HUT openings to prevent subjects
accidentally pulling the Velcro or rubbing it open with arms.

4.3.2.5 Manufacturing Instructions: Part C — Glove and Glove Gauntlet

Patterns 111-1 and 111-2 are used in this section. See Appendix section for printable versions.
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......... Edge A (Top Edge) Notch Q CHTLINE uall 85w) >€\
WRONGSIDE

Pattern (III-1)
Inner Gauntlet
[C-1]

/ I —  —C-9]Soft Velero (1"x 13.75")~ — —
o i —  ~To Connect to 3DPT Cuff Connector - — ( A)
Edge A (Top Edge) 'Notch Q CUTLINE (Small Siz) % \

RIGHTSIDE

/£57 Pattern (III-2) — ~
| [0_2] \

CUTLINE (Large Size) X8 (B)

Figure 4-68. Glove Gauntlets Soft Good Pattern.
See Appendix Pattern (111-1 and 111-2) for printable version. (A) Pattern (111-1) inner
gauntlet, (B) Pattern (111-2) outer gauntlet.

4.3.2.5.1 Part C - Cutting Instruction

1. On the RIGHTSIDE, cut out 2 units of pattern (111-1) on <2> nylon and 2 units of
pattern (111-2) on <1> canvas material along the cutline () to create 2
units of [C-1] and [C-2]. Follow the appropriate size line for large glove vs. small

glove per patterns shown in Figure 4-68.
2. Cut 2 unit for each component ([C-3] through [C-6], [C-9], and [C-10]) for various
size of Velcros per Part C section of Table 4-25.

4.3.2.5.2 Part C - Sewing/Assembly Instruction
Prepare COTS lacrosse glove
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1.

Oiyypm

|

Remove eve ) g
below this line and

Use seam ripper to remove the lower part of the lacrosse glove and dispose of those
materials, see Figure 4-69.

|

dispose

Figure 4-69. Prepare the COTS Lacrosse Glove.

(A) Remove all contents below the red line, (B) Expose seam, (C) Remove seam stitching, and
(D) Complete view.

Sewing the Gauntlets

2.

3.
4.

Fold 0.5 and press along all raw edges of [C-1] and [C-2], remove excess fabric as
needed at the corners for a flat surface. See Figure 4-70(A).

EDGESTITCH all edges along [C-1] and [C-2]

On [C-1], pin [C-3] Soft Velcro (17 x 6””) on the WRONGSIDE of fabric, [C-4] Hook
Velcro (1”7 x 6”) on the RIGHTSIDE of fabric, and [C-9] Soft Velcro (1” x 13.75”)
on the WRONGSIDE of fabric. EDGESTITCH the perimeter of all Velcros in place.
Perform cross stitch (making reinforcement X) on the Velcro as necessary to improve
strength since this is a frequently removed area.

On [C-2], pin [C-5] Soft Velcro (1” x 8”) on the WRONGSIDE of fabric, and [C-6]
Hook Velcro (1 x 8) on the RIGHTSIDE of fabric. EDGESTITCH the perimeter
of all Velcros in place. Perform cross stitch (making reinforcement X) on the Velcro
as necessary to improve strength since this is a frequently removed area.

Assemble the Gauntlets and the Gloves

6.

7.

8.

Align the Notch Q on [C-1] and [C-2] and pin the Outer Gauntlet [C-2] on top of
Inner Gauntlet [C-1] with RIGHTSIDE face up. Figure 4-70(B).

EDGESTITCH along the top edge (Edge A), and then TOPSTICTH along the same
edge.

Pin the gauntlet from step 2 around the perimeter of the prepared lacrosse glove as
shown in Figure 4-71. Verify the opening is located along the extension of index
finger or along extension of the little finger.
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10.

11.

12.

Hand stitch the gauntlet Edge A along the perimeter of the bottom of lacrosse glove.
Perform at least two complete rounds (around the perimeter) of stitches to secure the
gauntlet and the glove.

Wear appropriate Personal Protective Equipment (PPE) per vendor
recommendations. Apply adhesive spray [S-19] per BOM or industrial grade double
side tape on the outer side of the wrist ring [C-8]. Attach the hook Velcro [C-10] onto
the wrist ring [C-8]. See Figure 4-70(C).

Repeat step 3 to attach x1 [C-12] the side that is connected to the suit on [C-7] wrist
ring. See Figure 4-70(C).

Repeat steps 1-6 on the other hand to complete the second glove. See Figure 4-71 for
completed view.

Attach [C-12]
Hook Velcro
here around

perimeter

This is
where
glove inner
gauntlet is
attached to.

A .
Attach [C- i Wrist ring
10] Hook K/ nnect here via
Velcro here E friction fit for
around quick release
perimeter don/doff

[C-8] Female Wrist Ring [C-7] Male Wrist Ring (C)
(S-15 in BOM) (S-14 in BOM)

Figure 4-70. Construction and Assembly of the Glove System:

(A) Fold and press along the raw edge per step 1 for the gauntlets, (B) Align the inner and

outer gauntlet and pin, (C) Velcro integration on the wrist rings.
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Figure 4-71. Completion View of the Glove System.

4.4  Peripheral Systems

This section documents the design, construction, and assembly of the HS3 peripheral systems
(BOM #R1-17).

4.4.1 Design Details

The HS3 peripheral system provides an enhanced experience to simulate systems used during
EVA. When designing the peripheral system, the test team consulted with the flight operations
directorate and analog-experienced test subjects on ancillary equipment. With the feedback
provided, the test team identified the following design features to achieve good suit simulation
quality:

Integrated communication system with wireless connectivity.

Integrated camera assembly for first-person view.

Integrated full body cooling system with uniform water cooling.

Overall lightweight system (clothing and ancillary equipment).

Enhance suit-like restricted range of motion (ROM).

Enhance simulation quality with integrated assets (VR and treadmill).

Integrated lighting system for performing in dark testing environment (EVA simulation).

4.4.1.1 Communication System

The HS3 communication system provides wireless two-way voice interface while considering
the testing environment. Testing environments typically involve physical activity resulting in
sweat thus requires the system to be water resistant and withstand movement. The test team
selected bone conduction headphones (BOM #R-14). The selected SHOKZ OpenRun headphones
provide an 8-hour battery life with 33 feet Bluetooth range which is sufficient for EVA simulation.
This can be a limitation for outdoor field testing. However, it can be easily solved with connecting
to a mobile device (add in PLSS) to remove range limitation. This system is lightweight (26 g)
with open ear comfort and fit to allow for integration with HS3 HUT and helmet/visor. For two-
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way communication between the test team and subject, any computer system with Bluetooth
capability and meeting application (e.g. MS Teams, Discord) can be used.

Figure 4-72. HS3 Bone Conduction Headphones.
4.4.1.2 Camera Assembly

The HS3 camera assembly mounted to the HS3 HUT provides a live streaming first-person
view during EVA simulation. The test team selected Logitech Mevo wireless camera (BOM #R-
15) and camera mount adapter (BOM# R-16). The view can be modified by physically
manipulating the mount adapter. The wireless camera provides HD (1080p) resolution with the
ability to stream using Wi-Fi, ethernet, or LTE hotspot network. Mevo can easily integrate into
any system setup that is compatible with webcam capability. The camera mount adapter can easily
adapt other cameras such as GoPro, and/or subject facing view camera extension if required via
standard %4”-20 screw interface. Camera assembly is mounted by a bolt on the HUT multipurpose

attachment joint.
A\

Camera

| 4

/ “
Camera Mount
Adapter

=

Figure 4-73. HS3 Camera Assembly

4.4.1.3 Liquid Cooling Garment (LCG)

The HS3 LCG provides full body, uniform water cooling to the subject during EVA simulation.
The test team selected COMPCOOLER Full Body Cooling Garment (BOM# R-7) due to its
similarity to the EMU Liquid Cooling and Ventilation Garment (LCVG). This is a breathable
stretchable garment with tubing lined throughout the full body. Though stretchable material, the
LCG provides a snug fit for maximum thermal transfer around the torso, arms, and legs. With four
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sizes available, there is the ability to fit a wide range of subject anthropometries. The LCG water

inlet and outlet ports consist of quick disconnect (QD) fittings allowing for integration with the
PLSS liquid cooling system.

Figure 4-74. Comparison between HS3 LCG (Left) and EMU LCVG (Right Source:
NASA).

4.4.1.4 Thermal Comfort Undergarment (TCU)

To avoid direct skin contact with the HS3 LCG, subjects wear a thermal base layer similar to
the EMU thermal comfort undergarments (TCUs) for comfort and ease of cleaning posttest. The
HS3 TCU (BOM# R5 — R6) were selected by the test team due to the fabric selection and fit. These
lightweight COTS athletic thermal base layers are made with 40% Polyester, 34% Acrylic, 22%
Rayon, and 4% Spandex which allow for moisture wicking and quick drying. The fit
accommodates wearing under the LCG without disrupting thermal cooling capability.
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Figure 4-75. HS3 Thermal Comfort Undergarment uses COTS Base Layers.
4.4.1.5 Boot Assembly

The test team selected hiking boots (BOM# R1 — R3) due to its volumetric size and mobility
restriction being similar to the XEMU boot in ankle support [13]. The boot system features a quick
release twist design which makes donning and doffing process easy. Additionally, padded insoles
(BOM# R-4) can be installed in the boot prior to donning to allow for sizing adaptation to fit
different individual’s feet.

Figure 4-76. HS3 Boot (Left) xEMU Boot (Right).
4.4.1.6 Range of Motion (ROM) Ancillary Equipment

To provide restricted ROM similar to the XEMU, the subject must experience restriction in the
extremities (arms and legs) and at the waist. Due to the XEMU being a pressurized system,
crewmember have difficulty performing certain movements such as bending and flexing. To mimic
this mobility restriction, HS3 included ROM ancillary equipment subsystem consisting of an
elbow brace (BOM# R-8), knee brace (BOM# R-9) and waist inhibitor with crotch pad assembly
(BOM# R10 — R13).

The elbow brace provides resistance with the adjustable Velcro straps along with compression
to restrict the elbow from bending fully. The knee brace provides support and resistance to the
knee without fully restricting knee movement, allowing the subject to still walk and kneel. Both
the elbow and knee braces are to be worn outside the LCG but must not be strapped down too tight
to prevent any tubing blockage or subject discomfort.

The waist inhibitor provides restriction at the waist and crotch. With the intention to be similar to
the XEMU design, the subject must be unable to bend at the waist but maintain rotational pivoting
of the legs. The waist inhibitor was designed by the test team using a swim floating belt, foam pool
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noodle, belt loops, and webbing buckles. Manufacturing instruction can be found in Section 4.4.2.
The design features flexible size adjustment to keep the foam noodle at the desired location to
provide the “separating leg” function akin to a space suit’s hard waist/brief/hip assembly.

N1

‘Waist

Inhibitor ¥ Elbow Pad

Figure 4-77. HS3 Range of Motion niIIar Equipment.
4.4.1.7 Treadmill Adaptation

An optional HS3 enhancement when using treadmill for simulation EVA traverse task is the
addition of a safety harness. The safety harness is used with a fireman knot to create a low-profile
harness for positioning a subject on a treadmill and providing fall restraint, especially when used
in unique ambulation scenarios (i.e. coupled with VR). The test team selected tubular webbing
made from high tenacity Nylon (BOM# R-17) due to being UIAA certified. It is recommended to
have two sizes (30ft and 50ft) for varying subject anthropometries.

Figure 4-78. HS3 Treadmill Adaptation
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4.4.1.8 Lighting System

An optional HS3 enhancement is the addition of a lighting system to provide a light source
during low light or dark testing conditions. This lighting system needed to be lightweight (<=1
Ib) and mountable to the HS3 helmet/visor. Additionally, the lighting system was required to be
powered via rechargeable battery or PLSS battery power. Although no XEMU lighting requirement
is available for reference when designing HS3 lighting system, NASA lighting experts recommend
using similar design guidelines for headlamps that are used for hiking at night. When selecting a
helmet light, it is recommended for lights with a brightness of 400-600 lumens and a 30 degree
beam holographic diffuser for viewing coverage. Helmet lights are mounted by a bolt on the HUT
multipurpose attachment joint.

4.4.2 Manufacturing Instructions — Waist Inhibitor

Construction of the waist inhibitor consists of two main parts: swim floating belt (waist
inhibitor) and foam pool noodle (crotch pad assembly). The crotch pad assembly is attached to the
waist inhibitor using belt loops in front and webbing with buckles in front and back.

For the crotch pad assembly to accommodate various subject anthropometrics, the foam pool
noodle can be cut in three sizes: 10-inch, 15-inch, and 18-inch. Once cut, follow instructions below
for each size (3 total):

1. Using cut foam pool noodle, insert 2 webbing (BOM# R-13) through middle hole.
2. With excess webbing at end of foam pool noodle, install side release buckle by sliding
webbing through the inside slot and thread down through the outside slot.

®

Figure 4-79. Side Release Buckle Installation

3. Repeat step 2 for other side of foam pool noodle, resulting in two side release buckles
being installed (one on each end). Take swim floating belt and install belt loop
horizontally to the front middle of belt.
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Figure 4-80. Belt Loop Installation

4. Leaving 5-6 inches of excess webbing after the side release buckles, install foam pool
noodle to the belt loop on the swim floating belt by securing with a loop and then sewing
closed.

A

B ;) : S
Pad Assembly Securing Loop

Figure 4-81. Crotch

5. With the other end of excess webbing, install foam pool noodle to a tri-glide slide on back
of swim floating belt by securing with a loop and sewing closed.

e S A e Nre O ps N T

Figure 4-82. Tri-Glide Slide Instaltion-
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Figure 4-83. Complete Waist Ihibitor with Crotch Pad Assembly

4.5 Donning Stand System:

This section documents the design, construction, and assembly of the HS3 donning stand
system (BOM #D1-27).

4.5.1 Design Details

The purpose of the donning stand is to provide a robust and safe method for donning and
doffing the HS3 while being as EVA-like as possible. When designing the donning stand, the test
team consulted with NASA’s flight operations and engineering directorates and evaluated the
donning stands that are currently used for EVA simulations and operations. Taking those design
ideas into consideration, a list of requirements was set to ensure the donning stand accomplished
the test team’s needs. The following list highlights key design features for the donning stand:

Tolerant of the environment (i.e. usable indoor and outdoor)

Transportable

Self-supporting and sturdy

Safe ingress and egress

Self-donning/doffing capability as well as assisted donning/doffing by two operators
Inclusion of a soft-capture mechanism to provide more subject feedback during doffing
process

Hard-capture mechanism to secure the HS3 in the donning stand

Ability to adjust height for each subject

The test team incorporated these key features to provide the ability to safely don, doff, and
stow the HS3 effectively. The donning stand is primarily built out of aluminum t-slotted framing,
providing a sturdy and durable structure as shown in Figure 4-84.
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Figure 4-84. HS3 Donning Stand- CAD Model (left) and Full Build (right).

The donning stand is constructed with two main parts: the ‘inner frame’ that interfaces with
the HS3, and the ‘outer frame’ that gives the stand its stability and free-standing structure. The
inner frame is connected to the outer frame via four sliding carriages (two on each side). The
bottom sliding carriages have a height adjustment handle that secures the inner frame at the desired
location.

The design utilizes a standing donning procedure and offloads the weight of the HS3 from the
subject during donning stand operations. During the egress and ingress procedures, soft capture
mechanisms lock the PLSS freedom of movement in the X-Y directions (fore-aft and lateral
movements). During soft capture, the PLSS is still allowed free vertical movement in the Z
direction. The hard capture then will fully secure the subject in the donning stand and offload the
HS3. The mechanism for both the hard capture and soft capture relies on COTS door latches,
allowing for one-way actuation as shown in Figure 4-85. The PLSS backplate has a lip extended
beyond each side wall that will slide through the door latch for soft capture. At the bottom of the
PLSS backplate are two notches that then slide into the hard capture mechanism for final locking
position.
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Capture

To release
Hard Capture

Actuation for Donning Stand.

Figure 4-85. Cptu re
Handles are mounted to the hard capture mechanisms to enable self-ingress and egress. The

hard capture handles have holes at each end for optional tethers to be attached and enable easier
subject reach during self-don/doff scenarios and can be seen in use in Figure 4-86. The donning

stand design components are shown in Figure 4-87.
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Figure 4-88. Design Components Labeled on Actual Build of Donning Stand
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Transportation

For transportation, the donning stand has handles on both sides of the vertical struts and the
top crosshar of the outer frame for easy maneuvering. Additionally, the stand has caster wheels
that allow for the test team to easily tip the stand back and transport. The leg brace mount can be
unlocked and allow for the front legs to fold up 90 degrees, making it more consolidated for
transportation. While the donning stand has primarily been used indoors, the design was
considerate of conducting operations outdoors and is robust and durable to where there should
not be any issues if exposed to elements. The donning stand (weighing ~90 Ib) can be easily
transported by two operators.

4.5.2 Manufacturing Instructions

Construction of the donning stand can be broken into two parts, (1) the inner frame and (2)
outer frame. The BOM can be found in Section 4.6.2, and is referenced throughout this section.
Some of the aluminum t-slot framing in the BOM will be cut into multiple different pieces. To
begin construction, cut the following parts from the donning stand BOM per Table 4-29
instruction. In each figure is a positioning vertex box that designates the parts orientation (e.g.,
back, front, right, left)

Table 4-29. Donning Stand Frame Cutting Instructions

BOM Item BOM Piece To make Dimensions Item Name
Number (qty) (qty)
D-1 (x1) 8’ single width D-1.1 (x2) 30”7 Inner Main
Vertical
D-1.2 (x1) 275/8” Outer Upper
Horizontal
D-2 (x1) 6’ single width D-2.1 (x1) 21 1/16” Inner Lower
Horizontal
D-2.2 (x2) 11%" Interior Lower
Vertical
D-2.3 (x2) 7 Base Wheel Feet
D-4 (x3) 4’ double width D-4.1 (x4) 24” Base Legs
D-4.2 (x1) 219/16” Outer Lower
Horizontal
D-4.3 (x1) 21 1/16” Inner Upper
Horizonal

4.5.2.1 Assembly Instructions - Inner Frame

Once the frame cuts are completed per Table 4-29, the full list of materials needed for the
‘Inner Frame’ are shown in Table 4-30. Assemble per instructions below and/or per donning stand
CAD assembly file. This assembly uses t-slotted framing, which uses a standard nut and screw (15
series) to secure parts together in the slots. If at any time “0820 nut and screw” is referred to, it is
utilizing the 15 series common nut and screw. All corner supports, brackets, and braces will come
with the 0820 nuts/screws in the standard order package.
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Table 4-30. Materials List for 'Inner Frame' of Donning Stand

BOM Item Number ~ Quantity | Use
D-1.1 2 Inner Main Vertical
D-2.1 1 Inner Lower Horizontal
D-2.2 2 Inner Lower Vertical
D-4.3 1 Inner Upper Horizontal
D-5 2 Connect two Inner Vertical Frames
D-6 4 Corner brackets for Inner frame
D-7 2 Corner support for Inner frame
D-8 2 Support for Hard Capture
D-18 18 Screws to secure door latches
D-19 4 Screw for Hard Capture
D-20 10 Capture Mechanism
D-21 2 Handle for Soft Capture
D-22 8 Adapter for Soft Capture
D-23 4 Housing for Soft Capture
D-24 2 Housing for Hard Capture
D-25 2 Handle for Hard Capture
D-26 12 Additional 0820 Fasteners
D-27 2 Actuate the Hard Capture
1. Attach (x2) D-6 brackets to the FRONT of D-4.3 and fasten.
2. Attach (x2) D-7 supports to the BACK of D-4.3 and fasten.

3. Slide (x2) D-1.1 into the D-6 brackets and D-7 supports, connecting D-1.1 to D-4.3 as
shown in Figure 4-89.

Figure 4-89. Attach Inner Vertical Frame to Upper Horizontal Frame of Donning Stand.
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4. Attach 4 sliding carriages (D-11, x2 per side) to the BACK slot of the inner frame vertical
struts (D-1.1) as seen in Figure 4-90, with the D-15 attachment point facing laterally
outward from inner frame.

Figure 4-90. Attach Slide Carriage to Inner Vertical Upper Frame of Donning Stand.

5. Space the top carriage 3” from the top of D-1.1 and space the bottom carriage 0.5” above
the bottom of D-1.1.

6. Attach (x2) slide carriage brakes (D-15) to the bottom two slide carriages (D-11).

7. Connect the D-2.2 (x2) pieces to the BACK side of D-1.1 (x2) with (x2) D-5 brackets as
shown in Figure 4-91 so that the lower vertical piece is in line with the extra width of the
inner upper horizontal structure. Make sure the ends of D-1.1 and D-2.2 are flush with the
ends of the square bracket.

121



| e Il

Figure 4-91. Attach Main Inner Vertical Strut to Lower Strut of Donning Stand.

7. Add plastic caps (x2) to the top of D-2.2.
8. Prepare 4 Soft capture housing (D-23 x4) with 0820 fasteners (D-26, both screw and nut),
facing inward as shown in Figure 4-92.

Figure 4-92. Attach Soft Capture Housing to Inner Frame of Donning Stand.
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9. Measuring up from the base of the inner main vertical (D-1.1) to the bottom face of each
soft capture housing, tighten the first mount at 12.5” and the second at 2.75” as shown in
Figure 4-93. Complete for other side as well.

2.75”

Figure 4-93. Distances for Spacing of Soft Capture Housing in Donning Stand.

10. Slide x2 standard 0820 nuts (D-26, nut only) in the FRONT slot of D-2.2 and attach the
hard capture mount with the (x2) 2.25” hex screws (D-19) to the FRONT slot of D-2.2.
Align it so that it is flush with D-1.1 as shown in Figure 4-94. Repeat on the other side.

D-19,
D-26
(nut)

D-19,
D-26
(nut)

Figue 4-94. Attach Hard Capture to Inner Frame of Donning Stand.
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11. Attach the 2”°x2” corner brace (D-8) below the hard capture housing (D-24) on the FRONT
slot of D-2.2. Repeat for the other side Figure 4-76.

12. Attach the inner lower horizontal frame (D-2.1) to the bottom of D-2.2 via the BACK slot
with D-6 Brackets (x2) as shown in Figure 4-95.

Figure 4-95. Attach Inner Lower Horizontal Strut to Inner Donning Stand.

ATTENTION: AT THIS POINT, WAIT UNTIL THE INNER FRAME IS ATTACHED
TO OUTER FRAME TO INSTALL CAPTURE MECHANISMS AND 3DP LEVERS.

13. Insert capture mechanisms (D-20, x10) into slot for the soft captures with the rounded side
facing FORWARD, and orient the rounded side facing UPWARD for the hard capture as
shown in Figure 4-96.
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Figure 4-96. Insert Slide Capture Mechanisms into Housings in Donning Stand.

14. Secure the D-20 latches with Phillips head screws (D-18, x18) into the holes in the
respective housings.

15. Attach the soft capture adapters (D-22 x8, x4 per handle) to the soft capture handle (D-21
x2). This is a rotational lock. The adapters should be perpendicular to the handle.

16. Install soft capture adapters into the rotational mechanisms in the D-20 latches, this is a
friction fit.

17. Install the hard capture handle (D-25 x2) on the hard capture levers (D-27 x2) with the
lateral hole facing UP Figure 4-97.

18. Install the hard capture levers into the door latch, dropping it through the latch as shown in
Figure 4-97.
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Figure 4-97. Hard Capture Lever Sitting in Position.

4.5.2.2 Assembly Instructions - Outer Frame

For the outer frame of the donning stand, the following list of items from the BOM are used in

the assembly as shown in Table 4-31.

Table 4-31. Materials Needed for Outer Frame

BOM Item Number | Quantity Use

D-1.2 1 Outer Upper Horizontal

D-2.2 2 Base Wheel Foot

D-3 2 Outer Vertical Strut

D-4.1 4 Base Leg

D-4.2 1 Outer Lower Horizontal
D-6 2 Bracket Support (3”°x3”)
D-7 2 Corner Support (17x17)
D-8 4 Base Corner Support (27x1”)
D-9 2 Base Corner Support (27x2”)
D-10 2 Base Angled Support
D-11 4 Slide Carriage

D-12 2 Base Brace
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D-13 2 Caster Wheels
D-14 3 Outer Frame Handle
D-15 2 Slide Carriage Brake
D-16 4 Double Width Cap
D-17 4 Single Width Cap

1. Attach (x2) the 2x1 supports (D-8) to the TOP of D-4.2 and (x2) of the 1”°x1” supports (D-
7) to the BOTTOM of D-4.2.

Identify the tapped side of D-3 struts, this will be the base of the frame.

3. Slide the D-4.2 between the (x2) D-3 pieces starting at the tapped end and tighten it 1°
above the bottom as shown in Figure 4-98.

N

:

D-3 wl oL
1\ T
=~ D3

' A4
7 N/ Tapped
side of
D-3is
3 the
D-4.2 \ BASE
D-7

Figure 4-98. Attach Outer Bottom Frame to Outer Vertical Struts for Donning Stand.

4. At this point, lay the outer frame struts flat on the ground, with the BACK slot facing up.

Grab the inner frame and align the slide carriages to the two outer vertical struts (D-3)

Slide the inner frame onto the vertical struts till all 4 carriages are on the frame.

Use the two yellow slide carriage brakes (D-15) to keep the position of the inner frame

fixed.

8. Insert the black frame handles (D-14) on the LATERAL slot of the vertical struts of the
outer frame (D-3), one on each side. Secure them at halfway down the frame.

No v,
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Figure 4-99. Attach D-14 Handles to Side of D-3 on Donning Stand.

9. Attach (x2) D-6 Brackets to the BACK slot of the outer upper horizontal strut (D-1.2)

10. Attach (x2) D-7 braces to the BOTTOM slot of the outer upper horizontal strut (D-1.2)

11. Attach the outer upper horizontal strut to the vertical struts(D-3) using the D-6 and D-7
supports as shown in Figure 4-100.

Figure 4-100. Attach Outer Upper Horizontal Strut to Outer Vertical Struts of Donning
Stand.

12. Attach a frame handle (D-14) to the TOP of D-1.2.

Attention: At this point, it will be easiest if you can rest the BACK of the frame on a
table and have the bottom hanging off the edge to mount the base to the stand

Assembling the front legs of the base
13. Attach the rounded top of the base brace (D-12) to the tapped holes at the bottom of the
outer vertical struts (D-3).
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14. Once the brace is attached to the D-3 pieces, ensure it is at the 90-degree locked position
with the brake handles, and then attach the locking nuts to the front base legs (D-4.1) as
shown in Figure 4-101.

@,

F;i'gurel 4-101. Attach Base Brace to Donnng Stand Frame.

)

~

Assembling the back legs of the base

15. Grab (x2) of the D-4.1 base legs and slide the 45-degree (D-10, x2) angled support struts
roughly halfway down the LATERAL-TOP slot of the base leg. DO NOT FULLY
TIGHTEN.

16. Attach the wheelbase foot (D-2.2) and a 2x1 support bracket (D-8) and attach it to the
LATERAL-TORP slot of the base leg, BEHIND the 45-degree support strut.

17. Attach the Caster Wheel (D-13) to the BACK slot of the wheelbase foot.

18. Attach a 2°x2” support brace (D-9) to the FRONT EDGE of the base leg on the TOP slot.

19. Slide the x2 base legs to the BACK slot of the outer vertical struts (D-3) to where the base
leg sits flush with the front base legs.
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Figure 4-102. Attach Angled Support, Wheelbase, and Corner Support to Donning Stand
Base Leg.

20. At this point, when it is sitting flush, tighten down the 45-degree support strut.
21. Attach end caps (D-16 and D-17) to base legs and wheel feet.

4.5.2.3 Manufacturing Instructions - Final Assembly

At this point, the user can stand the donning stand up. From here, the user should verify that
the base legs are flat and stable. If the legs are wobbly, the user can adjust the positioning of the
angled support brace and the base brace if needed to ensure it is stable. Finally, the user should
verify all exposed corners have endcaps (D-16, D-17), and all the screws are tightened. The final
product should look like Figure 4-.
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Figure 4-103. Final Assembly of the DonningStand: CAD (Lef and rde
Implemented View (Right).
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4.6 Bill of Materials

46.1

HS3

Based on the raw material prices as of 2025 August, the total cost for a single HS3 system (one soft suit with full size range of shoulder backpack
harnesses, waist belts, and HUTSs; a limited size ranges of peripheral system are included) is $8,962 (excluding the donning stand). The following
sections covers different HS3 subsystem Bill of Materials (BOM). HS3 3D printed parts are called out in the BOM for applicable parts. Please see
‘Print Settings’ callouts in Appendix H: 3D Printing and Slicer Settings for detailed settings. The BOM IDs are referenced in the construction section.

It is assumed that user will have adequate shop tools for constructions and the tools are not included in the BOM herein.

4.6.1.1.1 HUT System BOM

Table 4-32. HUT System BOM. Total Price per unit HS3 is estimated to be $944.29.

BOM
1D

Image

Part/
Category

Item
Description/
Specifications
/ Dimensions

Manufactur
er/ Vendor

P/N

Unit
Qty.

UoM

Unit
Cost

Total
Indv.

Qty.

Rqrd.

Per
Suit

Line
Sub
Total

Usage

Material/
Alloy

CAD File
Name

Total
Estima
ted Wt

(kg)

Unit
Print
Time
(days)

3DPT
Settings
Used*

H-1

Carriage
Rails

15 mm Wide
Guide Rail for
47 mm Wide
Sleeve
Bearing
Carriage

(Rails are cut
to 16-18" in
actual build

but the default

purchased
item can be
installed just
the same to

give more

room for HUT
height

adjustment.)

McMaster-
Carr

o
IS ‘3
-~

Indv.
(Each
500m

Lg.)

45.0

90.00

Used w/
carriage carts
to mount to
and adjust
HUT height;
mounted to
backplate via
screws

Anodized
AL

HS3V2.5
PLSS and
HUT -
9867K12

1.09

N/A

N/A
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https://www.mcmaster.com/9867K12-9867K122/
https://www.mcmaster.com/9867K12-9867K122/

N Black-Oxide
S’?‘) IcllggtSHthld $ Fasteners for Black HS3V2.5
Fasteners/ McMaster- 91864 Pack/ $ mounting Oxide PLSS and
Screw 1 14.7 12 - ; 0.017 N/A N/A
P Screws 6-32 Thread Carr A086 25 5 14.75 | carriage rails Alloy HUT -
Size, /16" to backplate Steel 91864A086
Long
Used for
o gauging
= = T Half-Measure incremental
= = Adhesive- adjustments
== 1 = Back Ruler of HUT on
== = Vertical, Top- carriage rails .
= 2 == Ruler to-Bottom McMaster- 19425 1 Indv. $ 2 $ for making Adhes!ve, N/A N/A N/A N/A
= = . Carr A49 3.44 3.44 : Plastic
= = Reading sure HUT is
= 3 = Direction, 1- evenly
= = 1/2 Feet adjusted and
= 4 e Length fit across
PLSS
backplate.
Carriage
Locking carts
Sleeve mounted to
Carriage Bearing $ $ HUT and rail PTFE HS3V2.5
Carriage McMaster- 3249K struts for Plastic, PLSS and
- Carts/ $Ieeve for 15 mm Carr 2 4 Indv. 66.8 4 267.3 fine-tune Aluminu HUT - 0.8 N/A N/A
Bearing Wide Rail, 3 2 size m 3249K2
~18 ft.-lIbs adjustment
Capacity via carriage
rail system
‘ Alloy Steel
Fasteners for
So%(ée:el;!vead $ mounting Black HS3V2.5
Fasteners/ . McMaster- 91290 Pack/ $ carriage rail Oxide PLSS and
P Screws Eﬂ'gcxkb%x:ﬁﬁ; Carr A28 | 1 50 1%'0 16 1 1208 | strutto Alloy HUT - 0072 | NIA | NA
) carriage rails Steel 91290A248
Thread, 22 carts
mm Long
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https://www.mcmaster.com/91864A086/
https://www.mcmaster.com/91864A086/
https://www.mcmaster.com/3249K2/
https://www.mcmaster.com/3249K2/
https://www.mcmaster.com/91290A248/
https://www.mcmaster.com/91290A248/

Carriage Rail

Strut - Left, HS3V2.5
SIM Used for PLSS and
mounting IC3D HUT -
H-6 3D Print (Need one set N/A N/A Indv. N/A N/A HUT to ABS - HUT - 0.13 0.25
of left and carriage rail Black Carriage
right rail struts carts Rail Struts
of either size. (Left)
)
Carriage Rail
Strut - Right, HS3Vv2.5
SIM Used for PLSS and
mounting IC3D HUT -
H-7 3D Print (Need one set N/A N/A Indv. N/A N/A HUT to ABS - HUT - 0.13 0.25
of left and carriage rail Black Carriage
right rail struts carts Rail Struts
of either size. (Right)
)
Carriage Rail
Strut - Left,
: L/XL
®
(Need one set HS3Vv2.5
O of left and Used for PLSS and
O right rail struts mounting IC3D HUT -
H-8 O 3D Print of either size. N/A N/A Indv. N/A N/A HUT to ABS - HUT - 0.17 0.25
carriage rail Black Carriage
O L/XL Rail carts Rail Struts
Struts adds 2- (Left) (XL)
3" of extra
chest depth for
larger
subjects. )
Carriage Rail
. Strut - Right,
® L/XL HS3V2.5
O (Need one set Used for PLHSSTand
O of left and mounting IC3D HUT -
H-9 O 3D Print right rail struts N/A N/A Indv. N/A N/A HUT to ABS - Carriage 0.17 0.25
of either size. carriage rail Black arriag
O carts RalI_Struts
L/XL Rail ('(Q)'(th)t)
Struts adds 2-
3" of extra
chest depth for
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larger

subjects. )
Used as
P
9 PLSS and
HUT Pip Pin HUT to IC3D HUT -
H-10 3D Print P N/A N/A Indv. N/A N/A | carriage rail ABS - : 0.016 N/A A
Adapter (left) - HUT - Pip
struts via Black .
spring- Pin Adapter
loaded pip (Left
pins
Used as
“ounting Hs3v25
HUT Pip Pin HUT to IC3D PLHSjTaf‘d
H-11 3D Print Adapter N/A N/A Indv. N/A N/A carriage rail ABS - HUT - Pi 0.016 N/A A
(right) struts via Black . P
- Pin Adapter
spring- (Right)
loaded pip
pins
Brass Tapered Used with
Heat-Set fasteners for
Inserts for mounting
Plastic aluminum
. . HS3V2.5
6-32 Thread $ carriage rails
H-12 Tapered Size,0.25" | McMaster- | 93365 Packl | ;g $ to PLSS Brass | "ooo@d | o003 | wA | N/A
Heat Insert Carr Al132 100 22.81 HUT -
Installed 1 backplate +
S 93365A132
Length mini T-
slotted
(Listed in framing to
PLSS Section) PLSS walls
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https://www.mcmaster.com/93365a132/
https://www.mcmaster.com/93365a132/

~ Ultra-Low-
Fasteners/ PL?AES&ZI\(’? McMaster- 90357 $ $ Fﬁtggﬁtrisngor ?Jl)?iﬂz- lP-ilissegl gn?i
H-13 Alloy Steel, 6- TS Indv. 4 HUT pip pin 0.003 N/A N/A
Screws Carr A120 4.84 4.84 Alloy HUT -
o 32 Thread adapters to Steel 90357A120
Size, 5/16" back of HUT
Long
% .
‘Q}U Locking
Quick-Release
spring | Pin for Tight R ;Jesc‘zdnfr‘]g HS3V2.5
- Spaces McMaster- 93871 $ 17-4 PH PLSS and
H-14 \T Loacligd Pip 6 mm Carr A250 Indv. | 37.6 2 75.24 HUT to sS HUT - 0.05 N/A N/A
. in . E— 2 carriage rail
[ Diameter, 50 struts 93871A250
mm Usable
Length
N T-Handle
& Locking
spring. | QuickcRelease R ;Sc‘i]d”fr% 400 Series | HS3V2.5
H-15 Loaded Pip | .. FIN McMaster- | 93750 Indv. | 282 | 2 $ HUTto | S3188 ) PLSSand | 00 | A | NiA
- Pin with Lanyard, Carr A205 7 56.54 carriage rail SS, 380 HUT -
- 3/16" str?]ts AL 93750A205
Diameter, 1"
g - Usable Length
Hard Upper
Torso (HUT) -
L/XL
(One HUT for
Tl I
H-16 3D Print depth and N/A N/A Indv. N/A 1 N/A Torso ABS - HUT - 0.7 6 AB
height but arm mockup Black Large HUT
rings are
closer to
person on the
small sized
HUT.)
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https://www.mcmaster.com/90357A120/
https://www.mcmaster.com/90357A120/
https://www.mcmaster.com/93871A250/
https://www.mcmaster.com/93871A250/
https://www.mcmaster.com/93750A205/
https://www.mcmaster.com/93750A205/

Hard Upper
Torso (HUT)-

SIM
(One HUT for
Same chest Hard pper | 1C3D | DT
H-17 3D Print N/A N/A Indv. N/A N/A Torso ABS - 0.7 6 AB
depth and mocku Black HUT -
height but arm P Small HUT
rings are
closer to
person on the
small sized
HUT.)
HUT Visor
for limited HS3Vv2.5
Hard Unper FOV IC3D PLSS and
H-18 3D Print PP N/A N/A Indv. | N/A N/A | immersion ABS - HUT - 03 06 A
Torso - Visor
and Black HUT -
ventilation Visor
fan mounting
NH%LOdnSS::(;g\I/(\?st $ Fasteners for HS3Vv2.5
H-19 Fasteners/ 1/4"-20 McMaster- 97334 Pack/ | & $ mounting Nylon PLSS and N/A N/A N/A
Screws Thread Si Carr A535 100 O. 16.20 Visor to Plastic HUT -
o read Size, HUT 97334A535
3/8" Long
[ == Brass Tapered
2oz 7/ Heat-Set
7 A Inserts for
3 f/'af.s_t;% s Used for HS3V2.5
Tapered - McMaster- 93365 Pack/ $ mounting the PLSS and
H-20 @ Heat Insert J g.r.eﬁ] dsti Ilfe?d Carr A160 25 156.7 15.76 visor to the Brass HUT - 0.02 NIA N/A
Length HUT 93365A160
(Listed in
PLSS Section)
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https://www.mcmaster.com/95868A735-97334A535/
https://www.mcmaster.com/95868A735-97334A535/
https://www.mcmaster.com/93365A160/
https://www.mcmaster.com/93365A160/

H-21

Tapered
Heat Insert

Brass Tapered
Heat-Set
Inserts for
Plastic
M4 x 0.7 mm
Thread Size,
4.7 mm
Installed
Length

(Listed in
PLSS Section)

McMaster-
Carr

94180
A351

Pack/
100

21.82

Used for
mounting
visor fan and
filter to 3D
printed visor

Brass

HS3Vv2.5
PLSS and
HUT -
94180A351

N/A

N/A

N/A

H-22

Fasteners/
Screws

Alloy Steel
Hex Drive
Flat Head

Screws

Blue-Dyed

Zinc-Plated,

M4 x 0.7 mm

Thread, 12

mm Long

(Listed in
PLSS Section)

McMaster-
Carr

91304
Al13

Pack/

9.62

9.62

Fasteners for
visor fan and
filter to 3D
printed visor

Blue-
Dyed
Zinc-
Plated
Alloy
Steel

HS3V2.5
PLSS and
HUT -
91304A113

N/A

N/A

N/A

H-23

=

Fan Filter

5PCS PC Case
Dust Mesh
Filter,
80x80mm /
3.1x3.1in
Nylon Dust
Filter Cover,
Magnetic
Frame
Computer
Cooler Fan
Dust Mesh
Grill Black,
Supports
80mm
Ventilation
Holes

(Sandwiched
between fan
and 3D
printed visor)

Amazon

BOCX2
ZLTKS

Pack/

9.11

Filter for
visor fan

Plastic/Ny
lon mesh

HS3Vv2.5
PLSS and
HUT -
80mm Fan
Filter

N/A

N/A

N/A

H-24

Velcro

3M Dual Lock
Reclosable
Fastener

SJ3560 (Clear,
1inx10ft

Roll) - Heavy

Duty

Adhesive

Amazon

Indv.

24.86

Adhesive
dual lock
mounted on
front right of
HUT; used
in
conjunction
with toggle

Adhesive,
Plastic

N/A

N/A

N/A

N/A
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https://www.mcmaster.com/94180A351/
https://www.mcmaster.com/94180A351/
https://www.mcmaster.com/91304A113/
https://www.mcmaster.com/91304A113/
https://www.amazon.com/3-1x3-1in-Dustproof-Magnetic-Computer-Ventilation/dp/B0CX2ZLTKS/ref=sr_1_12_sspa?crid=2IVP8D25701IS&dib=eyJ2IjoiMSJ9.8Z6ux7PUXMg237qedGcdUAu9PrUPdku4e0r1cUWMotYNoDde2bnzNNaTl61qxkeSnJORkIQeDL6H7MTXHCzt5w_HEKgOND3Vv7SmgUBp8KJxVmQO1DXTdtyz2VrGPpBxMJoUa5grNmAL52AOhmVOwttMrlMAndS231oTKUI5s0fU24zYAeiQJqOHzaIf8D1lRz1Sq9xYE-XrMpnQca0HZ_KB_Qx4cMNPLXtpb-sex6w.NVPkByux509aqY9EA1ozLg-CWTLbqJGeu_IxqCcrO8U&dib_tag=se&keywords=80mm+fan+mesh+filter+white&qid=1752024385&sprefix=80mm+fan+mesh+filter+whit%2Caps%2C145&sr=8-12-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&psc=1
https://www.amazon.com/3-1x3-1in-Dustproof-Magnetic-Computer-Ventilation/dp/B0CX2ZLTKS/ref=sr_1_12_sspa?crid=2IVP8D25701IS&dib=eyJ2IjoiMSJ9.8Z6ux7PUXMg237qedGcdUAu9PrUPdku4e0r1cUWMotYNoDde2bnzNNaTl61qxkeSnJORkIQeDL6H7MTXHCzt5w_HEKgOND3Vv7SmgUBp8KJxVmQO1DXTdtyz2VrGPpBxMJoUa5grNmAL52AOhmVOwttMrlMAndS231oTKUI5s0fU24zYAeiQJqOHzaIf8D1lRz1Sq9xYE-XrMpnQca0HZ_KB_Qx4cMNPLXtpb-sex6w.NVPkByux509aqY9EA1ozLg-CWTLbqJGeu_IxqCcrO8U&dib_tag=se&keywords=80mm+fan+mesh+filter+white&qid=1752024385&sprefix=80mm+fan+mesh+filter+whit%2Caps%2C145&sr=8-12-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&psc=1
https://www.amazon.com/3M-SJ3560-CLR1333-Reclosable-Fastener/dp/B00AQ6IS1G/ref=sr_1_2?crid=KVNI8NZC3787&dib=eyJ2IjoiMSJ9.2C2djcecM7Ak1zbkOLOKN-OI3yb3KwztR2qJKZTP0M3bfp03iObg4JQ3r0NewfCy-9F7uaaNJ_D8cG1vYUS-nWGLe35TcQK_sXEttnJDluajD1uMcpt5dHxmN4-aCNsiopqKy01HOfUYQiSPxtBExUc9OKGYbakSGohSHD0RH8sv78IoDDy3R4QKcNfMkdXpJF3MHhncbWu-YjbcS_b5JGBk8mTNisznPLdwKlyUvuU.L7vYrnh8iRm_45TqKIeq3g3NVwo1ibedg6kvFP9MMB4&dib_tag=se&keywords=3m+dual+lock&qid=1756083212&sprefix=3m+dual+lock%2Caps%2C202&sr=8-2
https://www.amazon.com/3M-SJ3560-CLR1333-Reclosable-Fastener/dp/B00AQ6IS1G/ref=sr_1_2?crid=KVNI8NZC3787&dib=eyJ2IjoiMSJ9.2C2djcecM7Ak1zbkOLOKN-OI3yb3KwztR2qJKZTP0M3bfp03iObg4JQ3r0NewfCy-9F7uaaNJ_D8cG1vYUS-nWGLe35TcQK_sXEttnJDluajD1uMcpt5dHxmN4-aCNsiopqKy01HOfUYQiSPxtBExUc9OKGYbakSGohSHD0RH8sv78IoDDy3R4QKcNfMkdXpJF3MHhncbWu-YjbcS_b5JGBk8mTNisznPLdwKlyUvuU.L7vYrnh8iRm_45TqKIeq3g3NVwo1ibedg6kvFP9MMB4&dib_tag=se&keywords=3m+dual+lock&qid=1756083212&sprefix=3m+dual+lock%2Caps%2C202&sr=8-2

Interlocking switch box to
Tape for quickly
Indoor/Outdoo attach-detach
r Mounting the LCG
switch from
the HUT
when
donning and
doffing
Used for
s
. Carriage Rail ends (.)f the IC3D HUT -
H-25 3D Print End Caps N/A N/A Indv. N/A N/A aluminum ABS - Carriage N/A N/A A
carriage rails Black Rail End
(to mitigate Cans
sharp edges) p
3D printing
filament for
IC3D ABS 3D most HS3
Printer parts
Filament .
(10kg, 3mm, Ic3D Aﬁ’%’ﬁg’g?e
IC3D ABS wﬁ;e(;r oy 3 $ | ABS needed
H-26 IC3D vy Indv. | 200. 200.0 | fordonning ABS N/A N/A N/A N/A
(Black) Printer
. - 00 0 stand and
(Caution: Filame entire HS3
White ABS nt 3D printed
from vendor is F;rts
more prone to (degendent
warping.) on
printer/slicer
settings).
3D printing
filament for
some HS3
parts and
Ultimaker | UltiMaker S s dgg?]f;g
Tough PLA Series Tough Ultimaker // $ Tough
H-27 (White/Black | PLA Material Dynamism 202300 Indv. 4%9 99.90 stand parts. PLA NiA NiA NiA NiA
) (7500) Approximate

ly 1kg of
tPLA needed
for donning
stand parts.

4.6.1.1.2 PLSS System BOM
Table 4-33. PLSS System BOM. Total Price per unit HS3 is estimated to be $1837.07.
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https://www.ic3dprinters.com/shop/abs-filaments/
https://www.ic3dprinters.com/shop/abs-filaments/
https://www.ic3dprinters.com/shop/abs-filaments/
https://www.ic3dprinters.com/shop/abs-filaments/
https://www.ic3dprinters.com/shop/abs-filaments/
https://www.ic3dprinters.com/shop/abs-filaments/
https://store.ultimaker.com/3d-printer-materials/s-series-materials/ultimaker-s-series-tough-pla-material

Total

Item Indv. Line Total Unit 3DPT
BOM Image Part/ Description/ Manufactur PN Unit Uo | Unit | Oty. Sub Usage Material/ | CAD File | Estima | Print Settinas
1D 9 Category Specifications | er/ Vendor Qty. M Cost | Rqrd. Total g Alloy Name ted Wt | Time Usedg
/ Dimensions Per (kg) (days)
Suit
foundation Hs3v25
PLSS Indv for PLSS IC3D | PLSSand
P-1 > 3D Print N/A N/A 1 N/A 1 N/A f ABS - HUT - 0.969 15 A
Backplate HUT, and
. Black PLSS -
backpacking Backolate
spine/hipbelt P
X
. l)))’) a) |
i
L9930
))’)’))3)' Structural HS3V2.5
’))))3)’]P . PLSS Left Indv outer walls IC3D PLSS and
p-2 i )))3)7) 3D Print N/A N/A 1 N/A 1 N/A ABS - HUT - 0.256 0.5 A
0 Wall of PLSS
.))),))] assembly Black PLSS - Left
| 910
oy
ISCLR
55
L((((((((((. Structural HS3V2.5
g iose: PLSS Right Indv outerwalls | |G3D | PLSSand
P-3 L(((((( | 3D Print N/A N/A 1 N/A 1 N/A ABS - HUT - 0.256 0.5 A
Jiitqes] Wall of PLSS Black PLSS -
esase assembly a
R Right Wall
i(ﬁ(((((((i ]
A
HS3V2.5
Structural 1C3D PLSS and
. PLSS Bottom Indv outer walls HUT -
P-4 3D Print Wall N/A N/A 1 N/A 1 N/A of PLSS ABS - PLSS - 0.208 0.375 A
Black
assembly Bottom
Wall
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Structural
outer walls HS3Vv2.5
) PLSS Top Indv of PLSS IC3D PLSS and
P-5 3D Print Wall N/A N/A 1 N/A N/A assembly; ABS - HUT - 0.289 0.7
COSMED Black PLSS - Top
mounting Wall
shelf
Structural HS3V2.5
outer walls PLSS and
PLSS Bladder Indv of PLSS IC3D HUT -
P-6 3D Print Compartment N/A N/A 1 N/A N/A assembly; ABS - PLSS - 0.33 0.6
Shelf bladder Black Bladder
mounting Compartme
shelf nt Shelf
PLSS Battery Structural HS3Vv2.5
Compartment outer walls PLSS and
Shelf (Anker of PLSS HUT -
200W) Indv assembly; IC3D PLSS -
p-7 3D Print N/A N/A 1 N/A N/A battery ABS - Battery 0.145 0.25
(Only used if mounting Black Compartme
using selected shelf for nt Shelf
battery: Anker Anker 200W (Anker
200W) power bank 200W)
PLSS Battery
Compartment Structural HS3V2.5
outer walls
Shelf of PLSS PLSS and
(Egretech assembly: HUT -
300W) ndv batteryy' IC3D PLSS -
P-8 3D Print N/A N/A 1 N/A N/A - ABS - Battery 0.198 0.25
. mounting
(Only used if Black Compartme
i shelf for
using selected E nt Shelf
battery: gretech Egretech
v 300W power Eg
Egretech bank 300W)
300W)
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Dualplex
Neoprene
Sponge Foam
Rubber Roll
Adhesive,
12x54 Inches
X 1/4" Thick,
Perfect _ Usedto HS3V2.5
\ insulate the
‘ Neoprene C(_)splay BO7TW Indv $ $ bladder Foam PLSS and
P-9 | Padding, DIY Amazon VRQ59 19.9 ' HUT - 0.048 N/A N/A
1 Foam - 19.95 | compartment | neoprene
\ Project Sheet - Q 5 Neoprene
‘ for thermal
Easy Cut coolin Foam
! Adhesive 9
Multi-
Function
Sealing
Soundproof
Rubber Foam
Sheet
COMPCOOL
ER Single
Chamber
Quick Release
Detachable
Cuboid Used to store
Bladder (3.5L) cooling/chill TPU HS3V2.5
LCG-3.5L 0.4mm TPU COMP 3$ $ ed water to Plastic PLSS and
P-10 Water Film Compcooler | -SQB- 1 46.0 1 Liquid - HUT - 3.5L 3.25 N/A N/A
46.00 - film,
Bladders 35C 0 Cooling 0.4mm LCG
(x1 bladder Garment for ' Bladder
needed for HS3
operations but
multiple
bladders
recommended
for hot swap.)
bﬁ\ 7 Brass Tapered Used for
d 377 /] Heat-Set mounting
N Inserts for PLSS walls,
Plastic $ shelves, and HS3V2.5
p-11 Tapered | )07 mm | McMaster- | 94180 1, | Pack |,y | g $ | bracketsto | Brass | T=SSa | o005 | nA | NA
Heat Insert - Carr A351 /100 21.82 - HUT -
» Thread Size, backplate via
94180A351
4.7 mm screws and
Installed pump to
T Length shelf.
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https://www.compcooler.shop/collections/featured-cooling-units/products/compcooler-single-chamber-quick-release-detachable-bladder-5-0l-0-4mm-tpu-film-copy-1
https://www.compcooler.shop/collections/featured-cooling-units/products/compcooler-single-chamber-quick-release-detachable-bladder-5-0l-0-4mm-tpu-film-copy-1
https://www.compcooler.shop/collections/featured-cooling-units/products/compcooler-single-chamber-quick-release-detachable-bladder-5-0l-0-4mm-tpu-film-copy-1
https://www.mcmaster.com/94180A351/
https://www.mcmaster.com/94180A351/

Corner

Bracket
304 Stainless
Steel, 3-9/16"
. x 3-9/16" x
7= S 13/16"
Bladder (;J sedbll\bljzet- McM 15655 Ind $ $ oot gfsg/ 2'?1
ye cMaster- ndv support an
P-12 L Bsr:;'(gt screws (P-14) Carr AT2 2012 | 8400 PLSS 30458 HUT - 03 | NA | NA
to fasten to shelving 15655A72
PLSS and
bladder shelf,
not the screws
that come
natively with
the corner
brackets. )
G Ganen 12V
DC Fresh
Water Pump
with 2 Hose
Clamps 12
Volt
Diaphragm pug;eghticl)led
36w P;mp'se” BO7F3 Ind 3 $ water Plasti ELSSSQ/ 2'3
. riming ndv astic, an
P-13 Ve;‘sfﬁgr?p Sprayer Pump Amazon | gorrp 12'9 1| 1899 tTm%h Metal | HUT-36w | 077 | NA N/A
with Pressure cooling Flow Pump
Switch 4.5
L/Min 1.2 garment
GPM 110 PSI
Adjustable for
RV Camper
Marine Boat
Lawn
& o
[ walls,
v oot | S| e | soos || e | s o | | o | HES
asteners cMaster- ac water pump, : an
P-14 Screws Blue-Dyed Carr AL13 0 | 962 | B | 962 | bladdershelt | ZNC hut- | 0048 | NA | NA
b= Zinc-Plated, b Plated
rackets, 91304A113
M4 x 0.7 mm visor fan Alloy
Thread, 12 etc ' Steel
W - mm Long '
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https://www.mcmaster.com/15655A72/
https://www.mcmaster.com/15655A72/
https://www.amazon.com/Diaphragm-Priming-Sprayer-Pressure-Adjustable/dp/B07F35PTFR/ref=pd_ci_mcx_di_int_sccai_cn_d_sccl_2_2/144-5137367-7946024?pd_rd_w=DmWxb&content-id=amzn1.sym.751acc83-5c05-42d0-a15e-303622651e1e&pf_rd_p=751acc83-5c05-42d0-a15e-303622651e1e&pf_rd_r=TFKZV766CTD8QS3ZHGB7&pd_rd_wg=7JbAy&pd_rd_r=bcfbf3bd-0143-42b9-9fac-0637cfae51e1&pd_rd_i=B07F35PTFR&psc=1
https://www.amazon.com/Diaphragm-Priming-Sprayer-Pressure-Adjustable/dp/B07F35PTFR/ref=pd_ci_mcx_di_int_sccai_cn_d_sccl_2_2/144-5137367-7946024?pd_rd_w=DmWxb&content-id=amzn1.sym.751acc83-5c05-42d0-a15e-303622651e1e&pf_rd_p=751acc83-5c05-42d0-a15e-303622651e1e&pf_rd_r=TFKZV766CTD8QS3ZHGB7&pd_rd_wg=7JbAy&pd_rd_r=bcfbf3bd-0143-42b9-9fac-0637cfae51e1&pd_rd_i=B07F35PTFR&psc=1
https://www.mcmaster.com/91304A113/
https://www.mcmaster.com/91304A113/

Brass Tapered

Heat-Set Used for
Inserts for connecting HS3V2 5
Tapered Plastic McMaster- Pack PLSS wall PLSS and
P-15 M5 x 0.8 mm corner Brass 0.027 N/A N/A
Heat Insert . Carr 125 . HUT -
Thread Size, sections 94180A363
11.1 mm together via
Installed SCrews
Length
' Alloy Steel
Socket Head Fasteners for Black- HS3V25
Screw connecting - :
P-16 Screws | Black-Oxide, | MOMaSter Pack PLSSWall | Q¥de | PLSSANd | g05s | Nia | NIA
M5 x 0.8 mm sections S 3{ 91290A248
Thread, 22 together tee
mm Long
Plastic Quick-
Disconnect
Tube
Coupling for Used as
Air and Water connection
Thru-Wall between HS3V2.5
) Pl PLSS and
ug, Shut- external
.). .)} i HUT -
Off, 1/4 Size, water supply 5012K94
Panel- for 1/4" and internal PU Nut
p-17 Mounted Ba'tze,\jg”be Mchaster- Indv P"?ﬁn WAEr | pcetal 0023 | NIA | NA
Fluid QD : pump Plastic HS3V2.5
compatible diverting PLSS and
with fluid valves; HUT -
QDs from mounts to 5012K94
COMPCOOL 13/16" holes oD -
ER; must use in PLSS
MCMASTER- bottom wall.
CARR QDs.
(1/4", 7/16",

1/4" config). )
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https://www.mcmaster.com/94180A363/
https://www.mcmaster.com/94180A363/
https://www.mcmaster.com/91290A248/
https://www.mcmaster.com/91290A248/
https://www.mcmaster.com/5012k94/
https://www.mcmaster.com/5012k94/

Used to swap

liquid
cooling
system from
. Compact internal/pers
Pk\i/vstzl;;/B Diverting | - yjonaster- | 4757k v | 3 g | onalonilled | oo | D
p-18 Diverti Valve, 1/4 e 21.6 water to - 0.058 N/A N/A
e iverting NPT Female x Carr 52 2 43.24 external Plastic HUT -
é Valve - 4757K52
. i Female supplied
4 == water via
EO} # panel-
mounted
] ] fluid QDs
Threads to
Plastic Barbed diverting
Hose Fitting valve and HS3V25
for Water, connects to Polypropy :
P-19 Hose Fitting | Elbow, 1/4" Mcg";srter' % Indv L go o §0 1/4" tubing lene P"HSL'JSTa[‘d 0024 | N/A N/A
} Hose ID, 1/4 = : : for water Plastic 5218K782
- NPT Male, bladder and
= 150 PSI LCG
= = garment
Plastic Barbed Thread_s o
Hose Fitting diverting
for Water, McMaster- | 5218K Indv | $ $ Vi'rY ; ?mtj Polypropy Ft'LSs?g/ 2::1
P-20 Hose Fitting Elbow, 3/8" CC:err er- T 165 165 274.. ftfbsing lene HUTa- 0.006 N/A N/A
3 Hose ID, 1/4 o ' ' for water Plastic | 5>1gK789
= NPT Male, bladder and
= = 150 PSI
- water pump
Used to
connect and
— bridge 1/2
NPT to 1/4"
Standard-Wall ID hose
( PVC Pipe fittings to
k\\ S Fitting for McMaster- 4880K Indv $ $ LCG pPvC ;iLSS:%g/ jn?j
p-21 Pipe Fitting Water Carr BT 211 422 garment and Plastic HUT - 0.08 N/A N/A
o> Tee o ' ' pump + 4880K 154
Connector, 1/2 mounting
NPT Female thread for
] O thermowell
2 integration
into LCG
system
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https://www.mcmaster.com/4757k52/
https://www.mcmaster.com/4757k52/
https://www.mcmaster.com/5218K782/
https://www.mcmaster.com/5218K782/
https://www.mcmaster.com/5218K789/
https://www.mcmaster.com/5218K789/
https://www.mcmaster.com/4880k154/
https://www.mcmaster.com/4880k154/

2pcs 1/2 Inch
NPT
Thermowell Thermowells
Weldless used for
Stainless Steel integrating
Temperature DS18b20 EI_SSSQ/ in?i
Sensor Sensors into Plastic,
p-22 Thermowell Thermowell Amazon BO8QV 1 Pack $ $ liquid Stainless HUT - 0.3 N/A N/A
. . 4AF8FF 2 9.99 9.99 . 50mm
with Plastic cooling Steel Thermowel
Cap for pump system |
Homebrew via mounting
Brewing Beer threads on
Fermenter 'P-22'.
50mm/2"
Length
. Threads to
‘ Plasti Barbed PVC pipe tee
for Water, McMaster- 5218K Indv $ $ Ccc)grr:ﬁgtcc;irnfor Polypropy I?LSSSQ/ gn?j
p-23 Hose Fitting | Adapter, 1/4" T on 3 ng lene 0.023 N/A N/A
Carr 688 0.99 2.97 hoses in f HUT -
Hose ID, 1/2 liquid Plastic 5018K688
Sy NPT Male, qu
150 PSI cooling
p—rm— pump system
Plastic Barbed Threa_ds to
o PVC pipe tee
Hose Fitting connector for HS3Vv2.5
for Water, McMaster- 5218K Indv $ $ connecting Polypropy PLSS aﬁd
P-24 Hose Fitting Adapter, 3/8" Carr 698 1 1.06 1.06 hoses in lene HUT - 0.008 N/A N/A
=1 Hose ID, 1/2 - ' ' liquid Plastic 5218K698
B NPT Male, cog"ng
it 150 PSI pump system
CPC Connects ;_Ssglgn?j
male water tubing
. CPC male e $ PU, HUT -
pos | Male Fluid | ing 1/4» | COMPCOO | fittin 1 [Pk 0 $ to water Acetal | COMPCO | 0013 | NA | NA
.} ) QD LER 1/4" 12 12.00 bladders and :
\ 4 (two pcs) WO 0 LCG Plastic OLER
Fluid QDs
pcs) garments (Male)
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https://www.amazon.com/Meprotal-Thermowell-Stainless-Temperature-Fermenter/dp/B08QV4F8FF/ref=sr_1_3?crid=8YG2CS5ZGI4U&dib=eyJ2IjoiMSJ9.NtvOU6BkoyKR1PrEyyT7T_quMmoXNbK15ZukvaynVepwyT4eeZs-ASZVJQVzfpFv04CoEvP-9MPxvQoYikiIJwnLC8tfgLzPbpq0qR14_Tysw2yI5BFmfoukLoUs58v36B6lwW7Fl6L1BAxtXsZDiu3lQUJpioAnQChxWW5ALp9O_je7MKXHEfRuU3h0lVsL8ccC2EQSa2JJZpF8uuP-tzwf90_RJ5M6QKReVke5xn8.Yn3GGy7AeWHkxTGROGyLYPg89wnIYu0YGOp7avvoGMw&dib_tag=se&keywords=thermowell%2B50mm&qid=1755707341&sprefix=thermowell%2B50mm%2Caps%2C118&sr=8-3&th=1
https://www.amazon.com/Meprotal-Thermowell-Stainless-Temperature-Fermenter/dp/B08QV4F8FF/ref=sr_1_3?crid=8YG2CS5ZGI4U&dib=eyJ2IjoiMSJ9.NtvOU6BkoyKR1PrEyyT7T_quMmoXNbK15ZukvaynVepwyT4eeZs-ASZVJQVzfpFv04CoEvP-9MPxvQoYikiIJwnLC8tfgLzPbpq0qR14_Tysw2yI5BFmfoukLoUs58v36B6lwW7Fl6L1BAxtXsZDiu3lQUJpioAnQChxWW5ALp9O_je7MKXHEfRuU3h0lVsL8ccC2EQSa2JJZpF8uuP-tzwf90_RJ5M6QKReVke5xn8.Yn3GGy7AeWHkxTGROGyLYPg89wnIYu0YGOp7avvoGMw&dib_tag=se&keywords=thermowell%2B50mm&qid=1755707341&sprefix=thermowell%2B50mm%2Caps%2C118&sr=8-3&th=1
https://www.mcmaster.com/5218k688/
https://www.mcmaster.com/5218k688/
https://www.mcmaster.com/5218K698/
https://www.mcmaster.com/5218K698/
https://www.compcooler.shop/collections/featured-cooling-units/products/cpc-male-fitting-1-4-two-pcs
https://www.compcooler.shop/collections/featured-cooling-units/products/cpc-male-fitting-1-4-two-pcs
https://www.compcooler.shop/collections/featured-cooling-units/products/cpc-male-fitting-1-4-two-pcs
https://www.compcooler.shop/collections/featured-cooling-units/products/cpc-male-fitting-1-4-two-pcs
https://www.compcooler.shop/collections/featured-cooling-units/products/cpc-male-fitting-1-4-two-pcs
https://www.compcooler.shop/collections/featured-cooling-units/products/cpc-male-fitting-1-4-two-pcs

) Soft Used as
Masterkleer tubing for
PVC Tubing $ liquid
i e McMaster- | 5233K 25ft. qu
P-26 .= 1/4" Tubing ) for Carr 56 Lg. 10.5 10$50 cooling PVC N/A N/A N/A N/A
Ai 'r'&Waterl ‘ = 0 ’ system and
1/4" 1D, 3/8 pump
oD connections.
/ ) Soft Used as
Masterkleer tubing for
PVC Tubing $ liquid
i O McMaster- | 5233K 25t qu
p-27 = an 3/8" Tubing ) for Carr 64 Lg. 22.2 22$25 cooling PVC N/A N/A N/A N/A
Alllr&Water . - 5 ’ system and
,,,,,, 3/8" 1D, 9/16 pump
oD connections.
COMPCOOL
ER Extension COMP
Tubing with COOL Female QDs
sleeve ER connect to
protection Extensi LCG
Screw-in on garment
Black Connector (3ft Tubing while the HS3v2.5
Shielded and6ft)y | compcoo | Wih LS $ other end PVC, | PLSSand
P-28 Extension LER sleeve_ Met | 31.0 31.00 connects to ePFTE HUT - N/A N/A N/A
Tubing (Cut off screw protecti er 0 ’ the hose shielding LCG Hose
¥ connections on fittings on Extension
and directly Screw- the PVC tee
connect the in connector for
Connec inlet-outlet
barded hose
fittings tor (3ft return-flow.
instead. ) and 61t
Cable Holders
Adhesive- Used f
Cable Back, Vinyl McMaster- 7565K Pack $ $ sed tor Vinyl
P-29 ' £O90 ny
P Holders 1/2" Long x Carr 31 /25 | 750 750 cable mgmt Plastic N/A 0.005 N/A N/A
1/2" Wide x + tube mgmt.
7/16" High
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https://www.mcmaster.com/5233K56/
https://www.mcmaster.com/5233K56/
https://www.mcmaster.com/5233K64/
https://www.mcmaster.com/5233K64/
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.compcooler.shop/collections/featured-cooling-units/products/copy-of-compcooler-extension-tubing-with-sleeve-protection-comp-et-qrf
https://www.mcmaster.com/7565K31/
https://www.mcmaster.com/7565K31/

Used for
cable mgmt
Cable Holders ntltLr:tl)te'
Adhesive- $ opti%nallyly
P30 HCabIe I?ack, Nylon," McMaster- 7565K 1 Pack 132 $ used as hook Nylo_n N/A N/A N/A N/A
olders 1" Long x 5/8 Carr 81 /25 13.26 . plastic
2 Wide x 9/16" 6 point for
: PLSS
: High
- cover/backpa
ck rain
cover.
Teflon
Tape,PTFE
Plumbers Used for
Tape,for securing/seal
Sealing,Plumb Indv ing threads
ing,Sealant, Th BODY5 .Or $3.9 $ on plumbing, PTEE
p-31 Teflon Tape read Seal for Amazon ZMRG 1 Mult g' 3.99 hose fittings, (teflon) N/A N/A N/A N/A
Shower E i- ' etc., for the
Head,Water pack liquid
Pipe,Prevent cooling
Leakage,(1 system.
Roll,1/2 Inch
X 520 Inches).
Miniature T-
\’ Slotted
\ p Framing
s . A Indv
py single Rail, Used for HS3V2.5
Mini T- 10 mm High x X $ 6063 :
P-32 Slotted | 10mmwide | MoMaster- | SIN ), | (B2 gy 5 $ | stucwral b Apming | PESSad o071 | A | NA
P Framing arr 15 h” 5 23.50 rigidity of m HUT -
18 PLSS Walls. 5969N15
(Cut the t- L
slotted 9)
framing to
14.2")
Miniature T-
Slotted
Framing
Single Rail,
10 mm High x
\,, 10 mm Wide
\“ Indv
Mini T- (Clljt cht' McM 5969N E $ $ i for| 6063 gl_sgg/ 2'?1
P-33 Slotted | SO cMaster- 2 | B | g5y structural = Ayminu and | o105 | WA | NA
—_—— Framing rarlT'ung to21 Carr 16 h" 3 30.86 rigidity of m HUT -
1/8" and then 24 PLSS Walls. 5969N16
a cut a 45deg Lg.)
angle off each
end of the rail.
Refer to CAD
for drilling
1/4" holes
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https://www.mcmaster.com/7565K81/
https://www.mcmaster.com/7565K81/
https://www.amazon.com/Plumbers-Sealing-Plumbing-Sealant-Prevent/dp/B0DY5ZMRGF/ref=sr_1_4?crid=3XXMJDXL57TQ&dib=eyJ2IjoiMSJ9.Etr3-BEBwqUw0Un8xqS3Ld-Term4Yv0DhrQSMLeJZ5O8xFG-7fINMYrftBTpPyzxeQ8GxzkOCXLxFf9Amda-nUJozyu9EuDTwj3LXAriUfjmX1JmqLvBfs_f5RAKV8wAsnHQAgnaS0xMkZeShM-tXAVdREs3jLhoaNA1rJlPVtNWECjJlhCyoioVHBHVI54B3mD6XgUxIshy2JXuQNYn2k4bPAH48qIYzegODWGnEmw.xbXpV42T3ujUlKlQ1rOG_ClDuK-F5C_zsiwws5A56F0&dib_tag=se&keywords=teflon%2Btape%2Bfor%2Bshower%2Bhead&qid=1755808340&sprefix=teflon%2Btape%2Bfor%2B%2Caps%2C122&sr=8-4&th=1
https://www.amazon.com/Plumbers-Sealing-Plumbing-Sealant-Prevent/dp/B0DY5ZMRGF/ref=sr_1_4?crid=3XXMJDXL57TQ&dib=eyJ2IjoiMSJ9.Etr3-BEBwqUw0Un8xqS3Ld-Term4Yv0DhrQSMLeJZ5O8xFG-7fINMYrftBTpPyzxeQ8GxzkOCXLxFf9Amda-nUJozyu9EuDTwj3LXAriUfjmX1JmqLvBfs_f5RAKV8wAsnHQAgnaS0xMkZeShM-tXAVdREs3jLhoaNA1rJlPVtNWECjJlhCyoioVHBHVI54B3mD6XgUxIshy2JXuQNYn2k4bPAH48qIYzegODWGnEmw.xbXpV42T3ujUlKlQ1rOG_ClDuK-F5C_zsiwws5A56F0&dib_tag=se&keywords=teflon%2Btape%2Bfor%2Bshower%2Bhead&qid=1755808340&sprefix=teflon%2Btape%2Bfor%2B%2Caps%2C122&sr=8-4&th=1
https://www.amazon.com/Plumbers-Sealing-Plumbing-Sealant-Prevent/dp/B0DY5ZMRGF/ref=sr_1_4?crid=3XXMJDXL57TQ&dib=eyJ2IjoiMSJ9.Etr3-BEBwqUw0Un8xqS3Ld-Term4Yv0DhrQSMLeJZ5O8xFG-7fINMYrftBTpPyzxeQ8GxzkOCXLxFf9Amda-nUJozyu9EuDTwj3LXAriUfjmX1JmqLvBfs_f5RAKV8wAsnHQAgnaS0xMkZeShM-tXAVdREs3jLhoaNA1rJlPVtNWECjJlhCyoioVHBHVI54B3mD6XgUxIshy2JXuQNYn2k4bPAH48qIYzegODWGnEmw.xbXpV42T3ujUlKlQ1rOG_ClDuK-F5C_zsiwws5A56F0&dib_tag=se&keywords=teflon%2Btape%2Bfor%2Bshower%2Bhead&qid=1755808340&sprefix=teflon%2Btape%2Bfor%2B%2Caps%2C122&sr=8-4&th=1
https://www.mcmaster.com/5969N1-5969N15/
https://www.mcmaster.com/5969N1-5969N15/
https://www.mcmaster.com/5969N1-5969N16/
https://www.mcmaster.com/5969N1-5969N16/

across T-

slotted
framing as to
allow for
fasteners to
thread
through.)
“7% - Used with
1 fasteners for
077 A Brass Tapered :
. - o= Heat-Set :?L?r:j\Trt\IS%
= Inserts for $ carriage rails HS3V2.5
Tapered Plastic McMaster- 93365 Pack $ PLSS and
P-34 Heat Insert 6-32 Thread Carr Al132 /100 221'8 22 22.81 b;ﬁfﬁf + Brass HUT - NIA NIA NIA
Size, 0.25" miﬁi T- 93365A132
Installed lotted
Length S o_tte
framing to
PLSS walls
* Socket Head
Screws with Fasteners for
Flat Washer mounting Black- HS3Vv2.5
Fasteners/ Black-Oxide McMaster- 90344 Indv $ $ mini T- Oxide PLSS and
P-35 Screws | Alloy Steel, 6- Carr A135 526 | 10 | 526 slotted Alloy HUT - 002 | NA | NA
32 Thread framing to Steel 90344A135
Size, 1/2" PLSS walls
| Long
=
o M3 Self- Fasteners for
Aligning Nut, $ mini T- HS3Vv2.5
Fasteners/ for Single Rail McMaster- 5969N Pack $ 17-4 PH PLSS and
P-36 Screws Miniature T- Carr 21 /20 1%'0 16 18.00 fsrla%tt%d SS HUT - 0.008 N/A N/A
Slotted aming 5969N21
. joints
Framing
/
.’,
g, Corner Corner
= Bracket for brackets for HS3V2.5
Corner Single Rail McMaster- 5969N Indv $ $ mini T- . PLSS and
P-37 Bracket | Miniature T- Carr 42 476 | 8 | 3808 | Sslotted Zine hut- | 0008 | N/A | NA
Slotted framing 5969N42
Framing joints
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https://www.mcmaster.com/93365a132/
https://www.mcmaster.com/93365a132/
https://www.mcmaster.com/90344A135/
https://www.mcmaster.com/90344A135/
https://www.mcmaster.com/5969N21/
https://www.mcmaster.com/5969N21/
https://www.mcmaster.com/5969N42/
https://www.mcmaster.com/5969N42/

!

g 5mm Long,
2
P-38 Fasteners/ | gingle Rail | McMaster- | 5969N Pack | $ | 16 $ slotted Plated | L5530 | o008 | nA | NA
Screws L Carr 23 140 9.09 9.09 . HUT -
3] Miniature T- framing Steel 5969N23
Slotted joints
Framing
Fastener for
mounting
COSMED
K5
metabolic
Plastic-Head cart onto the
Thumb PLSS top
HS3Vv2.5
Screws 3$ wall; heat Acetal
p-39 Fasteners/ | | Jioe-Grip, | McMaster- | 91185 Pack | o0 | 1 $ insert for Plastic, | FESSand | A | na | NA
Screws # Carr A803 /100 12.13 . HUT -
& 1/4"-20 3 COSMED is 18-8 SS 91185A803
Thread Size, installed in
1/2" Long the device
- itself and
secured to
the top wall
by friction
fit.
Gz /; Brass Tapered Used for
E 7/ Heat-Set fastening the
= Inserts for $ spine/ HS3V2.5
. Tapered Plastic McMaster- 93365 Pack $ backpacking PLSS and
P-40 @ | eatinser 1/4"-20 Carr A160 5 | 7% | 1576 | fametotne | B HUT - 002 | NA | NA
Thread Size, PLSS 93365A160
0.3" Installed backplate via
Length Screws
Alloy Steel
Low-Profile Fasteners for
socskfrteuead s m°‘;';ti'r?3 e | Black- | Hsav2s
P41 - Fasteners/ Hex Drive, McMaster- 92220 Pack 129 6 $ backpacking oxide PLSS and 003 N/A N/A
P Screws - Carr A185 /50 12.91 Alloy HUT -
D Black Oxide, 1 frame to the Steol 92220A185
1/4"-20 PLSS
Thread Size, backplate
3/4" Long
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https://www.mcmaster.com/5969N23/
https://www.mcmaster.com/5969N23/
https://www.mcmaster.com/91185A803/
https://www.mcmaster.com/91185A803/
https://www.mcmaster.com/93365A160/
https://www.mcmaster.com/93365A160/
https://www.mcmaster.com/92220A185/
https://www.mcmaster.com/92220A185/

Washers to
o 17-7PH be used with
Stainless Steel fasteners for
Washer $ mounting the HS3V2.5
for 1/4" Screw McMaster- 91860 Pack $ . 17-4 PH PLSS and
P-42 O | Ve | Size General Carr A029 no | B340 Jazaa | T(pmeli_ ss HUT - 003 | NA | NA
Purpose, fac packing 91860A029
0.312" D, ra";ié%the
0.750" 0D backplate
KUIU Carbon Carbon
Fiber Frame fiber and
(recommend resin -
ordering a set Spread
of Reg, Tall, LIl vaJziues?/rf]?;rJ Tow/ HS3V2.5
Backpacking X-Tall sizes) Carbon Indv $ $ offloading stacked PLSS and
P-43 Spine/Frame KUIU “Fiber 199. 3 597.0 system of layering, HUT - 0.35 N/A N/A
(Refer to Frame 00 0 PLSS and 500 Backpackin
Detailed Test HUT Denier g Frame
Procedures or CORDUR
manufacturer A® Strap
for sizing webbing,
chart.) Velcro
PRO
Suspension 500D
(recommend
ordering a set COi(I;UR
of S/M, L/XL, Used for .
Women's waist/hip Rlp_stop
Padded 0/Ss) PRO $ $ offloading Fabric and
p-44 Backpacking KUIU Suspen Indv | 199. 3 597.0 svstem of Webbing, N/A 0.6 N/A N/A
Harness sion 00 0 Y Duraflex,
(Refer to PLSS and YKK
Detailed Test HUT .
Procedures or SZIgcpeerrZ’ir
manufacturer pmesh
for sizing
chart.)
HS3V2.5
25 Pack Used for PLSS and
Stainless Steel clamping HUT -
Hose Clamps, d tubi Hose
NG 1/4 inch to 1/2 ‘)I‘:]‘”I‘I ‘l‘Ji('j”g 301 SS, Clamp,
inch Worm BO9B pack | 3 cooﬂng Zinc- 0.25"
P-45 Hose Clamps Gear Metal Amazon M1MN /25 9.99 16 9.99 svstem to Plated N/A N/A N/A
Hose Clamps EX ’ ’ Y Steel HS3V2.5
for Pipe barbed hose screw PLSS and
Dryer Repéir fittings for HUT -
1/4"~1/2" Tubing and ’ pump and tee Hose
Fuel Line connectors. Clamp,
0.375"
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https://www.mcmaster.com/91860A029/
https://www.mcmaster.com/91860A029/
https://www.kuiu.com/products/kuiu-carbon-fiber-frame-carbonfiber?variant=40340414988446
https://www.kuiu.com/products/kuiu-carbon-fiber-frame-carbonfiber?variant=40340414988446
https://www.kuiu.com/products/kuiu-carbon-fiber-frame-carbonfiber?variant=40340414988446
https://www.kuiu.com/products/kuiu-carbon-fiber-frame-carbonfiber?variant=40340414988446
https://www.kuiu.com/products/pro-suspension-verde-camouflage-2-0?variant=40340225556638
https://www.kuiu.com/products/pro-suspension-verde-camouflage-2-0?variant=40340225556638
https://www.kuiu.com/products/pro-suspension-verde-camouflage-2-0?variant=40340225556638
https://www.amazon.com/Stainless-Steel-Clamps-Repair-Tubing/dp/B09BM1MNFX/ref=sr_1_3?crid=2GV40Z3CLBCT6&dib=eyJ2IjoiMSJ9.dd3Geq2r5sc03sjQ6gNMhLHkdNn2tBXSAF6RwycRM_Quza56EB12S5sjoCpEqfq0VUGQqPPAj9faDkwGJYjimzkSFPMN8IZ-uKDd2L6Lt04NurNtkR7qFsjKFX5rhLbPAPLXxk3QsfTzfD_syrM1YsfZvTFVSJNFgza_Fy2Fjma5j6hn43qcylKA2c_slp_60UrWC7krzhzxHJLWWL8d4dJ6gYxWfQpbGzdSLtAHZ1A.B9BgUlU_hv7ro_MouOt5ofrtMMN3holGwxfSI5LZLxk&dib_tag=se&keywords=metal%2Bhose%2Bclamps%2Bfor%2B1%2F4%2Band%2B3%2F8%2Bin%2Btubing&qid=1755879702&sprefix=metal%2Bhose%2Bclamps%2Bfor%2B1%2F4%2Band%2B3%2F8%2Bin%2Btubing%2Caps%2C113&sr=8-3&th=1
https://www.amazon.com/Stainless-Steel-Clamps-Repair-Tubing/dp/B09BM1MNFX/ref=sr_1_3?crid=2GV40Z3CLBCT6&dib=eyJ2IjoiMSJ9.dd3Geq2r5sc03sjQ6gNMhLHkdNn2tBXSAF6RwycRM_Quza56EB12S5sjoCpEqfq0VUGQqPPAj9faDkwGJYjimzkSFPMN8IZ-uKDd2L6Lt04NurNtkR7qFsjKFX5rhLbPAPLXxk3QsfTzfD_syrM1YsfZvTFVSJNFgza_Fy2Fjma5j6hn43qcylKA2c_slp_60UrWC7krzhzxHJLWWL8d4dJ6gYxWfQpbGzdSLtAHZ1A.B9BgUlU_hv7ro_MouOt5ofrtMMN3holGwxfSI5LZLxk&dib_tag=se&keywords=metal%2Bhose%2Bclamps%2Bfor%2B1%2F4%2Band%2B3%2F8%2Bin%2Btubing&qid=1755879702&sprefix=metal%2Bhose%2Bclamps%2Bfor%2B1%2F4%2Band%2B3%2F8%2Bin%2Btubing%2Caps%2C113&sr=8-3&th=1
https://www.amazon.com/Stainless-Steel-Clamps-Repair-Tubing/dp/B09BM1MNFX/ref=sr_1_3?crid=2GV40Z3CLBCT6&dib=eyJ2IjoiMSJ9.dd3Geq2r5sc03sjQ6gNMhLHkdNn2tBXSAF6RwycRM_Quza56EB12S5sjoCpEqfq0VUGQqPPAj9faDkwGJYjimzkSFPMN8IZ-uKDd2L6Lt04NurNtkR7qFsjKFX5rhLbPAPLXxk3QsfTzfD_syrM1YsfZvTFVSJNFgza_Fy2Fjma5j6hn43qcylKA2c_slp_60UrWC7krzhzxHJLWWL8d4dJ6gYxWfQpbGzdSLtAHZ1A.B9BgUlU_hv7ro_MouOt5ofrtMMN3holGwxfSI5LZLxk&dib_tag=se&keywords=metal%2Bhose%2Bclamps%2Bfor%2B1%2F4%2Band%2B3%2F8%2Bin%2Btubing&qid=1755879702&sprefix=metal%2Bhose%2Bclamps%2Bfor%2B1%2F4%2Band%2B3%2F8%2Bin%2Btubing%2Caps%2C113&sr=8-3&th=1

Buckles and

Straps Set 1": Buckles,
6 Yards of slides, and
Thick Nylon webbing I?I_Ssglgn?j
Webbing, 6- 2.3 used to make HUT -
S— Pack Heavy buckl belt straps to Webbing
g Buckles and Adﬁjl;gble BO8SLD Pack 3 & $ batisf);J Leank Plastic for Battery
P-47 : - Amazon 22.9 ~3ft ' N/A N/A N/A
Straps Quick Side 8CJ8D /6 9 of 22.99 and water Polyester HS3V25
EESEE % Release webbi bladder to PLSS aﬁd
Plastic PLSS
=EEss % Buckles, 12 ng shelving and V\ll—:elt;lt-:lr;
Tri-Glide prevent for LCGg
Slide Clips, shifting/falli
Black (1-Inch ng out.
Combo Set)
() oy Walker
Waterproof
Bgckpack Used to
Rain Cover,
cover PLSS
12000mm JW- internals and
P-48 Backpack Ultra- Amazon | 197923 Indv | $99 1 1| 999 | shielfthem | Nylon N/A NA | NA | NA
Cover Waterproof, 23 9 f d
Upgraded 4234 drg".‘ szn t
ebris, dus
Ultra-Strong ) )
Multilayers, water, etc.
Antislip
Buckle Strap
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https://www.amazon.com/BEYOURD-Heavy-Duty-Buckle-Straps-Set/dp/B08LD8CJ8D/ref=sr_1_6?crid=11Z8WG1LRWVT1&dib=eyJ2IjoiMSJ9.wC34iWkoI1XqgPkZXsn1r94uFsYYzxmHizHYGImPOjQl_XYaYjcqb1OPKnzLTwKeXrHCXESh-kdLOtv6rgD3a8zipTqJLxTBJ0OLRuO5TNQPZ70UhzDKoBa_dUk2ZEWM-MFc-PmHMCco1mbttqnFiBKBcSmhI2eMeOHA_kQuGVaw_0AbHdvpKdCyB-ecMVDFlZZEWmCWWg5ItIQItqZZxdIUpLTd-lbMRXGNjj43ple2fk_QWDnSCw3qQ_ORZys-UzjFMJG8JrLvhDBPgcYvCk9_brr_YmXy-TedKK_j-1g.7MCd_BeSJuyPh9VIx1L5mYtWSh_6VOF5uQoLDQdi8Oc&dib_tag=se&keywords=2%2Binch%2Bbuckles%2Bfor%2Bstraps&qid=1747758054&sprefix=2%2Binch%2Bbuc%2Caps%2C129&sr=8-6&th=1
https://www.amazon.com/BEYOURD-Heavy-Duty-Buckle-Straps-Set/dp/B08LD8CJ8D/ref=sr_1_6?crid=11Z8WG1LRWVT1&dib=eyJ2IjoiMSJ9.wC34iWkoI1XqgPkZXsn1r94uFsYYzxmHizHYGImPOjQl_XYaYjcqb1OPKnzLTwKeXrHCXESh-kdLOtv6rgD3a8zipTqJLxTBJ0OLRuO5TNQPZ70UhzDKoBa_dUk2ZEWM-MFc-PmHMCco1mbttqnFiBKBcSmhI2eMeOHA_kQuGVaw_0AbHdvpKdCyB-ecMVDFlZZEWmCWWg5ItIQItqZZxdIUpLTd-lbMRXGNjj43ple2fk_QWDnSCw3qQ_ORZys-UzjFMJG8JrLvhDBPgcYvCk9_brr_YmXy-TedKK_j-1g.7MCd_BeSJuyPh9VIx1L5mYtWSh_6VOF5uQoLDQdi8Oc&dib_tag=se&keywords=2%2Binch%2Bbuckles%2Bfor%2Bstraps&qid=1747758054&sprefix=2%2Binch%2Bbuc%2Caps%2C129&sr=8-6&th=1
https://www.amazon.com/Joy-Walker-Waterproof-Breathable-Traveling/dp/B07R8VT2SQ/ref=sr_1_1_sspa?crid=34C8UUG1Q06VI&dib=eyJ2IjoiMSJ9.yWZvAny0mpt22INk3WdixqyukePppzQpqVojCw3-oS6A62RMp0IRYLmGqZgvEGRZAbMJp9mC387KW7QtVDztAF4siFrwHXRyZs4DvevgKXOz8-Icgt4dqk_ZfTlLx8ssRfJby8B-suhTiQvR52SSdxmInSwhh6wVhEqxlhNx0RfzOidJ-sLUphqz3AsgDVUMiIz8yGoowiFeISMOOVmkrVf90HUhTjVdLprXWZWGUSWFYYCUDzSIIeTsHp1GZS7yO1R6lj0NOH5vdb1pI6pJuWeuVY4Rxp0F6R_elqysY6g.ET0J1RQGpYawpP2HmoiAEogH_ow6fURinTgP6h0O05Q&dib_tag=se&keywords=backpack%2Brain%2Bcover%2Bgrey&qid=1757522587&sprefix=backpack%2Brain%2Bcover%2Bgre%2Caps%2C132&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1&psc=1
https://www.amazon.com/Joy-Walker-Waterproof-Breathable-Traveling/dp/B07R8VT2SQ/ref=sr_1_1_sspa?crid=34C8UUG1Q06VI&dib=eyJ2IjoiMSJ9.yWZvAny0mpt22INk3WdixqyukePppzQpqVojCw3-oS6A62RMp0IRYLmGqZgvEGRZAbMJp9mC387KW7QtVDztAF4siFrwHXRyZs4DvevgKXOz8-Icgt4dqk_ZfTlLx8ssRfJby8B-suhTiQvR52SSdxmInSwhh6wVhEqxlhNx0RfzOidJ-sLUphqz3AsgDVUMiIz8yGoowiFeISMOOVmkrVf90HUhTjVdLprXWZWGUSWFYYCUDzSIIeTsHp1GZS7yO1R6lj0NOH5vdb1pI6pJuWeuVY4Rxp0F6R_elqysY6g.ET0J1RQGpYawpP2HmoiAEogH_ow6fURinTgP6h0O05Q&dib_tag=se&keywords=backpack%2Brain%2Bcover%2Bgrey&qid=1757522587&sprefix=backpack%2Brain%2Bcover%2Bgre%2Caps%2C132&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1&psc=1
https://www.amazon.com/Joy-Walker-Waterproof-Breathable-Traveling/dp/B07R8VT2SQ/ref=sr_1_1_sspa?crid=34C8UUG1Q06VI&dib=eyJ2IjoiMSJ9.yWZvAny0mpt22INk3WdixqyukePppzQpqVojCw3-oS6A62RMp0IRYLmGqZgvEGRZAbMJp9mC387KW7QtVDztAF4siFrwHXRyZs4DvevgKXOz8-Icgt4dqk_ZfTlLx8ssRfJby8B-suhTiQvR52SSdxmInSwhh6wVhEqxlhNx0RfzOidJ-sLUphqz3AsgDVUMiIz8yGoowiFeISMOOVmkrVf90HUhTjVdLprXWZWGUSWFYYCUDzSIIeTsHp1GZS7yO1R6lj0NOH5vdb1pI6pJuWeuVY4Rxp0F6R_elqysY6g.ET0J1RQGpYawpP2HmoiAEogH_ow6fURinTgP6h0O05Q&dib_tag=se&keywords=backpack%2Brain%2Bcover%2Bgrey&qid=1757522587&sprefix=backpack%2Brain%2Bcover%2Bgre%2Caps%2C132&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1&psc=1

4.6.1.1.3 Electrical System BOM

Table 4-34. Electrical System BOM. Total Price per unit HS3 is estimated to be $356.89.

only the DC to

Total
Item Indv. Line Total Unit 3DPT
BOM Image Part/ Description/ Manufactur PIN Unit UoM Unit | OQty. Sub Usade Material/ CAD File Estima | Print Settings
1D Category Specifications | er/ Vendor Qty. Cost | Rqrd. Total g Alloy Name ted Wt | Time Use dg
/ Dimensions Per (kg) (days)
Suit
EGRETECH HS3Vv2.5
Plume 300 PLSS and
Portable HUT -
Power Station Egretech
300W/260Wh Egg'j . ggev\g
(Optional: ternate Li-lon Bank
300W Power Preferred Plume $ $ Battery for Battery
E-1 B . Egretech 300 1 Indv. 169. 1 169.0 powering R 4.85 N/A N/A
ank option for Portabl 00 0 sensors and Plastic HS3V2.5
HS3. currently e water pum Housing PLSS and
unavailable Pow pump HUT -
. owerS
from vendor; tation Egretech
currently not - 300W
used but easily Power
swappable Bank
with E-2) Handle
Anker SOLIX
C200 DC
Power Bank
Station,
192Wh
Portable
Power Station,
LiFePO4
Battery, 200W
Solar
Generator Anker HS3V2.5
SOLIX Battery for Li-lon PLSS and
200W Power (Default €200 $ $ powering Battery HUT -
E-2 Bank power bank Amazon DC 1 Indv. 119. 1 119.9 sensors and Plastic’ 200w 421 N/A N/A
option for Power 99 9 Housi Anker
HS3. Anker Bank water pump ousing Power
battery Station Bank
requires use of
DC motor
controller for
water pump;
Egretech
battery does
not need the
DC motor
controller -
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https://egretech.com/products/300w-portable-power-station-plume-300
https://egretech.com/products/300w-portable-power-station-plume-300
https://egretech.com/products/300w-portable-power-station-plume-300
https://egretech.com/products/300w-portable-power-station-plume-300
https://egretech.com/products/300w-portable-power-station-plume-300
https://egretech.com/products/300w-portable-power-station-plume-300
https://egretech.com/products/300w-portable-power-station-plume-300
https://egretech.com/products/300w-portable-power-station-plume-300
https://egretech.com/products/300w-portable-power-station-plume-300
https://www.amazon.com/Anker-Portable-Generator-Traveling-Emergencies/dp/B0D62P85ZR/ref=sr_1_1?crid=3FQ3CX1R6KQ7X&dib=eyJ2IjoiMSJ9.nQWfSFebBsQriZ60fIDDfnm2zqhJGEfRL6NvGV9RBOssL2inVypOC3CPPa0_NyXzMk16cE_PKZNKDB9pq706d0h_73VTYVqQgMqN-_aIoIFr_VQ-C7dcZNJdKthK4jsg9Wj2K9oxoSbtL1pvwoMpdXzA7n7wXXIULhoE7uQE-7heU-S_AUnmGr5gX9QfiH2mmmMCOlY_JFTCBom4R7nWhawadZtf0vwNUJz1xPLb_d0.KNDkp7nwTIIgHCVI4a_dv5mEJe2MbBevtAePrdfl2uc&dib_tag=se&keywords=anker%2Bportable%2Bpower%2Bstation%2B200wh&qid=1747087644&sprefix=%2Caps%2C207&sr=8-1&th=1
https://www.amazon.com/Anker-Portable-Generator-Traveling-Emergencies/dp/B0D62P85ZR/ref=sr_1_1?crid=3FQ3CX1R6KQ7X&dib=eyJ2IjoiMSJ9.nQWfSFebBsQriZ60fIDDfnm2zqhJGEfRL6NvGV9RBOssL2inVypOC3CPPa0_NyXzMk16cE_PKZNKDB9pq706d0h_73VTYVqQgMqN-_aIoIFr_VQ-C7dcZNJdKthK4jsg9Wj2K9oxoSbtL1pvwoMpdXzA7n7wXXIULhoE7uQE-7heU-S_AUnmGr5gX9QfiH2mmmMCOlY_JFTCBom4R7nWhawadZtf0vwNUJz1xPLb_d0.KNDkp7nwTIIgHCVI4a_dv5mEJe2MbBevtAePrdfl2uc&dib_tag=se&keywords=anker%2Bportable%2Bpower%2Bstation%2B200wh&qid=1747087644&sprefix=%2Caps%2C207&sr=8-1&th=1
https://www.amazon.com/Anker-Portable-Generator-Traveling-Emergencies/dp/B0D62P85ZR/ref=sr_1_1?crid=3FQ3CX1R6KQ7X&dib=eyJ2IjoiMSJ9.nQWfSFebBsQriZ60fIDDfnm2zqhJGEfRL6NvGV9RBOssL2inVypOC3CPPa0_NyXzMk16cE_PKZNKDB9pq706d0h_73VTYVqQgMqN-_aIoIFr_VQ-C7dcZNJdKthK4jsg9Wj2K9oxoSbtL1pvwoMpdXzA7n7wXXIULhoE7uQE-7heU-S_AUnmGr5gX9QfiH2mmmMCOlY_JFTCBom4R7nWhawadZtf0vwNUJz1xPLb_d0.KNDkp7nwTIIgHCVI4a_dv5mEJe2MbBevtAePrdfl2uc&dib_tag=se&keywords=anker%2Bportable%2Bpower%2Bstation%2B200wh&qid=1747087644&sprefix=%2Caps%2C207&sr=8-1&th=1
https://www.amazon.com/Anker-Portable-Generator-Traveling-Emergencies/dp/B0D62P85ZR/ref=sr_1_1?crid=3FQ3CX1R6KQ7X&dib=eyJ2IjoiMSJ9.nQWfSFebBsQriZ60fIDDfnm2zqhJGEfRL6NvGV9RBOssL2inVypOC3CPPa0_NyXzMk16cE_PKZNKDB9pq706d0h_73VTYVqQgMqN-_aIoIFr_VQ-C7dcZNJdKthK4jsg9Wj2K9oxoSbtL1pvwoMpdXzA7n7wXXIULhoE7uQE-7heU-S_AUnmGr5gX9QfiH2mmmMCOlY_JFTCBom4R7nWhawadZtf0vwNUJz1xPLb_d0.KNDkp7nwTIIgHCVI4a_dv5mEJe2MbBevtAePrdfl2uc&dib_tag=se&keywords=anker%2Bportable%2Bpower%2Bstation%2B200wh&qid=1747087644&sprefix=%2Caps%2C207&sr=8-1&th=1
https://www.amazon.com/Anker-Portable-Generator-Traveling-Emergencies/dp/B0D62P85ZR/ref=sr_1_1?crid=3FQ3CX1R6KQ7X&dib=eyJ2IjoiMSJ9.nQWfSFebBsQriZ60fIDDfnm2zqhJGEfRL6NvGV9RBOssL2inVypOC3CPPa0_NyXzMk16cE_PKZNKDB9pq706d0h_73VTYVqQgMqN-_aIoIFr_VQ-C7dcZNJdKthK4jsg9Wj2K9oxoSbtL1pvwoMpdXzA7n7wXXIULhoE7uQE-7heU-S_AUnmGr5gX9QfiH2mmmMCOlY_JFTCBom4R7nWhawadZtf0vwNUJz1xPLb_d0.KNDkp7nwTIIgHCVI4a_dv5mEJe2MbBevtAePrdfl2uc&dib_tag=se&keywords=anker%2Bportable%2Bpower%2Bstation%2B200wh&qid=1747087644&sprefix=%2Caps%2C207&sr=8-1&th=1
https://www.amazon.com/Anker-Portable-Generator-Traveling-Emergencies/dp/B0D62P85ZR/ref=sr_1_1?crid=3FQ3CX1R6KQ7X&dib=eyJ2IjoiMSJ9.nQWfSFebBsQriZ60fIDDfnm2zqhJGEfRL6NvGV9RBOssL2inVypOC3CPPa0_NyXzMk16cE_PKZNKDB9pq706d0h_73VTYVqQgMqN-_aIoIFr_VQ-C7dcZNJdKthK4jsg9Wj2K9oxoSbtL1pvwoMpdXzA7n7wXXIULhoE7uQE-7heU-S_AUnmGr5gX9QfiH2mmmMCOlY_JFTCBom4R7nWhawadZtf0vwNUJz1xPLb_d0.KNDkp7nwTIIgHCVI4a_dv5mEJe2MbBevtAePrdfl2uc&dib_tag=se&keywords=anker%2Bportable%2Bpower%2Bstation%2B200wh&qid=1747087644&sprefix=%2Caps%2C207&sr=8-1&th=1
https://www.amazon.com/Anker-Portable-Generator-Traveling-Emergencies/dp/B0D62P85ZR/ref=sr_1_1?crid=3FQ3CX1R6KQ7X&dib=eyJ2IjoiMSJ9.nQWfSFebBsQriZ60fIDDfnm2zqhJGEfRL6NvGV9RBOssL2inVypOC3CPPa0_NyXzMk16cE_PKZNKDB9pq706d0h_73VTYVqQgMqN-_aIoIFr_VQ-C7dcZNJdKthK4jsg9Wj2K9oxoSbtL1pvwoMpdXzA7n7wXXIULhoE7uQE-7heU-S_AUnmGr5gX9QfiH2mmmMCOlY_JFTCBom4R7nWhawadZtf0vwNUJz1xPLb_d0.KNDkp7nwTIIgHCVI4a_dv5mEJe2MbBevtAePrdfl2uc&dib_tag=se&keywords=anker%2Bportable%2Bpower%2Bstation%2B200wh&qid=1747087644&sprefix=%2Caps%2C207&sr=8-1&th=1

bare-wire
connection.)

AITRIP 2PCS
6V-30V 8A
DC Motor
Speed
Controller 6V Used for
12V 24V controlling
PWM Stepless motor speed HS3V2.5
PLSS and
Speed Control and
- - HUT - DC
Switch regulating
. Motor
Adjustable current/volta
DC motor Driver BO98W Pack/ 3 $ ge of water Plastic Controller
. Amazon KHD7 13.9 . ' 0.11 N/A N/A
controller Regulator with - 2 13.99 pump draw; Metal
5 9 HS3V2.5
Duty Cycle connect to PLSS and
LED Digital USB-to- HUT -
Display & bare-wire .
Knob and bare- Poter;trlomet
wire-to-
(Only use with water pump
Anker power
bank, not
Egretech
battery)
GINTOOYU
N 2 Pack 90
Degree DC
Power Pigtails
Cable, Right
Angle DC
5.5mm x
2.1mm Male
Plug to Bare
Wire Open Used to
End Power connect
Male DC Supply BOBGH water pump
PlugtoBare | oo jocement | Amazon | T23w Pack/ | 3 $ | toEgretech | PC+ABS/ N/A NA | NA | NA
Wire Pigtails Repair Cord K 2 9.99 9.99 power bank; PVC
Cable pair t-ord, - wire from
for Monitors, 36W port to
LED Strip waterp um
Light, pump
Camera,3FT
Im
(Only
compatible
with Egretech
battery, not
Anker battery)
NAOEVO 16 Wiring for
16 AWG Gauge Wire 2 BOCG $ $ toggle FI;(\:/JE:AE:/
. Conductor Amazon HF2BS Indv. 12.9 switch, DC y N/A N/A N/A N/A
Wire - 12.99 coated
Electrical D 9 motor conper
Wire, 16 controller, pp
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https://www.amazon.com/AITRIP-Controller-Stepless-Adjustable-Regulator/dp/B098WKHD75/ref=sr_1_4?crid=3IL19VS0RAPCB&dib=eyJ2IjoiMSJ9.ORR_wh5oTfIDx773rP_DmRHtKFWwedlqZevJvYuLHRyvq6QeCYvFQ9BfPjdeQ1-sCQU6WXa2HbaUcqL7ofJpSh-OfMfTzxmucdaDp_WevLfQe6hF1pcZdrKdDcoam5OBLC7BbdguOdLbHrElatWsTp8lrd0-ZyR7W04XtTWvXReHkXb1RIypCKzAgxagidDjJPoRrGRCvIxyTSI78QAX6vVYhs1nU1w9hUKdjzPra3RSUP5vpg3e4PPHudQeKs-CP_HoR-GL91jlZPOA_vNqRDFHCwzuJU0a1ASNaJGlCFg.ZT7y2I9jefMcSXIEv3u-fArvB6ReiRMX8Fn24hJxS_E&dib_tag=se&keywords=Pwm+Motor+Speed+Controller+6V+9V+12V+24V+30V+Dc+6V-30V+Pulse+Width+Modulation+Regulator+8A+180W+Stepless+Variable+Speed%2Fforwar+New+2025+for+Arrival+High+for+Reliable+Electronic+Component%2C+Precision&qid=1756083962&s=industrial&sprefix=pwm+motor+speed+controller+6v+9v+12v+24v+30v+dc+6v-30v+pulse+width+modulation+regulator+8a+180w+stepless+variable+speed%2Fforwar+new+2025+for+arrival+high+for+reliable+electronic+component%2C+precision%2Cindustrial%2C131&sr=1-4
https://www.amazon.com/AITRIP-Controller-Stepless-Adjustable-Regulator/dp/B098WKHD75/ref=sr_1_4?crid=3IL19VS0RAPCB&dib=eyJ2IjoiMSJ9.ORR_wh5oTfIDx773rP_DmRHtKFWwedlqZevJvYuLHRyvq6QeCYvFQ9BfPjdeQ1-sCQU6WXa2HbaUcqL7ofJpSh-OfMfTzxmucdaDp_WevLfQe6hF1pcZdrKdDcoam5OBLC7BbdguOdLbHrElatWsTp8lrd0-ZyR7W04XtTWvXReHkXb1RIypCKzAgxagidDjJPoRrGRCvIxyTSI78QAX6vVYhs1nU1w9hUKdjzPra3RSUP5vpg3e4PPHudQeKs-CP_HoR-GL91jlZPOA_vNqRDFHCwzuJU0a1ASNaJGlCFg.ZT7y2I9jefMcSXIEv3u-fArvB6ReiRMX8Fn24hJxS_E&dib_tag=se&keywords=Pwm+Motor+Speed+Controller+6V+9V+12V+24V+30V+Dc+6V-30V+Pulse+Width+Modulation+Regulator+8A+180W+Stepless+Variable+Speed%2Fforwar+New+2025+for+Arrival+High+for+Reliable+Electronic+Component%2C+Precision&qid=1756083962&s=industrial&sprefix=pwm+motor+speed+controller+6v+9v+12v+24v+30v+dc+6v-30v+pulse+width+modulation+regulator+8a+180w+stepless+variable+speed%2Fforwar+new+2025+for+arrival+high+for+reliable+electronic+component%2C+precision%2Cindustrial%2C131&sr=1-4
https://www.amazon.com/AITRIP-Controller-Stepless-Adjustable-Regulator/dp/B098WKHD75/ref=sr_1_4?crid=3IL19VS0RAPCB&dib=eyJ2IjoiMSJ9.ORR_wh5oTfIDx773rP_DmRHtKFWwedlqZevJvYuLHRyvq6QeCYvFQ9BfPjdeQ1-sCQU6WXa2HbaUcqL7ofJpSh-OfMfTzxmucdaDp_WevLfQe6hF1pcZdrKdDcoam5OBLC7BbdguOdLbHrElatWsTp8lrd0-ZyR7W04XtTWvXReHkXb1RIypCKzAgxagidDjJPoRrGRCvIxyTSI78QAX6vVYhs1nU1w9hUKdjzPra3RSUP5vpg3e4PPHudQeKs-CP_HoR-GL91jlZPOA_vNqRDFHCwzuJU0a1ASNaJGlCFg.ZT7y2I9jefMcSXIEv3u-fArvB6ReiRMX8Fn24hJxS_E&dib_tag=se&keywords=Pwm+Motor+Speed+Controller+6V+9V+12V+24V+30V+Dc+6V-30V+Pulse+Width+Modulation+Regulator+8A+180W+Stepless+Variable+Speed%2Fforwar+New+2025+for+Arrival+High+for+Reliable+Electronic+Component%2C+Precision&qid=1756083962&s=industrial&sprefix=pwm+motor+speed+controller+6v+9v+12v+24v+30v+dc+6v-30v+pulse+width+modulation+regulator+8a+180w+stepless+variable+speed%2Fforwar+new+2025+for+arrival+high+for+reliable+electronic+component%2C+precision%2Cindustrial%2C131&sr=1-4
https://www.amazon.com/GINTOOYUN-Degree-Pigtails-Replacement-Monitors/dp/B0B6HT23WK/ref=sr_1_2_sspa?crid=VQXX7Y0V17WD&dib=eyJ2IjoiMSJ9.GHJ6yFep8kPyDnyel7W-Ktat7WlBKcl0Rr8Nhg5JKlMUuXLKKJD7b-v6zVw2SSOrNrwe4KHHAyN3lVeApE4lVTA6Y6uR-4cYqZjEQ5p27EI2f3h2JIIz0-zzcHm4Gdz8XMa8nx0EoNK3pq1ZSe6fPCweqZ_pbSDsbfUh4cMlCGZwiQM81QMfAmuDac802kr0sNajarDX_lhRq1T1kWsNKPVHf2xkY33whxxx0-ZB00c.gaJ7WFOC9XMbKjSxKNqZ6ej3nSiBa23UrjWmEkxrdpo&dib_tag=se&keywords=bare+wire+to+dc+gintooyun&qid=1743695197&sprefix=bare+wire+to+dc+gintooyun%2Caps%2C115&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/GINTOOYUN-Degree-Pigtails-Replacement-Monitors/dp/B0B6HT23WK/ref=sr_1_2_sspa?crid=VQXX7Y0V17WD&dib=eyJ2IjoiMSJ9.GHJ6yFep8kPyDnyel7W-Ktat7WlBKcl0Rr8Nhg5JKlMUuXLKKJD7b-v6zVw2SSOrNrwe4KHHAyN3lVeApE4lVTA6Y6uR-4cYqZjEQ5p27EI2f3h2JIIz0-zzcHm4Gdz8XMa8nx0EoNK3pq1ZSe6fPCweqZ_pbSDsbfUh4cMlCGZwiQM81QMfAmuDac802kr0sNajarDX_lhRq1T1kWsNKPVHf2xkY33whxxx0-ZB00c.gaJ7WFOC9XMbKjSxKNqZ6ej3nSiBa23UrjWmEkxrdpo&dib_tag=se&keywords=bare+wire+to+dc+gintooyun&qid=1743695197&sprefix=bare+wire+to+dc+gintooyun%2Caps%2C115&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/GINTOOYUN-Degree-Pigtails-Replacement-Monitors/dp/B0B6HT23WK/ref=sr_1_2_sspa?crid=VQXX7Y0V17WD&dib=eyJ2IjoiMSJ9.GHJ6yFep8kPyDnyel7W-Ktat7WlBKcl0Rr8Nhg5JKlMUuXLKKJD7b-v6zVw2SSOrNrwe4KHHAyN3lVeApE4lVTA6Y6uR-4cYqZjEQ5p27EI2f3h2JIIz0-zzcHm4Gdz8XMa8nx0EoNK3pq1ZSe6fPCweqZ_pbSDsbfUh4cMlCGZwiQM81QMfAmuDac802kr0sNajarDX_lhRq1T1kWsNKPVHf2xkY33whxxx0-ZB00c.gaJ7WFOC9XMbKjSxKNqZ6ej3nSiBa23UrjWmEkxrdpo&dib_tag=se&keywords=bare+wire+to+dc+gintooyun&qid=1743695197&sprefix=bare+wire+to+dc+gintooyun%2Caps%2C115&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Conductor-Electrical-Stranded-Automotive-Lighting/dp/B0CGHF2BSD/ref=sr_1_1_sspa?crid=2QLTQD248H09X&dib=eyJ2IjoiMSJ9.yxXgruxkjIf5VBsYlHNGifqiGh5Tgi8YPyIIy-pslPORJLJBeF6eL9802ZQH3IrOmplzYFwq8JUc0ot5ivY0prHvk83vk1n0e8_YUCg_vahn1uXcURhxkaH-53OosuEYqXSC16ZyPaNWml3ay5-eeXXFfkW3aB_mersjj_hfCCXg-R8Y5VhV4WSkPd2csuQiZglAMAQdegx4eLd7-xcbovFfkH86yZvTJ7jfDI2eRuox108g4Lu6tMf14cnR4d13aFjHjY0o3LWdsJxFEnH-dEMMus23T1wRAhurvyMnqL0.MQhN2KBtNuXP9lVsOTXGl9sCvVzFFsXfTn6ZymRoKsw&dib_tag=se&keywords=16%2BAWG%2Bwire&qid=1756085083&refinements=p_n_feature_three_browse-bin%3A119749980011&rnid=119749971011&sprefix=16%2Bawg%2Bwir%2Caps%2C187&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Conductor-Electrical-Stranded-Automotive-Lighting/dp/B0CGHF2BSD/ref=sr_1_1_sspa?crid=2QLTQD248H09X&dib=eyJ2IjoiMSJ9.yxXgruxkjIf5VBsYlHNGifqiGh5Tgi8YPyIIy-pslPORJLJBeF6eL9802ZQH3IrOmplzYFwq8JUc0ot5ivY0prHvk83vk1n0e8_YUCg_vahn1uXcURhxkaH-53OosuEYqXSC16ZyPaNWml3ay5-eeXXFfkW3aB_mersjj_hfCCXg-R8Y5VhV4WSkPd2csuQiZglAMAQdegx4eLd7-xcbovFfkH86yZvTJ7jfDI2eRuox108g4Lu6tMf14cnR4d13aFjHjY0o3LWdsJxFEnH-dEMMus23T1wRAhurvyMnqL0.MQhN2KBtNuXP9lVsOTXGl9sCvVzFFsXfTn6ZymRoKsw&dib_tag=se&keywords=16%2BAWG%2Bwire&qid=1756085083&refinements=p_n_feature_three_browse-bin%3A119749980011&rnid=119749971011&sprefix=16%2Bawg%2Bwir%2Caps%2C187&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Conductor-Electrical-Stranded-Automotive-Lighting/dp/B0CGHF2BSD/ref=sr_1_1_sspa?crid=2QLTQD248H09X&dib=eyJ2IjoiMSJ9.yxXgruxkjIf5VBsYlHNGifqiGh5Tgi8YPyIIy-pslPORJLJBeF6eL9802ZQH3IrOmplzYFwq8JUc0ot5ivY0prHvk83vk1n0e8_YUCg_vahn1uXcURhxkaH-53OosuEYqXSC16ZyPaNWml3ay5-eeXXFfkW3aB_mersjj_hfCCXg-R8Y5VhV4WSkPd2csuQiZglAMAQdegx4eLd7-xcbovFfkH86yZvTJ7jfDI2eRuox108g4Lu6tMf14cnR4d13aFjHjY0o3LWdsJxFEnH-dEMMus23T1wRAhurvyMnqL0.MQhN2KBtNuXP9lVsOTXGl9sCvVzFFsXfTn6ZymRoKsw&dib_tag=se&keywords=16%2BAWG%2Bwire&qid=1756085083&refinements=p_n_feature_three_browse-bin%3A119749980011&rnid=119749971011&sprefix=16%2Bawg%2Bwir%2Caps%2C187&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1

AWG and water
Stranded PVC pump
Cord, 12V
Low
Voltage/Tinne
d
Copper/Flexib
le Cable for
Automotive
Wiring, Lamp
Cord, Marine
Cable (15FT)
DC Power
Pigtails
Cable,3FT DC
5.5MM x
2.1MM
Female Plug
to Bare Wire
Open End .
. Wire from
Power Wire
E Female DC | Supph Repalr | a boery Pack/ | 8 5 | commolrto | | pve NIA NA | NA | NA
E to Pigtails Cable,16 mazon | TeHz2 2 | 999 999 | controllerto C,
AWG Barrel USB-C Male copper
Connector DC cable
Pigtail for
CCTV
Security
Camera,DVR
, LED Strip
Light Etc-2
Pcs(F)
USB Cto DC
5.5mm x
2.1mm Power
Cable Cord, Wire from
USB C Input Anker
usBCto | obciv BOCB $ g battery | PC+ABS/
E-7 Male DC Out Charging Amazon NQN7 Indv. | - g9 709 | (100W USB- PVC, N/A N/A N/A N/A
Cable, Work CR ' ' C) to female copper
with PD DC pigtails
Charger and cable
PD Power
Bank, Output
DC 12V 3A
CableCreation
Short Micro Wire from
USB to USB Anker
microUSB to C Cable 0.65 BOBX $ $ Battery PC+ABS/
E-8 USB.C cable | FT»2-Pack Amazon | X1L8G Indv. | 13.4 1349 | (20W USB- PVC, N/A N/A | NA N/A
OoTG 7 9 ’ C) to button copper
480Mbps switch for
Type C to Raspberry Pi
MicroUSB
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https://www.amazon.com/Pigtails-Connector-Pigtail-Security-DVR%EF%BC%8CLED/dp/B08PYT6HZ2/ref=sr_1_2_sspa?crid=3LQMMW486RV9D&dib=eyJ2IjoiMSJ9.ymA7XJOhXLVQS-Di2tTlx_o9ozKGH2f3zNjAlVXHM8zEfIdGV_7cw9T1rnRyv4RiUzDftr90XeYiKWjePm30sr7xcDPLJzAeRb8c4XwWHdWTnKhZBtqJyFjRaoHWXzuvl-R3e8omtVK7-R9TH2smr1vPStwvcKis3k3L4x1KDZFTo5TyNjBmocamyrcAbtGAn5dTFldSg3FTGOmgGHWTbUMGcCPeqlWC1awuINjBRFk.2pV_-j41ycGYq6sY-VFIBNpVEMhiTkPlUxPd7Qu1X2Q&dib_tag=se&keywords=female+dc+to+bare+wire&qid=1747230083&sprefix=female+dc+to+bare+wire%2Caps%2C103&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Pigtails-Connector-Pigtail-Security-DVR%EF%BC%8CLED/dp/B08PYT6HZ2/ref=sr_1_2_sspa?crid=3LQMMW486RV9D&dib=eyJ2IjoiMSJ9.ymA7XJOhXLVQS-Di2tTlx_o9ozKGH2f3zNjAlVXHM8zEfIdGV_7cw9T1rnRyv4RiUzDftr90XeYiKWjePm30sr7xcDPLJzAeRb8c4XwWHdWTnKhZBtqJyFjRaoHWXzuvl-R3e8omtVK7-R9TH2smr1vPStwvcKis3k3L4x1KDZFTo5TyNjBmocamyrcAbtGAn5dTFldSg3FTGOmgGHWTbUMGcCPeqlWC1awuINjBRFk.2pV_-j41ycGYq6sY-VFIBNpVEMhiTkPlUxPd7Qu1X2Q&dib_tag=se&keywords=female+dc+to+bare+wire&qid=1747230083&sprefix=female+dc+to+bare+wire%2Caps%2C103&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/HSZJsto-5-5mm-Charging-Charger-Output/dp/B0CBNQN7CR/ref=sr_1_3?crid=3HFNKL6Y2YFCH&dib=eyJ2IjoiMSJ9.QHTjJF0RjDcun1qsBMtys6kucKxknzNdG0R6b_wDwcCAvorK50dztOZoNu5h5lDgCJhbSpNG0kEzWwVyXBoigP4NJHFsfMd6-uN-1Z1EhweTYS3RY8YByIzQMURFOYd_V6TuBu3biEok8_1XdH9070yU5Kk6Co7XrD7TXDKcdKpeA9iaFAZqQW-dOpHEToGUaWaBJ2DapITnh_oZKRLkLxPRpK1O7x-qisL3Oi_xfdI.ECa2wL9qF_7wSgUuV4qLdwDiMrIf0OUSrwPwmlPEM8w&dib_tag=se&keywords=usb-c%2Bto%2Bdc&qid=1747230054&sprefix=usb-c%2Bto%2Bdc%2Caps%2C144&sr=8-3&th=1
https://www.amazon.com/HSZJsto-5-5mm-Charging-Charger-Output/dp/B0CBNQN7CR/ref=sr_1_3?crid=3HFNKL6Y2YFCH&dib=eyJ2IjoiMSJ9.QHTjJF0RjDcun1qsBMtys6kucKxknzNdG0R6b_wDwcCAvorK50dztOZoNu5h5lDgCJhbSpNG0kEzWwVyXBoigP4NJHFsfMd6-uN-1Z1EhweTYS3RY8YByIzQMURFOYd_V6TuBu3biEok8_1XdH9070yU5Kk6Co7XrD7TXDKcdKpeA9iaFAZqQW-dOpHEToGUaWaBJ2DapITnh_oZKRLkLxPRpK1O7x-qisL3Oi_xfdI.ECa2wL9qF_7wSgUuV4qLdwDiMrIf0OUSrwPwmlPEM8w&dib_tag=se&keywords=usb-c%2Bto%2Bdc&qid=1747230054&sprefix=usb-c%2Bto%2Bdc%2Caps%2C144&sr=8-3&th=1
https://www.amazon.com/HSZJsto-5-5mm-Charging-Charger-Output/dp/B0CBNQN7CR/ref=sr_1_3?crid=3HFNKL6Y2YFCH&dib=eyJ2IjoiMSJ9.QHTjJF0RjDcun1qsBMtys6kucKxknzNdG0R6b_wDwcCAvorK50dztOZoNu5h5lDgCJhbSpNG0kEzWwVyXBoigP4NJHFsfMd6-uN-1Z1EhweTYS3RY8YByIzQMURFOYd_V6TuBu3biEok8_1XdH9070yU5Kk6Co7XrD7TXDKcdKpeA9iaFAZqQW-dOpHEToGUaWaBJ2DapITnh_oZKRLkLxPRpK1O7x-qisL3Oi_xfdI.ECa2wL9qF_7wSgUuV4qLdwDiMrIf0OUSrwPwmlPEM8w&dib_tag=se&keywords=usb-c%2Bto%2Bdc&qid=1747230054&sprefix=usb-c%2Bto%2Bdc%2Caps%2C144&sr=8-3&th=1
https://www.amazon.com/CableCreation-Braided-480Mbps-Compatible-MacBook/dp/B0BXX1L8G7/ref=sr_1_1_sspa?crid=W7PGNXI9H2SD&dib=eyJ2IjoiMSJ9.lh1dwUd7rlLayVXK1gCLhwMCiBag1NXZAr4XyrLpJFL2DeYQ5xeoGn0mbkAwD7KgXdOA81MbIwOr5nceQ7zTRKdnGHn0cXIAZzGFzRXgmD0Wlymlo11XSizArPpXMFoLAdzkFMnL0cqwy3YftQj6K_elajcQrnzhnd2pMJgpmzB9mp2rjLG2oH7P6Yqd35TD.q-CE6WAjMAXPGyoTMpjvYnN1eDM5NfG__QohCkGtmOs&dib_tag=se&keywords=CableCreation%2BShort%2BMicro%2BUSB%2Bto%2BUSB%2BC%2BBraided%2BCable%2B0.65%2BFT&qid=1747231446&sprefix=cablecreation%2Bshort%2Bmicro%2Busb%2Bto%2Busb%2Bc%2Bbraided%2Bcable%2B0.65%2Bft%2Caps%2C132&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/CableCreation-Braided-480Mbps-Compatible-MacBook/dp/B0BXX1L8G7/ref=sr_1_1_sspa?crid=W7PGNXI9H2SD&dib=eyJ2IjoiMSJ9.lh1dwUd7rlLayVXK1gCLhwMCiBag1NXZAr4XyrLpJFL2DeYQ5xeoGn0mbkAwD7KgXdOA81MbIwOr5nceQ7zTRKdnGHn0cXIAZzGFzRXgmD0Wlymlo11XSizArPpXMFoLAdzkFMnL0cqwy3YftQj6K_elajcQrnzhnd2pMJgpmzB9mp2rjLG2oH7P6Yqd35TD.q-CE6WAjMAXPGyoTMpjvYnN1eDM5NfG__QohCkGtmOs&dib_tag=se&keywords=CableCreation%2BShort%2BMicro%2BUSB%2Bto%2BUSB%2BC%2BBraided%2BCable%2B0.65%2BFT&qid=1747231446&sprefix=cablecreation%2Bshort%2Bmicro%2Busb%2Bto%2Busb%2Bc%2Bbraided%2Bcable%2B0.65%2Bft%2Caps%2C132&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/CableCreation-Braided-480Mbps-Compatible-MacBook/dp/B0BXX1L8G7/ref=sr_1_1_sspa?crid=W7PGNXI9H2SD&dib=eyJ2IjoiMSJ9.lh1dwUd7rlLayVXK1gCLhwMCiBag1NXZAr4XyrLpJFL2DeYQ5xeoGn0mbkAwD7KgXdOA81MbIwOr5nceQ7zTRKdnGHn0cXIAZzGFzRXgmD0Wlymlo11XSizArPpXMFoLAdzkFMnL0cqwy3YftQj6K_elajcQrnzhnd2pMJgpmzB9mp2rjLG2oH7P6Yqd35TD.q-CE6WAjMAXPGyoTMpjvYnN1eDM5NfG__QohCkGtmOs&dib_tag=se&keywords=CableCreation%2BShort%2BMicro%2BUSB%2Bto%2BUSB%2BC%2BBraided%2BCable%2B0.65%2BFT&qid=1747231446&sprefix=cablecreation%2Bshort%2Bmicro%2Busb%2Bto%2Busb%2Bc%2Bbraided%2Bcable%2B0.65%2Bft%2Caps%2C132&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1

Cord

Compatible
with MacBook
Pro Air
Galaxy S22
Pixel 5 &
More, 0.2M
Black
CanaKit
Raspberry Pi 3
PiSwitch Power
(Micro USB) CanaKi switch for HS3Vv2.5
t Raspberry PLSS and
(Only Raspbe Pi; in-line . HUT -
Button compatible . rry Pi3 $ $ with Plastic, Raspberry
E-9 Switch for ith CanaKit PiSwit Indv. 705 795 icroUSB t PC+ABS/ Pi 38Dl N/A N/A N/A
Raspberry Pi witl _ iSwitc . . micro 0 PVC i 3Bplus
Raspberry Pi h USB-C cable CanaKit
gen 3's; other Micro and Switch
switches uUsB connected to USB-C
available for Rpi
gen 4 and
higher)
DaierTek
Waterproof
Toggle Switch
12V C 0n i
He_avy Duty 2 water pump; HS3V2.5
E-10 Toggle FQSSOTN QE A 3\%;& Pack/ | s | wired in-ine b'vllftlaly F’LHS(,"ST{?lnd 001 | NA | NA
- . wit mazon . akelite, - .
Switch Weatherproof N 2 7.99 7.99 with water brass Toggle
Boot Cap pump and Switch
DC motor
Cover for
Auto Car controller
Marine Boat -
2 Pack
Twidec/3Pcs
Rocker Toggle
Switch 12V
20A Heavy
DutyCF;?cmg (Optional)
Automotive _Toggle HS3V2.5
Auto SPST switch guard PLSS and
E11 gog.’?'ﬁ ON/Off Amazon | BOTVL Pack/ | $ $ flor Lcn? ; Plastic, HUT - va | e A
- G":’J'a‘r’ | Toggle Switch azo 7KSZP 3 | 9.99 999 | @ s‘\’Nci?h es Metal Toggle
Blue LED . Switch
Light switches but Guard
llluminated not used for
3Pin with und.
Blue
Waterproof
Safety Cover
ASW-
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https://www.canakit.com/raspberry-pi-switch.html?srsltid=AfmBOoo8URAiycCvGoVO6Q2okPxD2m-1CVnPcwSon7fxfyHgnCzrfMQm
https://www.canakit.com/raspberry-pi-switch.html?srsltid=AfmBOoo8URAiycCvGoVO6Q2okPxD2m-1CVnPcwSon7fxfyHgnCzrfMQm
https://www.canakit.com/raspberry-pi-switch.html?srsltid=AfmBOoo8URAiycCvGoVO6Q2okPxD2m-1CVnPcwSon7fxfyHgnCzrfMQm
https://www.canakit.com/raspberry-pi-switch.html?srsltid=AfmBOoo8URAiycCvGoVO6Q2okPxD2m-1CVnPcwSon7fxfyHgnCzrfMQm
https://www.canakit.com/raspberry-pi-switch.html?srsltid=AfmBOoo8URAiycCvGoVO6Q2okPxD2m-1CVnPcwSon7fxfyHgnCzrfMQm
https://www.canakit.com/raspberry-pi-switch.html?srsltid=AfmBOoo8URAiycCvGoVO6Q2okPxD2m-1CVnPcwSon7fxfyHgnCzrfMQm
https://www.canakit.com/raspberry-pi-switch.html?srsltid=AfmBOoo8URAiycCvGoVO6Q2okPxD2m-1CVnPcwSon7fxfyHgnCzrfMQm
https://www.canakit.com/raspberry-pi-switch.html?srsltid=AfmBOoo8URAiycCvGoVO6Q2okPxD2m-1CVnPcwSon7fxfyHgnCzrfMQm
https://www.amazon.com/DaierTek-Waterproof-Toggle-Position-Terminal/dp/B07T6XWZKN/ref=sr_1_2_sspa?crid=LRWZLEEJ7IMN&dib=eyJ2IjoiMSJ9.fhKPpNtRAgKJy2lYbvr4SUFeyXRedfLwrydOPcBQb2NdAeHxYpfFRq-D31Ip3QUYGwuiOyE3ygqrf7jc8HrjYRmI8bqxcA_vWkXI7X_4YtoJxCdLwAzQHuWxxIKRC2ROITAj0uPTGjzuLLjSgaQDuE2Cq4_7skkCEBT_iK8Cie8n7pteyk7AD63BO0cHU3eJRRLnsNK_ab7v6tX4uDdFVUlpaCclcHqtn3lHA8pzXCY.Bdrk5LzlhPi25wRAKNELbdVtDBjeGKx1UUEgoL-xHDw&dib_tag=se&keywords=toggle%2Bswitches&qid=1722006919&sprefix=toggle%2Bswitche%2Caps%2C121&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/DaierTek-Waterproof-Toggle-Position-Terminal/dp/B07T6XWZKN/ref=sr_1_2_sspa?crid=LRWZLEEJ7IMN&dib=eyJ2IjoiMSJ9.fhKPpNtRAgKJy2lYbvr4SUFeyXRedfLwrydOPcBQb2NdAeHxYpfFRq-D31Ip3QUYGwuiOyE3ygqrf7jc8HrjYRmI8bqxcA_vWkXI7X_4YtoJxCdLwAzQHuWxxIKRC2ROITAj0uPTGjzuLLjSgaQDuE2Cq4_7skkCEBT_iK8Cie8n7pteyk7AD63BO0cHU3eJRRLnsNK_ab7v6tX4uDdFVUlpaCclcHqtn3lHA8pzXCY.Bdrk5LzlhPi25wRAKNELbdVtDBjeGKx1UUEgoL-xHDw&dib_tag=se&keywords=toggle%2Bswitches&qid=1722006919&sprefix=toggle%2Bswitche%2Caps%2C121&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/DaierTek-Waterproof-Toggle-Position-Terminal/dp/B07T6XWZKN/ref=sr_1_2_sspa?crid=LRWZLEEJ7IMN&dib=eyJ2IjoiMSJ9.fhKPpNtRAgKJy2lYbvr4SUFeyXRedfLwrydOPcBQb2NdAeHxYpfFRq-D31Ip3QUYGwuiOyE3ygqrf7jc8HrjYRmI8bqxcA_vWkXI7X_4YtoJxCdLwAzQHuWxxIKRC2ROITAj0uPTGjzuLLjSgaQDuE2Cq4_7skkCEBT_iK8Cie8n7pteyk7AD63BO0cHU3eJRRLnsNK_ab7v6tX4uDdFVUlpaCclcHqtn3lHA8pzXCY.Bdrk5LzlhPi25wRAKNELbdVtDBjeGKx1UUEgoL-xHDw&dib_tag=se&keywords=toggle%2Bswitches&qid=1722006919&sprefix=toggle%2Bswitche%2Caps%2C121&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Twidec-Automative-Illuminated-Waterproof-ASW-07DYYMZ/dp/B07VL7KSZP/ref=sr_1_17?crid=1VAIDFS5CCQ3E&dib=eyJ2IjoiMSJ9.tsWaoRrblUiAlVLK7VUX9DuxvZE6atGU49jRfZHcPydbKGDkrrqXymuCa_YD_qmA052__5auyM8Y37bC4BjpYu3m0eDgTy7PwVRmY6hyhLiXt4BsLfgyQf5sSBOyx_5tkJA-3T6fSWQqyeYyW8gcfzVx6i4lAX8OZ4s2k46or6XWt_2vDKbm18JyoE_-ePrUXXpRf7RNdXKTbGrPpWlp7qMlGiRO_NB59NV-A3-uuJE.DLITycUU_YLw8jHa5gtf81X1Ia77QGqVtq7sO5dwthU&dib_tag=se&keywords=toggle%2Bswitch%2Bguard%2Borange&qid=1756087280&sprefix=toggle%2Bswitch%2Bguard%2Boran%2Caps%2C234&sr=8-17&th=1
https://www.amazon.com/Twidec-Automative-Illuminated-Waterproof-ASW-07DYYMZ/dp/B07VL7KSZP/ref=sr_1_17?crid=1VAIDFS5CCQ3E&dib=eyJ2IjoiMSJ9.tsWaoRrblUiAlVLK7VUX9DuxvZE6atGU49jRfZHcPydbKGDkrrqXymuCa_YD_qmA052__5auyM8Y37bC4BjpYu3m0eDgTy7PwVRmY6hyhLiXt4BsLfgyQf5sSBOyx_5tkJA-3T6fSWQqyeYyW8gcfzVx6i4lAX8OZ4s2k46or6XWt_2vDKbm18JyoE_-ePrUXXpRf7RNdXKTbGrPpWlp7qMlGiRO_NB59NV-A3-uuJE.DLITycUU_YLw8jHa5gtf81X1Ia77QGqVtq7sO5dwthU&dib_tag=se&keywords=toggle%2Bswitch%2Bguard%2Borange&qid=1756087280&sprefix=toggle%2Bswitch%2Bguard%2Boran%2Caps%2C234&sr=8-17&th=1

07DBUBUM
Y4
Used for
encasing the
wiring of the
toggle
switch; a_llso HS3V25
used with PLSS and
) Toggle Switch Dual Lock to IC3D HUT -
E-12 3D Print - N/A N/A Indv. N/A N/A | attach box to ABS - 0.06 0.08 A
Box Lid P ] LCG
ront side of Black .
Switch Box
HUT for (Housing)
easy
mounting of
LCG switch
for subject
access
Used for
encasing the
wiring of the
toggle
switch; also
used with gfgg/ e%n?i
) Toggle Switch Dual Lock to IC3D HUT -
E-13 3D Print Box N/A N/A Indv. N/A N/A | attach box to ABS - LCG 0.02 0.03 A
front side of Black .
Switch Box
HUT for .
(Lid)
easy
mounting of
LCG switch
for subject
access
TICONN 100
Pcs Nylon
Spade Quick
Disconnect
Connectors Used for
Kit, Electrical joining wired
Insulated ends together
Terminals, instead of
. Male and soldering;
E-14 Efgt(ggsl Female Spade Amazon % Plaggl 9.35 935 allows for b’r\la)élsc,)rt]i,n N/A N/A N/A N/A
Wire Crimp — easy swap
Terminal out of
Assortment electrical
Kit hardware if
damaged
(Blue
connectors for
16 AWG
wire)
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https://www.amazon.com/TICONN-Disconnect-Connectors-Electrical-Assortment/dp/B08BZ972B5/ref=sr_1_22_sspa?crid=2O6WCZL674SBN&dib=eyJ2IjoiMSJ9.XhXdt9L-E-1sIDV1q9eit_ZH24BHV0yQf2zsrtJA_03k5TyUbEgAaEklVLypKIYlXtaRN43vMSEtU_Mdna3AnFq1zF19GQC7ftWQPjGY3_D_64NiPFrsWK7YL5ztRjB0ox53YiJaVTaP4EuGjJFkcnXwDm4M1ZZz20oDk69CCKyTYi5t-M-RtPTTcjSQypfaDEsyAF2aY1ANRKuO-_zf-DcNDcCphL4cJ579lBUVXQc.qbO4Sl5WWFUmSfY-2NKtSG7acWlfQbSEWEovxbYHJu4&dib_tag=se&keywords=electrical%2Blugs&qid=1756095317&sprefix=electrical%2Blug%2Caps%2C174&sr=8-22-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9idGY&th=1
https://www.amazon.com/TICONN-Disconnect-Connectors-Electrical-Assortment/dp/B08BZ972B5/ref=sr_1_22_sspa?crid=2O6WCZL674SBN&dib=eyJ2IjoiMSJ9.XhXdt9L-E-1sIDV1q9eit_ZH24BHV0yQf2zsrtJA_03k5TyUbEgAaEklVLypKIYlXtaRN43vMSEtU_Mdna3AnFq1zF19GQC7ftWQPjGY3_D_64NiPFrsWK7YL5ztRjB0ox53YiJaVTaP4EuGjJFkcnXwDm4M1ZZz20oDk69CCKyTYi5t-M-RtPTTcjSQypfaDEsyAF2aY1ANRKuO-_zf-DcNDcCphL4cJ579lBUVXQc.qbO4Sl5WWFUmSfY-2NKtSG7acWlfQbSEWEovxbYHJu4&dib_tag=se&keywords=electrical%2Blugs&qid=1756095317&sprefix=electrical%2Blug%2Caps%2C174&sr=8-22-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9idGY&th=1

Mars Wellness

Universal
CPAP Hose -
6 Foot -
Universal
Tube Used as a
Compatible shielding for
with Most the 16 gauge
Machines - 1 $ wire
E-15 o Pack Amazon | BUBOS Indv. | 11.9 $ | connectedto | RubDEr, N/A 008 | NA | NA
ubing PD7YL 9 11.99 the toaal plastic
ggle
(Other switch for
expandable the water
shielding for pump
electrical
wires can be
used in place
(i.e., ePTFE
teflon))
Amazon
Basics Vinyl
Electrical
Adhesive Used to
Tape, High cover
Temp Flame electrical
Retardant, 3/4 BOSBA4 $ QDs as well
Electrical in x 60 ft x oA Pack/ $ as hold the Vinyl,
E-16 Tape 0.007in (19 Amazon GVJV 6 1%'3 10.36 end of the adhesive N/A N/A N/A NIA
mm x 18.3 m = CPAP tubing
x 0.18mm), to the
Black, 6-Pack electrical
(Previously box
Amazon
Commercial
Brand)
Raspberry Pi 3 Microcontrol HS3Vv2.5
- Model B+ -
Raspberry Pi 1.4GHz ) $ $ ler for LCG _ PLSS and
E-17 Adafruit 3775 Indv. 35.0 sensor code Various HUT - N/A N/A N/A
3B+ Cortex-A53 35.00
. 0 and data Raspberry
with 1GB offloading Pi 3Bplus
RAM
Fasteners for
uerest | TS | o | s o | moming e s
asteners cMaster . pi board to an
E-18 Screws MSZtasncicc))fr:;m Carr 096 Indv. 8 6.72 the Rpi 18-8 SS HUT - N/A N/A N/A
' I(;ng housing 93655A096
(bottom).
et | T | e | s | || e | ss0 | e
asteners I cMaster ac . mounting the an
E-19 Screws S;%TILZ?HSGESI Carr A009 100 0 6.00 Proto HAT 18835 HUT - N/A N/A N/A
Screw to the Rpi 91292A009
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https://www.amazon.com/Mars-Wellness-Universal-CPAP-Hose/dp/B0BQSPD7YL/ref=sr_1_1_sspa?crid=14DPVC0VHGNB7&dib=eyJ2IjoiMSJ9.uVH347nQUkIvXGMZPN311xkvPxmfY95B2MdVXzGo5y9Jc682Qj84wwjDohtpAZnYb3liLW7jvEUiXuUbDNVtbWE1WHHA2Aorui8e5azN7VbcSaHsbgfX7_bn3URs_FAm3c9ilq1fCkz-ffSvTrtrK3q0Fus1LLvlX8SaVfrInohFm0HDpW2qdF-FWu8ijNpG1YaY9Se6O9ZaZa_YYaoHcuR5wGAhed8ivS0QbTKx9sXg39HpsJuhKivEgqPRbncWXaf6KaNWI5P8LZJR6S-FVHYl3sWC61b4rpCY0G0s7Yc.02wknoCMmMB425EeQj0164jzerNOyZY5P8BBvXzuLVc&dib_tag=se&keywords=cpap%2Btubing&qid=1756087454&sprefix=cpap%2Btubing%2Caps%2C150&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&smid=A1T6JNFRXASP3G&th=1
https://www.amazon.com/Mars-Wellness-Universal-CPAP-Hose/dp/B0BQSPD7YL/ref=sr_1_1_sspa?crid=14DPVC0VHGNB7&dib=eyJ2IjoiMSJ9.uVH347nQUkIvXGMZPN311xkvPxmfY95B2MdVXzGo5y9Jc682Qj84wwjDohtpAZnYb3liLW7jvEUiXuUbDNVtbWE1WHHA2Aorui8e5azN7VbcSaHsbgfX7_bn3URs_FAm3c9ilq1fCkz-ffSvTrtrK3q0Fus1LLvlX8SaVfrInohFm0HDpW2qdF-FWu8ijNpG1YaY9Se6O9ZaZa_YYaoHcuR5wGAhed8ivS0QbTKx9sXg39HpsJuhKivEgqPRbncWXaf6KaNWI5P8LZJR6S-FVHYl3sWC61b4rpCY0G0s7Yc.02wknoCMmMB425EeQj0164jzerNOyZY5P8BBvXzuLVc&dib_tag=se&keywords=cpap%2Btubing&qid=1756087454&sprefix=cpap%2Btubing%2Caps%2C150&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&smid=A1T6JNFRXASP3G&th=1
https://www.amazon.com/Amazon-Basics-Electrical-Previously-Commercial/dp/B08B4GVVQJ/ref=sr_1_7_ffob_sspa?crid=3TRKJ95W469U&dib=eyJ2IjoiMSJ9.hA-uN3m0RRSlcVZaRBQGr-WwCYhmWcztnaXv5QFeIoJ3_LbhLJq5bCXgUJDcCywwCqfVgcQu3UwIpWzl6fjw2OzYYSF_AcB2j2v2YDe57jVHOyyrVmbxH0cQ0y00U0GNj5auGI5pn5eI6DcdsPdHKAp9Q3o7O76UzFBaVSuTJpTWgmDFQ7LfvuGvz6xdwZv8eqp6WHhz98L--gKaDp-VCIOceeUHleQRVnHIBIolLzA.5HOx-t_EqY486HkX24EnRs9N3v-vvjZU60uHYc9yS1Q&dib_tag=se&keywords=electrical+tape&qid=1756087493&sprefix=electrical+tap%2Caps%2C197&sr=8-7-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&psc=1
https://www.amazon.com/Amazon-Basics-Electrical-Previously-Commercial/dp/B08B4GVVQJ/ref=sr_1_7_ffob_sspa?crid=3TRKJ95W469U&dib=eyJ2IjoiMSJ9.hA-uN3m0RRSlcVZaRBQGr-WwCYhmWcztnaXv5QFeIoJ3_LbhLJq5bCXgUJDcCywwCqfVgcQu3UwIpWzl6fjw2OzYYSF_AcB2j2v2YDe57jVHOyyrVmbxH0cQ0y00U0GNj5auGI5pn5eI6DcdsPdHKAp9Q3o7O76UzFBaVSuTJpTWgmDFQ7LfvuGvz6xdwZv8eqp6WHhz98L--gKaDp-VCIOceeUHleQRVnHIBIolLzA.5HOx-t_EqY486HkX24EnRs9N3v-vvjZU60uHYc9yS1Q&dib_tag=se&keywords=electrical+tape&qid=1756087493&sprefix=electrical+tap%2Caps%2C197&sr=8-7-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&psc=1
https://www.amazon.com/Amazon-Basics-Electrical-Previously-Commercial/dp/B08B4GVVQJ/ref=sr_1_7_ffob_sspa?crid=3TRKJ95W469U&dib=eyJ2IjoiMSJ9.hA-uN3m0RRSlcVZaRBQGr-WwCYhmWcztnaXv5QFeIoJ3_LbhLJq5bCXgUJDcCywwCqfVgcQu3UwIpWzl6fjw2OzYYSF_AcB2j2v2YDe57jVHOyyrVmbxH0cQ0y00U0GNj5auGI5pn5eI6DcdsPdHKAp9Q3o7O76UzFBaVSuTJpTWgmDFQ7LfvuGvz6xdwZv8eqp6WHhz98L--gKaDp-VCIOceeUHleQRVnHIBIolLzA.5HOx-t_EqY486HkX24EnRs9N3v-vvjZU60uHYc9yS1Q&dib_tag=se&keywords=electrical+tape&qid=1756087493&sprefix=electrical+tap%2Caps%2C197&sr=8-7-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&psc=1
https://www.adafruit.com/product/3775?srsltid=AfmBOooDoI_VPRPNQsROkjV5_RM9Pn8HzrlDW3rweJWiQDM4_6fQ5VzP
https://www.mcmaster.com/93655A096/
https://www.mcmaster.com/93655A096/
https://www.mcmaster.com/91292A009/
https://www.mcmaster.com/91292A009/

HS3Vv2.5

BOJACK PLSS and
DS18B20 HUT -
Temperature LCG DS18B20
Sensor BOINV temperature sensor
DS18B20 Module Kit $ $ probe for .
E-20 ‘ " Sensors with Amazon % nav- | g 99 17.98 | inletoutlet | VAU | psgvps | NA L NA L NIA
/ 4 Waterproof temperature PLSS and
Stainless Steel sensing HUT -
Probe for DS18B20
Raspberry Pi sensor
module
Used for
wiring/solder HS3Vv2.5
1528- ing the PLSS and
Perma-Proto Perma-Proto . e $ $ DS18B20 . HUT -
E-21 HAT HAT Digikey % Indv 4.95 4.95 sensors and Various adafruit_pe NIA NIA NIA
- their module rma_proto_
kits to the hat
Rpi board.
Used as
mountable
electrical Metal,
CONN RCPT connection copper gfgglznfj
LEMO MALE 3P . NOR14 $ $ between alloy, _
E-22 Connectors GOLD SLDR DigiKey 16-ND Indv. 9.80 19.60 | inside of Rpi nickel, | HUT N/A N/A NIA
: emoconnec
CUP housing and gold, tor
outside for silver
DS18B20
sensors
HS3V2.5
Raspberry Pi Housing for IC3D PLHSL;STa?d
E-23 3D Print poerry N/A N/A Indv. N/A N/A Rpi and ABS - 0.028 0.05 A
Housing (Top) . Raspberry
electronics Black Pi Housing
(Bottom)
HS3V2.5
Raspberry Pi Housing for IC3D PLHSL;STa?d
E-24 3D Print Housing N/A N/A Indv. N/A N/A Rpi and ABS - 0.028 0.05 A
. Raspberry
(Bottom) electronics Black - -
Pi Housing
(Top)
Square 3M .
Double Sided Stick to the
Adhesive Pt housing
Pads,100Pack (bﬁttom) z:]nd
1 Qi then to the
ABP Double Sided I
E05 ng : Adhesive Sticky Pads Amazon NIA Pack/ $ $ lrllasll_dseso;tze Adhesive, NIA NIA NIA NIA
Pad Super-Sticky 100 7.99 7.99 means of foam
Adhesive eans o
Foam Pads, mounting the
1.06 x 1.06 Roy Uit and
Inch Strong -nO-LéS":ﬁ
Pad Heavy inside the
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https://www.amazon.com/BOJACK-Temperature-Waterproof-Stainless-Raspberry/dp/B09NVWNGLQ/ref=sr_1_1?crid=QUXUKIARI19I&dib=eyJ2IjoiMSJ9.jZ0kmx06aeaYLrEGw4U1Uot-U0vjkEqb_5la90UpOOQ_cPysVIi9PHF2kEWP_TPstFpK5T51Rnwo1EHbkXmzXyPt0ZtsOJm7BhhNPzqn7wQ_gVMsuposC7zwEJdwvGS30iQx9mdLU_cw7D6v_JhYxSMiGjmcOzAIACGZKWeLgtcfdtb0to70yR1IAvXdkfbNviFfvu6F3a8xfIhT5CB5bwjf8dekCPK95Et7Yi0yTmY.sLD5m9UIsfy7KlZYl5qNWHCxQxGe3ukqB8EwOA6E1L4&dib_tag=se&keywords=BOJACK+DS18B20+Temperature+Sensor+Module+Kit+with+Waterproof+Stainless+Steel+Probe+for+Raspberry+Pi&qid=1756087609&sprefix=bojack+ds18b20+temperature+sensor+module+kit+with+waterproof+stainless+steel+probe+for+raspberry+pi%2Caps%2C231&sr=8-1
https://www.amazon.com/BOJACK-Temperature-Waterproof-Stainless-Raspberry/dp/B09NVWNGLQ/ref=sr_1_1?crid=QUXUKIARI19I&dib=eyJ2IjoiMSJ9.jZ0kmx06aeaYLrEGw4U1Uot-U0vjkEqb_5la90UpOOQ_cPysVIi9PHF2kEWP_TPstFpK5T51Rnwo1EHbkXmzXyPt0ZtsOJm7BhhNPzqn7wQ_gVMsuposC7zwEJdwvGS30iQx9mdLU_cw7D6v_JhYxSMiGjmcOzAIACGZKWeLgtcfdtb0to70yR1IAvXdkfbNviFfvu6F3a8xfIhT5CB5bwjf8dekCPK95Et7Yi0yTmY.sLD5m9UIsfy7KlZYl5qNWHCxQxGe3ukqB8EwOA6E1L4&dib_tag=se&keywords=BOJACK+DS18B20+Temperature+Sensor+Module+Kit+with+Waterproof+Stainless+Steel+Probe+for+Raspberry+Pi&qid=1756087609&sprefix=bojack+ds18b20+temperature+sensor+module+kit+with+waterproof+stainless+steel+probe+for+raspberry+pi%2Caps%2C231&sr=8-1
https://www.amazon.com/BOJACK-Temperature-Waterproof-Stainless-Raspberry/dp/B09NVWNGLQ/ref=sr_1_1?crid=QUXUKIARI19I&dib=eyJ2IjoiMSJ9.jZ0kmx06aeaYLrEGw4U1Uot-U0vjkEqb_5la90UpOOQ_cPysVIi9PHF2kEWP_TPstFpK5T51Rnwo1EHbkXmzXyPt0ZtsOJm7BhhNPzqn7wQ_gVMsuposC7zwEJdwvGS30iQx9mdLU_cw7D6v_JhYxSMiGjmcOzAIACGZKWeLgtcfdtb0to70yR1IAvXdkfbNviFfvu6F3a8xfIhT5CB5bwjf8dekCPK95Et7Yi0yTmY.sLD5m9UIsfy7KlZYl5qNWHCxQxGe3ukqB8EwOA6E1L4&dib_tag=se&keywords=BOJACK+DS18B20+Temperature+Sensor+Module+Kit+with+Waterproof+Stainless+Steel+Probe+for+Raspberry+Pi&qid=1756087609&sprefix=bojack+ds18b20+temperature+sensor+module+kit+with+waterproof+stainless+steel+probe+for+raspberry+pi%2Caps%2C231&sr=8-1
https://www.digikey.com/en/products/detail/adafruit-industries-llc/2310/5629417?gclsrc=aw.ds&gad_source=1&gad_campaignid=20243136172&gbraid=0AAAAADrbLlhGFWjR6AKF7b61EjXlxSesM&gclid=EAIaIQobChMI466nldWLjwMVFQetBh2VtCLTEAQYASABEgK7VvD_BwE
https://www.digikey.com/en/products/detail/adafruit-industries-llc/2310/5629417?gclsrc=aw.ds&gad_source=1&gad_campaignid=20243136172&gbraid=0AAAAADrbLlhGFWjR6AKF7b61EjXlxSesM&gclid=EAIaIQobChMI466nldWLjwMVFQetBh2VtCLTEAQYASABEgK7VvD_BwE
https://www.digikey.com/en/products/detail/adafruit-industries-llc/2310/5629417?gclsrc=aw.ds&gad_source=1&gad_campaignid=20243136172&gbraid=0AAAAADrbLlhGFWjR6AKF7b61EjXlxSesM&gclid=EAIaIQobChMI466nldWLjwMVFQetBh2VtCLTEAQYASABEgK7VvD_BwE
https://www.digikey.com/en/products/detail/norcomp-inc/859-003-103R004/5278856?gclsrc=aw.ds&gad_source=1&gad_campaignid=17336967819&gbraid=0AAAAADrbLlgAA4XA38Ae-r-S65jH53OTN&gclid=EAIaIQobChMI74nBoPGkjwMVLyXUAR3ieRuEEAQYBCABEgI22PD_BwE
https://www.digikey.com/en/products/detail/norcomp-inc/859-003-103R004/5278856?gclsrc=aw.ds&gad_source=1&gad_campaignid=17336967819&gbraid=0AAAAADrbLlgAA4XA38Ae-r-S65jH53OTN&gclid=EAIaIQobChMI74nBoPGkjwMVLyXUAR3ieRuEEAQYBCABEgI22PD_BwE

Duty PLSS above
Mounting the battery
Adhesive
ANEXT, USB HS3V2.5
Fan. USB PLSS and
’ HUT - USB
Computer Coolin
Fan, Silent 9
Fan -
Fans for Blades
Product Size Receiver DVR
- M PlayStation Ventllat'lon. HS3V2 5
Xbox fan for visor;
Computer to provide air PLSS and
(80mm,White) BOBZ $ $ flow or F;\I/Iftgf’ Hg-(l)-o-l it]JSB
E-26 USB Fan Amazon VDP3P 1 Indv. 11.9 1 cooling and ' Y 0.2 N/A N/A
. ° . 11.99 Rubber Fan -
(During Y 9 dust/sand .
! o feet Housing
operation, mitigation
\ ‘ OQ:-)I/)UsseettiTgh for I;ee;ds and HS3V2.5
Remove mgfal Y PLSS and
HUT - USB
grates and I
rubber feet Cooling
Fan - FAN
before S
mounting to AC Infinity
visorg)J Multifan
' 80mm
4.6.1.1.4 Soft Goods System BOM
Table 4-35. Soft Goods System BOM. Total Price per unit HS3 is estimated to be $4180.61.
Line Total .
ol Image e Descri;)tt?g:VSpeci Mti?’tlej:? : P/IN E UoM Ui CIZ?ST/ IS?; Usage Material/ Alloy (I::ﬁg ;)Aéslﬁzz Print Settings
1D Category flcatlonosélglmenm Vendor Qty. Cost Sub Rard. Name z:gr;r;
Total Per Suit
. Construct
Custom Softsuits -
Custom (Recommend to lf/?age?:glgs Softsuit Ugggs&ggfgls
S-1 - construct one ; N/A 1 Indv. | $3,700. | $3,700. 1 for - N/A N/A N/A
Softsuits . listed listed below for
large size, and one 00 00 HS3 -
- below for one suit
small size) .
one suit
. (1) Content:
Pr|)r/nar 100% Polyester,
. 100% Polyvinyl
Custom . materia | pjoride (PVC) See
Softsuits Ottertex® Fabric | for -
S-2 Constructi Waterproof WholeSa % 4 Yard $9.99 $39.96 Ze?/zz?t custom |(32&)1C\|7\;?dgth' 60/61 2("5; %Or?g N/A N/A
on Canvas (White) le = ' P softsuit | '
A Materials see inches Key <1>
' (3) Weight: 390
softgoo GSM
ds .
(4) Thickness:
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https://www.amazon.com/ANEXT-Computer-80mmUSB-Receiver-Playstation/dp/B0BZVDP3PY/ref=sxin_16_pa_sp_search_thematic-asin_sspa?content-id=amzn1.sym.28ebef30-5c08-47b8-ab3b-cb02618e9d16%3Aamzn1.sym.28ebef30-5c08-47b8-ab3b-cb02618e9d16&crid=151RVH3B2ADO4&cv_ct_cx=usb%2Bfan%2B80mm&keywords=usb%2Bfan%2B80mm&pd_rd_i=B095VMQ5LR&pd_rd_r=8cbaced7-7654-429a-8404-22517c30b944&pd_rd_w=1Bh7c&pd_rd_wg=jrdEF&pf_rd_p=28ebef30-5c08-47b8-ab3b-cb02618e9d16&pf_rd_r=6N1N394Z6EHD0A5GD8PW&qid=1748951350&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=usb%2Bfan%2B80mm%2Caps%2C174&sr=1-3-baa1f287-65d3-41a3-a655-8bbba0531537-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM&th=1
https://www.amazon.com/ANEXT-Computer-80mmUSB-Receiver-Playstation/dp/B0BZVDP3PY/ref=sxin_16_pa_sp_search_thematic-asin_sspa?content-id=amzn1.sym.28ebef30-5c08-47b8-ab3b-cb02618e9d16%3Aamzn1.sym.28ebef30-5c08-47b8-ab3b-cb02618e9d16&crid=151RVH3B2ADO4&cv_ct_cx=usb%2Bfan%2B80mm&keywords=usb%2Bfan%2B80mm&pd_rd_i=B095VMQ5LR&pd_rd_r=8cbaced7-7654-429a-8404-22517c30b944&pd_rd_w=1Bh7c&pd_rd_wg=jrdEF&pf_rd_p=28ebef30-5c08-47b8-ab3b-cb02618e9d16&pf_rd_r=6N1N394Z6EHD0A5GD8PW&qid=1748951350&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=usb%2Bfan%2B80mm%2Caps%2C174&sr=1-3-baa1f287-65d3-41a3-a655-8bbba0531537-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM&th=1
https://www.amazon.com/ANEXT-Computer-80mmUSB-Receiver-Playstation/dp/B0BZVDP3PY/ref=sxin_16_pa_sp_search_thematic-asin_sspa?content-id=amzn1.sym.28ebef30-5c08-47b8-ab3b-cb02618e9d16%3Aamzn1.sym.28ebef30-5c08-47b8-ab3b-cb02618e9d16&crid=151RVH3B2ADO4&cv_ct_cx=usb%2Bfan%2B80mm&keywords=usb%2Bfan%2B80mm&pd_rd_i=B095VMQ5LR&pd_rd_r=8cbaced7-7654-429a-8404-22517c30b944&pd_rd_w=1Bh7c&pd_rd_wg=jrdEF&pf_rd_p=28ebef30-5c08-47b8-ab3b-cb02618e9d16&pf_rd_r=6N1N394Z6EHD0A5GD8PW&qid=1748951350&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=usb%2Bfan%2B80mm%2Caps%2C174&sr=1-3-baa1f287-65d3-41a3-a655-8bbba0531537-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM&th=1
https://www.amazon.com/Waterproof-Repellent-Dustproof-Inflatable-Excellent/dp/B082FPWL43/ref=sr_1_7?dib=eyJ2IjoiMSJ9.OgpksKtEa_e18HOM8CyCpZlIX5w1HDBvPgg_-FLlCCIAmY8JCrXmzqa2TomueNPtydCV1zSD102wZRBcyIJfCpBba86xT3rLWb4wzdttcfA9y6LbWBwCiJaLlxmh0iS30AZ6D6DkDmmO2cXrUPN1HAPb-E1XonolBOqUV45KmtL61pvVVLGH1MoLW12m0dL0Xu9_msxPJg-6fMaz5_DHg0umzZ_Cq5_uzGz_3EIiym8MyGOnHKII4qJBvCG814_kLckJmgibR0sNWe9l5w62O1lG_aiIcUsRc7UxmYBPDaE.yjx4sHbcDM3k7CWwbnajDfTQKKfRHGwgVwAiUW6n8nc&dib_tag=se&keywords=i.%2BOttertex%2BNylon%2BRipstop%2BFabric%2BPU%2BCoated%2B70%2BDenier%2B1.9oz%2B62%2F63%22%2BWide%2BWaterproof%2BTent%2BWater%2BRepellent%2BDustproof%2BAirtight%2BInflatable%2BFlag%2BTarp%2BCover%2BExcellent%2BFabric%2Bfor%2BKites%2B(1%2BYard%2C%2BWhite)&nsdOptOutParam=true&qid=1765217179&sr=8-7&th=1
https://www.amazon.com/Waterproof-Repellent-Dustproof-Inflatable-Excellent/dp/B082FPWL43/ref=sr_1_7?dib=eyJ2IjoiMSJ9.OgpksKtEa_e18HOM8CyCpZlIX5w1HDBvPgg_-FLlCCIAmY8JCrXmzqa2TomueNPtydCV1zSD102wZRBcyIJfCpBba86xT3rLWb4wzdttcfA9y6LbWBwCiJaLlxmh0iS30AZ6D6DkDmmO2cXrUPN1HAPb-E1XonolBOqUV45KmtL61pvVVLGH1MoLW12m0dL0Xu9_msxPJg-6fMaz5_DHg0umzZ_Cq5_uzGz_3EIiym8MyGOnHKII4qJBvCG814_kLckJmgibR0sNWe9l5w62O1lG_aiIcUsRc7UxmYBPDaE.yjx4sHbcDM3k7CWwbnajDfTQKKfRHGwgVwAiUW6n8nc&dib_tag=se&keywords=i.%2BOttertex%2BNylon%2BRipstop%2BFabric%2BPU%2BCoated%2B70%2BDenier%2B1.9oz%2B62%2F63%22%2BWide%2BWaterproof%2BTent%2BWater%2BRepellent%2BDustproof%2BAirtight%2BInflatable%2BFlag%2BTarp%2BCover%2BExcellent%2BFabric%2Bfor%2BKites%2B(1%2BYard%2C%2BWhite)&nsdOptOutParam=true&qid=1765217179&sr=8-7&th=1

fabric | 0.55mm
key (5) Density: 600
X 600
Ultrex (2-Ply)
Primar | Two-part system
Fabric (Mid- !
C”S‘OT“ Weight Nylon - 4 | for porous See
Softsuits oz/yr~2 with Seattle FU2: $139.5 8 yard custom | polyurethane Softgood
S-3 Constructi 0zIyre With - WHITE 10 yard | $13.95 ’ yard softsuit | coating and a 9o N/A N/A
micro porous Fabrics 0 per suit s Fabric
on coatin , see DWR (durable Key <2>
Materials WAater r00f softgoo | water repellent)
Walerproot ds finish.
breathable) fabric | Waterproof,
key windproof, and
breathable.
(ASIN,
P/N)
1
(BO7PX
JT25K,
YR-
Sew on Hook and SHK-
Loop Style 1 Inch 12M-
Non-Adhesive WH1) 1" Need per
s - Custom Back Nylon Strips 2" (x1) suit: P see See
& Softsuits Fabric Fastener (BO7PV on 1 ('3 softgoo | Nylon, Polyester: Softgood
S-4 Constructi Non-Adhesive Amazon | GJCLX, roll $13.95 » ds Velcro (soft, - N/A N/A
on Interlocking Tape CA- (x1) $4185 | yd),2 fabric | white) s Fabric
Materials White,12.6 Yard SHK- 41 23 yg)’ d key Key <3>
(Select different 5Y- (x1) (2 yd)
options for WH2)
different width) 4"
(BO7Q1
W2DTK
, CA-
SHK-
3Y-
WH4)
H = Custom cove | cover SNue;f_d per see See
Softsuits red ed by o softgoo | Nylon, Polyester:
S-5 . Constructi Sew on velcr_o Amazon ! ncluded by above - RS » ds Velcro (hook, SOﬁQOPd N/A N/A
(hook side, white) in S-4 yd), 2 . - s Fabric
on abov 3yd) fabric | white) Key <d>
Materials e 20 y d) key
Elastic Band for
/ Sewing 1/2 Inch
e Custom Wide 12 Yards . see
j;:a Softsuits Durable & Soft BOBYS 1/2" [Nﬁ;f'x softgoo So?tgi)o d
S-6 & Constructi High Elasticity Amazon x 12 roll $6.99 w ds Elastic (white) - N/A N/A
kk on Stretch Elastic 79NDM yard $6.99 147] ).(2 fabric s Fabric
Materials Bands Cord for per suit key Key <5>
Sewing
Waistbands,
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https://www.seattlefabrics.com/56-2-Ply-Ultrex-1395-linear-yard_p_105.html
https://www.seattlefabrics.com/56-2-Ply-Ultrex-1395-linear-yard_p_105.html
https://www.seattlefabrics.com/56-2-Ply-Ultrex-1395-linear-yard_p_105.html
https://www.seattlefabrics.com/56-2-Ply-Ultrex-1395-linear-yard_p_105.html
https://www.seattlefabrics.com/56-2-Ply-Ultrex-1395-linear-yard_p_105.html
https://www.seattlefabrics.com/56-2-Ply-Ultrex-1395-linear-yard_p_105.html
https://www.seattlefabrics.com/56-2-Ply-Ultrex-1395-linear-yard_p_105.html
https://www.seattlefabrics.com/56-2-Ply-Ultrex-1395-linear-yard_p_105.html
https://www.amazon.com/dp/B07PXJT25K/ref=twister_B07PWB625L?_encoding=UTF8&th=1
https://www.amazon.com/dp/B07PXJT25K/ref=twister_B07PWB625L?_encoding=UTF8&th=1
https://www.amazon.com/dp/B07PXJT25K/ref=twister_B07PWB625L?_encoding=UTF8&th=1
https://www.amazon.com/dp/B07PXJT25K/ref=twister_B07PWB625L?_encoding=UTF8&th=1
https://www.amazon.com/dp/B07PXJT25K/ref=twister_B07PWB625L?_encoding=UTF8&th=1
https://www.amazon.com/dp/B07PXJT25K/ref=twister_B07PWB625L?_encoding=UTF8&th=1
https://www.amazon.com/dp/B07PXJT25K/ref=twister_B07PWB625L?_encoding=UTF8&th=1
https://www.amazon.com/dp/B07PXJT25K/ref=twister_B07PWB625L?_encoding=UTF8&th=1
https://www.amazon.com/dp/B07PXJT25K/ref=twister_B07PWB625L?_encoding=UTF8&th=1
https://www.amazon.com/dp/B07PXJT25K/ref=twister_B07PWB625L?_encoding=UTF8&th=1
https://www.amazon.com/dp/B07PXJT25K/ref=twister_B07PWB625L?_encoding=UTF8&th=1
https://www.amazon.com/Elastic-Sewing-Stretch-Crafting-DIY-White/dp/B0BYS79NDM/ref=sr_1_4?crid=1CXWDXUTMQ32P&dib=eyJ2IjoiMSJ9.MtLmlBhj546XAI9G-oMpZSPFg7mMj54EjQQ0OeiiqZRicMmpyEGaDjM3J_Y0TDKsNknxP6aLpqRZF2Daj8ErhgWRR8Ofy5MjOnsr-p85zFxHiBWknpLrMc_CEOcauASMAnLL_eXy11Jzz7MaEqf6FQrEsuBkwjMEUMZLnzYW3ZHQBdnu43WjV7oQyZaMvM3gh_UTeJCDpdJAuo9i2e9NlInI2edEllYjtW7AYtvha9wuUah3OvKqNTx9pN8QeijTjg_Ooxz-iq4dUKnEqCT-UViQqtPKNcVYY3Bg2yaoyDM.ktbssy7HfgwS9fsLA6UFy9-4Vtlf1VpuJO7T1ZZvI-c&dib_tag=se&keywords=1%2F2+inch+elastic&qid=1755143116&s=arts-crafts&sprefix=1%2F2+inch+elastic%2Carts-crafts%2C130&sr=1-4
https://www.amazon.com/Elastic-Sewing-Stretch-Crafting-DIY-White/dp/B0BYS79NDM/ref=sr_1_4?crid=1CXWDXUTMQ32P&dib=eyJ2IjoiMSJ9.MtLmlBhj546XAI9G-oMpZSPFg7mMj54EjQQ0OeiiqZRicMmpyEGaDjM3J_Y0TDKsNknxP6aLpqRZF2Daj8ErhgWRR8Ofy5MjOnsr-p85zFxHiBWknpLrMc_CEOcauASMAnLL_eXy11Jzz7MaEqf6FQrEsuBkwjMEUMZLnzYW3ZHQBdnu43WjV7oQyZaMvM3gh_UTeJCDpdJAuo9i2e9NlInI2edEllYjtW7AYtvha9wuUah3OvKqNTx9pN8QeijTjg_Ooxz-iq4dUKnEqCT-UViQqtPKNcVYY3Bg2yaoyDM.ktbssy7HfgwS9fsLA6UFy9-4Vtlf1VpuJO7T1ZZvI-c&dib_tag=se&keywords=1%2F2+inch+elastic&qid=1755143116&s=arts-crafts&sprefix=1%2F2+inch+elastic%2Carts-crafts%2C130&sr=1-4
https://www.amazon.com/Elastic-Sewing-Stretch-Crafting-DIY-White/dp/B0BYS79NDM/ref=sr_1_4?crid=1CXWDXUTMQ32P&dib=eyJ2IjoiMSJ9.MtLmlBhj546XAI9G-oMpZSPFg7mMj54EjQQ0OeiiqZRicMmpyEGaDjM3J_Y0TDKsNknxP6aLpqRZF2Daj8ErhgWRR8Ofy5MjOnsr-p85zFxHiBWknpLrMc_CEOcauASMAnLL_eXy11Jzz7MaEqf6FQrEsuBkwjMEUMZLnzYW3ZHQBdnu43WjV7oQyZaMvM3gh_UTeJCDpdJAuo9i2e9NlInI2edEllYjtW7AYtvha9wuUah3OvKqNTx9pN8QeijTjg_Ooxz-iq4dUKnEqCT-UViQqtPKNcVYY3Bg2yaoyDM.ktbssy7HfgwS9fsLA6UFy9-4Vtlf1VpuJO7T1ZZvI-c&dib_tag=se&keywords=1%2F2+inch+elastic&qid=1755143116&s=arts-crafts&sprefix=1%2F2+inch+elastic%2Carts-crafts%2C130&sr=1-4
https://www.amazon.com/Elastic-Sewing-Stretch-Crafting-DIY-White/dp/B0BYS79NDM/ref=sr_1_4?crid=1CXWDXUTMQ32P&dib=eyJ2IjoiMSJ9.MtLmlBhj546XAI9G-oMpZSPFg7mMj54EjQQ0OeiiqZRicMmpyEGaDjM3J_Y0TDKsNknxP6aLpqRZF2Daj8ErhgWRR8Ofy5MjOnsr-p85zFxHiBWknpLrMc_CEOcauASMAnLL_eXy11Jzz7MaEqf6FQrEsuBkwjMEUMZLnzYW3ZHQBdnu43WjV7oQyZaMvM3gh_UTeJCDpdJAuo9i2e9NlInI2edEllYjtW7AYtvha9wuUah3OvKqNTx9pN8QeijTjg_Ooxz-iq4dUKnEqCT-UViQqtPKNcVYY3Bg2yaoyDM.ktbssy7HfgwS9fsLA6UFy9-4Vtlf1VpuJO7T1ZZvI-c&dib_tag=se&keywords=1%2F2+inch+elastic&qid=1755143116&s=arts-crafts&sprefix=1%2F2+inch+elastic%2Carts-crafts%2C130&sr=1-4
https://www.amazon.com/Elastic-Sewing-Stretch-Crafting-DIY-White/dp/B0BYS79NDM/ref=sr_1_4?crid=1CXWDXUTMQ32P&dib=eyJ2IjoiMSJ9.MtLmlBhj546XAI9G-oMpZSPFg7mMj54EjQQ0OeiiqZRicMmpyEGaDjM3J_Y0TDKsNknxP6aLpqRZF2Daj8ErhgWRR8Ofy5MjOnsr-p85zFxHiBWknpLrMc_CEOcauASMAnLL_eXy11Jzz7MaEqf6FQrEsuBkwjMEUMZLnzYW3ZHQBdnu43WjV7oQyZaMvM3gh_UTeJCDpdJAuo9i2e9NlInI2edEllYjtW7AYtvha9wuUah3OvKqNTx9pN8QeijTjg_Ooxz-iq4dUKnEqCT-UViQqtPKNcVYY3Bg2yaoyDM.ktbssy7HfgwS9fsLA6UFy9-4Vtlf1VpuJO7T1ZZvI-c&dib_tag=se&keywords=1%2F2+inch+elastic&qid=1755143116&s=arts-crafts&sprefix=1%2F2+inch+elastic%2Carts-crafts%2C130&sr=1-4
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Pants, DIY Crafts
White : Arts
Crafts & Sewing

S-7

Custom
Softsuits
Constructi
on
Materials

Sawoake 2PCS #5

46 Inch Separating
Jacket Zippers for
Sewing Coats
Jacket Zipper
White Molded

Plastic Zippers
Bulk Tailor DIY
Sewing Tools for

Garment/Bags/Ho
me Textile

Amazon

Lagre
Suit:
BOB65H
6QTT
(46")
Small
Suit:
BOB65J
ZT6R
(35")

pack

of 2 $3.99

$3.99

Large
Suit:
(46
long,
zipper
#5) x1
per suit

Small
Suit:
(35”7
long,
zipper
#5) x1
per suit

see
softgoo
ds
fabric
key

Zipper #5, white

See
Softgood
s Fabric
Key <6>
- Zipper

A

N/A

N/A

S-8

Custom
Softsuits
Constructi
on
Materials

KGS Nylon
Zippers for
Sewing Crafts
Size: 7 Inch
Color: White | 20
Pieces per Pack
Single Color #3
Nylon Zippers for
Making Bags
Pouches, Pillow

Covers and

Sewing Craft
Projects

Amazon

BOSRY
MRJIWF

pack

of 20 $7.49

$7.49

(7” long,
zipper
#3) x6
per suit

see
softgoo

fabric
key

Zipper #3, white

See
Softgood
s Fabric
Key <7>
- Zipper

B

N/A

N/A

S-9

Custom
Softsuits
Constructi
on
Materials

EVA Foam
Cosplay - (2mm to
10mm) - Black or
White - 14" x 39"
Sheet - Ultra High
Density 85 kg/m3
- by The Foamory
(White, 2mm -
Thickness) : Arts
Crafts & Sewing

Amazon

BO8YX
YD3wW4

Indv $18.99

$18.99

HUT
Arm
Covers,
see
softgoo
ds
fabric
key

High Density
EVA Foam (5
mm thick, Ultra
High Density 85
kg/m3, white)

See
Softgood
s Fabric
Key <8>

N/A

N/A

Custom
Softsuits
Constructi
on
Materials

Sew-All, All

PurposeThread
547 Yards-Black
GUTERMANN

Thread 3 pack
White

Amazon

B0O1DT6
Z0J8,
Model#
g-10

pack

of 3 $15.98

$15.98

all
softgoo

ds
sewing

Polyester, 546
yard

N/A

N/A

N/A
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https://www.amazon.com/Sawoake-Separating-Zippers-Plastic-Garment/dp/B0B65H6QTT/ref=sr_1_1_sspa?crid=258IWVNOYBH3V&dib=eyJ2IjoiMSJ9.2XcyB9ig7PuEihmL0g9KjGVQNL43F8lvsNNux9jiyOZdlJgRMhs5ZZXH8JuYZkbmBlT-4pWzU-vK4xpB7eNOaP-06MblSwd_9l7SxXeBv7grGE4eFIgS5c66D9k7MzN0FIkAiI1Ej-iqi3MwPiDn2TsQB-WAwFunKOgc4T4JDlEo_HamDLsA65fEEO7lqteZ_1pvSe-_62WNdnnzxyY2j7NKr94U4N8GP0N_skDKQP53WpTGOpeh_XVW0eL3qozFKdoE2g5LqTCJoE_wcIOGy-WtwhZgpSjg7x3e4QtWHgk.UGrP2I3wkgFgPyGzg4T5v-Szn3I8oUkMU3KaPhQ5mA8&dib_tag=se&keywords=%235%2Bzipper%2B46%22%2Blong&qid=1755143592&s=arts-crafts&sprefix=%2B5%2Bzipper%2B46%2Blong%2Carts-crafts%2C122&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Sawoake-Separating-Zippers-Plastic-Garment/dp/B0B65H6QTT/ref=sr_1_1_sspa?crid=258IWVNOYBH3V&dib=eyJ2IjoiMSJ9.2XcyB9ig7PuEihmL0g9KjGVQNL43F8lvsNNux9jiyOZdlJgRMhs5ZZXH8JuYZkbmBlT-4pWzU-vK4xpB7eNOaP-06MblSwd_9l7SxXeBv7grGE4eFIgS5c66D9k7MzN0FIkAiI1Ej-iqi3MwPiDn2TsQB-WAwFunKOgc4T4JDlEo_HamDLsA65fEEO7lqteZ_1pvSe-_62WNdnnzxyY2j7NKr94U4N8GP0N_skDKQP53WpTGOpeh_XVW0eL3qozFKdoE2g5LqTCJoE_wcIOGy-WtwhZgpSjg7x3e4QtWHgk.UGrP2I3wkgFgPyGzg4T5v-Szn3I8oUkMU3KaPhQ5mA8&dib_tag=se&keywords=%235%2Bzipper%2B46%22%2Blong&qid=1755143592&s=arts-crafts&sprefix=%2B5%2Bzipper%2B46%2Blong%2Carts-crafts%2C122&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Sawoake-Separating-Zippers-Plastic-Garment/dp/B0B65H6QTT/ref=sr_1_1_sspa?crid=258IWVNOYBH3V&dib=eyJ2IjoiMSJ9.2XcyB9ig7PuEihmL0g9KjGVQNL43F8lvsNNux9jiyOZdlJgRMhs5ZZXH8JuYZkbmBlT-4pWzU-vK4xpB7eNOaP-06MblSwd_9l7SxXeBv7grGE4eFIgS5c66D9k7MzN0FIkAiI1Ej-iqi3MwPiDn2TsQB-WAwFunKOgc4T4JDlEo_HamDLsA65fEEO7lqteZ_1pvSe-_62WNdnnzxyY2j7NKr94U4N8GP0N_skDKQP53WpTGOpeh_XVW0eL3qozFKdoE2g5LqTCJoE_wcIOGy-WtwhZgpSjg7x3e4QtWHgk.UGrP2I3wkgFgPyGzg4T5v-Szn3I8oUkMU3KaPhQ5mA8&dib_tag=se&keywords=%235%2Bzipper%2B46%22%2Blong&qid=1755143592&s=arts-crafts&sprefix=%2B5%2Bzipper%2B46%2Blong%2Carts-crafts%2C122&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Sawoake-Separating-Zippers-Plastic-Garment/dp/B0B65H6QTT/ref=sr_1_1_sspa?crid=258IWVNOYBH3V&dib=eyJ2IjoiMSJ9.2XcyB9ig7PuEihmL0g9KjGVQNL43F8lvsNNux9jiyOZdlJgRMhs5ZZXH8JuYZkbmBlT-4pWzU-vK4xpB7eNOaP-06MblSwd_9l7SxXeBv7grGE4eFIgS5c66D9k7MzN0FIkAiI1Ej-iqi3MwPiDn2TsQB-WAwFunKOgc4T4JDlEo_HamDLsA65fEEO7lqteZ_1pvSe-_62WNdnnzxyY2j7NKr94U4N8GP0N_skDKQP53WpTGOpeh_XVW0eL3qozFKdoE2g5LqTCJoE_wcIOGy-WtwhZgpSjg7x3e4QtWHgk.UGrP2I3wkgFgPyGzg4T5v-Szn3I8oUkMU3KaPhQ5mA8&dib_tag=se&keywords=%235%2Bzipper%2B46%22%2Blong&qid=1755143592&s=arts-crafts&sprefix=%2B5%2Bzipper%2B46%2Blong%2Carts-crafts%2C122&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/KGS-Zipper-Zippers-Sewing-Crafts/dp/B08RYMRJWF/ref=sr_1_4?crid=1QL6LTOVSDXPE&dib=eyJ2IjoiMSJ9.XOc-r4S2gETLlPARCUvlqV7W0_rz-9cTXBsNIZF1YEbkj8QL6VKPOCzmtrMFdCWjD-9Qwl6TE3QOyb0XWimBRb6--aWGrUt5Qu0VqXSlZ6tUYAA4iHev9iPItCJGk4tv-xQK7nvlAJ-uyK-dy4dsBUnDb5nm3ZpLATI_vP3m-BDlmqHoKC6L2jp8DUao0XPyBr-I0Xew-AONToW_ACcCm5OONK4Wnl5sFAvz3i2E2iu-LALmIGxTYhbIjSjmd4jm1F6n5UZ2Ojcawv9C1-oAOavc0KhfaMZMNqXRvS-7DkI.joF9YvRa_kL_uU9lc_oMIeR4IRwN6GPs9x5l1ABJXKQ&dib_tag=se&keywords=%233%2Bzipper%2B7%22%2Blong&qid=1755144342&s=arts-crafts&sprefix=%2B3%2Bzipper%2B7%2Blong%2Carts-crafts%2C247&sr=1-4&th=1
https://www.amazon.com/EVA-Foam-Cosplay-Density-Foamory/dp/B08YXYD3W4/ref=sr_1_1_sspa?adgrpid=1333708168999779&dib=eyJ2IjoiMSJ9.qo3QU3Q-hnpkwj_peHZVoGFNubQFUO-W67QYOJLD7XyH5W5CBHKBNm11n1dnjvVPtP_IwVI4L0nEtH8ndJkg-E-nDXCLByXRRC9FnZbZhp16Tdn_JgUiwygeKpft7HYw9znou8DvKK9qVrzGJ6kUaCWYqK2mLrqBFL9XpDVF9aEOtPjsJglQv2n2AcvDE9mYpp_eAA7ZzNo6n_vHhggpPMoI2WMseV3XIWgWxl-U2GgjIbP2W4YSrlcytj7AuONb2VYR_9z4tKO_ksT8GRkmVlXhM-xvd_D4VUjh9cMBSrg.kGZQKUmFHo_Y4B_q_FYvbzQJZNr5dl8dbj6d4eaG_YQ&dib_tag=se&hvadid=83357083256465&hvbmt=bp&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=p&hvtargid=kwd-83357105360869%3Aloc-190&hydadcr=12534_13429829&keywords=foam%2Bsheet%2Bhigh%2Bdensity&mcid=2b2a9e798e563bc3a76908dd0b89c1a2&msclkid=4f15beaaafcb1b8cd108d620c645f7f1&qid=1753901457&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EVA-Foam-Cosplay-Density-Foamory/dp/B08YXYD3W4/ref=sr_1_1_sspa?adgrpid=1333708168999779&dib=eyJ2IjoiMSJ9.qo3QU3Q-hnpkwj_peHZVoGFNubQFUO-W67QYOJLD7XyH5W5CBHKBNm11n1dnjvVPtP_IwVI4L0nEtH8ndJkg-E-nDXCLByXRRC9FnZbZhp16Tdn_JgUiwygeKpft7HYw9znou8DvKK9qVrzGJ6kUaCWYqK2mLrqBFL9XpDVF9aEOtPjsJglQv2n2AcvDE9mYpp_eAA7ZzNo6n_vHhggpPMoI2WMseV3XIWgWxl-U2GgjIbP2W4YSrlcytj7AuONb2VYR_9z4tKO_ksT8GRkmVlXhM-xvd_D4VUjh9cMBSrg.kGZQKUmFHo_Y4B_q_FYvbzQJZNr5dl8dbj6d4eaG_YQ&dib_tag=se&hvadid=83357083256465&hvbmt=bp&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=p&hvtargid=kwd-83357105360869%3Aloc-190&hydadcr=12534_13429829&keywords=foam%2Bsheet%2Bhigh%2Bdensity&mcid=2b2a9e798e563bc3a76908dd0b89c1a2&msclkid=4f15beaaafcb1b8cd108d620c645f7f1&qid=1753901457&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EVA-Foam-Cosplay-Density-Foamory/dp/B08YXYD3W4/ref=sr_1_1_sspa?adgrpid=1333708168999779&dib=eyJ2IjoiMSJ9.qo3QU3Q-hnpkwj_peHZVoGFNubQFUO-W67QYOJLD7XyH5W5CBHKBNm11n1dnjvVPtP_IwVI4L0nEtH8ndJkg-E-nDXCLByXRRC9FnZbZhp16Tdn_JgUiwygeKpft7HYw9znou8DvKK9qVrzGJ6kUaCWYqK2mLrqBFL9XpDVF9aEOtPjsJglQv2n2AcvDE9mYpp_eAA7ZzNo6n_vHhggpPMoI2WMseV3XIWgWxl-U2GgjIbP2W4YSrlcytj7AuONb2VYR_9z4tKO_ksT8GRkmVlXhM-xvd_D4VUjh9cMBSrg.kGZQKUmFHo_Y4B_q_FYvbzQJZNr5dl8dbj6d4eaG_YQ&dib_tag=se&hvadid=83357083256465&hvbmt=bp&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=p&hvtargid=kwd-83357105360869%3Aloc-190&hydadcr=12534_13429829&keywords=foam%2Bsheet%2Bhigh%2Bdensity&mcid=2b2a9e798e563bc3a76908dd0b89c1a2&msclkid=4f15beaaafcb1b8cd108d620c645f7f1&qid=1753901457&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EVA-Foam-Cosplay-Density-Foamory/dp/B08YXYD3W4/ref=sr_1_1_sspa?adgrpid=1333708168999779&dib=eyJ2IjoiMSJ9.qo3QU3Q-hnpkwj_peHZVoGFNubQFUO-W67QYOJLD7XyH5W5CBHKBNm11n1dnjvVPtP_IwVI4L0nEtH8ndJkg-E-nDXCLByXRRC9FnZbZhp16Tdn_JgUiwygeKpft7HYw9znou8DvKK9qVrzGJ6kUaCWYqK2mLrqBFL9XpDVF9aEOtPjsJglQv2n2AcvDE9mYpp_eAA7ZzNo6n_vHhggpPMoI2WMseV3XIWgWxl-U2GgjIbP2W4YSrlcytj7AuONb2VYR_9z4tKO_ksT8GRkmVlXhM-xvd_D4VUjh9cMBSrg.kGZQKUmFHo_Y4B_q_FYvbzQJZNr5dl8dbj6d4eaG_YQ&dib_tag=se&hvadid=83357083256465&hvbmt=bp&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=p&hvtargid=kwd-83357105360869%3Aloc-190&hydadcr=12534_13429829&keywords=foam%2Bsheet%2Bhigh%2Bdensity&mcid=2b2a9e798e563bc3a76908dd0b89c1a2&msclkid=4f15beaaafcb1b8cd108d620c645f7f1&qid=1753901457&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EVA-Foam-Cosplay-Density-Foamory/dp/B08YXYD3W4/ref=sr_1_1_sspa?adgrpid=1333708168999779&dib=eyJ2IjoiMSJ9.qo3QU3Q-hnpkwj_peHZVoGFNubQFUO-W67QYOJLD7XyH5W5CBHKBNm11n1dnjvVPtP_IwVI4L0nEtH8ndJkg-E-nDXCLByXRRC9FnZbZhp16Tdn_JgUiwygeKpft7HYw9znou8DvKK9qVrzGJ6kUaCWYqK2mLrqBFL9XpDVF9aEOtPjsJglQv2n2AcvDE9mYpp_eAA7ZzNo6n_vHhggpPMoI2WMseV3XIWgWxl-U2GgjIbP2W4YSrlcytj7AuONb2VYR_9z4tKO_ksT8GRkmVlXhM-xvd_D4VUjh9cMBSrg.kGZQKUmFHo_Y4B_q_FYvbzQJZNr5dl8dbj6d4eaG_YQ&dib_tag=se&hvadid=83357083256465&hvbmt=bp&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=p&hvtargid=kwd-83357105360869%3Aloc-190&hydadcr=12534_13429829&keywords=foam%2Bsheet%2Bhigh%2Bdensity&mcid=2b2a9e798e563bc3a76908dd0b89c1a2&msclkid=4f15beaaafcb1b8cd108d620c645f7f1&qid=1753901457&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EVA-Foam-Cosplay-Density-Foamory/dp/B08YXYD3W4/ref=sr_1_1_sspa?adgrpid=1333708168999779&dib=eyJ2IjoiMSJ9.qo3QU3Q-hnpkwj_peHZVoGFNubQFUO-W67QYOJLD7XyH5W5CBHKBNm11n1dnjvVPtP_IwVI4L0nEtH8ndJkg-E-nDXCLByXRRC9FnZbZhp16Tdn_JgUiwygeKpft7HYw9znou8DvKK9qVrzGJ6kUaCWYqK2mLrqBFL9XpDVF9aEOtPjsJglQv2n2AcvDE9mYpp_eAA7ZzNo6n_vHhggpPMoI2WMseV3XIWgWxl-U2GgjIbP2W4YSrlcytj7AuONb2VYR_9z4tKO_ksT8GRkmVlXhM-xvd_D4VUjh9cMBSrg.kGZQKUmFHo_Y4B_q_FYvbzQJZNr5dl8dbj6d4eaG_YQ&dib_tag=se&hvadid=83357083256465&hvbmt=bp&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=p&hvtargid=kwd-83357105360869%3Aloc-190&hydadcr=12534_13429829&keywords=foam%2Bsheet%2Bhigh%2Bdensity&mcid=2b2a9e798e563bc3a76908dd0b89c1a2&msclkid=4f15beaaafcb1b8cd108d620c645f7f1&qid=1753901457&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EVA-Foam-Cosplay-Density-Foamory/dp/B08YXYD3W4/ref=sr_1_1_sspa?adgrpid=1333708168999779&dib=eyJ2IjoiMSJ9.qo3QU3Q-hnpkwj_peHZVoGFNubQFUO-W67QYOJLD7XyH5W5CBHKBNm11n1dnjvVPtP_IwVI4L0nEtH8ndJkg-E-nDXCLByXRRC9FnZbZhp16Tdn_JgUiwygeKpft7HYw9znou8DvKK9qVrzGJ6kUaCWYqK2mLrqBFL9XpDVF9aEOtPjsJglQv2n2AcvDE9mYpp_eAA7ZzNo6n_vHhggpPMoI2WMseV3XIWgWxl-U2GgjIbP2W4YSrlcytj7AuONb2VYR_9z4tKO_ksT8GRkmVlXhM-xvd_D4VUjh9cMBSrg.kGZQKUmFHo_Y4B_q_FYvbzQJZNr5dl8dbj6d4eaG_YQ&dib_tag=se&hvadid=83357083256465&hvbmt=bp&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=p&hvtargid=kwd-83357105360869%3Aloc-190&hydadcr=12534_13429829&keywords=foam%2Bsheet%2Bhigh%2Bdensity&mcid=2b2a9e798e563bc3a76908dd0b89c1a2&msclkid=4f15beaaafcb1b8cd108d620c645f7f1&qid=1753901457&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EVA-Foam-Cosplay-Density-Foamory/dp/B08YXYD3W4/ref=sr_1_1_sspa?adgrpid=1333708168999779&dib=eyJ2IjoiMSJ9.qo3QU3Q-hnpkwj_peHZVoGFNubQFUO-W67QYOJLD7XyH5W5CBHKBNm11n1dnjvVPtP_IwVI4L0nEtH8ndJkg-E-nDXCLByXRRC9FnZbZhp16Tdn_JgUiwygeKpft7HYw9znou8DvKK9qVrzGJ6kUaCWYqK2mLrqBFL9XpDVF9aEOtPjsJglQv2n2AcvDE9mYpp_eAA7ZzNo6n_vHhggpPMoI2WMseV3XIWgWxl-U2GgjIbP2W4YSrlcytj7AuONb2VYR_9z4tKO_ksT8GRkmVlXhM-xvd_D4VUjh9cMBSrg.kGZQKUmFHo_Y4B_q_FYvbzQJZNr5dl8dbj6d4eaG_YQ&dib_tag=se&hvadid=83357083256465&hvbmt=bp&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=p&hvtargid=kwd-83357105360869%3Aloc-190&hydadcr=12534_13429829&keywords=foam%2Bsheet%2Bhigh%2Bdensity&mcid=2b2a9e798e563bc3a76908dd0b89c1a2&msclkid=4f15beaaafcb1b8cd108d620c645f7f1&qid=1753901457&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EVA-Foam-Cosplay-Density-Foamory/dp/B08YXYD3W4/ref=sr_1_1_sspa?adgrpid=1333708168999779&dib=eyJ2IjoiMSJ9.qo3QU3Q-hnpkwj_peHZVoGFNubQFUO-W67QYOJLD7XyH5W5CBHKBNm11n1dnjvVPtP_IwVI4L0nEtH8ndJkg-E-nDXCLByXRRC9FnZbZhp16Tdn_JgUiwygeKpft7HYw9znou8DvKK9qVrzGJ6kUaCWYqK2mLrqBFL9XpDVF9aEOtPjsJglQv2n2AcvDE9mYpp_eAA7ZzNo6n_vHhggpPMoI2WMseV3XIWgWxl-U2GgjIbP2W4YSrlcytj7AuONb2VYR_9z4tKO_ksT8GRkmVlXhM-xvd_D4VUjh9cMBSrg.kGZQKUmFHo_Y4B_q_FYvbzQJZNr5dl8dbj6d4eaG_YQ&dib_tag=se&hvadid=83357083256465&hvbmt=bp&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=p&hvtargid=kwd-83357105360869%3Aloc-190&hydadcr=12534_13429829&keywords=foam%2Bsheet%2Bhigh%2Bdensity&mcid=2b2a9e798e563bc3a76908dd0b89c1a2&msclkid=4f15beaaafcb1b8cd108d620c645f7f1&qid=1753901457&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EVA-Foam-Cosplay-Density-Foamory/dp/B08YXYD3W4/ref=sr_1_1_sspa?adgrpid=1333708168999779&dib=eyJ2IjoiMSJ9.qo3QU3Q-hnpkwj_peHZVoGFNubQFUO-W67QYOJLD7XyH5W5CBHKBNm11n1dnjvVPtP_IwVI4L0nEtH8ndJkg-E-nDXCLByXRRC9FnZbZhp16Tdn_JgUiwygeKpft7HYw9znou8DvKK9qVrzGJ6kUaCWYqK2mLrqBFL9XpDVF9aEOtPjsJglQv2n2AcvDE9mYpp_eAA7ZzNo6n_vHhggpPMoI2WMseV3XIWgWxl-U2GgjIbP2W4YSrlcytj7AuONb2VYR_9z4tKO_ksT8GRkmVlXhM-xvd_D4VUjh9cMBSrg.kGZQKUmFHo_Y4B_q_FYvbzQJZNr5dl8dbj6d4eaG_YQ&dib_tag=se&hvadid=83357083256465&hvbmt=bp&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=p&hvtargid=kwd-83357105360869%3Aloc-190&hydadcr=12534_13429829&keywords=foam%2Bsheet%2Bhigh%2Bdensity&mcid=2b2a9e798e563bc3a76908dd0b89c1a2&msclkid=4f15beaaafcb1b8cd108d620c645f7f1&qid=1753901457&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Sew-All-PurposeThread-Yards-Black-GUTERMANN-Thread/dp/B01DT6ZOJ8/ref=sr_1_7?crid=2LGY0TDXS4LRW&dib=eyJ2IjoiMSJ9.o6WUayDawOwQV__4_FPdtvUPG4DdfYeLMJjUNpgubmfJzzV3Wv8oZ1toq6Kb16Wwn9LOn7o__3-KwcgJzZ_A0wDiGaj1vQUOABUcqrT78AGkfblov6YuHLfYWuK0mAEEkXzrsU26gyNhZmU2jPFHEb6uft-e4-2ng50vDaankGq_8r9WCx5xfqhf56boZpb9T1N16O-rcCXYyFo7O56ZTII5imGVbY2a48cpHuKpx9rK0RwDOV2-gEpvAHHVSJ59JYAIN95pnN2xL26DUYSVto-YBjj8SW3UbB5WHlNnerM.DAuY94sP2bTedXCRodE2ezmt2LLsYeLEwDy1p84N-pg&dib_tag=se&keywords=gutermann+sewing+thread&qid=1754077349&s=arts-crafts&sprefix=gutterman+%2Carts-crafts%2C137&sr=1-7)
https://www.amazon.com/Sew-All-PurposeThread-Yards-Black-GUTERMANN-Thread/dp/B01DT6ZOJ8/ref=sr_1_7?crid=2LGY0TDXS4LRW&dib=eyJ2IjoiMSJ9.o6WUayDawOwQV__4_FPdtvUPG4DdfYeLMJjUNpgubmfJzzV3Wv8oZ1toq6Kb16Wwn9LOn7o__3-KwcgJzZ_A0wDiGaj1vQUOABUcqrT78AGkfblov6YuHLfYWuK0mAEEkXzrsU26gyNhZmU2jPFHEb6uft-e4-2ng50vDaankGq_8r9WCx5xfqhf56boZpb9T1N16O-rcCXYyFo7O56ZTII5imGVbY2a48cpHuKpx9rK0RwDOV2-gEpvAHHVSJ59JYAIN95pnN2xL26DUYSVto-YBjj8SW3UbB5WHlNnerM.DAuY94sP2bTedXCRodE2ezmt2LLsYeLEwDy1p84N-pg&dib_tag=se&keywords=gutermann+sewing+thread&qid=1754077349&s=arts-crafts&sprefix=gutterman+%2Carts-crafts%2C137&sr=1-7)
https://www.amazon.com/Sew-All-PurposeThread-Yards-Black-GUTERMANN-Thread/dp/B01DT6ZOJ8/ref=sr_1_7?crid=2LGY0TDXS4LRW&dib=eyJ2IjoiMSJ9.o6WUayDawOwQV__4_FPdtvUPG4DdfYeLMJjUNpgubmfJzzV3Wv8oZ1toq6Kb16Wwn9LOn7o__3-KwcgJzZ_A0wDiGaj1vQUOABUcqrT78AGkfblov6YuHLfYWuK0mAEEkXzrsU26gyNhZmU2jPFHEb6uft-e4-2ng50vDaankGq_8r9WCx5xfqhf56boZpb9T1N16O-rcCXYyFo7O56ZTII5imGVbY2a48cpHuKpx9rK0RwDOV2-gEpvAHHVSJ59JYAIN95pnN2xL26DUYSVto-YBjj8SW3UbB5WHlNnerM.DAuY94sP2bTedXCRodE2ezmt2LLsYeLEwDy1p84N-pg&dib_tag=se&keywords=gutermann+sewing+thread&qid=1754077349&s=arts-crafts&sprefix=gutterman+%2Carts-crafts%2C137&sr=1-7)
https://www.amazon.com/Sew-All-PurposeThread-Yards-Black-GUTERMANN-Thread/dp/B01DT6ZOJ8/ref=sr_1_7?crid=2LGY0TDXS4LRW&dib=eyJ2IjoiMSJ9.o6WUayDawOwQV__4_FPdtvUPG4DdfYeLMJjUNpgubmfJzzV3Wv8oZ1toq6Kb16Wwn9LOn7o__3-KwcgJzZ_A0wDiGaj1vQUOABUcqrT78AGkfblov6YuHLfYWuK0mAEEkXzrsU26gyNhZmU2jPFHEb6uft-e4-2ng50vDaankGq_8r9WCx5xfqhf56boZpb9T1N16O-rcCXYyFo7O56ZTII5imGVbY2a48cpHuKpx9rK0RwDOV2-gEpvAHHVSJ59JYAIN95pnN2xL26DUYSVto-YBjj8SW3UbB5WHlNnerM.DAuY94sP2bTedXCRodE2ezmt2LLsYeLEwDy1p84N-pg&dib_tag=se&keywords=gutermann+sewing+thread&qid=1754077349&s=arts-crafts&sprefix=gutterman+%2Carts-crafts%2C137&sr=1-7)
https://www.amazon.com/Sew-All-PurposeThread-Yards-Black-GUTERMANN-Thread/dp/B01DT6ZOJ8/ref=sr_1_7?crid=2LGY0TDXS4LRW&dib=eyJ2IjoiMSJ9.o6WUayDawOwQV__4_FPdtvUPG4DdfYeLMJjUNpgubmfJzzV3Wv8oZ1toq6Kb16Wwn9LOn7o__3-KwcgJzZ_A0wDiGaj1vQUOABUcqrT78AGkfblov6YuHLfYWuK0mAEEkXzrsU26gyNhZmU2jPFHEb6uft-e4-2ng50vDaankGq_8r9WCx5xfqhf56boZpb9T1N16O-rcCXYyFo7O56ZTII5imGVbY2a48cpHuKpx9rK0RwDOV2-gEpvAHHVSJ59JYAIN95pnN2xL26DUYSVto-YBjj8SW3UbB5WHlNnerM.DAuY94sP2bTedXCRodE2ezmt2LLsYeLEwDy1p84N-pg&dib_tag=se&keywords=gutermann+sewing+thread&qid=1754077349&s=arts-crafts&sprefix=gutterman+%2Carts-crafts%2C137&sr=1-7)
https://www.amazon.com/Sew-All-PurposeThread-Yards-Black-GUTERMANN-Thread/dp/B01DT6ZOJ8/ref=sr_1_7?crid=2LGY0TDXS4LRW&dib=eyJ2IjoiMSJ9.o6WUayDawOwQV__4_FPdtvUPG4DdfYeLMJjUNpgubmfJzzV3Wv8oZ1toq6Kb16Wwn9LOn7o__3-KwcgJzZ_A0wDiGaj1vQUOABUcqrT78AGkfblov6YuHLfYWuK0mAEEkXzrsU26gyNhZmU2jPFHEb6uft-e4-2ng50vDaankGq_8r9WCx5xfqhf56boZpb9T1N16O-rcCXYyFo7O56ZTII5imGVbY2a48cpHuKpx9rK0RwDOV2-gEpvAHHVSJ59JYAIN95pnN2xL26DUYSVto-YBjj8SW3UbB5WHlNnerM.DAuY94sP2bTedXCRodE2ezmt2LLsYeLEwDy1p84N-pg&dib_tag=se&keywords=gutermann+sewing+thread&qid=1754077349&s=arts-crafts&sprefix=gutterman+%2Carts-crafts%2C137&sr=1-7)

Gloves
for
Warrior / 2LWAR HS3,
S-11 al Warrior Burn Dick's GNII_—?;NX Pai $109.9 109.9 recom N/A N/A N/A N/A
- oves Lacrosse Gloves Sporting ar 9 $109. mend
XXXLX 9
Goods P x1L
- and x1
M
Gloves
for
HS3,
s-12 Gloves Glove system '\fﬁfs ;” NA Pair - - r:q%?]rg N/A N/A 0.46 N/A
x1L
and x1
M
HUT
Arm
Covers
. to
5-13 GSoft HUT Canvas Made in NA each ) ) prevent Canvas and EVA N/A 018 N/A
oods Cover house - foam
rubbing
sleeves
on
HUT
0.2mm layer
height
90 mm/s
Used to 265degC
connect extruder temp.
wrist 110degC build
ring on plate temp.
softsuit Wall and
to wrist top/bot layer
ring on h3po-pn- count: 3
. Gloves - Wrist gloves IC3D ABS XXXX- i
S-14 3D Print Rings - Male N/A N/A Indv. $5.60 $11.20 as White glv-disc- 0.28 'E;Ifnfxzag;)n
friction a den’sity
fit 50% overhang
connect angle
or 10% support
(attach densipts
edto Brim w/ 30
suit) lines, distance
0.15
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https://www.dickssportinggoods.com/p/warrior-burn-lacrosse-gloves-21warmbrnglvxxxxxlxp/21warmbrnglvxxxxxlxp?color=White
https://www.dickssportinggoods.com/p/warrior-burn-lacrosse-gloves-21warmbrnglvxxxxxlxp/21warmbrnglvxxxxxlxp?color=White
https://www.dickssportinggoods.com/p/warrior-burn-lacrosse-gloves-21warmbrnglvxxxxxlxp/21warmbrnglvxxxxxlxp?color=White
https://www.dickssportinggoods.com/p/warrior-burn-lacrosse-gloves-21warmbrnglvxxxxxlxp/21warmbrnglvxxxxxlxp?color=White
https://www.dickssportinggoods.com/p/warrior-burn-lacrosse-gloves-21warmbrnglvxxxxxlxp/21warmbrnglvxxxxxlxp?color=White

0.2mm layer
height
90 mm/s
Used to 265degC
connect extruder temp.
wrist 110degC build
ring on plate temp.
softsuit Wall and
to wrist top/bot layer
ring on h3po-pn- count: 3
. Gloves - Wrist gloves IC3D ABS XXXX- Tri-hexagon
S-15 3D Print Rings - Female N/A N/A Indv. $7.20 $14.4 as White glv-disc- 0.36 il 25]%
friction b density
fit 50% overhang
connect angle
or 10% support
(attach density
edto Brim w/ 30
glove) lines, distance
0.15
Manzella Men's |
Lightweight Gore- nner
Tex Infinium ngO\r/e 100% Polyester
Glove 0 shell),
Tiouchscrefen Qr::zzgl?é . HS3, 91% (Polye)ster + NA 0.099
S-16 Gloves Cap'able with Productio 0618M Pair $37.95 $37.95 rre;ce%rg 9% - .
\Mpd roof_ ns, Inc. YL thermalplastic
Protection Against polyurethane
Cold Weather at and x1
Amazon Men’s M
Clothing store _
Option
Amazon.com: al : for
GloveTacts Ultra glove
Thin Conductive to :/RII
@ chetacts Touch Screen contro
Stickers for Amazon, er
S-17 ‘ “‘“‘ Gloves Gloves: The GloveTa OF;%(S:P pa;ceka $16.99 $33.98 integrat Conductive Film NA 0.0172 NA
Easiest Way to cts ion,
— Make Gloves conduc
Touch Compatible tive
: Cell Phones & touch
Accessories screen
sticker
. Used
AT TN, 3 Pairs Foam for
e Knee Pad Knee
| n Igsertts'lgargo B0878X 3 pads | ipviene Vinyl .
\ ants Knee .
S-18 f Liﬁ Knee Pads Pads,Gardening Amazon GY1X Pairs $25.99 $25.99 fo;’usi(t)ft Acetate (EVA) N/A 0.14 N/A
| | }7 Knee Pads garmen
‘l— ) 9.45"x6.6"x0.7"(L ‘s, for
-Durable) elbow
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https://www.amazon.com/Manzella-Silkweight-Windstopper-Ultra-Gloves/dp/B00SBDB2WS/ref=sr_1_1?crid=31TIUVMB89PLG&dib=eyJ2IjoiMSJ9.aijSoe88LkLxq4oH94uVF4lA1tMKEitl__KX97ctVhNhxni0pJlzkA65ZOiYoOH3JDETkECa6FdctbjtyLhYmL0uYoHa4WB4ZviH2oF9Xc34jkQc8dTsFXROOLbV7uITsuyZ9wpG835QuWw3qRZxj--4WnakDei5wgPLzdPA71HoIPCSAP_JVPteshRvjJdkj6sihzydeuEyfE9wJzwAtBUP2m32gqCJ6HCyetm3mQV67ip-y9P_OXUYnQC7bP0ylHQ1EH41VC-dgWLDzxx2vCn2c-YXEVxpzT6zsvptSJ8.XH8elUBzxT1WMfe5XqCResjDHwTpGRzw_TEIB3ZaqiU&dib_tag=se&keywords=manzella%2Bheavyweight%2Bgloves&qid=1719504646&sprefix=manzella%2Bheavyweight%2Bgloves%2Caps%2C119&sr=8-1&th=1&psc=1
https://www.amazon.com/Manzella-Silkweight-Windstopper-Ultra-Gloves/dp/B00SBDB2WS/ref=sr_1_1?crid=31TIUVMB89PLG&dib=eyJ2IjoiMSJ9.aijSoe88LkLxq4oH94uVF4lA1tMKEitl__KX97ctVhNhxni0pJlzkA65ZOiYoOH3JDETkECa6FdctbjtyLhYmL0uYoHa4WB4ZviH2oF9Xc34jkQc8dTsFXROOLbV7uITsuyZ9wpG835QuWw3qRZxj--4WnakDei5wgPLzdPA71HoIPCSAP_JVPteshRvjJdkj6sihzydeuEyfE9wJzwAtBUP2m32gqCJ6HCyetm3mQV67ip-y9P_OXUYnQC7bP0ylHQ1EH41VC-dgWLDzxx2vCn2c-YXEVxpzT6zsvptSJ8.XH8elUBzxT1WMfe5XqCResjDHwTpGRzw_TEIB3ZaqiU&dib_tag=se&keywords=manzella%2Bheavyweight%2Bgloves&qid=1719504646&sprefix=manzella%2Bheavyweight%2Bgloves%2Caps%2C119&sr=8-1&th=1&psc=1
https://www.amazon.com/Manzella-Silkweight-Windstopper-Ultra-Gloves/dp/B00SBDB2WS/ref=sr_1_1?crid=31TIUVMB89PLG&dib=eyJ2IjoiMSJ9.aijSoe88LkLxq4oH94uVF4lA1tMKEitl__KX97ctVhNhxni0pJlzkA65ZOiYoOH3JDETkECa6FdctbjtyLhYmL0uYoHa4WB4ZviH2oF9Xc34jkQc8dTsFXROOLbV7uITsuyZ9wpG835QuWw3qRZxj--4WnakDei5wgPLzdPA71HoIPCSAP_JVPteshRvjJdkj6sihzydeuEyfE9wJzwAtBUP2m32gqCJ6HCyetm3mQV67ip-y9P_OXUYnQC7bP0ylHQ1EH41VC-dgWLDzxx2vCn2c-YXEVxpzT6zsvptSJ8.XH8elUBzxT1WMfe5XqCResjDHwTpGRzw_TEIB3ZaqiU&dib_tag=se&keywords=manzella%2Bheavyweight%2Bgloves&qid=1719504646&sprefix=manzella%2Bheavyweight%2Bgloves%2Caps%2C119&sr=8-1&th=1&psc=1
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https://www.amazon.com/Manzella-Silkweight-Windstopper-Ultra-Gloves/dp/B00SBDB2WS/ref=sr_1_1?crid=31TIUVMB89PLG&dib=eyJ2IjoiMSJ9.aijSoe88LkLxq4oH94uVF4lA1tMKEitl__KX97ctVhNhxni0pJlzkA65ZOiYoOH3JDETkECa6FdctbjtyLhYmL0uYoHa4WB4ZviH2oF9Xc34jkQc8dTsFXROOLbV7uITsuyZ9wpG835QuWw3qRZxj--4WnakDei5wgPLzdPA71HoIPCSAP_JVPteshRvjJdkj6sihzydeuEyfE9wJzwAtBUP2m32gqCJ6HCyetm3mQV67ip-y9P_OXUYnQC7bP0ylHQ1EH41VC-dgWLDzxx2vCn2c-YXEVxpzT6zsvptSJ8.XH8elUBzxT1WMfe5XqCResjDHwTpGRzw_TEIB3ZaqiU&dib_tag=se&keywords=manzella%2Bheavyweight%2Bgloves&qid=1719504646&sprefix=manzella%2Bheavyweight%2Bgloves%2Caps%2C119&sr=8-1&th=1&psc=1
https://www.amazon.com/Manzella-Silkweight-Windstopper-Ultra-Gloves/dp/B00SBDB2WS/ref=sr_1_1?crid=31TIUVMB89PLG&dib=eyJ2IjoiMSJ9.aijSoe88LkLxq4oH94uVF4lA1tMKEitl__KX97ctVhNhxni0pJlzkA65ZOiYoOH3JDETkECa6FdctbjtyLhYmL0uYoHa4WB4ZviH2oF9Xc34jkQc8dTsFXROOLbV7uITsuyZ9wpG835QuWw3qRZxj--4WnakDei5wgPLzdPA71HoIPCSAP_JVPteshRvjJdkj6sihzydeuEyfE9wJzwAtBUP2m32gqCJ6HCyetm3mQV67ip-y9P_OXUYnQC7bP0ylHQ1EH41VC-dgWLDzxx2vCn2c-YXEVxpzT6zsvptSJ8.XH8elUBzxT1WMfe5XqCResjDHwTpGRzw_TEIB3ZaqiU&dib_tag=se&keywords=manzella%2Bheavyweight%2Bgloves&qid=1719504646&sprefix=manzella%2Bheavyweight%2Bgloves%2Caps%2C119&sr=8-1&th=1&psc=1
https://www.amazon.com/Manzella-Silkweight-Windstopper-Ultra-Gloves/dp/B00SBDB2WS/ref=sr_1_1?crid=31TIUVMB89PLG&dib=eyJ2IjoiMSJ9.aijSoe88LkLxq4oH94uVF4lA1tMKEitl__KX97ctVhNhxni0pJlzkA65ZOiYoOH3JDETkECa6FdctbjtyLhYmL0uYoHa4WB4ZviH2oF9Xc34jkQc8dTsFXROOLbV7uITsuyZ9wpG835QuWw3qRZxj--4WnakDei5wgPLzdPA71HoIPCSAP_JVPteshRvjJdkj6sihzydeuEyfE9wJzwAtBUP2m32gqCJ6HCyetm3mQV67ip-y9P_OXUYnQC7bP0ylHQ1EH41VC-dgWLDzxx2vCn2c-YXEVxpzT6zsvptSJ8.XH8elUBzxT1WMfe5XqCResjDHwTpGRzw_TEIB3ZaqiU&dib_tag=se&keywords=manzella%2Bheavyweight%2Bgloves&qid=1719504646&sprefix=manzella%2Bheavyweight%2Bgloves%2Caps%2C119&sr=8-1&th=1&psc=1
https://www.amazon.com/Manzella-Silkweight-Windstopper-Ultra-Gloves/dp/B00SBDB2WS/ref=sr_1_1?crid=31TIUVMB89PLG&dib=eyJ2IjoiMSJ9.aijSoe88LkLxq4oH94uVF4lA1tMKEitl__KX97ctVhNhxni0pJlzkA65ZOiYoOH3JDETkECa6FdctbjtyLhYmL0uYoHa4WB4ZviH2oF9Xc34jkQc8dTsFXROOLbV7uITsuyZ9wpG835QuWw3qRZxj--4WnakDei5wgPLzdPA71HoIPCSAP_JVPteshRvjJdkj6sihzydeuEyfE9wJzwAtBUP2m32gqCJ6HCyetm3mQV67ip-y9P_OXUYnQC7bP0ylHQ1EH41VC-dgWLDzxx2vCn2c-YXEVxpzT6zsvptSJ8.XH8elUBzxT1WMfe5XqCResjDHwTpGRzw_TEIB3ZaqiU&dib_tag=se&keywords=manzella%2Bheavyweight%2Bgloves&qid=1719504646&sprefix=manzella%2Bheavyweight%2Bgloves%2Caps%2C119&sr=8-1&th=1&psc=1
https://www.amazon.com/Manzella-Silkweight-Windstopper-Ultra-Gloves/dp/B00SBDB2WS/ref=sr_1_1?crid=31TIUVMB89PLG&dib=eyJ2IjoiMSJ9.aijSoe88LkLxq4oH94uVF4lA1tMKEitl__KX97ctVhNhxni0pJlzkA65ZOiYoOH3JDETkECa6FdctbjtyLhYmL0uYoHa4WB4ZviH2oF9Xc34jkQc8dTsFXROOLbV7uITsuyZ9wpG835QuWw3qRZxj--4WnakDei5wgPLzdPA71HoIPCSAP_JVPteshRvjJdkj6sihzydeuEyfE9wJzwAtBUP2m32gqCJ6HCyetm3mQV67ip-y9P_OXUYnQC7bP0ylHQ1EH41VC-dgWLDzxx2vCn2c-YXEVxpzT6zsvptSJ8.XH8elUBzxT1WMfe5XqCResjDHwTpGRzw_TEIB3ZaqiU&dib_tag=se&keywords=manzella%2Bheavyweight%2Bgloves&qid=1719504646&sprefix=manzella%2Bheavyweight%2Bgloves%2Caps%2C119&sr=8-1&th=1&psc=1
https://www.amazon.com/Manzella-Silkweight-Windstopper-Ultra-Gloves/dp/B00SBDB2WS/ref=sr_1_1?crid=31TIUVMB89PLG&dib=eyJ2IjoiMSJ9.aijSoe88LkLxq4oH94uVF4lA1tMKEitl__KX97ctVhNhxni0pJlzkA65ZOiYoOH3JDETkECa6FdctbjtyLhYmL0uYoHa4WB4ZviH2oF9Xc34jkQc8dTsFXROOLbV7uITsuyZ9wpG835QuWw3qRZxj--4WnakDei5wgPLzdPA71HoIPCSAP_JVPteshRvjJdkj6sihzydeuEyfE9wJzwAtBUP2m32gqCJ6HCyetm3mQV67ip-y9P_OXUYnQC7bP0ylHQ1EH41VC-dgWLDzxx2vCn2c-YXEVxpzT6zsvptSJ8.XH8elUBzxT1WMfe5XqCResjDHwTpGRzw_TEIB3ZaqiU&dib_tag=se&keywords=manzella%2Bheavyweight%2Bgloves&qid=1719504646&sprefix=manzella%2Bheavyweight%2Bgloves%2Caps%2C119&sr=8-1&th=1&psc=1
https://www.amazon.com/GloveTacts-including-Motorcycle-Snowboard-Gardening/dp/B08QNHMBNZ/ref=sr_1_3?dib=eyJ2IjoiMSJ9.XP3xGlLIQeb-pW1Z_aYVlVekeMuUaboBB5TZJ0O1tXlBRGJKmK1_JPITDZtaYlZyhqQz54kgO1h-v-qPgqiBdsVmX6sUGR87uQgLU4Jmn6sI1zGc-nUEbX3O6a1KXdJ6kXcFXLlWWcG2bR_Di4ASLFGiZVZ3dz6lTNayq7EusnVbwP_h9XV64kUL6gaVzLDnuu_BwCW3QcyqybofG1FuqsNtsS2idW6E4WykOYL4uX4.r9bNsCt9vacyt6y1IemwubxmBqb-xPm7UMNBpwDKFD0&dib_tag=se&keywords=touch+screen+finger+tips+for+gloves&qid=1755714891&sr=8-3
https://www.amazon.com/GloveTacts-including-Motorcycle-Snowboard-Gardening/dp/B08QNHMBNZ/ref=sr_1_3?dib=eyJ2IjoiMSJ9.XP3xGlLIQeb-pW1Z_aYVlVekeMuUaboBB5TZJ0O1tXlBRGJKmK1_JPITDZtaYlZyhqQz54kgO1h-v-qPgqiBdsVmX6sUGR87uQgLU4Jmn6sI1zGc-nUEbX3O6a1KXdJ6kXcFXLlWWcG2bR_Di4ASLFGiZVZ3dz6lTNayq7EusnVbwP_h9XV64kUL6gaVzLDnuu_BwCW3QcyqybofG1FuqsNtsS2idW6E4WykOYL4uX4.r9bNsCt9vacyt6y1IemwubxmBqb-xPm7UMNBpwDKFD0&dib_tag=se&keywords=touch+screen+finger+tips+for+gloves&qid=1755714891&sr=8-3
https://www.amazon.com/GloveTacts-including-Motorcycle-Snowboard-Gardening/dp/B08QNHMBNZ/ref=sr_1_3?dib=eyJ2IjoiMSJ9.XP3xGlLIQeb-pW1Z_aYVlVekeMuUaboBB5TZJ0O1tXlBRGJKmK1_JPITDZtaYlZyhqQz54kgO1h-v-qPgqiBdsVmX6sUGR87uQgLU4Jmn6sI1zGc-nUEbX3O6a1KXdJ6kXcFXLlWWcG2bR_Di4ASLFGiZVZ3dz6lTNayq7EusnVbwP_h9XV64kUL6gaVzLDnuu_BwCW3QcyqybofG1FuqsNtsS2idW6E4WykOYL4uX4.r9bNsCt9vacyt6y1IemwubxmBqb-xPm7UMNBpwDKFD0&dib_tag=se&keywords=touch+screen+finger+tips+for+gloves&qid=1755714891&sr=8-3
https://www.amazon.com/GloveTacts-including-Motorcycle-Snowboard-Gardening/dp/B08QNHMBNZ/ref=sr_1_3?dib=eyJ2IjoiMSJ9.XP3xGlLIQeb-pW1Z_aYVlVekeMuUaboBB5TZJ0O1tXlBRGJKmK1_JPITDZtaYlZyhqQz54kgO1h-v-qPgqiBdsVmX6sUGR87uQgLU4Jmn6sI1zGc-nUEbX3O6a1KXdJ6kXcFXLlWWcG2bR_Di4ASLFGiZVZ3dz6lTNayq7EusnVbwP_h9XV64kUL6gaVzLDnuu_BwCW3QcyqybofG1FuqsNtsS2idW6E4WykOYL4uX4.r9bNsCt9vacyt6y1IemwubxmBqb-xPm7UMNBpwDKFD0&dib_tag=se&keywords=touch+screen+finger+tips+for+gloves&qid=1755714891&sr=8-3
https://www.amazon.com/GloveTacts-including-Motorcycle-Snowboard-Gardening/dp/B08QNHMBNZ/ref=sr_1_3?dib=eyJ2IjoiMSJ9.XP3xGlLIQeb-pW1Z_aYVlVekeMuUaboBB5TZJ0O1tXlBRGJKmK1_JPITDZtaYlZyhqQz54kgO1h-v-qPgqiBdsVmX6sUGR87uQgLU4Jmn6sI1zGc-nUEbX3O6a1KXdJ6kXcFXLlWWcG2bR_Di4ASLFGiZVZ3dz6lTNayq7EusnVbwP_h9XV64kUL6gaVzLDnuu_BwCW3QcyqybofG1FuqsNtsS2idW6E4WykOYL4uX4.r9bNsCt9vacyt6y1IemwubxmBqb-xPm7UMNBpwDKFD0&dib_tag=se&keywords=touch+screen+finger+tips+for+gloves&qid=1755714891&sr=8-3
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https://www.amazon.com/GloveTacts-including-Motorcycle-Snowboard-Gardening/dp/B08QNHMBNZ/ref=sr_1_3?dib=eyJ2IjoiMSJ9.XP3xGlLIQeb-pW1Z_aYVlVekeMuUaboBB5TZJ0O1tXlBRGJKmK1_JPITDZtaYlZyhqQz54kgO1h-v-qPgqiBdsVmX6sUGR87uQgLU4Jmn6sI1zGc-nUEbX3O6a1KXdJ6kXcFXLlWWcG2bR_Di4ASLFGiZVZ3dz6lTNayq7EusnVbwP_h9XV64kUL6gaVzLDnuu_BwCW3QcyqybofG1FuqsNtsS2idW6E4WykOYL4uX4.r9bNsCt9vacyt6y1IemwubxmBqb-xPm7UMNBpwDKFD0&dib_tag=se&keywords=touch+screen+finger+tips+for+gloves&qid=1755714891&sr=8-3
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https://www.amazon.com/GloveTacts-including-Motorcycle-Snowboard-Gardening/dp/B08QNHMBNZ/ref=sr_1_3?dib=eyJ2IjoiMSJ9.XP3xGlLIQeb-pW1Z_aYVlVekeMuUaboBB5TZJ0O1tXlBRGJKmK1_JPITDZtaYlZyhqQz54kgO1h-v-qPgqiBdsVmX6sUGR87uQgLU4Jmn6sI1zGc-nUEbX3O6a1KXdJ6kXcFXLlWWcG2bR_Di4ASLFGiZVZ3dz6lTNayq7EusnVbwP_h9XV64kUL6gaVzLDnuu_BwCW3QcyqybofG1FuqsNtsS2idW6E4WykOYL4uX4.r9bNsCt9vacyt6y1IemwubxmBqb-xPm7UMNBpwDKFD0&dib_tag=se&keywords=touch+screen+finger+tips+for+gloves&qid=1755714891&sr=8-3
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https://www.amazon.com/GloveTacts-including-Motorcycle-Snowboard-Gardening/dp/B08QNHMBNZ/ref=sr_1_3?dib=eyJ2IjoiMSJ9.XP3xGlLIQeb-pW1Z_aYVlVekeMuUaboBB5TZJ0O1tXlBRGJKmK1_JPITDZtaYlZyhqQz54kgO1h-v-qPgqiBdsVmX6sUGR87uQgLU4Jmn6sI1zGc-nUEbX3O6a1KXdJ6kXcFXLlWWcG2bR_Di4ASLFGiZVZ3dz6lTNayq7EusnVbwP_h9XV64kUL6gaVzLDnuu_BwCW3QcyqybofG1FuqsNtsS2idW6E4WykOYL4uX4.r9bNsCt9vacyt6y1IemwubxmBqb-xPm7UMNBpwDKFD0&dib_tag=se&keywords=touch+screen+finger+tips+for+gloves&qid=1755714891&sr=8-3
https://www.amazon.com/gp/product/B0878XGY1X/ref=ox_sc_act_title_2?smid=AEJHYT2597KHQ&psc=1
https://www.amazon.com/gp/product/B0878XGY1X/ref=ox_sc_act_title_2?smid=AEJHYT2597KHQ&psc=1
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Note: A few less desirable alternatives to S-3 are available in case the S-3 option is out of stock or depending on needs.

A less breathable option: 2-Layer Waterproof Breathable Polyester Fabric - Optic White (Rockywoods Fabrics)

A thinner/see-through option : Ottertex Nylon Ripstop Fabric PU Coated 70 Denier 1.90z 62/63" Wide Waterproof Tent Water Repellent Dustproof

Airtight Inflatable Flag Tarp Cover Excellent Fabric for Kites (1 Yard, White)

4.6.1.1.5 Peripheral System BOM

If budget allowed, test team recommends expanding the size range coverages for the peripheral system items. The BOM below lists the minimum
quantity recommended for one operational HS3 system with minimum number of peripheral system sizes. Additional sizes are always helpful to
improve subject suit fit experience.

Table 4-36. Peripheral System BOM. Total Price per unit HS3 is estimated to be $1643.48.

Line

Part/ Item - Unit Total Indv. n "
BI%M Image Catego | Description/Specifica Mar:;:efsgg:rer/ P/N gr;;,t UoM Cost I;SL".%::} Qty. Rgrd. Usage Mitl?;'all WePierhtj?lgs)
ry tions/Dimensions : (€)] ) Per Suit Y 9
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R-1 BOOS | recommend picking a Amazon BOIM24M464 | 1 | 1 Pair $2%9'9 $209.99 2 Bogtsssfor F?u “gggr 43
minimum of two sizes Sole

among the size range
and uses insertable
insoles to expand the
size range)
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https://www.amazon.com/s?k=super+77&adgrpid=1337006710080342&hvadid=83563305705340&hvbmt=be&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=e&hvtargid=kwd-83563277043576%3Aloc-190&hydadcr=26613_11816006&mcid=3895cf31134b3e2894a8027cc4d4f941&tag=mh0b-20&ref=pd_sl_42i484m76a_e
https://www.amazon.com/s?k=super+77&adgrpid=1337006710080342&hvadid=83563305705340&hvbmt=be&hvdev=c&hvlocphy=73093&hvnetw=o&hvqmt=e&hvtargid=kwd-83563277043576%3Aloc-190&hydadcr=26613_11816006&mcid=3895cf31134b3e2894a8027cc4d4f941&tag=mh0b-20&ref=pd_sl_42i484m76a_e
https://rockywoods.com/products/2-layer-waterproof-breathable-polyester-fabric-optic-white
https://www.amazon.com/Waterproof-Repellent-Dustproof-Inflatable-Excellent/dp/B082FPWL43/ref=sr_1_7?dib=eyJ2IjoiMSJ9.OgpksKtEa_e18HOM8CyCpZlIX5w1HDBvPgg_-FLlCCIAmY8JCrXmzqa2TomueNPtydCV1zSD102wZRBcyIJfCpBba86xT3rLWb4wzdttcfA9y6LbWBwCiJaLlxmh0iS30AZ6D6DkDmmO2cXrUPN1HAPb-E1XonolBOqUV45KmtL61pvVVLGH1MoLW12m0dL0Xu9_msxPJg-6fMaz5_DHg0umzZ_Cq5_uzGz_3EIiym8MyGOnHKII4qJBvCG814_kLckJmgibR0sNWe9l5w62O1lG_aiIcUsRc7UxmYBPDaE.yjx4sHbcDM3k7CWwbnajDfTQKKfRHGwgVwAiUW6n8nc&dib_tag=se&keywords=i.%2BOttertex%2BNylon%2BRipstop%2BFabric%2BPU%2BCoated%2B70%2BDenier%2B1.9oz%2B62%2F63%22%2BWide%2BWaterproof%2BTent%2BWater%2BRepellent%2BDustproof%2BAirtight%2BInflatable%2BFlag%2BTarp%2BCover%2BExcellent%2BFabric%2Bfor%2BKites%2B(1%2BYard%2C%2BWhite)&nsdOptOutParam=true&qid=1765217179&sr=8-7&th=1
https://www.amazon.com/Waterproof-Repellent-Dustproof-Inflatable-Excellent/dp/B082FPWL43/ref=sr_1_7?dib=eyJ2IjoiMSJ9.OgpksKtEa_e18HOM8CyCpZlIX5w1HDBvPgg_-FLlCCIAmY8JCrXmzqa2TomueNPtydCV1zSD102wZRBcyIJfCpBba86xT3rLWb4wzdttcfA9y6LbWBwCiJaLlxmh0iS30AZ6D6DkDmmO2cXrUPN1HAPb-E1XonolBOqUV45KmtL61pvVVLGH1MoLW12m0dL0Xu9_msxPJg-6fMaz5_DHg0umzZ_Cq5_uzGz_3EIiym8MyGOnHKII4qJBvCG814_kLckJmgibR0sNWe9l5w62O1lG_aiIcUsRc7UxmYBPDaE.yjx4sHbcDM3k7CWwbnajDfTQKKfRHGwgVwAiUW6n8nc&dib_tag=se&keywords=i.%2BOttertex%2BNylon%2BRipstop%2BFabric%2BPU%2BCoated%2B70%2BDenier%2B1.9oz%2B62%2F63%22%2BWide%2BWaterproof%2BTent%2BWater%2BRepellent%2BDustproof%2BAirtight%2BInflatable%2BFlag%2BTarp%2BCover%2BExcellent%2BFabric%2Bfor%2BKites%2B(1%2BYard%2C%2BWhite)&nsdOptOutParam=true&qid=1765217179&sr=8-7&th=1
https://www.amazon.com/Korkers-Darkhorse-Fishing-Boots-Kling/dp/B01M24M62E/ref=sr_1_3?dchild=1&keywords=korkers%2Bboa%2Bboots%2Bmen&qid=1632411630&sr=8-3&th=1

Korkers Devil's
Canyon Wading Boots
- Athletic and Glove-
like Fit - Includes
Interchangeable Felt

and Kling-On Soles $209.9 B f S)(/)nthetlc
R-2 Boots Amazon BOOEAG3PPI 1 Pair 2| $200.99 oots for uter, 29
S 9 HS3 Rubber
(recommend picking a S
e - ole
minimum of two sizes
among the size range
and uses insertable
insoles to expand the
size range)
Korkers Women's
Darkhorse Wading and
Fishing boot- Includes
Interchangeable Kling-
On & Studded Kling- Synthetic
On Soles $249.9 Boots for Outer
R-3 Boots Amazon B083CB3RRZ 1 Pair ' $249.99 ' 3
- 9 HS3 Rubber
(recommend picking a S
o ] ole
minimum of two sizes
among the size range
and uses insertable
insoles to expand the
size range)
Used as
padded
insole for
Shoe Insoles, Memory boots (in
Foam Insoles, case
Providing Excellent subjects
Shock Absorption and are
Padded Cushioning for Feet . between
R-4 Insoles Relief, Comfortable Amazon B0730P622 1 Pair $9.98 $9.98 sizes or Velvet 0.22
Insoles for Men and need extra
Women for Everyday volume to
Use, M [US M: 6-9/W: fill the
7-11] boot
comfortab
ly without
slippage)
32 Degrees Men's
Lightweight Baselayer
Crew Top | Long Baselayer 40%
o to be
Sleeve | Form Fitting | worn Polyester,
4-Way Stretch | 34%
Baselay BOBFRTKM under -
R-5 or Thermal Amazon Y3 Indv. $18.88 $18.88 Liquid Agrz)gzc, N/A
(Recommend ggronlqlgr?t Rayon, 4%
expanding size for HS3 Spandex

inventory for entire
subject population)
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https://www.amazon.com/Korkers-Devils-Canyon-Wading-Outsoles/dp/B00E4G3PPI/ref=sr_1_26?dchild=1&keywords=gray%2Bboa%2Bboots%2Bmen&qid=1632411787&rnid=2470954011&sr=8-26&th=1&psc=1
https://www.amazon.com/Korkers-Womens-Darkhorse-Wading-Studded/dp/B07BNK2KV5/ref=sr_1_1?crid=EX50E5NG9C7W&dib=eyJ2IjoiMSJ9.n2pGLDtJgofljQ-wuEtghPe7Gi2GdKXp4qAViWgpoWCu-_LRvtsNBdI85JYN_puHlbHF8uXzdf4-VIiuKjGiB6Ucj89BykAcB4s41BXStSqmypugICfE0IkkQbu20JNxdkmvGU5fKIsdPgf__8YcvRLpAAyyYbMsYMdW3qtm2m7aTQ9Mr-qcZjQb2lBan09qyJjmJnQQumD2tsZQ4KfgrjLwoO1Vkp3SrUZQJnoWB1dQG6Q1x2vE2_F7a_ctZg1Tj3U_zWhVHHsATI0Vj6e70bjyqbbWSAZngIENIl_AmqQ.j7f04hmXRKCY9DvILRlbKydMda8mAGDmVWA7LDY-v5k&dib_tag=se&keywords=Korkers+Women%27s+Darkhorse+Wading+and+Fishing+boot-+Includes+Interchangeable+Kling-On+%26+Studded+Kling-On+Soles&qid=1755643588&sprefix=korkers+women%27s+darkhorse+wading+and+fishing+boot-+includes+interchangeable+kling-on+%26+studded+kling-on+soles%2Caps%2C169&sr=8-1
https://www.amazon.com/Providing-Excellent-Absorption-Cushioning-Comfortable/dp/B073QF962Z/ref=sr_1_7?crid=6O98UHZGDU3Y&dib=eyJ2IjoiMSJ9.tmj8yiPnUdoD6EMnN0G-jjNFf08DF5DBbkyvBONmuEmUCNpcnvDhZ9g8l27F_oLxNP3uHc9Uxhlyjtnt-lQz64pmdvebPBFMza7wU3EaEWKvA8GWcnkxToDvsezOMRDrIbtnGytXMD82AyctsWeCWPaCHhSFGHjsxSeN2UhPaIJUV6K-Lv4Bkopi4S-0GyfakZDHe0R-wd9d9EMNACd-bo9KkthLzGFpOCts2BLgHTFlbDt-QWJ0LBRoVkZCORAUPrbjdn4AuTxgRSlYNSsAAWxfKo_9c0LGYJ1t1PJut40.h6t827Xe-6HRugv96D_Pwl5y8-TklvIEXz8svJDT_JI&dib_tag=se&keywords=Shoe%2BInsoles%2C%2BMemory%2BFoam%2BInsoles%2C%2BProviding%2BExcellent%2BShock%2BAbsorption%2Band%2BCushioning%2Bfor%2BFeet%2BRelief%2C%2BComfortable%2BInsoles%2Bfor%2BMen%2Band%2BWomen%2Bfor%2BEveryday%2BUse%2C%2BM%2B%5BUS%2BM%3A%2B6-9%2FW%3A%2B7-11%5D&qid=1746576372&sprefix=shoe%2Binsoles%2C%2Bmemory%2Bfoam%2Binsoles%2C%2Bproviding%2Bexcellent%2Bshock%2Babsorption%2Band%2Bcushioning%2Bfor%2Bfeet%2Brelief%2C%2Bcomfortable%2Binsoles%2Bfor%2Bmen%2Band%2Bwomen%2Bfor%2Beveryday%2Buse%2C%2Bm%2Bus%2Bm%2B6-9%2Fw%2B7-11%2B%2Caps%2C132&sr=8-7&th=1
https://www.amazon.com/32-DEGREES-Lightweight-Baselayer-Fitting/dp/B0BFRW13HX/ref=sr_1_5?crid=2EZG25T2ZQPSK&dib=eyJ2IjoiMSJ9.KveT-owSmMbfll2V5lWf--Qz2On5CGTYmXl5E_OL5yfJXrjHfha07eGhmEDE9N82sQ-VzBnvA6K1ZvenxK1KUl4aKXjnHE1RMWo3iFsVTjZM3ZGNlmVEZDLjCNNe_6G6U_Jlih3cBpvSGUwyyHCT86Xf80-APf_qyQZIk0SqF0gRUOdPhDiU-IBlpM_351qq1nSVnAVp4uLcRiKSCFI6ytcwt4S5SnIdgv51GMwi08oMHsh8fIvsNTdMbE30kbw9Ss4pIk538L_DhsP_faIVhGeFvGpfBD4Ck0ozL-KoA_I.XIphmNMqK-kdDyetUdJBHqB1Qj2brjvDs3Qm8l1VUsA&dib_tag=se&keywords=lightweight%2Bbaselayer&qid=1745442118&sprefix=light%2Bweight%2Bbaselayer%2Caps%2C260&sr=8-5&th=1
https://www.amazon.com/32-DEGREES-Lightweight-Baselayer-Fitting/dp/B0BFRW13HX/ref=sr_1_5?crid=2EZG25T2ZQPSK&dib=eyJ2IjoiMSJ9.KveT-owSmMbfll2V5lWf--Qz2On5CGTYmXl5E_OL5yfJXrjHfha07eGhmEDE9N82sQ-VzBnvA6K1ZvenxK1KUl4aKXjnHE1RMWo3iFsVTjZM3ZGNlmVEZDLjCNNe_6G6U_Jlih3cBpvSGUwyyHCT86Xf80-APf_qyQZIk0SqF0gRUOdPhDiU-IBlpM_351qq1nSVnAVp4uLcRiKSCFI6ytcwt4S5SnIdgv51GMwi08oMHsh8fIvsNTdMbE30kbw9Ss4pIk538L_DhsP_faIVhGeFvGpfBD4Ck0ozL-KoA_I.XIphmNMqK-kdDyetUdJBHqB1Qj2brjvDs3Qm8l1VUsA&dib_tag=se&keywords=lightweight%2Bbaselayer&qid=1745442118&sprefix=light%2Bweight%2Bbaselayer%2Caps%2C260&sr=8-5&th=1

32 Degrees Men's 2-

Kids

Pack Performance Baselayer 20%
Lightweight Thermal to be 0
- Polyester,
Baselayer Legging worn 34%
Baselay Pant BO9RI7MGL 2 under -
R-6 or Amazon 6 Pack | $19.99 $19.99 1 Liquid Agrzygzc, N/A
(Recommend Cooling
P Rayon, 4%
expanding size Garment Spandex
inventory for entire for HS3 P
subject population)
LCG - -
Full | COMPCOOLER Full COMPLCG. $199.9 cIBlglliJrI]d Nylon,
R-7 Body Body Cooling Compcooler Con DL v Indv. ' $199.99 1 9 Spandex, 1.8
FBG-BK-XX 9 garment .
Garmen Garment PVC tubing
t for HS3
FEATOL Elbow Brace
for Tendonitis and
Tennis, Adjustable
Golfers Elbow Brace Used for Neoprene,
R-8 Elbow | for Men and Women, Amazon | BO9ZPMBIHF Indv $24.12 Lpair | restriced | ol 0.33
Brace Pain Relief for Cubital - ' $12.06 ’ ROM for Vpelcrgo’ '
Tunnel Syndrome, elbows Stra
Bursitis, Ulnar Nerve P
Entrapment (Black,
Medium)
Modvel ELITE Knee
Brace for Women &
g Men with Side
R-9 Knee Meniscus Tear for Amazon BOBAWVSSZ Indv. $59.72 1 Pair restricted Patella Gel 0.44
Brace . Q $29.86 ROM for | Pad, Velcro
Knee Pain Support, Knees Stra
ACL Knees Braces for P
Men Running,
Workout, Arthritis &
Joint Recovery
Pool Floats Back Used as
Swim Floating Belt h
J = restricted
Foam EVA Foam Swimming ROM
R-10 Waist Training Aid Aerobics Amazon B07377FJ57 Indv. $16.98 1 . Foam 0.23
. $16.98 device for
Belt Exercise Belt waist/tors
Kickboard for Adult o
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https://www.amazon.com/32-DEGREES-Performance-Lightweight-Baselayer/dp/B09R96G7Y2?ref_=ast_sto_dp&th=1&psc=1
https://www.amazon.com/32-DEGREES-Performance-Lightweight-Baselayer/dp/B09R96G7Y2?ref_=ast_sto_dp&th=1&psc=1
https://www.compcooler.shop/collections/featured-cooling-units/products/full-body-cooling-garment
https://www.compcooler.shop/collections/featured-cooling-units/products/full-body-cooling-garment
https://www.amazon.com/dp/B09ZPM3JHF/ref=vp_d_cpf-substitute-widget_pd?_encoding=UTF8&pf_rd_p=1b59e7f0-e58c-4cf4-9322-aea719e34a8a&pf_rd_r=YN8FRN1WN823H14HC29P&pd_rd_wg=FaTjy&pd_rd_i=B09ZPM3JHF&pd_rd_w=Q8GDG&content-id=amzn1.sym.1b59e7f0-e58c-4cf4-9322-aea719e34a8a&pd_rd_r=4beeec47-cf2e-4d49-9a97-7c40f4e49b61&th=1
https://www.amazon.com/Stabilizers-eligible-Meniscus-Arthritis-Recovery/dp/B084WV5SZQ/ref=sr_1_75_sspa?crid=8RTKVH9H62FD&dib=eyJ2IjoiMSJ9.sSGlukbCAoZ9FgM8fX4EAPITphdnnnNRb0ghx-uEy3RBZo49TeExTolq7DEWsT3G6MtR7e-qocWdmTZgwGigOvejuKrUgOI6EPWp8JbMlWBnlu-yn4fvOB-IyZTgsEVjACy5hSlEPuSkAwBhGR1FkNbhyb9iyNPd0SWXKznYrlKrybRUdYUIAzBtDXxJDvDc4-i7I_PPKbjWVNv-XjJTqbknen4QmQE9F6H7OsaUnfP2Py95UxHYvmhxlIA6HnEw7UHWi2UW5v6c2nEp_F1gEPpD_1DokPAoiCgPOstDK7c.VzM12yyuewjfEguCA5xMAJg-OvRp19cl2CTNnHoYPUA&dib_tag=se&keywords=lifting%2Bknee%2Bsleeve&qid=1721321934&s=industrial&sprefix=lifting%2Bknee%2Bsleeve%2Cindustrial%2C117&sr=1-75-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGZfbmV4dA&th=1
https://www.amazon.com/Stabilizers-eligible-Meniscus-Arthritis-Recovery/dp/B084WV5SZQ/ref=sr_1_75_sspa?crid=8RTKVH9H62FD&dib=eyJ2IjoiMSJ9.sSGlukbCAoZ9FgM8fX4EAPITphdnnnNRb0ghx-uEy3RBZo49TeExTolq7DEWsT3G6MtR7e-qocWdmTZgwGigOvejuKrUgOI6EPWp8JbMlWBnlu-yn4fvOB-IyZTgsEVjACy5hSlEPuSkAwBhGR1FkNbhyb9iyNPd0SWXKznYrlKrybRUdYUIAzBtDXxJDvDc4-i7I_PPKbjWVNv-XjJTqbknen4QmQE9F6H7OsaUnfP2Py95UxHYvmhxlIA6HnEw7UHWi2UW5v6c2nEp_F1gEPpD_1DokPAoiCgPOstDK7c.VzM12yyuewjfEguCA5xMAJg-OvRp19cl2CTNnHoYPUA&dib_tag=se&keywords=lifting%2Bknee%2Bsleeve&qid=1721321934&s=industrial&sprefix=lifting%2Bknee%2Bsleeve%2Cindustrial%2C117&sr=1-75-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGZfbmV4dA&th=1
https://www.amazon.com/Workouty-Floating-Swimming-Training-Kickboard/dp/B07377FJ57/ref=sr_1_7?crid=3SGUP9I0POGY6&dib=eyJ2IjoiMSJ9.CTNGKKf3ni3iaB4Iruv8rVTO6isXBPe1u0jylYtT5s6CDmJxkGVwoh6R7GxMgxOL137bv3ID7FnSaaOTSOn6AawMpzJ0wL4tjNIyXwu9Q0wr1mwNhE7FNwEls3Xhg-yZkUvZi5fjvEBcGXEJ6LWBsGis2eypyRcmCrOY2xLiWu5l04FF_IbXLImPEhFfPpOxy3HlVYRqPt2aD9Zwxa8FJnLas8NfE9ZlypYj17BodjJeRcyoB1xqdSNsGWzl1noz3Jgy8oHl_dUx9DrnxFL9cHIasb9tZ5rUVRwiJBd8N2o.d4Nh0z2PYqqviEN4rjeAHR2_ImBk_8l8SaoLat0MJtE&dib_tag=se&keywords=swimming%2Bwaist%2Bfloat&qid=1723146929&sprefix=swimming%2Bwaist%2Bf%2Caps%2C178&sr=8-7&th=1

Used as

Crotch 6 Pack Foam Pool restricted
Pad Noodles — 48” x 2.5” ON-Oodles- 6- ROM Polyethylen
R-11 Assemb Hollow Core — Extra Amazon 6PACK pack | $28.99 $28.99 device for e Foam 25
ly Dense, Durable waist/tors
0
Used to
Duty Belt Keepers keep
w/Double Snaps for Waist
1.5"/1.75"1 2"/2.25" Inhibitor
Wide Utility Belt Loop in place,
R-12 IE) e(::) Stays Nylon Tactical Amazon w p;;k $9.99 $9.99 underneat Nylon N/A
Belt Holder Retainer - ’ h custom
Police Security Law soft suit
Enforcement Military (installed
Accessories inside at
waist)
2" Heavy-Duty Buckle
& Straps Set: 6-Pack Used to
Side Release Plastic install Webbing:
Webbin Buckles, 6 Yards of 6- crotch pad 100%
R-13 g+ Thick Nylon Webbing, Amazon B09JS7TM29Y ack | $22.99 $22.99 assembl Polyester N/A
Buckles 12 Tri-Glide Slide P ’ to wai ty Buckle:
Clips, No Sewing ir?hibéilt(SJr Plastic
Required (2" Combo
Set)
Nickel-
Commu Wireless Bone Used for Titanium
R-14 nication Conduction Amazon SHOKZ indv. | $1299 | g12905 wo-way |  Alloy, 0.06
enRun 5 . :
System Headphones voice Plastic,
Silicone
Camera
for 1st
R-15 Jhev0 | Mevo Start Camera LogiTech Mevo Start mnav. | 39991 300,99 ol N/A 05
mounted
to HUT
UTEBIT Mini Ball
Head, Tripod Head
with 1/4" hot Shoe, Used for
360° Rotatable Ball mounting
Camera | Heads Camera Mount Mevo
R-16 Mount Adapter, Aluminium Amazon BOSXKWTVL Indv. $9.99 camerato | Aluminum 0.3
+ 20mm Ballhead 4 $9.99 HUT via
Screws Compatible with
- screw
Tripods, Monopods, fasteners
HTC Vive, SLR
Cameras Loading
6.6lb
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https://www.amazon.com/Oodles-Noodles-Deluxe-Foam-Pool/dp/B01L094C62/ref=ast_sto_dp_puis?th=1
https://www.amazon.com/Oodles-Noodles-Deluxe-Foam-Pool/dp/B01L094C62/ref=ast_sto_dp_puis?th=1
https://www.amazon.com/TACNEX-Keepers-Utility-Tactical-Retainer/dp/B0CJ5CW7GW/ref=sxin_16_pa_sp_search_thematic_sspa?content-id=amzn1.sym.729c6495-0dd0-4d9c-aa7b-b230db15d8d2%3Aamzn1.sym.729c6495-0dd0-4d9c-aa7b-b230db15d8d2&crid=3ITSBNGY5OQJ2&cv_ct_cx=belt%2Bloop%2Bfor%2Bpants&keywords=belt%2Bloop%2Bfor%2Bpants&pd_rd_i=B0CJ57T3MQ&pd_rd_r=3bda3a14-a729-4f01-a959-efccb1c5cb7c&pd_rd_w=NjMQf&pd_rd_wg=1MhPO&pf_rd_p=729c6495-0dd0-4d9c-aa7b-b230db15d8d2&pf_rd_r=GQQFX4CF2QZ2G6G32X4P&qid=1745859114&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=belt%2Bloop%2Bfor%2Boa%2Caps%2C118&sr=1-5-e169343e-09af-4d41-85b1-8335fe8f32d0-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM&th=1&psc=1
https://www.amazon.com/TACNEX-Keepers-Utility-Tactical-Retainer/dp/B0CJ5CW7GW/ref=sxin_16_pa_sp_search_thematic_sspa?content-id=amzn1.sym.729c6495-0dd0-4d9c-aa7b-b230db15d8d2%3Aamzn1.sym.729c6495-0dd0-4d9c-aa7b-b230db15d8d2&crid=3ITSBNGY5OQJ2&cv_ct_cx=belt%2Bloop%2Bfor%2Bpants&keywords=belt%2Bloop%2Bfor%2Bpants&pd_rd_i=B0CJ57T3MQ&pd_rd_r=3bda3a14-a729-4f01-a959-efccb1c5cb7c&pd_rd_w=NjMQf&pd_rd_wg=1MhPO&pf_rd_p=729c6495-0dd0-4d9c-aa7b-b230db15d8d2&pf_rd_r=GQQFX4CF2QZ2G6G32X4P&qid=1745859114&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=belt%2Bloop%2Bfor%2Boa%2Caps%2C118&sr=1-5-e169343e-09af-4d41-85b1-8335fe8f32d0-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM&th=1&psc=1
https://www.amazon.com/BEYOURD-Heavy-Duty-Buckle-Straps-Set/dp/B09JS7M29Y/ref=sr_1_6?crid=11Z8WG1LRWVT1&dib=eyJ2IjoiMSJ9.wC34iWkoI1XqgPkZXsn1r94uFsYYzxmHizHYGImPOjQl_XYaYjcqb1OPKnzLTwKeXrHCXESh-kdLOtv6rgD3a8zipTqJLxTBJ0OLRuO5TNQPZ70UhzDKoBa_dUk2ZEWM-MFc-PmHMCco1mbttqnFiBKBcSmhI2eMeOHA_kQuGVaw_0AbHdvpKdCyB-ecMVDFlZZEWmCWWg5ItIQItqZZxdIUpLTd-lbMRXGNjj43ple2fk_QWDnSCw3qQ_ORZys-UzjFMJG8JrLvhDBPgcYvCk9_brr_YmXy-TedKK_j-1g.7MCd_BeSJuyPh9VIx1L5mYtWSh_6VOF5uQoLDQdi8Oc&dib_tag=se&keywords=2%2Binch%2Bbuckles%2Bfor%2Bstraps&qid=1747758054&sprefix=2%2Binch%2Bbuc%2Caps%2C129&sr=8-6&th=1
https://www.amazon.com/Shokz-OpenRun-Conduction-Headphones-Built/dp/B09BW1QVVT/ref=sr_1_3?crid=3PK7470MP4YVV&dib=eyJ2IjoiMSJ9.CUFBFpZ8xLf6fYoFEuBYgMfvMVn9iYzloH2UOQI7SzQaPgxkM4QyNt8v0UOBuAc41oAmoJKfZD6J2rPLgP58cy4OqHF3MLt1uwIbIAorU1kAL7XoL2qe-TG3-yPHnrWEAZBQWXzn86WSn33Ogrgxy7dC38L2yn8oUDSxXbMKrY_PDIpyFrBjnRpY7uQ4nJUZg1QMp15N9EzknKNQRI7TzKVG7fypESlI6MlbM9bE5zE.Mu8uLpl0kggpbXi3bSxsT6opV80v4BHQJXVRiLwL6Cg&dib_tag=se&keywords=shokz%2Bopenrun&qid=1746472037&sprefix=shokz%2Bopenrun%2Caps%2C148&sr=8-3&th=1
https://www.amazon.com/Shokz-OpenRun-Conduction-Headphones-Built/dp/B09BW1QVVT/ref=sr_1_3?crid=3PK7470MP4YVV&dib=eyJ2IjoiMSJ9.CUFBFpZ8xLf6fYoFEuBYgMfvMVn9iYzloH2UOQI7SzQaPgxkM4QyNt8v0UOBuAc41oAmoJKfZD6J2rPLgP58cy4OqHF3MLt1uwIbIAorU1kAL7XoL2qe-TG3-yPHnrWEAZBQWXzn86WSn33Ogrgxy7dC38L2yn8oUDSxXbMKrY_PDIpyFrBjnRpY7uQ4nJUZg1QMp15N9EzknKNQRI7TzKVG7fypESlI6MlbM9bE5zE.Mu8uLpl0kggpbXi3bSxsT6opV80v4BHQJXVRiLwL6Cg&dib_tag=se&keywords=shokz%2Bopenrun&qid=1746472037&sprefix=shokz%2Bopenrun%2Caps%2C148&sr=8-3&th=1
https://mevo.com/products/mevo-start
https://www.amazon.com/UTEBIT-Aluminum-Diameter-1-25inch-Compatible/dp/B06XKW7V14/ref=asc_df_B06XKW7V14?mcid=a3b898225210366c8acf57efd343072c&hvocijid=11075839463883497877-B06XKW7V14-&hvexpln=73&tag=hyprod-20&linkCode=df0&hvadid=721245378154&hvpos=&hvnetw=g&hvrand=11075839463883497877&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9027632&hvtargid=pla-2281435179018&th=1
https://www.amazon.com/UTEBIT-Aluminum-Diameter-1-25inch-Compatible/dp/B06XKW7V14/ref=asc_df_B06XKW7V14?mcid=a3b898225210366c8acf57efd343072c&hvocijid=11075839463883497877-B06XKW7V14-&hvexpln=73&tag=hyprod-20&linkCode=df0&hvadid=721245378154&hvpos=&hvnetw=g&hvrand=11075839463883497877&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9027632&hvtargid=pla-2281435179018&th=1

Treadmi
1l
Adaptat
ion

GM CLIMBING 1
inch Nylon Tubular
Webbing Tape CE
UIAA Certified 40001b
Heavy Duty for
Climbing Rescue Rope
Works Survival
Outdoor General
Purposes

Amazon

GM161130

Indv.

$21.95

$21.95

Used with
fireman
knot to
create a

low-
profile
safety
harness
for
positionin
g subject
on
treadmill

Nylon
(UIAA 0.75
certified)

4.6.2 Donning Stand

Based on the raw material prices as of 2025 August, the estimated cost to produce one unit of HS3 donning stand is $1804 (assuming all 3D
printed parts are printed in-house and thus only raw filament price per print object weight is used).

Table 4-37. HS3 Donning Stand BOM. Total Price per unit HS3 donning stand is estimated to be $1804.

Print Time per Unit
Item Line Tl e,
BOM Part/ - - Manufactur Unit Unit Indv. Material/ CAD File
ID T Category zetfg;'sg?% Sn‘;‘i’g:gc er/ Vendor PN | oty. | YM | cost TS(‘)‘tgl Qty. L Alloy Name Print Settings (incl
Rqrd. rough print volume and
printer used)
Cut
Single 4-Slot Hollow pieces: Cut for
D-1 % Frame Rail, Silver, 1.5" Mc(l;/laster 470(?25“ 1 Indv. $54§ $4§'5 -(x2)30"" single Aluminum nla
T xL5" g arr x1)27 | width
5/8"
cut from Single 4-Slot Hollow Inner hs3v25 D 1
D-1.1 D-1 Rail, Silver, 1.5" n/a n/a 2 Indv. nfa 2 Main Aluminum .1_0820_Int n/a
x1.5", 30" Vertical Vertl
cutfrom | Single 4-Slot Hollow 8“““; hs3v25_D_1
D-12 D1 Rail, Silver, 1.5" n/a n/a 1 | Indv. | nia 1 Horret | Aluminum | 2_0820_int n/a
x1.5", 27 5/8" | _Horz
Cut
pieces:
= Single 4-Slot Hollow -(x1)21 Cut for
D-2 %" Frame Rail, Silver, 1.5" McMaster 47065T1 1 Indv. $60. $60.4 1/16" single Aluminum n/a
Iy " g Carr 02 50 9 -
. x1.5", 6 -(x2) 11 width
1/4"
-(x2) 7"
cutfrom | Singte 4-Slot Hollow ngc\iarr hs3v25_D_2
D-2.1 D-2 Rail, Silver, 1.5" n/a n/a 1 Indv. n/a 1 Horizonta Aluminum .1_0820_Int n/a
x1.5", 21 1/16" | _Horz_Bot
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cut from Singl_e 4-_Slot Hollow Inner ) hs3v25_D 2
D-2.2 D-2 Rail, Silver, 1.5" n/a n/a Indv. nla 2 Lower Aluminum .2_0820_Int n/a
x1.5", 11 1/4" Vertical Vert2
cut from Singl_e 4-§Iot Hollow Base ) hs3v25_D 2
D-2.2 D-2 Rail, Silver, 1.5" n/a n/a Indv. nfa 2 wheel Aluminum | .3_0820_Out n/a
x1.5", 7" foot Wheel
Main
vertical
members,
1.50” X 3.00” Lite T- 84",
Slotted Profile, 84" Added
long, Machini hs3v25_D 3
D-3 % Frame (Added Machining 8020.net 13?;2' Indv. $%J(())g %%)8' 2 ng Aluminum _Out_0820_ nla
\¢ Services 5/16-18 D : Services Vert
% X 1.25" End Taps 5/16-18 D
Left End) X 1.25"
End
Taps
Left End
Cut
pieces:
% Double 6-Slot “(c4) Feet/Cros
D-4 f Frame Hollow Rail, Silver, McMaster 47065T1 Indv. $56. | $170. 24 S Aluminum nfa
\p LB 2 Carr 08 90 70 | -(x1)21
A x1.5" 4 " Members
* 9/16
-(x1) 21
1/16"
4
feet/legs
cut from Double _6-Sl_ot for_ bas_e ) hs3v25_D 4
D-4.1 Hollow Rail, Silver, nla nla Indv. n/a nla 4 (this will Aluminum | .1_0820_Out nla
D-4 " w oA
3"x1.5" 24 use 2 of _leg
the 3 D-4
rails)
cut from Double _6-Sl_ot Outer ) hs3v25_D 4
D-4.2 D-4 Hollow Rail, Silver, nla nla Indv. n/a nla 1 Lower Aluminum | .2_0820_Out nla
3" x1.5", 21 9/16" horizontal Horz_Top
cut from Double _6—Sl_ot Inner ) hs3v25 D 4
D-4.3 D-4 Hollow Rail, Silver, n/a n/a Indv. nfa n/a 1 Upper Aluminum | .3_0820_Out n/a
3" x1.5", 21 1/16" horizontal _Horz_Bot
e,
- Silver Square Surface |y 1 o\acter | 47065T2 $14. | $295 Inner : hs3v25_D_5
D-5 : ) Frame Bracket éc;:ls High Carr 58 Indv. 80 8 2 Frame Aluminum _Sq_Bracket n/a
]
Silver Flush 90
D-6 Frame Degree Angle McMaster 3136N1 Indv $19. | $1le. 6 Frame Aluminum hgi\éiST?:T; n/a
- Bracket for 1.5" High Carr 58 ' 40 50 Corners = e
Rail
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Silver Gusset

hs3v25_D_7

D-7 Frame Bracket, 1-1/2" Long McMaster 47065T6 6 Indv. $11. | $69.3 6 Frame Aluminum | _Corner_Bra n/a
g . Carr 79 60 0 Corners
for 1-1/2" High Rail ce
Silver Gusset
D-8 Frame Bracket, 3" Long for McMaster 47065T7 6 Indv $18. | $108. 6 Bl‘zfzrzgd Aluminum h;i\{Z?:_ol?&Sr n/a
1-1/2" High Rail T- Carr 62 ' 10 70 I
. Corners Brace
Slotted Framing -
Gusset Bracket, 3"
N hs3v25 D_9
Long for 3" High McMaster 47065T9 $28. | $57.5 . iy
D-9 Frame Double/Quad Rail T- Carr 06 2 Indv. 50 6 2 Base Aluminum | _2x2_Corner n/a
. _Brace
Slotted Framing
Silver Diagonal Base hs3v25_D 1
D-10 Frame- Brace for 1.5" High McMaster 47065T7 2 Indv. $37. | $745 2 angle Aluminum | 0_0820_agl_ nla
Base - - " Carr 02 30 8
Single Rail, 18" Long supports support
Frame- Sleeve Bearing, 1.5" . hs3v25 D 1
D-11 Sliding High Rail, 1 Flange, Mcg?:ter 470§§’T9 4 Indv. $§§ $%%0' 4 C;I:?ae e Aluminum | 1_slide_carri nla
Carriage | 2-13/16" Long, Silver 9 age
Lo_cklng Pivot for 3" hs3v25 D 1
D-12 Frame- ngh Double/Quad McMaster 3136N2 2 Indv $78. | $156. 2 Leg Aluminum | 2 base brac n/a
Base Rail, 90 Degree, L Carr 21 ' 00 00 Brace T e
Handle
Plate Mount Swivel
Frame- Caster, Total Lock, McMaster 5537743 $66. | $132. hs3v25 D 1
D-13 Base 40mm and 1.5" High Carr 5 2 Indv. 20 40 2 Rubber 3_wheel n/a
Rail
Sure-Grip Pull
D-14 Erame Handle for 1.5 and McMaster 5537762 3 Indv $16. | $48.9 3 Plastic Zsal;\grsn_eDﬁt n/a
40mm High Rail, 9- Carr 9 ’ 30 9  ndle
7/16" Long
1-Arm Hand Brake .
Frame- - " Slide hs3v25_D_1
D-15 Sliding for_Bearmg f‘or 15 McMaster 6812N3 2 Indv. $22. | 9441 2 Carriage Zinc 5_slide_carri nla
- High and 3" High Carr 06 10 6
Carriage . Brake age_handle
Rail, Yellow
) End Cap for 3" High McMaster 3136N2 $3.2 Exposed . hs3v25 D 1
D-16 Frame Double Rail Carr 1 4 Indv. 5 13.00 4 ends ABS Plastic 6_Cap. Wide n/a
hs3v25 D 1
End Cap for 1-1/2" McMaster 3136N2 $2.6 | $15.9 Exposed . i
D-17 Frame High Single Rail Carr 1 6 Indv. 6 6 6 Ends ABS Plastic 7_Cape_S|ngI nla
Phillips Flat Head Pack Secure
D-18 Frame Screws for Sheet Mcg/l;srter— 903133 A 1 of $g'4 $7.38 18 door OinBcligCgt_eel N/A n/a
Metal 100 latches
Button Head Hex
D-19 Hard Drive Screw, 5/16"- McMaster- 91255A 1 Pg(;k $11. | $11.0 4 Sﬁg:,ge Black- hs3v25_D_1 n/a
Capture 18 Thread, 2-1/4" Carr 589 10 9 Oxide Steel | 9_HC_screw
Long 100 capture
Hard Prime-Line E 2440 capture
Capture, Passage Door Latch, $3.8 | $38.3 PLSS to hs3v25_D_2
D-20 Soft 9/32 In. and 1/4 In. Amazon 10| Indv. 3 0 10 donning Steel 0_latch n/a
Capture Square Drive, Steel, stand
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Chrome Finish
(Single Pack)

3D print- Soft Capture Actuate hs3v25_D 2
D-21 Soft Actuator Lever- n/a nla $6.00 2 soft Tough PLA | 1_SC_Handl 20% Infill, 8 hours
Capture Handle capture e
connect
. soft
3D print- hs3v25_D 2
D-22 soft | SoftCapture Handle n/a n/a $1.28 8 capture | ¢ gh PLA | 2. SC_Adapt 20% Infill, 30 min
Connector lever to
Capture . er
mechanis
m
house the
3D print- $12.1 door latch hs3v25_D 2
D-23 Soft Soft Capture Mount nla nla 6. 4 for the Tough PLA | 3_SC_Housi 20% Infill, 7 hours
Capture soft ng
capture
house the
3D Print- door latch hs3v25_D 2
D-24 Hard Hard Capture Mount n/a n/a $9.72 2 for the Tough PLA | 4 _HCHousin 20% Infill, 10 hours
Capture hard g
capture
fit
overtop
3D Print- t:: a'f'g?’ hs3v2s5_D_2
D-25 Hard Hard Capture Handle nla nla $5.2 2 h)z:lr d Tough PLA | 5_HC_handl 20% Infill, 3 hours
Capture capture e
mechanis
m
Secure
12 nuts, 3dp parts
D-26 Fa(s:?ei(a)ars 0820 Fasteners MCCMa E:fter 51558 N2 IZ?(C; $‘80 $1§ 0 10 to Steel nla nla
Screws donning
stand
HARFINGTON 2pcs
hta2409 actuate
B Hard L-Shaped Square HARFINGT pack | $7.9 hs3v25_ D 2
D-27 Capture Head Wrench 7mm | ON/ Amazon 2582200 of 2 9 $7.99 2 c:;tlfre Steel 7_HC_lever n/a

Carbon Steel L-Key
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5 Usage of HS3

This section provides hand-on instructions and examples on how to use the HS3 safely, cleanly,
and correctly. Example procedures, a training template, and hazard analysis templates are provided
as a user guide, though should be individually tailored for specific tests implementing the HS3.

5.1 Detailed Test Procedure

The example detailed test procedure (DTP) presented below is separated into sections to
include preparation, donning, usage, and doffing of the HS3 system. The DTP is intended to be a
step-by-step process checklist to ensure proper and safe usage of the system. DTP sections have
columns for both familiarization and test sessions. It is recommended that subjects undergo a sizing
and familiarization session prior to conducting data collection tasks with HS3. This section shows
the following operation procedures when using HS3 with two test subjects:

Pre-test checklist

Donning Procedures

Doffing Procedures

Clean-up Procedures

Supplemental Procedures in Appendix: Emergency, safety harness, sizing procedures

YVVYYVY
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5.1.1 Pre-test Checklist (T-1 Day to Test)

Table 5-1. Pre-test Checklist (T-1 Day to Test) DTP

Note: EV1 and EV2 designations are for test operators assigned to assist donning.

Intl.

Intl.

EaM | TEsT | SEQ OPERATION REMARKS
EV1 EV1 Verify all batteries are full and/or charge the following batteries:
[0 (x1) PLSS Power Bank + (x1) backup
As applicable per study: 200W Anker
[ (x2) Bone conduction headset + (x1) backup Power bank is
EV2 Ev? |Al U (x3-4) Jabra Evolve headsets for test team g(])?/v(;l:rk::pm}(
0 (x2) MEVO camera ; ;
installed into
[1 (x2) RUNN Sensor + (x1) Samsung tablet PLSS.
[1 (x2) COSMED K5 metabolic cart and (x1) spare battery
[1 (x2) Polar H10 puck and (x2) chest strap
EV1 EV1 Verify COSMED mask assembly is staged (as applicable):
0 (x1) Mask sizing caliper
Ao |U (FAM) (x2) Masks (best guess sizes), (x2) head strap
EV2 EV2 | | (TEST) Full mask/turbine assembly per FAM’s best size
EV1 EV1 Prep/freeze LCG bladders: External
1 Fill (x4) square 3.5L bladders with DI water up to 2.5 L. Ensure the | Cooling
bladder is filled below max fill line with water when held. Do not | Option: Fill
burp out any air. external
"1 Place filled bladders into the freezers laying upright (hose ports and | €0ling
: : bladders with
cap facing upright) and flattened. DI water o Use
[0 Verify a very distinct air bubble under the inlet & outlet ports. a cooling cart.
A3
EV2 EV2
EV2 EV2
Figure 5-1. LCG Bladders in Freezer (left), Air Bubble (right).
EV1 EV1 Verify integrity and functionality of donning stand: Verify all
[ (x2) 8020 AL guided hand brakes/height adj. handles + (x2) fasteners are
Al backup. donning stand
' ] (x2) Handles for hard capture (HC) + (x2) backup prints. tightened, not
EV2 |EV2 71 (x2) Handles for soft capture (SC) + (x2) backups. de-threaded,

[ (x8) Door latch adapters for SC handles

installed, intact.
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Intl.

Intl.

Eam | TesT | SEQ OPERATION REMARKS

[0 (x2) HC door latch + 3DT HC mount + (x2) backups.

1 (x8) SC door-latch + 3DT SC mount + (x8) backups. Verify hazard
tape placed on
feet of donning
stand.

EV1 EV1 Verify HS3 HUT components are staged: 0 Verify no
[ (x2) Large and (x2) small 3DP HUT + backup of each loose/missi
0 (x2) Upper pip pins & (x2) lower pip pins, staged. ng/visually
71 (x2) Pip pin mount adapters fastened on HUTS with x4 screws damaged/d
00 (x2) Backup pip pin mounts for HUT to struts. e-

0  (x1) Helmet visor, secured by (x4) screws + (x1) backup visor. threaded/fr

o Verify (x1) visor fan and fan filter installed. ayed

T (x2) HUT arm canvas padding/covers for arm holes. fasteners,
1 (x1) MEVO camera tripod mount, installed on HUT. L‘g:t:t'ons'
Vo i "II insert§,
. —— = Visor material,
| ¢ Helmet y Fan
Vior R ; etc.

0 Verify all
fasteners
tightened,
not de-

Pip Pin threaded,

AS Ml;unts installed,
intact.

‘ 0 Verify all

S LCG Switch waistbelt,

(Stowage) shoulder,

and chest
straps

Figure 5-2. Front of HS3 w/ HUT (left), w/o HUT (right). loosened.

EV2 EV2 Verify PLSS and Spine Harness assembly: . U_pp.e: pIp
[ (x1) PLSS 3DP backplate on donning stand Eillr\]/sgr g?ngsl
[J (x1) Padded harness + (x1) spine, installed with (x6) screws and 50mm Lg.'

washers to backplate. Lower pip

[0 (x2) Aluminum rails installed to PLSS backplate. pins: T-

[  (x4) Rail carriages fastened on rails, (x2) rail struts handle

[J (x4) 3DPT AL rail guards capped on ends (black)
pins, 30 or
50mm Lg.
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Intl.

Intl.

EAM TEST SEQ OPERATION REMARKS
frma v

Rail Guard -

Figure 5-3. Front PLSS Components.

(x1) PLSS 3DPT power bank housing + (x1) backup.
(x4) PLSS 3DPT wall panels + (x1) backup of each.
(x1) PLSS 3DPT bladder compartment + (x1) backup
(x2) Bladder compartment Shelf Brackets, installed

‘ E Power Bank =
} Housing

E——

\ Bladder
] i1 Compartment
A‘\ | 1

N“v} yo—

Bladder Bottom ©
Shelf Brackets

Figure 5-4. Back of HS3 and PLSS Components.
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Intl.

Intl.

eam | TEST | SEQ OPERATION REMARKS
EV1 EV1 Verify PLSS electronics installed, plugged in, w/ wiring secured: Visor fan will
[0 (x1) PLSS power bank (see Figure 5-5) be unplugged
T (x1) DC motor controller, wired with bare wire-to-USB-C cable | When
to 100W port, LCG switch, and water pump. donning/doffin
[0 (x1) Visor fan connected to battery via 20W USB-A port g HUT with
00 (x1) Water pump connected to motor controller via 16 AWG subject.
wires.
] Check pump connected to motor controller. Plastic guard is
[0 (x1) LCG switch with plastic guard fed through front-bottom removed for
right of PLSS and protective tubing + (x1) optional Switch Anker Solix
guard installed. Mounted to backplate (temporarily). LCG power bank
switch connected to motor controller. config.
Optional Sensors per study:
00 (x1) RPi + (x1) USB-C button switch and microUSB cable
connected to battery 20W USB-C port.
EV? EV? A.6 0 (x2) DS18B20 thermal sensors secured into NPT fittings in
water cooling system at T-adapter PVC and plugged into RPi
system.
LCG
US5.¢.come| DC Motor J- i -I_ Water
Controller Pump
Visor | use
Fan
= s 1

Figure 5-5. Battery Connection Diagram. User Interface (left), PLSS

Wiring Config (right) — Anker 200W.
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Intl.

Intl.

eam | TEST | SEQ OPERATION REMARKS
EV1 EV1 Verify HS3 PLSS LCG system staged, secured, and installed: External
[1 (x1) Water pump with 3/4” tubing on inlet and outlet. Cooling
T (x2) Black, shielded LCG interface tubing with female QD Option: (x1)
routed through bottom left backplate hole of PLSS. Neoprene
71 (x2) PVC pipe T-adapters secured with metal hose clamps and | waterproof
(x2) NPT thermowell fittings, 50mm. Facing the PLSS: lunch bag
[ Leftmost diverting ball valves + lever: system w/ holes
= (x1) Surface Supply Outlet [backward] and Velcro
= (x1) Bladder outlet port [forward] attachment,
= (x1) Pump-to-LCG outlet [downward] staged.
[ Rightmost diverting ball valves + lever:
= (x1) Surface Supply Inlet [backward] o Verify no
= (x1) LCG inlet [downward] loose/
= (x1) Internal Bladder inlet port [forward] missing
; § ! e connection
s, plugs,
P\-’(‘r'l'u-c hose
| Direcion BYC clamps, etc
Dicsstion [ Verify no
visual
damage/fra
ying on O-
rings.
A7 U Verify all
) ' water hose
EV2 EV?2 Figure 5-6. PLSS LCG System. have metal
I (x2) Bottom panel-mounted fluid male QDs installed on bottom ho(sje clamp
left of bottom shelf of PLSS: surface supply inlet/outlet 220ure q

[l (x2) Male-to-female Surface Supply QDs for external LCG
bladder (External Bladder is not shown in picture)

p-——\
Internal
Bladder

PLSS

Rightmost
Ball Valve

Leftmost
Ball Valve

Surface Supply QD
(to External LCG
Bladder)

Fluid QD Y
r:. ‘ e IL o
E Tubing e Water Pump
Water Bladder
3-way Thermal NPT
8all Valve -] Fitting

Figure 5-7. LCG System: Tube Connections and Configs.
Figure 5-7 Legend: red: external cooling, blue: internal cooling)

Surface Supply
External Bladder
(Optional)
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Intl.

Intl.

Eam | TesT | SEQ OPERATION REMARKS
EV1 EV1 Verify HS3 Helmet Ventilation System staged and installed: Verify no
0 (x1) Visor fan on 3DPT visor, attached to HUT with (x4) nylon | missing, poor,
SCrews. or damaged
[0 (x1) Fan filter installed underneath fan/interior of visor. connections
and 3DPT
adapters.
Verify no
broken, loose,
de-threaded
A8 connections or
EV2 |EV2 parts.
Figure 5-8. Ventilation Configuration.
EV1 EV1 Verify power to PLSS electrical components. Do NOT
PLSS Power Bank: power ON
00 Verify charged by holding (if powered OFF) or pressing (if in | water pump
sleep mode) the power button until LED display comes on. without
[0 Verify battery percentage is >90% battery. connection to
LCG or
Helmet Vent Fan: dummy loop.
] Plug into USB-A 20W port on battery. The water
) Slide the inline fan switch to “H” (high). pump stalls if
(1 Verify fan is functioning and providing flow. the pump is
switched on in
a closed loop.
1] Helmet Vent
A.9 Fan Cable
EV2 |EV2

Helmet Vent
Connection

RODHT AR

Figure 5-9. Helmet Vent Fan Cable Connection.
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Intl.

Intl.

Eam | TesT | SEQ OPERATION REMARKS
LCG flight switch:
[J  After installing 3.5 L bladder, connect LCG interface female QD’s
to LCG male QD’s. A secure connection is indicated by a ‘click’
[0 Toggle switch forward and back to turn on water pump.
[0 Allow the pump to run for 1 minute.
[0 Observe for any leaks, water/condensation buildup, etc.
[0 If no leaks are observed, toggle switch forward and back to turn off
water pump.
B If leaks are observed, note the location/tube connection before
turning off the water pump. Address as necessary and repeat
above steps until no leaks observed.
Switch P
(Stowage) |8
Figure 5-10. LCG Flight Switch.
Raspberry Pi & Thermal Sensors (If applicable)
[J  Press push-button USB-C switch to turn on RPi.
[J  Verify data is collecting.
[1  Press push button USB-C switch to turn off RPi.
EVi EVi Verify LCG garments staged (correct size): Verify/Clean
[0 (x1) M/L full-body and (x1) XL/2XL full-body LCG, staged, + (x1) | laundry,
backup of each size (XS/S, 3XL/4XL) including soft
[1  Ensure no fraying or missing O-rings on fluid QDs. suitand LCG
] Ensure no ripped stitching for inside tubing. garments the
[1  Ensure no leaks observed when testing cooling system. days before
each session.
A.10 Verify HS3 soft goods staged (correct size):
7 (x1) SIM and (x1) L/XL HS3 custom soft suit + backup of each Verify all
1 (x1) Waist inhibitor belt with crotch pool noodle (15 in. - default) + | COMPonents
has no visual

(x1) backup (10 in., 18in)
[0 (x1) Comfort liner gloves
(x2) Elbow braces and (x2) Knee braces.
[1  (x1) Head buff cover and/or (x1) sweat headband

O

damage/fraying
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Intl.
FAM

Intl.
TEST

SEQ

OPERATION

REMARKS

EV2

EV2

I [y

(x1) Hiking boots, correct size, + insoles, if needed.

(x4) Padding installed; (x2) on knees, and (x2) on elbows.
Verify soft suit access ports to LCG on left side are open
(x4) Velcro patches installed to cover old ventilation holes
(x4) Wrist ring installed: two on the soft suit, and two on the gloves.

As applicable:

O

(x1) Treadmill safety harness + (x1) backup.

[ (x2) Wire gate carabiners for safety harness temp stowage.
[0 (x1) Dual carabiner spreader bar, installed to Tuff Tread.
00 Verify unused soft suit holes covered with Velcro patches.

Verify subject(s) garments staged:

[J  TCU (thin/base layer) tops and bottoms staged, if subject(s) does not

bring own exercise clothing.
[J Boot socks, provided by subject(s).

Verify friction
fit between soft
suit and gloves.
Verify adhesive
Velcro is not
ripping apart or
loose.

EV1

EV1

A1l

EV2

EV2

As applicable: MEVO Camera and app setup

O

I I R O I [ R |

O O

Verify micro-SD card inserted into MEVO camera.

Turn on camera and open MEVO app on device: phone/tablet.
Turn on Wi-Fi, Bluetooth, and location on device.

Turn on DO NOT DISTURB for notifications on device.

Plug device into USB charger.

Open the MEVO app on device.

The camera will begin connecting to the app.

In the MEVO app, press “stream via cellular data” to connect
MEVO to Wi-Fi. (FIRST TIME ONLY: Select network and
input password to Wi-Fi network.)

Verify MEVO is connected to Verizon hotspot Wi-Fi and ID#.

Verify MEVO app is streaming the camera feed to the device
Press the ellipses button, then “Settings”.

Ensure “NDI Mode” is turned on at 1080p 7.5 Mbps speeds.
Close settings. The record button should now say “NDI”.
Open NDI Tools webcam app.

Ensure the PC and MEVO camera are on the same network
Select “MEVO” as Source 1 in the NDI app.

For dual ops,
perform step
using separate
phone/tablet.

MEVO
Camera ID #1:

MEVO
Camera ID #2:

EV1

EV1

EV2

EV2

Verify sensors/hardware are staged, clean, and operational.

As applicable
per study

EV1

EV1

A.13

Verify consumables are staged, and abundant (Recommended
consumables below).

[0 (x1) Fabric sanitizing spray.

[ (x1) Cooler, cleaned.

[ Clorox wipes.

[0 Nitrile gloves.
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Intl.
FAM

Intl.
TEST

SEQ

OPERATION

REMARKS

EV2

EV2

I [y

O

Scissors.

(x1) Laundry bag or trash bag for dirty laundry.

(x1) Flat head and (x1) Philips screwdriver Kits.

Allen keys (sizes 7/64, 5/16, 5/8, etc.)

(x1) Trauma shear: for emergency use and for cutting items; verify

it is sharp.
(x1) Soft tailor measurement tape.

5.1.2 Donning Procedures (Familiarization and Test Sessions; Day of Event)

Intl.

Intl.

eam | Test | SEQ OPERATION REMARKS
EV1 Assist the subject(s) in donning any physiology sensors used in Study usage
B.1 testing. specific for
EV2 = Sensor usage.
EV1 EV1 Ask the subject(s) to don garments and any physiologic sensors used:
B.2 0 (x1) TCU
EV2 | EV2 | 0 (x1) Boot socks
(x1) Hair buff and/or sweat headband
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Intl.

Intl.

Eam | TesT | SEQ OPERATION REMARKS
EV1l | EV1 Don LCG garment. (TEST ONLY)
[0 Have subject(s) don LCG; assist with zipper in front. Log the time of
1 Verify LCG fluid QDs are on subject(s) left side. complete soft
suit donning:
Don elbow braces (x2) and knee braces (x2).
1 Assist with donning; ensure braces are not restricting blood flow by | EV1:
being too tight (“red” colored side is touching subject).
Don ‘waist inhibitor’ foam waistbelt. Ev2:
[0 Assist with donning; ensure belt loop is snug.
[ Connect saddle strap through the legs of the subject
I Ensure the pool noodle between the leg is secured by adjusting the | ! the pool
slides along the strap to the desired position. noodle between
0 Verify pool noodle is not protruding more than 4 inches in front or the_ legs does not
behind the subject. fit in the small
01 Ensure waist inhibitor is below subject(s) hips/waist as to not S.Oﬁ. suit due to
- : . . S - limited crotch
interfere with HS3 waistbelt/spine positioning and offloading. size of suit
(1 Ensure fluid QDs for LCG are above the waist inhibitor belt. Y
downsize to a
| {’ Il smaller pool
[l noodle.
B.3

M

Elbow Pad

Waist
Inhibitor

LCG
Thermal
QDS

Knee Pad

Figure 5-11. Waist Inhibitor with Crotch Pad Assembly (Pool
Noodle).

Don HS3 soft suit (from the back).

01 Have subject(s) step into soft suit garment — ensure zipper is on
backside of subject(s).

(1 Feed LCG hoses through the opening on the left side of the soft suit;

secure hoses in hole using Velcro.

Zip up back zipper carefully.

Ensure waist inhibitor is below subject(s) hip/waist.

Adjust the vertical Velcro (x4) flaps to secure loose material.

Roll loose fabric on neck of soft suit down, secure with Velcro.

[y S R R
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Intl. Intl.
FaM | TesT | SEQ OPERATION REMARKS
EV2 | EV2 O Verify soft suit knee pad placement by having the subject(s) practice

kneeling on both legs and confirm proper placement.

Don boots.

[ Ensure the foot stirrup on the soft suit is underneath the subject(s)
foot once donning boots.

0 Assist the subject(s) in tucking excess fabric from soft suit into
boots, then tightening the boots.

Don safety harness.

() Demonstrate to subject(s) how to don safety harness.

01 Have subject(s) step into/put on harness — refer to Section 9.4 for
instructions.

(1 Use a small carabiner to temporarily secure loose ends of the safety
harness at the subject(s) upper back.

Figure 5-12. Donning of Soft Suit, Boots, and Safety Harness.
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Intl.

Intl.

eam | Test | SEQ OPERATION REMARKS
EV1l | EV1 Ingress subject(s) into/don HS3 soft goods mounted to backplate:

waistbelt, shoulder straps, chest strap.

01 Ensure all straps are loosened before subject(s) donning.

[ Ensure 3DP HUT is disconnected from the HS3 assembly before
subject(s) donning.

01 Ensure height of donning stand frame matches with subject(s) waist
height before subject(s) donning. Lock frame into place using the
handles (x2) on the back of the donning stand.

01 Adjust shoulder padding height and spine as needed.

o Ensure no large gaps are between shoulder and padding.
Maximize contact while not tightening down straps. Lumbar pad
is nested in lower back.

01 Have subject(s) back into the donning stand.

[ Have subject(s) feed arms through shoulder straps into a comfortable

EV2 EV2 position.
01 Connect, tighten waistbelt above the waist inhibitor belt.
o Ensure waistbelt sits properly onto subject(s) iliac crest/hips.
o Ensure safety harness sits BELOW waist belt and all straps.

0 Assist with tightening shoulder straps down with even tightness on
both shoulders.

0 Assist with connecting, tightening upper chest strap underneath
subject(s) chin.

B.4 [ Assist with adjusting, tightening the straps on top of the spine to the

top of the shoulder padding to correct vertical posture/leaning

(approx. 30-45deg angle — snug but not too tight).

o Ensure the safety harness sits underneath all strap buckles and
padding.

o Ensure LCG fluid QD’s are not kinked (at 90deg bend) and are

accessible.

Figure 5-13. Straps for Waistbelt, Shoulders, Chest, Spine.
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Intl.

Intl.

Eam | TesT | SEQ OPERATION REMARKS
EV1l | EV1 Install 3.5L bladder for LCG into PLSS. (TEST ONLY)
[ Retrieve DI Hz0-filled 3.5L bladders (x2) from the cooler. Log the time of
) Wipe off condensation from surfaces using towel. complete LCG +
1 Place onto the LCG shelf in the PLSS. tubing donning:
o If bladder does not fit, run or add warm water to the bladder and
shake gently. EV1:
01 Secure the bladder using the belt buckles.
[ Connect the internal tubing to the bladder. Verify connection per EvV2:
figure below and “click” sound.
o From left Ball valve, plug in the fluid QD hose into the
“Outlet” port of the LCG bladder.
o From right Ball valve, plug in the fluid QD hose into the
“Inlet” port of the LCG bladder.
o “Left -> Outlet, Right -> Inlet”
o Ensure O-rings on male fluid QD’s intact.
BS 01 Verify no kinks in tubing once connected to bladders.

[ Ensure ball valves pointed away from subject. (points towards the

Ball Valve
Direction

Ball Valve
Direction

\ a4 (l : o4 : -

Figure 5-14. (From Section A) Bladder Tubing Config

uration.

Y =
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Intl.
FAM

Intl.
TEST

SEQ

OPERATION

REMARKS

EV2

EV2

Connect fluid QD’s from LCG garment to PLSS.

g

Connect the (x2) male fluid QD’s from the LCG garment into the
(x2) female fluid QD’s fed from the bottom left of the
PLSS/Backplate.

o Ensure O-rings on fluid QD’s intact, no visual damage.
o  Secure with Velcro to shoulder strap, avoid kinking tubing.

Figure 5-15. HS3 Shoulder Strap to Fluid QD Connection.

[J Power on PLSS Power Bank by pressing/holding 3 seconds on

the power button until the LED display lights up.
00 Verify switch and no leaks or bubbles after attaching HUT

EV1

EV1

B.6

Have the subject(s) egress the donning stand.

(1 Lower the inner frame of the donning stand using the braking
handles and by having the subject do a partial (quarter) squat.
Break the handles on the inner frame.

[l Gently press the handles of the hard capture mechanism forward

about 30 degrees (handle #1).
[J  Have the subject(s) lift the PLSS by standing on their tip toes,
then release the handles on the hard capture mechanism.

[0 Ensure the HS3 backplate base clears the hard capture

mechanism before proceeding.
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Intl. Intl.
FAM TEST SEQ OPERATION REMARKS
EV2 EV2

I

Sl
QD

i

-

\

(
-

(

BN

Figure 5-16. HS3 Backplate Clearance.

(@

Subject(s) or operator to gently press down on the two handles
of the soft capture mechanism to release the backplate from the

donning stand completely handle #2).
Have the subject(s) lean forward and slowly walk forward and

straight out of the donning stand.
Subject(s) can walk normally once cleared of the donning stand

frame.
(As needed) Adjust shoulder straps, waistbelt, and chest straps
for better fit once guided out of donning stand by doing a diver’s

tuck

Figure 5-17. Steps for Egressing Donning Stand.
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Intl.

Intl.

eam | Test | SEQ OPERATION REMARKS
EV1l | EV1 Connect HUT to Backplate. Assist with donning the HUT. (TEST ONLY)
[ Have subject(s) hold arms out in front of them at chest level. Log the time of
00 Wrap HUT arm canvas covers (x2) around the bottom of the arm complete
holes to mitigate friction from 3DP HUT pieces. HUT/helmet
1 Assist subjects(s) to feed arms and head through HUT holes. visor donning:
01 Use the spring-loaded pip pins (x4 per HS3) to fasten the HUT at its
connection points to the struts on the backplate carriage rails. EVL
[ Connect visor fan (x1) to USB port in PLSS and power inline sliding
switch to “H” (high).
EV2:
Adjust HUT Height via the Carriage Rail System.
[ Loosen the thumb screws (x4) CCW on the rail carriages (x4)
mounted to the aluminum rails on the backplate.
[ Gently slide the HUT and carriages up or down the rail to adjust the
height based on subject(s) fit.
[ DO NOT FORCE CARRIAGES TO MOVE
[0 Adjust up if subject(s) crown/hair are touching the inner
dome of the helmet visor.
[0 Adjust down if subject(s) chin/neck are stiff or straightened
or if the chin is close/resting on HUT helmet ring.
[J  Head should be centered in helmet “bubble space.
EV2 | EV2 |B.Y

[0 Arms should be centered in arm holes during T-pose

01 Ensure the carriages/HUT are even before finishing adjustment.

[ Tighten the thumb screws (x4) on the carriages once the fit is proper
to finish height adjustment of the HUT.

Figure 5-18. HUT Connections + Height Adjustment Carriages.
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Intl. Intl.
eam | Test | SEQ OPERATION REMARKS
EV1l | EV1 Verify switch and cooling system no leaks/bubbles
(1 Detach the switch from the back.
EV2 | EV2
Switch
(Stowage) |/§
Figure 5-19. (from Section A). LCG Switch Stowage Location.
B.8 [ Demonstrating to subject, close switch to turn on LCG
01 Watch for bubbles or leaks for 1 minute.
01 Demonstrating to subject, flip switch open to turn off system.
[ Attach switch to Velcro on HUT horizontal, as depicted below.
Figure 5-20. LCG Switch HUT Location.
EV1l | EV1 If applicable:
B.9 01 Verify the MEVO camera is securely mounted to the HUT.
EV2 | EV2 | 0 Verify the MEVO camera feed is streaming.
EV1l | EV1 B.10 Have the subject(s) don the bone conduction headphones.
' 01 Verify Bluetooth connection via comm check. Reconnect if needed.
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Intl.

Intl.

eam | Test | SEQ OPERATION REMARKS
EV2 | EV2
EV1l | EV1 Don comfort gloves/HS3 gloves. (TEST ONLY)
(1 Subject(s) don ‘comfort gloves’ (x2). Log the time of
] Subject(s) don the appropriately sized HS3 gloves (x2). Assist with | complete glove
securing the fingers/pushing fingers across to correct fit. donning:
[ Secure the 3DPT wrist gauntlet (x2) via friction fit to the wrist rings
(x2) installed on the soft suit arms. EV1:
01 Secure the Velcro covers on the gloves/no loose fabrics.
EV2:
EV2 EV2
A1
Figure 5-21. Glove Fit and Connections.
EVl | EV1 Final Verifications/Checkouts.
01 Verify the safety harness is not loading onto any HUT or soft
B.12 suit/shoulders or waistbelt components.

01 Verify stowage of any loose fabrics, straps, etc.
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Intl. Intl.
eam | Test | SEQ OPERATION REMARKS
EV2 EV2 0 Verify carabiner for safety harness slack accessible from back.

O Verify soft suit knee pad position is comfortable

0 Verify with subject(s) on any needs for final adjustments

O Verify subject(s) comms are still operational/GO.

Cover the PLSS with white dust cover. If using COSMED, do NOT

cover air inlet on top of COSMED Kb5 cart (black rubber cap by

antenna).

PLSS Dust
Cover
Figure 5-22. PLSS with Dust Cover Installed.
EV1 EV1 Take pictures (front, left, right, back) + T-pose + kneeling of subject(s)
13 ; ;
EV2 EV2 when HS3 is fully donned/configured.
EV1 514 Start MEVVO Camera recording via MEVO app on phone/tablet by
EV2 [ pressing the SD card button, then the red “Record” button.
5.1.3 Doffing Procedures (Familiarization and Test Sessions)
Table 5-2. HS3 Doffing Procedures

Intl It | g OPERATION REMARKS
FAM | TEST Q
EV1 EV1 Assist with doffing the gloves/glove liners. (TEST ONLY)

[ Disconnect wrist rings from soft suit and gloves. Log the time of

0 Gently pull at the fingertips of the gloves to doff gloves. complete glove
Ev2 | Ev2 |C1 | : : -

Remove glove liners to the dirty laundry bag. doffing:
EV1:
EV2:
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Intl.

Intl.

eam | TEST | SEQ OPERATION REMARKS
EVl | EV1 Remove the LCG switch (TEST ONLY)
[0 Detach the switch from the HUT. Log the time of
[ Attach the switch to the back of the PLSS, ensuring switch will LCG power off
clear donning stand latches. EV1:
01 Power off LCG with switch.
EV2:
C.2
EV2 | EV2
Figure 5-23. (from Section A). LCG Switch Stowage Location.
EV1 EV1 Assist with doffing the HUT. (TEST ONLY)
01 Release/pull up and out the spring-loaded pip pins (x4) fastening Log the time of
the HUT to the backplate struts/carriage rail mounts. complete
c3 [ Subject(s) hold their arms out straight at chest level. HUT/helmet
Evo | Bv2 | [ Pull the HUT off the subject(s) through the arm/ head holes. visor doffing:
EV1:
EV2:
EV1 EV1 Doff earbuds/headset and return to charging station after
Ev2 | Ev2 |C4 cleaning/sanitizing.
EV1 EV1 Dock the HS3 PLSS into the donning stand. Ensure the hard
[ Guide/Align subject(s) slowly back into the donning stand. capture
[ Have subject(s) lean forward and step on their tip toes. mechanism and
vz | Evz ] Align HS3 backplate into the hard capture mechanism. the soft capture
o Have subject(s) slowly walk back into donning stand until | mechanisms are
grooves are partially slotted in hard capture mechanism. | ALL
Have the subject(s) straighten back to snap into soft engaged/locked
in place before
continuing to doff
C5 the HS3 from the
subject(s).
Figure 5-24. Steps for Ingress Donning Stand.
EV1 EV1l [C.6
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Intl.

Intl.

Eam | Test | SEQ OPERATION REMARKS
EV2 EV2 Place a dry towel underneath LCG QDs to catch water
Disconnect LCG QDs from the left side of the LCG garment
EV1 EV1 Loosen/disengage all soft straps
[0 Loosen waistbelt; disengage belt.
[0 Loosen shoulder straps and spine-to-shoulder straps.
EV2 Ev2 |C7 [ Loosen chest/neck strap; disengage belt.
[0 If carabiner is clipped into soft handle on spine, disengage
carabiner.
EV1 EV1 Have subject(s) slowly egress donning stand.
C.8 Ensure no loose straps/safety harness pull or tug or are hooked onto
EV2 | EV2 .
HS3/donning stand.
EV1 EV1 Assist with doffing the soft goods.
[0 Have subject(s) drop/doff safety harness to floor.
) Remove Velcro strap from fluid QD’s fed outside the soft suit.
co [ Have subject(s) sit down and doff boots (pull/click circular tab
Ev2 | EVZ2 ™ outward to release lacing).
U Have subject(s) stand up. Unzip soft suit to doff.
0 Assist with doffing elbow braces (x2) and knee braces (x2) and
waist inhibitor belt (x1).
EV1 EV1 Have subject(s) doff garments and any physiologic sensors and Ask subject(s) to
change into fresh clothes. change in locker
(1 Have subject(s) unzip LCG garment and doff. room area.
U Any physiology sensors used
EV?2 EV?2 10 [ (x1) TCU (thin) top and bottom
0 (x1) Boot socks
0 (x1) Hair buff/sweat headband
5.1.4 Clean-up Procedures
Table 5-3. HS3 Clean-up Procedures
Intl. | Intl g OPERATION REMARKS
FAM | TEST
EV1l | EV1 Power down and charge all devices. As applicable per
D1 study
EV2 EV2
EV1l | EV1 Empty out LCG garment and LCG bladders.
1 Empty out LCG garment by hooking up empty bladder to the
D.2 liquid cooling system, then powering ON switch #1 for 1 minute.
EV2 | EV2 ' Power OFF, then disconnect bladders and LCG garment.

Dispose of water in all bladders down a clean sink.
Hang and allow bladders to air dry.
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Intl. Intl.

FAM TEST SEQ OPERATION

REMARKS

Sanitize/launder softgoods.
[ Fabric spray the following items, then allow to air dry.
o (x1) Soft suit — Spray outside and inside

If dual ops: double
quantity require for
cleanup

o (x1)LCG
o (x1) Pair of HS3 gloves Remove 3DPT
o (x1) Safety harness adapters from
o  (x1) Pair of boots soft suit and
D3 o (x21) Pair of glove liners knee/elbow before
' o (x1) Hair buff spraying/washing.
(1 After air dry, wash items below after 10 uses. Wash in a delicate
o Soft suit (x1) — Machine wash/dry. laundry bag (cold
o LCG (x1) — Machine wash/dry. temp.), then dry
o Pair of glove liners (x1) — Machine wash/dry. them on a delicate
o Hair buff (x1) — Machine wash/dry. cycle/low temp.
o TCU (thin) tops and bottoms (x1) — Machine wash/dry.
D4 Sanitize headphones and any biosensors applied to study using a

Clorox disinfectant wipe.

5.2 Maintenance and Cleaning
5.2.1 HS3 Maintenance

For maintaining HS3 hardware, the thermal control system is required to be purged after every
use. Purging this system prevents any particulate buildup within thermal tubing from the water
pump to the LCG. To purge water from the system, an empty bladder must be connected to the
water pump with the LCG installed. Run the system until water from LCG is collected in the
bladder. Note that not all water will be completely removed from the system and droplets of water
may be seen in the cooling lines to the pump.

For long-term maintenance, after 10 use cycles, laundering is required. The soft suit, LCG,
glove liners, hair buff, and athletic clothing can be laundered in a delicate laundry bag in cold
temperature water and dried on delicate low heat cycle. Prior to laundering soft suit, removal of
3DPT adapters and padding is required to avoid damage.

5.2.2 HS3 Cleaning

Due to multiple subjects using HS3 and the associated risks of contamination, sanitization is
required after each use. Soft goods such as the soft suit, LCG, safety harness, boots, glove liners,
and hair buff must be sanitized using Clorox fabric spray then allowed to air dry.

Optional bioinformatic sensors (COSMED metabolic cart) with direct skin contact requires
use of a Neutral Disinfectant Cleaner or similar, per manufacturer recommendations. When using
Neutral Disinfectant, read all manufacturer instructions and warnings to prevent damage to
hardware or hazard to subjects.
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5.2.3 3D Print Parts Maintenance - Acetone Patching

This section documents and details the how to repair 3D prints or bond multi-part prints
through the preparation, use, and safety considerations for Acrylonitrile Butadiene Styrene (ABS)-
Acetone mixtures.

5.2.3.1 Overview

Acetone is an effective solvent for ABS. When combined, the acetone partially dissolves the
ABS, allowing it to act as an adhesive, filler, or surface smoother depending on the mixture ratio.
This process is applicable for ABS-based 3D prints.

5.2.3.2 Hazards and Warnings

Use proper personal protective equipment (PPE) when grinding/cutting ABS. Common hazards are
listed below.

Table 5-4. Hazard Warnings for ABS Repair Process

Type Hazard description Suggested Mitigation
Fire FLAMMABLE » Always work in a well-

¢+ Vapor trails are flammable, and flashback may ventilated area or use
occur. respirator.

% Vapor can be explosive in enclosed areas. » Extinguish with dry

% Acetone is highly flammable. Keep away from chemical, alcohol
heat, sparks, and open flames. foam, or carbon

% Water may be ineffective against fire. dioxide.

» Store container in
Flame-proof cabinet.

Exposure | DO NOT INDUCE VOMITING » Move to fresh air.
CALL FOR MEDICAL AID » Stopped breathing:
% Irritating to eyes, nose, and throat. give artificial
% If inhaled, may cause difficult breathing or loss respiration.
of consciousness. » Difficult breathing:
% Liquid is irritating to eyes. give oxygen.
» Flush eyes out with
water.
Water % Dangerous to aquatic life in high concentrations. | » Treat as industrial
Pollution | % May be dangerous if it enters water intakes. solid/hazardous waste

when managing
unusable product.

For more information on Acetone, refer: (ACT.pdf)
5.2.3.3 Materials

The amount of acetone and ABS required will vary based on the repair type and size. See table
below for common solution options.
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Table 5-5. ABS-Acetone Solution Types

gram ABS /10 mL

Consistency

Acetone

Juice Adhering prints to the bed. Milky 19 ABS/10 mL
acetone

Glue Small layer separations and bonding multi-  |School Glue | 2g ABS/10 mL
part prints. acetone

In-house Noticeable layer separations/warping Gooey Paste | 4g ABS/10 mL
rec. acetone

Slurry Gap filling and structural patching. Thick Paste 59 ABS /10 mL
acetone

Alternatively, a patch can be printed to be fused onto the print using acetone as a glue.

Table 5-6. Materials for ABS-Acetone

# Materials ‘ Notes

1 100% pure acetone In an acetone-compatible, airtight container.

2 ABS filament or scrap Cut into small pieces to aid in dissolving faster

3 Mixture storage container An acetone-compatible, airtight container.

4 Eye protection, respirator, and Personal Protection Equipment (PPE)
nitrile gloves

5 Optional: Mixing stick or Mixing by swirling within the container is
stirring tool sufficient.

6 Optional: Scale and beaker For more precise measurement accuracy.

5.2.3.4 Procedure

el A

Acetone Solution Types

oo

Cut ABS into smaller pieces to speed up dissolution.

Set up in a well-ventilated area with all PPE properly donned.

Add acetone to a container at the desired volume, label with the ABS-Acetone ratio.
Measure and add ABS to the acetone based on target mixture, listed in Table 5-5. ABS-

Mix using a stir stick or cap the container and mix by swirling.
Seal the container and let sit overnight (~8 hours). Stir occasionally if desired.

7. Adjust the ratio by adding more acetone or ABS if mixture is not at desired consistency.
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Figure 5-25. ABS 3DPT Repair.
(A) ABS glue mixture, (B) apply appropriate pressure to facilitate the curing process, and
(C) conduct ABS 3DPT repair in well-ventilated area (e.g., vent hood).

5.2.3.5 Usage

1. Apply solution with a brush or tool in well-ventilated area with all PPE properly donned.

2. For bonding, apply to both surfaces and clamp together for 5-10 mins. Let cure for 12-24
hours.

3. For gap repairs, completely fill the void. Allow 15-30 minutes for surface curing and 24-
48 hours for core structural strength.

4. ABS solution cures best at room temperature. Elevated temperatures may reduce bond
strength.

5.2.3.6 Storage

1. Store labeled mixture in a sealed, acetone-compatible container (glass or low-density
polyethylene).

2. Keep the mixture away from heat and sunlight.

3. If the mixture begins to thicken, add acetone and stir.

4. Reapply glue layers if bonding effectiveness decreases.

5.3 Recommended Training

When operating or maintaining the HS3 hardware during testing sessions, operators shall be
competent in performing the corresponding duties correctly and safely. Operator training
objectives include the review/operation of DTP steps, test checklists (TCL) for specific studies,
and awareness of hazardous conditions and responses for a given study. It is recommended that
operators complete end-to-end dry runs, following the DTP and TCL, a minimum of two times
prior to subject test sessions. Also, it is recommended operators be familiar with emergency
egress/test termination choreography to perform in a timely manner.

5.4 Storage
For all HS3 modular systems, keep stored in dry, room temperature environment. For ease of

locating, 3DPT systems can be installed and stored on the donning stand while soft goods can be
storage in a cabinet or clothing rack. It is suggested to hang all fabric materials where possible.
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5.5 Hazard

There are potential hazards associated with HS3 donning, use and doffing (both nominal and
emergency egress). Hazardous conditions could lead to personal injury or hardware damage,
and NASA is not responsible for injury or misuse of the HS3. To mitigate such conditions, the
controls listed in Table 9-6 in Appendix F: HS3 Hazards and Controls for Reference should be
followed accordingly; all hazards for specific tests need to be assessed by institutions conducting
the test.
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6 Characterization

Two HS3 characterization pilot studies have been completed to date: the HS3 1.0 Study (2024
“HS3 Characterization” Study) [12] and the HS3 2.0 Study (2025 “HS3 Configuration Update”
Assessment Study). The two studies use the same test protocol, timeline, environment, procedures,
and sensors. The objectives of the characterization studies were to:

1. Benchmark HS3 workload performance envelope (physical, cognitive, and thermal).
2. Characterize HS3 subsystem operational capacity and characteristics.
3. Determine suit simulation fidelity via subjective feedback.

Numerous critical suit upgrades were identified during the HS3 1.0 study (n=8), and these
changes were implemented into the HS3 2.0 suit subsequently. Thus, the HS3 2.0 study aimed to
characterize changes in the above three objectives due to suit hardware upgrades and iterations.
The HS3 2.0 study was conducted as a short point verification test series (n=3) including repeat
subjects from the original 1.0 cohort. All subjects had suited experience in high-fidelity pressurized
space suits in 1G ground analogs, partial-G analogs, and/or in spaceflight. Although additional
critical comments from HS3 2.0 led to HS3 2.5 suit hardware upgrades, the types of changes were
not considered significant enough to affect the three objectives above, and the net change between
2.0 to 2.5 is expected to be enveloped by HS3 1.0 and 2.0 results.

This section presents the HS3 1.0 and 2.0 test characterization pilot study methods and results
to help benchmark the HS3 performance and capability related to the three objectives above. HS3
Characterization Testing Methods

6.1.1 Test protocol and timeline

Eight subjects (5F, 3M) with prior pressurized suited experience participated in the
characterization testing for HS3. One of the subjects was an active-duty NASA Astronaut, while
the other seven were experienced test subjects with experience in 1G suit simulators (EXCON
ATLAS) and pressurized space suits (EMU, XEMU, MKIII) in a wide range of environments
(field, ARGOS, NBL, partial gravity simulator (POGO), and/or parabolic flight). The subject range
covered from 31% female to the 96% male in respect to stature, and 11% female to 95% male in
weight. See Table 6-1Table 6-1 for subject demographics.

Table 6-1. Subject Demographics of the HS3 1.0 Characterization Study.
(3 subjects from HS3 1.0 study cohort participated in HS3 2.0 study)

Subject Demographics

Age Weight Height Peak HR VO2 Peak Body Fat BMI

(years) (Ibs) (in) (bpm) (ml/kg/min) (%)
Mean 37.5 161.7 67.8 185.4 37.5 28.5 24.5
SD 6.0 31.5 3.5 8.8 5.1 3.6 2.5

The characterization assessment involved a 3-hour simulated EVA in the non-VR B21
APACHE space. [6]. Each subject had a familiarization session prior to their data collection
simulated EVA. The EVA timeline was largely based of the Physical and Cognitive Exploration
Simulations (PACES) procedures that are commonly used in HH&P EVA testing [14, 15, 16]).
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The study built in 3-minute rest periods between stand-alone tasks so that subject’s physiological
measures could return to baseline and data were attributable to specific tasks and task types. The
EVA tasks were designed so that subjects could reach a steady state workload. Additionally, the
selected tasks were representative of EVA tasks that crew will conduct on planetary exploration
missions. Certain parameters, such as walking speed, distance, gradient/resistance, and task order,
were controlled to reduce cofounding factors to the data analysis. Table 6-2 Table 6-2 shows the
simulated EVA timeline for the HS3 characterization study.

Table 6-2. EVA Timeline for HS3 Characterization Study
(Note: equipment hot swap occurs as needed, so exact time varied)

EVA Timeline Tasks Plammed Task Time
Pre-test + Sensor Setip 1:00
Pre-TestData Collecion+ Sut Donring 0:55
Baseline Data CollectionMourting 0:05
Traverse station 1: 500m (Resistance 3/4) 0:10
2.5-min Break + Surveys 0:03
Task Board Station 0:05
2.5-min Break + Surveys 0:03
Traverse station 2: 500 m (Resistance 7/8) 0:10
2 5-min Break + Surveys 0:03
Geology Station 1: Trenching 0:05
2.5-min Break 0:03
Geology Station 2: Chip Sample hammering) 0:05
2.5-min Break 0:03
Geology Station 3: Raking 0:05
2.5-min Break + Surveys 0:03
Traverse staion 3: 500m (Resistance 3/6) 0:10
2 5-min Break + Surveys 0:03
Obyj ect Relocation station: 101b Small, rocks 0:03
2.5-min Break + Surveys 0:03
Olbj ect Relocation statiorr 201bLarge rocks 0:03
2.5-min Break + Surveys 0:03
St Doffing 0:15
Post test surveys + data collection (cognition) 0:30
Data Download + Cleanup 030
Total Planned Time (Test team, End to End) 4:20
Total Planmed Time (Subject, End to End) 3:10
Total Planmed Time ( Subject Suited Time) 1:45
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6.1.2 Test environment and procedures
6.1.2.1 Environment

HS3 was tested in the APACHE facility, which provides a 1G simulated planetary EVA
environment. This facility at the NASA Johnson Space Center, consists of a 6.1-meter x 4.6-meter
sandbox and a passive treadmill (Skillmill Connect, Technogym, Italy). Within the sandbox, a
variety of EVA task simulations were placed for this study such as a task board station, geology
station, and payload transfer station as shown in Figure 6-1.

D 2% Traverse R ' -
AN\ 2~ , Station | |} |

‘Geology ppaeT 1

Station : : "df‘ 5

Figure 6-1. APACHE Test Environment.

a) Traverse station, b) Task board station, ¢) Geology station, and d) Payload transfer
station (objective relocation)

Traverse station

This station utilizes a curved, passive treadmill (Skillmill Connect, Technogym, Italy) with ten
user-controllable incremental resistance levels. To evaluate the effects of the HS3 on physical
workload, the test used three resistance levels that mimic equivalent traverse terrain grade
commonly simulated in the ARGOS lunar suited simulation. Resistance 5/6 setting is also relatable
to shirtsleeve Martian workload.

These resistances have been compared

to both the JSC rock yard and different Table 6-3. Passive treadmill resistance levels

percent-grade inclines on a motorized with comparable gait trends of the ARGOS

treadmill used for ARGOS pressurized motorized treadmill percent grade inclines [6].
suited testing. The gait trends at ARGOS Passive Treadmill | Motorized Treadmill

Resistance Level | % Grade at ARGOS

matched the resistance levels for the

passive treadmill according to Table 6-3. 3/4 00?
To keep the traverse station comparable 5/6 10%
and to simulate lunar suited walking /8 20%

speeds, the subject were instructed to self-
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pace at 2 mph for the HS3 characterization study [6].

The subjects performed traverse tasks at various passive treadmill resistance level shown in
Table 6-3 for distances ranging from 500 to 2000m along the task timeline shown earlier Table 6-
2. These traverses were spaced between tasks to simulate an EVA mission timeline where tasks
were in dispersed locations.

Subjects were equipped with a custom-made full body safety harness system (GM1611 25mm
Tubular webbing, GM Climbing, Beijing, China). The tubular webbing was made of High Tenacity
Nylon 6,6 materials rated to 4000 Ibs (17.8 kN) and UIAA certified (UIAA-103). The ends of the
harness were joined by a water knot as shown in Figure 6-2 Figure 6-2, which has a 64% efficiency
of load, supporting an effective load of 2560 Ibf. The harness was connected to the APACHE
passive treadmill as a subject positioning system using two carabiners with 25 kKN major axis
strength (Petzl OK Oval Screw-Gate Locking Carabiners, REI Inc) to keep subject centered on the
treadmill during traverse tasks.

Figure 6-2. Safety Harness.
a) Nylon Webbing, b) Water Knot, and ¢) Fireman’s Harness

Geology station

This station consisted of subjects using a tool caddy, scoop, rake, hammer, and simulated rock
samples (medicine balls). To evaluate the mobility and functionality of the HS3, trenching,
hammering, and raking tasks are performed to simulate relevant geology tasks for early lunar EVA
missions. The subject used the scoop tool to trench an area (4’ x 4”), a hammer to collect the chip
samples, and a rake to perform racking task, as shown in Figure 6-3.
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Figure 6-3: Geology Station Tasks.
a) trenching, b) hammering, c) raking

Task board station

This station consists of a 3D printed model NASA zero-gravity lever (NZGL) connector, a 3D
printed simulated radioisotope thermoelectric generator (RTG), thick gauge copper wire ties to
mimic flight cable ties, and a 3D printed fluid quick disconnect (FQD) with cables. To evaluate
the dexterity of the HS3, the test provided a five-minute block where the subject completed a
circuit to mate and de-mate the NZGL connector, connect the NZGL cable to the RTG, and
perform cable management with copper wire ties, mating and de-mating a FQD cable and stowing
cables. These tasks simulated common engineering and maintenance tasks during EVA.

———

| L

~ _1 7 o 4
s of Ll Ta_ Tz ,v

Figure 6-4: Task board Station Sétup.
a) Subject using the task board, b) task board layout, ¢) RTG simulator, d) alternative task
board setup.

Payload transfer station (object relocation station)

The payload station consisted of black weight bags of 7 and 13 Ibs. (averaging to be 10 Ibs.),
yellow weight bags of 17 and 23 Ibs. (averaging to be 20 Ibs.), and two small platform containers.
To test the subjects’ coordination in the HS3, the bags were moved between two platforms
approximately 5 meters apart. Between the two platforms, there were 16” x 16” x 8* “half-cube”
obstacles placed off-centered along the walking path to simulate obstacle avoidance during EVA,
as in Figure 6-5Figure 6-5.
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Figure 6-5: Object Relocation Station Setup

6.1.2.2 Sensor Instrumentation and Data Collection

The table below shows a summary of all the variables collected during HS3 characterization
study (Table 6-5).

Table 6-4. Variables Collected During the HS3 Characterization Study and Associated

weight

= Whs3

Equipment.
Available Measures Equipment or Survey Data Domain
. . . . . Suited experience
Pre-exposure injury Suit Exposure Worksheet Suited experience comparison
Suit Weight Subject weight and suited | Wsurrep — Wsugiect Suit/Testn::Q{arlgicteristics

Digit Symbol Substitution

Response Time
(ms), Response

temperature/humidity

Vaisala HMP7

(°C), relative
humidity (%)

. Task (DSST) Accuracy, ”

Cognitive Measures throughput Cognitive workload

Psychomotor Vigilance Task Response Time
(PVT) (ms)
. Rolling Avg .

Metabolic Rate COSMED K5 (BTU/r) Physical workload

Heart Rate Polar H10 Chest Strap Roz:slr;g']vﬁvg Physical workload
PLSS PLSS temperature Suit/Test characteristics

metric

LCG suit cooling

LCG inlet/outlet

Suit/Test characteristics

I;e?n?pg?aotﬁgt performance: PT100 RTD temperature (°C) metric
Amplifier MAX31865
Skin Temp/In-Suit Skin Temp/In-Suit Humidity: Mean skin Suit/Test characteristics
Humidity iButton temperature (°C) metric
Task Time Smart Timeline Tracker task. startand end | Suit/Test characteristics
timestamps metric
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Speed

workload

Exertion Scale (RPE)

Traverse RUNN Treadmill Sensor (mph)/Distance Svafiea] i e
speed/distance (RUNN-A-77-AA) P Y
(miles)
. . Lo . . . Suited experience
Simulation Quality Simulation Quality From 1-5 comparison
Simulation Simulation Acceptability From 1 -10 Suited experience
Acceptability® (copper-harper rating) comparison
. Suited experience
Comfort Scale Rating Comfort Scale From 1-7 comparison
Perceived physical Borg Rating of Perceived From 6-20 Physical workioad

Subjective Cognitive

NASA Task Load Index
(TLX)®

mental demand,
physical demand,
temporal demand,

Cognitive workload

Measures performance,
effort, frustration
Bedford Workload Rating From 1-10
Fatigue Rating Fatigue Scale From 1 -10 Suited experience

comparison

Thermal acceptability

Thermal sensation,
preference, acceptability,
comfort

+/-3, +/-2, 1/0, 1-6

Suited experience
comparison

Suit Fit Survey

Suit fit evaluation

SUIT Database

Suited experience

comparison
. . . Suited experience
Post-exposure injury Suit Exposure Worksheet comparison
Suit Experience Comparison w/ previous Suited experience
. ! 0 — 10 scale :
Survey suited experience comparison

Metabolic Rate and Heart Rate

Metabolic rate (MR) and heart rate (HR) were used as metrics to evaluate physical workload.
MR was collected with the COSMED K5 portable metabolic analyzer (COSMED, Rome, Italy).
The COSMED performed a MR calculation internally.

HR was measured using the Polar H10 heart rate chest strap (Polar Electro, Kempele, Poland),
and used to calculate the %HRmax. The HR data was transmitted via Bluetooth to a PC/monitor
display station, to monitor that the subject did not exceed the 85% HRmax threshold.

Thermal Data

Skin temperature was collected to assess thermal performance on the HS3 cooling loop. Four
thermal DS1923 Hygochron Temperature and Humidity Sensors (iButtonLink Technology,
Whitewater, W1 USA) measured temperature at the lower chest, upper arm, quadricep, and calf,
directly on the skin every one minute. Mean skin temperature (MST) was then calculated using
the Ramanathan Method [15, 17].

MST = 0.3(Tepest + Tarm) + O-Z(Tthigh + Tleg)
To measure the PLSS temperature and humidity, a Vaisala HMP7 sensor was used, measuring
LCG coolant temperature with resistive detectors RTD, PT100 RTD Amplifier MAX31865) in the

1.0 and 2.0 configurations. The 2.5 configuration uses DS18B20 temperature detector probes.
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Treadmill Speed Sensor

To measure the treadmill speed and walking cadence, an external treadmill sensor (Runn Inc,
Model: Runn-A-77-AA. P/N R214903014) was attached to the top of the treadmill belt.

Cognitive Measures

To measure Cognitive Fatigue, subjects completed a subset of the full NASA Cognitive Test
Battery, including the Digit Symbol Substitution Task (DSST) and Psychomotor Vigilance Task
(PVT) [18]. These were measured before and after the EVA on test day.

The DSST is a test that assesses onboard processing in working memory and low-level
visual search. In this task, the subject was presented with a legend that pairs symbols with
numbers. The subject was then shown a random symbol and had to quickly select the
matching number.

The PVT is a test that assesses vigilant attention. In this task, the subject was to monitor a
box, hitting a button as soon as a millisecond counter appears. The subject was instructed
to hit the button as quickly as possible without errors of commission.

Cognitive measures were also taken with the Bedford workload rating and NASA Task Load
Index (TLX) [19, 20]. The Bedford workload rating provides the subject with a decision tree to a
ten-point rating of their perceived cognitive workload. The TLX is a six-dimension rating as listed
below:

Mental demand: how much thinking, deciding, or calculating was required?
Physical demand: how intense was the physical activity?

Temporal demand: how much time-based pressure was felt?

Effort: how hard was it to sustain the level of performance?

Performance: how successful was the task completed?

Frustration: how discouraging was the task?

oakrwdE

Subjective Surveys

To receive user feedback, subjects completed several subjective surveys. These surveys,
commonly used in ground-based EVA analogs include simulation quality, task acceptability,
Rating of Perceived Exertion (RPE), Comfort rating, Thermal ratings, and a fatigue rating. These
are administered throughout the testing session, according to the schedule below.

Suit Experience Survey evaluated the effectiveness of the HS3 compared to suited analog
environments within a scale between 0 (shirt-like) and 10 (suit-like). Subjects with suited
experience ranked the HS3 after their test session to compare tasks to their experience in a
pressurized suit. This survey is collected via interviewing the subject post EVA.
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Suited Experience Subjective Survey — 15t Sheet

Instruction:
1. Reflect on your HS3 session.
2. Complete of one survey for each suit and each environment you have.

Name of previous suited experience: in environment
{e.g., environments = lunar ARGOS, MBL, 1G...), fill out one sheet per environment.

List all types of suits you used in the above environment:

Rank the following activities in HS3 with the following scoring scale:

0 — 10
Like doing the given taskin a Like doing the given task in suited
shirtsleeve environment experience above

Stationary Traverse Geology R;I):li:l;fitnn
Cognitive workload
{average)
Physical workload
(average)
Owerall Comfort
Communication
{How well do you
hearftalk)

Thermal environment

Visibility (field of view)

Balance
Range of motion
(Mobility restriction)
Motion
{Forceftorque required)
Restricted dexterity
{Gloves)

Overall EVA immersion

Comments: Please note anything else that you noticed that different from your previous suited experience.

Figure 6-6. Subjective Suited Experience Survey.

Simulation quality asks the subject to which extent the accuracy of the analog environment,
mockups, and simulation procedures/operations compares to a suited, partial gravity exploration
EVA. The scale, shown in Figure 6-7 is a scale from one to five. Ratings of 1-3 indicate that the
simulation is viable and the data can be used. Ratings of 4-5 indicate that the simulation needs
improvement and/or the data have significant limitations. In the cases of ratings in this range, the
subject was asked to provide a comment identifying those limitations.
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No Limitations

Simulation quality (e.g.
hardware, software,
procedures, comm,

environment)
presented either zero

problems or only minor
ones that had no
impact to the validity of
test data

Minor

Limitations

Some simula
limitations

anomalies
encountered,
minimal impact to the
validity of test data

Marginal
Limitations

Simulation limitations
or anomalies made
test data marginally
adequate to provide

meaningful
evaluation of test
objectives (please

describe)

tion
or

but

Significant
Limitations

Major
Limitations

Significant simulation
limitations or
anomalies precluded
meaningful

Major simulation
limitations or
anomalies precluded
meaningful
evaluation of all test
objectives (please
describe)

evaluation of major
test objectives (please
describe)

2

3

4

No Rating

Unable to assess
simulation

NR

Figure 6-7. Simulation Quality Scale.

Simulation task acceptability assesses the reliability and efficiency of using the facility, tools,
and procedure to complete an EVA task. The scale, shown in Figure 6-8 is a scale from one to five.
Ratings of 1-3 indicate that the simulation is viable and the data can be used. Ratings of 4 or greater
indicate that the simulation needs improvement and/or the data have significant limitations. In the
cases of ratings in this range, the subject was asked to provide a comment identifying those
limitations.

Examples of deficiencies: inefficiency, high mental workload, increased physical exertion,

Totally Acceptable

No improvements necessary

Minor improvements desired
and/or Minor deficiencies

Borderline
Tmprovements warranted
and/or Moderate deficiencies

Improvements required and/or  Major improvements required

Totally Unacceptable

and/or No deficiencies Unacceptable deficiencics and/or Totally unacceptable
1 2 3 \ 4 5 \ 6 7] 8 9 1

Acceptability Ratings should reflect the extent to which the condition overall was considered an “Acceptable” approach to conducting human exploration and the extent to which
improvements, if any, are desired or required.

Operational Acceptability : Able to reliably conchict operations with accurate exchange of all pertinent information and without excessive workload or (in-sim) avoidable
inefficiencies or delay.

Task Acceptability : Able to reliably complete a task without significant discomfort, exertion, fatigue, or avoidable inefficiencies, and without risk of injury to self or damage
to equipment.

Figure 6-8. Simulation Task Acceptability Scale.

The Borg Rating of Perceived Exertion (RPE), comfort, and thermal measures scales
provide insight into the subject’s perceived effort and physical state. These scales are shown in
Figure 6-9. The RPE is a subjective rating of the physical workload that a subject feels when
performing a task. The comfort rating assesses any physical discomfort that the subject feels when
in the suit. The Thermal rating assesses the subject’s perspective of the suit’s cooling ability.

Comfort
No exertion at all (b) Greatest Very Slightly Neither Slightly Very Greatest
Extremely light Imaginable Comfortable Comfortable Comfortable nor Uncomfortable Uncomfortable Imaginable
Comfort Uncomfortable Discomfort
\,‘ny HQM 1 2 3 4 5 6 | 7
1
4
] Light (C) Thermal sensation Thermal preference Thermal acceptability Overall comfort
C
11'3 s hat hard No. Scale No. Scale No. Scale No. Scale
14 omewhat har -3 Cold =2 Much warmer 1 Acceptable 1 Very comfortable
15 Hard (hoavy) =2 Cool -1 Slightly warmer 0 Not acceptable 2 Comfortable
vy =1 Slightly cool 0 No change 3 Slightly comfortable
0 Neutral 1 Slightly cooler kS Slightly uncomfortable
Very hard - o
1 Slightly warm 2 Much cooler 5 Uncomfortable
Extremely hard 2 Warm 6 Very uncomfortable
3 Hot
Thermal sensation 7-point scale of the American Society of Heating, Refrigerating and Air-Conditioning Engincers (ASHRAE)

Figure 6-9. Scales for: a) RPE, b) Comfort, ¢) Thermal.
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Fatigue rating scale is a measure of overall weariness, both cognitively and physically. While the
comfort rating looks at local discomfort, this looks at the subject’s overall exhaustion. See Figure

6-10.

No Fatigue

Performance not compromised

Minor Fatigue

Performance not compromised

Moderate Fatigue
Performance will likely be
compromised if continued

Significant Fatigue

Performance is compromised

Extreme Fatigue
Unable to continue with
adequate performance

T

3 \ 4

5 \ 6

7 | 8

l

9 [ 10

Figure 6-10. Fatigue Scale.

6.2 Data Processing and Statistical analysis
6.2.1 Data Processing

The main categories of metrics presented in this report are: (1) HR, (2) MR, (3) mean skin
temperature, (4) LCG inlet/outlet temperature (ATLcc Via resistance temperature detector sensor),
(5) subjective suited experience surveys, (6) PVT and DSST cognitive measures from the
Cognition Test Battery [18].

HR (beats per minute, bpm) data were logged locally on the device at 1 Hz and uploaded to
both an internal database (“HIPPO app”) and COSMED Omnia software. All data were
downloaded as single run .csv exports (including clock time and HR). The COSMED K5 device
recorded many physiological measurements at different time intervals ranging from 0.5Hz to 0.25
Hz using the mixing mode setting, and among those measurements, oxygen consumption (VO2;
mL/min) and carbon dioxide production (VCO2; mL/min) were saved in a separate file as 10-
second sliding means. Then, using the Peronnet equation [21], energy expenditure (BTU/h) was
calculated as follows:

60%x3.968
1000

Energy expenditure () = (4.039 X V0, + 1.157 X VC0,) X (1)

Skin temperature data were logged locally on the device at 0.1 Hz and transmitted to a local
receiver for exporting. Data were exported as single run .csv exports (including elapsed time and
skin temperature). Timeline data were captured separately using an excel timeline (Smart Timeline
Tracker). Timeline data were reported as phase-elapsed time (PET). Task categories were assigned
to each “block” of steps in the timeline per Section 6.1.1.

Data were processed using MATLAB R2023a (MathWorks, Natick, MA), using custom-
developed scripts for individual subject and group analyses, respectively. These scripts performed
several key steps in processing the data, described below.

e All data were time-sync’d with specific timeline steps in the transformed 24-hour format.

e After the time synchronization, data were aligned with specific EVA task labels
documented by the test team during test execution.

e Initial task start was determined from both the time information in the raw COSMED file
and manually marked event descriptions.

e Zero, nota number (NaN), and/or abrupt peak values in all data were removed and restored
using a linear interpolation method appropriately in accordance with best practices. An
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outlier was defined when as a data point was more than three standard deviations away
from the mean of the dataset. VValues exceeding this threshold were excluded.

e HR data was filtered using a 4" order butterworth filter to remove motion artifact. Skin
temperature data were recalculated using a 60-second moving average.

e Descriptive statistics (Mean, StDev, Max, Min, Range, Variance, 10%Perc., 25%Perc.,
50%Perc., 75%Perc., 90%Perc., and Interquartile Range) of all data were then calculated
and labeled for each task category.

e Individual subject and group analysis graphics were provided on a per-task and combined
tasks categorization basis (where all similar tasks are combined, e.g., traverse, geology).

For the HS3 2.0 Configuration Update pilot study, 3 subjects were selected from the original
HS3 1.0 characterization study cohort based on subject availability (1 male, 2 females; including
1 active-duty astronaut crew member). %HR (calculated using maximum HR derived from pre-
test cycle VO peak tests) was used to infer HS3 physical workload. Absolute MR was selected to
benchmark suit performance and consumable comparison. For task-based analysis, the 50th
percentile data within each task block was used to characterize the most representative
performance of a subject. This approach removes outlier values such as rising/trailing edges.
Thermal, cognition, sensor, and subjective data were processed in the same manner between HS3
1.0 and 2.0 characterization studies to show comparison. Note: In HS3 2.0 study, one test was
terminated early without completing the object relocation tasks due to the PLSS main battery
necessitating recharge mid test; however, critical data points were collected and thus no re-test was
required.

6.2.2 Statistics

Linear mixed-effects modeling (LMM) was performed to compare the n=3 results in HS3 2.0
with respect to the n=8 in HS3 1.0. For each task block (3-5 minutes), 30% of the data is trimmed
to minimize rising edge impacting the assessment of physiology state at equilibrium. The LMM
approach enables an unbalanced dataset, and thus one can leverage the HS3 1.0 subjects that do
not have 2.0 data by fitting models. Compared to the paired sample testing for only the n=3
repeated subjects, LMM offers additional information to increase model fidelity and thus making
better predictions for the 2.0 population trends by including the entire HS3 1.0 n=8 cohort. The
following parameters are modeled as fixed effects: HS3 1.0 versus 2.0, EVA task type, and
interaction terms (i.e., different EVA tasks impacted by HS3 versions). Individual subject variation
is modeled as random effects. Robust standard errors allowed non-homogenous variance across
combinations.

The “population” workload presented in this report show the LMM model results, which
provide predictions in population mean (50% quantile) response for HS3 2.0. A limited portion of
the subject data is presented via paired sample approach to show individual trends within a subject.
In LMM, random effects can also provide comparison for specific subject comparison, but it is not
shown in this report.
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6.3 HS3 Characterization Data
6.3.1 Performance Envelope of the HS3

The HS3 1.0 and 2.0 data create the boundary cases for a range of HS3 configurations, resulting
in measured envelopes for HS3 1.0 and 2.0 as well as the predicted envelope for the HS3 2.5 suit.
Figure 6-11 Figure 6-11 illustrates the HS3 performance envelopes. The use of the performance
envelope concept helps future users to estimate the HS3 workload and performance without testing
through all possible suit configurations identified in this report. The envelope represents the given
HS3 configuration’s 50-percentile population characteristics in physical workload, cognitive
workload, thermal responses, suit-like experience, and suit performance. Table 6-5 shows the
major factors that impact the performance envelope, with suit weight and thermal configuration
being the most critical parameters. As a result, any one HS3 configuration’s performance can be
interpolated and extrapolated around the performance envelope, which is essential due to the
modular nature of HS3. Future quantitative performance characterization tests of other HS3
configurations can help enhance the quantitative prediction precision for the envelopes.

The HS3 2.5, which is the version constructed in this report, is assumed to be enveloped by the
HS3 1.0 and 2.0 data sets. Table 6-5 and Table 6-6 show the estimated performance envelope for
HS3 2.5.

Table 6-5. Major Factors Affecting the Performance Envelopes of the HS3 Configurations.

Factors HS3 1.0 HS3 2.0 HS3 2.5
Suit Loaded Weight Lower Higher In betwezeg 1.0and
Like 2.0 (full body
Thermal Capability Worst (half body Best (Full body LCG LGG wlo body
LCG w/ vent.) wi/vent.)
vent.)
- Suit-Like Better (waist & joint Best (2.0 + hip
Range of Motion Weakest inhibitors) inhibitor)
Non-suit like Artifacts Helmet.+ HL_JT (Neck XEMU Iike_HUT Like 2.0
loading artifact) (no neck artifact)
CG Loading on Subject Worst Better Like 2.0
redicting HS3 2.5 Performance Envelope
SUGEGNTE S Worst Better Best

Experience

Physical Workload Lowest (due to Highest (due to weight | In between 1.0 and

\
P
|
|

weight and CG) and CG) 2.0
Cognitive Workload Similar Similar Similar
Thermal Workload Worse Better Same as 2.0
Suit Performance Worse Better Same as 2.0
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Physical

Workload
Cognitive Suit-Like
Workload Experience
4
/
L HS32.5
#+" (Predicted)
HS3 1.0 eereeemeeerems
HS3 2.0
HS325 —-—-—-
Suit Thermal
Performance Workload
(LCG, Weight,
battery life)

Figure 6-11. Graphical Representation of HS3 Performance Envelopes for Various
Configurations.
This is a qualitative visualization (not to scale). HS3 1.0 and 2.0 envelopes are based on
data collected in the studies, whereas the HS3 2.5 envelope is predicted based 1.0 and 2.0
results/trends.

6.3.2 Characterization Test Data Comparison from HS3 1.0 and 2.0

Using the same test protocol and procedures between HS3 1.0 and 2.0 characterization studies,
objective data (metabolic rate (MR), heart rate (HR), MST, and suit performance metrics) and
subjective data (surveys, workload, suit experience) were characterized using the integrated sensor
platform during 1-hour 28 minutes simulated suited EVAs in HS3 (~ 2-hr suit time). The HS3 2.0
engineering improvements resolved major system concerns from HS3 1.0 and incorporated
feedback from experienced suited subjects. Major achievements are summarized below:

¢ Population subjective workload, objective workload, and suit performance were
benchmarked.

e Engineering and operational performance envelopes for the suit were baselined.

e Potential suit injury and subjective suited experience characterized.

e Areas of system improvements identified (for HS3 2.5).
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Table 6-6. HS3 Characterization Data Summary Inferred Based on Available Data Trends

Comparison Summary

HS3 1.0 HS3 2.0

Comparable w/ 2.0 trending slightly higher
(non-statistically significant), due to
increased system weight. 2.0 Subjects
reported the same or lower subjective
fatigue despite increased wt.

Comparable with slight improvement in 2.0
(less cognitive burden), except for one
subject whose data were considered
aberrations based on external factors.

Physical
Workload
(%HR and MR)

40-75 %HRmax,
500 — 2000 BTU/hr

50 — 75 % HRmax,
670 — 2300 BTU/hr

Simulated EVA in did not negatively
impact cognitive performance in complex
scanning/visual tracking (DSST) or vigilant
attention (PVT) domains, except for DSST
Mean Reaction Time.

Cognitive
Workload
Cogpnitive performance results for HS3

Subjective Suit
Experience

Thermal
Workload

Suit Metrics®®

were overall comparable to ARGOS with a
few small exceptions.

Suit-like but w/
neck load artifact

More suit-like HUT
and ROM

More suit-like than 1.0 by subjects, 2.0 CG
loading improved significantly.

MST: 29-31°C
LCG: short lived
Subjective: Worse

MST: 28-32 °C
LCG: Long lived
Subjective: Better

Improved significantly in subject subjective
comfort and MST regulation

B: 2-2.5hr

C: g 60 min

W: 44+/- 21lb

V: 30 L/min

O: at least 5 min/hr
(helmet break for
neck)

B: 6-8 hr

C: q 60-90 min

W: 54+/- 2lb

V: N/A

O: at least 5 min/hr
I: N/A

At least 5 min/hour “offloading” break is
needed for a 6-hr long EVA.

I: neck strain
resolved afterward

Values presented in this table shows the 50% median value in the population.
C/Cooling life is measured by LCG hot swap frequency (g X minutes = every X minute).
B/Battery life: assuming LCG use on demand, actual battery time varies depending on usage.
W/loaded suit weight: median loaded suit weight on subject.
O/Offload breaks: mandatory offload breaks due to the suit weight.
I/Potential Injury Concerns: neck strain

1.
2.
3.
4.
5.
6.

6.3.2.1 System and Operational Performance

As shown in Table 6-7, HS3 2.0 is roughly 10 Ibs heavier than 1.0 with a general increase in
the %body weight (%bWt) column by 4-8% for loaded and total weight respectively. Typically, a
loaded overnight backpack is recommended to weigh less than 10-20 %bWt (loaded on back) to
prevent onset of injury [22, 23] [24] [23]. Based on military rucksack training, an absolute
maximum of 40% is used but not recommended by the HS3 team [25] [26]. The increase in weight
will impact subjects disproportionately particularly when focusing on smaller sized subjects
experiencing higher loading; however, all subjects indicated that balance, loading, and thermal
improvements are worth the tradeoff for increasing weight. Despite the increase in weight,
subjects reported same or lower physical exertion fatigue. Subjects recommended that at least
5 min/hour be allocated to a hip “offloading” break from the PLSS to safely complete a 6-hour
long EVA. The HS3 2.5 weight is measured on a different cohort of subjects (see Table 6-8), but
the weight has successfully been reduced to be closer to the HS3 1.0 weight setpoint. As a result,
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it is expected that the physical workload of HS3 2.5 will be enveloped by HS3 1.0 and 2.0 and
being closer to HS3 1.0 values.

Table 6-7. Weight Comparison Between HS3 1.0 and 2.0. (red: > 20% Body Weight [23]

[26])
Units (Ibs) HS3 1.0 HS3 2.0
Body\yg | Loaded | Total %bWt %bWt L°§ged Total | %bwt %?W
y onback | System Loaded Total Back System | Loaded Total
181 34 44 19% 24% 43.8 55.2 24% | 31%
240 34 44 14% 18% 42.4 53.6 18% | 22%
134 34 44 25% 33% 43.6 54.2 33% | 40%
(1) Loaded = loaded weight in Ibs on back. Total = total weight including sensors and items worn
by subjects.

(2) %bWt = percent body weight, i.e., divide loaded and total weight by subject’s nude body
weight.

Table 6-8. HS3 2.5 Weight Measurement. (red : >20% Body Weight [23] [26])

Units (Ibs) HS3 2.5
Subiect body Wt | Loaded Total %bWt %bWwWt
J (bWt) on Back | System Loaded Total

S1 157.25 34.55 46.55 22% 30%

S2 208.2 36.4 48.4 17% 23%

S3 198.7 33.7 45.7 17% 23%

Table 6-9. HS3 Weight Comparison
HS3 1.0 HS3 2.0 HS3 2.5
Loaded | Total %bWt | %bWt | Loaded | Total | %bWt | %bWt | Loaded | Total %bWt %bWt

(Ibs) (Ibs) Loaded | Total (Ibs) (Ibs) | Loaded | Total (Ibs) (Ibs) Loaded Total

14- 18- 53- 18- 22- 17- o
34 44 25% 24% 42-44 55 33% 40% 33-36 45-48 22% 23-30%

(1) Loaded = loaded weight in Ibs on back. Total = total weight including sensors and items worn
by subjects.

(2) %bWt = percent body weight, i.e., divide loaded and total weight by subject’s nude body
weight.

Table 6-10 shows a comparison summary of HS3 system performance. From HS3 2.0 onwards, a
centralized power system design has offered a more streamlined power management system as
well as weight reduction. The centralized power bank can be easily hot swapped in case of
hardware failure though it is expected to support a full 6 hr EVA simulation without the need of
hot swap. The enhanced LCG capability in HS3 2.0 and 2.5 has reduced the hot swap frequency
from every 60 to every 90 minutes according to subjective feedback and objective data shown by
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both LCG and MST data during the 2.0 study. Per subject feedback, HS3 was switched to a full
body LCG post 2.0 study; and the ventilation system was reduced to only a head fan since subjects
reported not being able to feel the ventilation over the body when wearing a full body LCG

garment.

Table 6-10. HS3 System Performance Summary

Specifications

Communication
System

Electrical

HS3 1.0

HS3 2.0

HS3 2.5

Range & Battery Life:

o 331t (COTS wireless earbuds, such as LG Tone 5)
o 10 hr (5 min charge time/1 hr life),

e 3000 ft (integrated motorcycle headset)
o 12 hr (2.5 hr charge to full)

Range: 33’ Bone
conduction headphone
(SHOKZ OpenRun)
Battery Life: 8 hr (10 min
charge time/1.5 hr life)

Multiple batteries:

1. DeWalt power source w/
Dewalt Battery x2

2. COMPCOOLER LCG
battery x1
Output/Capacity:

1. Dewalt (8 Ah x2, 12-20V)

Centralized power bank:
EGRETECH Plume 300
Output/Capacity:
300W/260Wh

Battery life: 8 — 10 hr

Centralized power bank:
Anker SOLIX C200X
Output/Capacity: 200W,
192Wh

Battery life: 6-8 hr

System 2. COMPCOOLER

(2200mAh, 7.4V)

Battery life: 2-2.5 hr

(hot swap < 1 min)

HS3 System Consumption < 30W including LCG pump, ventilation, Sensors.

(Not currently powering wireless parts: comm headset, COSMED, light, camera, iButton)

USB Fan for Head Only:

36.2 CFM (max, 1025

L/min)

Capacity: 3.5L x1
Hot swap g 60-90 min
(< 5 min hot swap)

Ventilation

- Full body ventilation loop: 1.06 CFM (30 L/min
Capability Y P ( )

e Capacity: 3L x1 .
e Hotswap q60min (<5 .
min hot swap)

Capacity: 1.5L x2 .
Hot swap q 60-90 min | e
(< 5 min hot swap)

LCG Capability
(bag size) e No surface supply option | ¢  Surface supply e Surface supply

e Half body LCG available available
e Half body LCG e Full body LCG

Note: Wireless parts such as comm headset, COSMED, light, iButton, and camera uses built-in batteries and are not
currently using the HS3 suit electrical system. However, it is possible to connect to the electrical system for
charging.

6.3.2.2 Workload Characterization

6.3.2.2.1 Physical Workload of HS3

From Figure 6-12 and Figure 6-13Figure 6-13, mean physical workload (%HR and absolute
MR) is comparable between HS3 1.0 and 2.0, with 2.0 trending slightly higher (non-
statistically significant), likely due to increased system weight (~ +10lb from 1.0 to 2.0, see Table
6-9). Observations from subjective inputs and physical workload data indicate that the physical
workload difference is minimal between HS3 1.0 and 2.0 despite the increased weight, likely due
to better hip and shoulder loading in the 2.0 version. %HR shows more consistent variability across
tasks than absolute MR (Figure 6-14Figure 6-12 and Figure 6-15 Figure 6-13). %HR is similar
overall between 1.0 and 2.0, whereas absolute MR shows a consistent offset. This is likely
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impacted by subject’s individual fitness level, body composition, body posture, thermal status, and
similar physical traits. Like HS3 1.0 results, %HR and absolute MR responded differently in
different EVA tasks. Absolute MR can be used to assess both physical workload and suit
consumption. The original 1.0 results showed %MR is better at predicting for low workload tasks,
whereas %HR is better for high workload tasks. To represent a direct comparison of normalized
values, Figure 6-14 and Figure 6-15 show the %HR and %MR variability on tasks for individual

subjects.

Normalized Heart Rate (bpm)
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Figure 6-12. Physical Workload Comparison between tasks conducted in HS3 1.0 and 2.0
From LMM Results -Normalized Heart Rate (%HR) Prediction for the Population Mean.
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Figure 6-13. Physical Workload Comparison Between HS3 1.0 and 2.0 from LMM

Absolute Metabolic Rate (MR) Prediction for the Population Mean.
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It is expected that %HR is more sensitive than MR to individual fitness, meaning that increases
for smaller subjects in 2.0 could mean smaller subjects endure a higher workload from the 2.0
weight increase versus larger subjects. Absolute MR shows a small increase of average workload
given increased 2.0 weight gain as expected; however, %MR shows varying trends based on the
variability of subject fitness, task execution, and thermal preferences. The 2.0 data set had larger
uncertainty and variation due to the low population; however, the 2.0 and 1.0 results are consistent
enough such that 1.0 data can be used to expand the 2.0 statistics (consider 1.0 and 2.0 physical
workload equivalent) and thus used together for HS3 physical workload prediction.
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Figure 6-14. Subject Normalized HR (%0HR) for Individual Subject Comparison in
Physical Workload.
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Figure 6-15. Subject Normalized MR (%MR) for Individual Subject Comparison in
Physical Workload.

As illustrated in Figure 6-16 Figure 6-16 and Figure 6-17Figure 6-17, the objective data
(MR/HR) and subject survey data (fatigue/RPE) show similar trends in physical workload
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response with subjective data showing less variation across tasks. Differences in both objective
and subjective physical workload are minimal between HS3 1.0 and 2.0 despite the increased
weight, likely due to the improved CG loading in the 2.0 version (which offsets the weight

increase).
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Figure 6-16. HS3 1.0 Objective and Subjective Physical Workload Comparison (Entire
Population).
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Figure 6-17. HS3 2.0 Objective and Subjective Physical Workload Comparison (Entire
Population).

6.3.2.2.2 Cognitive Performance of HS3

Cognitive performance as measured by the Cognition Test Battery Digit-Symbol
Substitution Test (DSST) and Psychomotor Vigilance Test (PVT) was largely similar
between HS3 1.0 and 2.0 Test Series, with slight improvement in the 2.0 Test Series possibly
due to a reduction in cognitive burden associated with the suit. Combining results from 1.0
and 2.0 test series revealed generally stable accuracy between pre-EVA and post-EVA sessions,
and slightly worse speed between pre-EVA and post-EV A sessions on both DSST and PVT. Speed
and accuracy results are shown in Figure 6-18. See Appendix E: Additional Cognitive Performance
Results from HS3. 2.0 Study for other parameters.

e DSST mean RT and proportion correct improved from Pre-EVA to Post-EVA in HS3 2.0
Test Series. In contrast, DSST outcomes in HS3 1.0 worsened from Pre-EVA to Post-EVA
(Figure 6-18 (a) (b)).

e PVT mean RT and accuracy outcomes were slightly worse post-EVA in the 2.0 compared to
1.0 Test Series. Decrements in PVT performance in the 2.0 test series may have been largely
driven by a single subject. Several hardware issues during this subject’s test session, in addition
to earlier start to subject’s day due to unexpected work obligations, may have increased this
subject’s fatigue and negatively impacted their cognitive performance in the 2.0 compared to
1.0 Test Series; however, given that this subject’s results were within nominal ranges of prior
subject testing, no retest was recommended (Figure 6-18 (c) and (d)).

Cognitive performance results suggest that the HS3 suit changes in the 2.0 Test Series may
have had opposing impacts on cognitive performance. Better loading in line with subjects’ center
of gravity in 2.0 likely resulted in less cognitive workload needed to adjust body position, while
reduced waist range of motion (ROM) and higher suit weight in 2.0 may have resulted in increased
cognitive workload.
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Figure 6-18. Cognition Test Battery Digit-Symbol Substitution Test (DSST) and
Psychomotor Vigilance Test (PVT) Mean Reaction Time (RT) and accuracy results shown
for HS3 1.0 vs. 2.0.

6.3.2.2.3 Thermal Characteristics of HS3

Both the subjective and objective thermal data are consistent with the improvement from 1.0
in cooling capability (lower temperature, faster and longer-lasting cooling). Subjective overall
thermal comfort improved across the spectrum (shifted to more green areas) as shown in Figure
6-19 (a). In Figure 6-19 (b), MST shows similar trends across EVA timeline between 1.0 and 2.0.
Initial MST is higher in 2.0, but 2.0 quickly out-performs 1.0 thermal system and resulted in lower
MST. LCG hot swap usually occurs between the resistance 7 traverse and geology task, and
significant MST dropping in 2.0 can be seen in Figure 6-19(b) with the superior full body LCG
system. The thermal environment remains stable (Figure 6-19) despite of the higher absolute MR
(i.e., increase heat storage) response observed in HS3 2.0 (Figure 6-13). This illustrates HS3 2.0
LCG’s superior capability in handling the increased heat.
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Figure 6-19. Thermal Workload Results:
(a) Subjective thermal comfort scale; (b) Mean Skin Temperature (MST) population
mean from LMM.
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Figure 6-20. LCG Performance Benchmark Comparison between HS3 1.0 and 2.0.
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(a) HS3 1.0 Example Subject Data (note there is a trouble shooting event took place around
1:20 -1:55 due to heart rate sensor problem), (b) HS3 2.0 Example Subject Data.

Despite an LCG sensor malfunction during the study, Figure 6-20 shows example subject
data from HS3 1.0 and 2.0 studies. HS3 2.0 shows superior cooling capability over HS3 1.0 with
stable ALCG = 1.5-2.5 deg °C offloading between inlet and outlet throughout entire EVA. LCG
hot swap (during equipment hot swap) refreshes the offload capability by increasing ALCG in

HS3 1.0, and effectively extended LCG endurance. It was noted that in HS3 2.0, due to the

superior LCG capacity, the ALCG remains stable across hot swap showing that the life of LCG is
223
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6.3.2.3 Subjective Suited Experience

In Figure 6-21Figure 6-21, the Likert plot shows that HS3 2.0 is more suit-like than 1.0 given
all suited experience area scores are shifted to the right (i.e. more blue) on the 0 to 10 subjective
scale. The most prominent improvements were seen in motion, ROM, field of view (FOV),
communication, EVA immersion, and physical workload. All other suited experience areas show
relatively consistent distribution. Subjects recommended adding additional hip ROM restrictions
to the 2.0 suit to make walking more “difficult” and suit-like.

One astronaut subject reflected on HS3 experience and said “Overall [HS3] feels very similar
to XEMU, but the individual body part contribution is different (XEMU contributed more from
lower body, NBL/POGO has water drag, limb 1G loading effect in ARGOS). It is a great tool for
simulation and training in 1G.” Although none of the suit simulation analogs are perfect, data
shown in this section supports that HS3 is better than shirtsleeve (0) in terms of suit-likeness (10
— pressure suit) with reasonably good simulation quality in most EVA tasks. The strengths and
weaknesses of HS3 in 1G EVA simulation can be roughly summarized as below:

e Strongest simulation areas: thermal environment, visibility (FOV restriction),
communication

e Good simulation areas: Cognitive/physical workload, restricted dexterity,
overall EVA immersion, ROM, motion

e Weakest simulation areas (still with mostly > 5 score) : balance and overall
comfort a key difference from suited experience

Suited Experience Areas HS3 1.0 HS3 2.0 Score Legend
Overall EVA immersion ﬂ |:. IS e

Restricted dexterity (Gloves) ﬂ [:. = ;0
Motion (force/torque required) - D Q 8
Range of motion (mobility restriction) - l:. 7
Balance I [. [. 6
Visibility (field of view) [ I | 5
Thermal environment _ _ 4
Communication (how well do you hear/talk) E- :- 3
Overall Comfort | |] E- B
Physical workload (average) . [l [:. _ 4
Cognitive workload (average) [. l:- - 0

Shirt Sleeve

0 5 10 1] 5 10 Like

Subjective Suited Experience Score (All Tasks Combined)
“number” = %entry for each score (each entry = 1 task category for 1 subject)
Four task categories combined: rest. traverse, geology. obj relocation
Figure 6-21. Likert Chart for Subjective Suited Experience Score with all Tasks Combined
(entire EVA).
The scale ranks from 0 to 10, with 10 being the most suit-like. Note: HS3 1.0 shows n=8,
while HS3 2.0 shows n =3.

Figure 6-22 through Figure 6-25 show the Likert plots for individual task categories, i.e.,
baseline/rest, geology, object relocation, and traverse. All task categories saw improvement of
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subjective suited experience with updated suit designs, with geology and object relocation seeing
the most drastic improvements (more drastic blue shift).

Suited Experience Areas HS3 1.0 HS3 2.0

Score Legend
Overall EVA i si e
vera immersion I';I % " 10! - 5 * Suit Like

Motion (force/torque required) m H “ - 9
2 1010 30 33 3 33
Range of motion (mobility restriction) m m *
2010 20 10 2 33 33 33
Balance M “
20 10 33 33 39
Visibility (ficld of view) ]
Thermal environment ” *
20020 3 L 3 3
Communication (how well do you hear/talk) ” _
by D by S 1 33 33 33
Overall Comfort M
’ **ﬁr‘ 1030 ¢
Physical workload (average) ! | m *
30101072 3 33 33
Cognitive workload (average) [# H *
10 20 20 107307 33 3 33 =
Shirt Sleeve

5 10 0 5 10 Like
Subjective Suited Experience Score (Baseline/Rest)

Figure 6-22. Likert chart for Subjective Suited Experience Score for Baseline/Rest Task.
The scale ranks from 0 to 10, with 10 being the most suit-like. Note: HS3 1.0 shows n=8,
while HS3 2.0 shows n =3. Individual numbers under the color bar show %entry for each
score (each entry = 1 subject).
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22 2 2201 37335
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5 10 0 5 10 Like
Subjective Suited Experience Score (Geology)

Figure 6-23. Likert chart for Subjective Suited Experience Score for Geology Tasks.
The scale ranks from 0 to 10, with 10 being the most suit-like. Note: HS3 1.0 shows n=8,
while HS3 2.0 shows n =3. Individual numbers under the color bar show %entry for each
score (each entry = 1 subject).
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Suited Experience Areas HS3 1.0 HS32.0
- . Score Legend
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Like

The Bedford and NASA Task Load Index (TLX) are benched marked with population mean
values in Table 6-11. These subjective workload scale benchmark values can be used to plan future
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HS3 applications. The subjective workload is roughly comparable between HS3 1.0 and 2.0. As a
result, the HS3 2.5 is expected to be comparable with HS3 1.0 and 2.0 data. From Table 6-11,
subjective physical workload is slightly higher in 2.0 (consistent with the objective measurement),
and subjective cognitive workload is roughly the same between 1.0 and 2.0. However, these
variations are small, and the subjective workload is considered comparable between 1.0, 2.0, and

2.5.

Table 6-11. Subjective Workload Scale Benchmark Results for HS3 1.0 and 2.0. (Legend
based on relative scale, i.e., max value in table = high, and min = low)
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HS3 1.0 HS3 2.0
Population Task Sealloa Obj Relocation | Task Sealloy Obj Relocation
Mean Board 10 Ibs | 20 lbs | Board 10 Ibs [201bs
Bedford 3 3 3 3 3 3 3 3
Mental 25 13 30 18 37 20 20 23
Physical 28 50 40 33 40 47 45 55
x Temporal 13 10 18 10 27 20 15 15
= | Performance 18 20 10 15 17 10 15 15
Effort 23 45 30 33 43 40 50
Frustration 28 25 15 13 30 20 20
Legend - Med/High | Medium | Low



7 Future Work

HS3 has been iteratively developed over the course of several years to serve as a physical and
cognitive workload approximation tool focused on usage for simulated EVA analog research.
Through the development process, physical, cognitive, and hardware capability bands have been
applied to the suit simulator to aid in pre-defining workloads attributed to targeted research studies.
These workload bands have been focused particularly on 1G analog environments using objective
and subjective feedback from pressure suited experienced subjects. The released designs of HS3
provide a detailed construction and usage procedures to implement suit like workloads as part of
1G assumptions.

Forward work for HS3 development includes a larger in-depth analysis of the workload simulator
capability bands when compared to current EVA task analogs (e.g., the Active Response Gravity
Offload System (ARGOS), Neutral Buoyancy Laboratory, field-based analogs). Extensive
simulated EVA research has been conducted in these NASA testbeds to characterize exploration
task paradigms and associated workloads experienced by test subjects and crewmembers alike.
The tasks associated with the HS3 characterization studies were selected to mirror EVA tasks at
these gravity offload facilities. An in-depth analysis will be conducted to compare the HS3
physical workloads to the gravity offload facilities to determine the relevancy of the ground-based
suit simulator to other suit analogs. This data output will enable workload factors to that can be
applied to the HS3 data to associate to gravity offload counterpart research. Additionally, as HS3
is used in the community, parallel recommendations and updates to the HS3 designs are expected
to be populated and refined to aid in future exploration EVA research. The hope is that external
space/EVA researchers can use HS3 in their testing to allow for more repeatable, comparable
outcomes between tests at disparate locations and with varying objectives
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9 Appendix

9.1 Appendix A: Soft Suit Pattern
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9.2 Appendix B: Emergency Egress Procedures

Table 9-1. Example Emergency Egress Procedures of HS3

Intl.

Intl.

eam | TesT | SEQ OPERATION REMARKS
Location: Treadmill
B1 Perform study specific emergency calls.

Set treadmill resistance to ‘10’ by pushing the brake forward. (if

B.2 passive treadmill) or press emergency stop on motorized
treadmill.
B.3 Detach the helmet ventilation fan’s electrical cable from PLSS Support the PLSS
Detach/remove the HUT by disconnecting the (x4) pip pinsat | before detaching/
B.4 the HUT’s mounts then sliding the HUT past the subject(s) cutting.
arms.
B.5 Ii;atachh(XZ) LCS h:)dses on Iefth5|de ofdsubject(s?. - These are
B6 Detach/cut the (x2) shou gtrr,a(;sl) chest, and (x1) waist belt concurrent steps.
B.7 Remove the PLSS from the emergency area and set aside.
BS Slowly lower the subject(s) to a seated position on the base of | These are
) the treadmill using the harness system. subsequent steps.
B9 Support the subject(s) body weight and head/neck before
) cutting the safety harness.
B.10 Detach/cut the harness off the subject(s).
B11 Slowly support subject(s) body and head weight and transition
) them off treadmill onto a flat, open space on the floor.
B.12 Slowly position/roll subject(s) to back.
B.13 Cut soft suit garment off subject(s).
B.14 Unzip LCG garment from subject(s) to expose chest/abdomen.
B.15 Inspect the area safely and begin to perform CPR if no
) pulse/respirations.
Location: Open Space
B.1 | Perform study specific emergency calls.
B.2 | Detach the helmet ventilation fan cable from PLSS. Support the PLSS
g3 | Gently lowered subject to asitting position with one operator before detaching/
) supporting head/neck from the front. cutting.
Detach/remove the HUT by disconnecting the (x4) pip pins at
B.4 | the HUT’s mounts then sliding the HUT past the subject(s)
arms. These are
B.5 | Detach (x2) LCG hoses on left side of subject(s). concurrent steps.
B6 Detach/cut the (x2) shoulder, (x1) chest, and (x1) waist belt
) straps.
B7 Lean the subject(s) forward then remove the PLSS from the These are
) emergency area and gently set aside. subsequent steps.
BS Support the subject(s)’s body weight and head/neck and lay
) them down.
B.9 | Detach/cut the harness off the subject(s).
B.10 Slowly support subject(s) body and head weight and transition

them out of the sandbox onto a flat, open space on the floor.
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Intl.

Intl.

Fam | TesT | SEQ OPERATION REMARKS
B.11 | Slowly position/roll subject(s) to back.
B.12 | Cut soft suit garment off subject(s) and waist inhibitor.
B.13 | Unzip LCG garment from subject(s) to expose chest/abdomen.
B.14 Inspect the area safely and begin to perform CPR if no
' pulse/respirations.
Location: Donning Stand
B.1 | Perform study specific emergency calls.
B.2 | Detach the helmet ventilation fan cable from PLSS. These are
Detach/remove the HUT by disconnecting the (x4) pip pinsat | concurrent steps.
B.3 | the HUT’s mounts then sliding the HUT past the subject(s)
arms.
B.4 | Detach (x2) LCG hoses on left side of subject(s).
B.5 Support subject head/neck/weight before detach/cut the (x2)
' shoulder, (x1) chest, and (x1) waist belt straps.
B.6 | Lean the subject(s) out of the donning stand These are
B.7 Support the subject(s) body weight and head/neck and lay them | subsequent steps.
' down.
B.8 | Detach/cut the harness off the subject(s).
Slowly support subject(s) body and head weight and transition
B.9
' them onto a flat, open space on the floor.
B.10 | Slowly position/roll subject(s) to back.
B.11 | Cut soft suit garment off subject(s) and cut the waist inhibitor
B.12 | Unzip LCG garment from subject(s) to expose chest/abdomen.
B 13 Inspect the area safely and begin to perform CPR if no

pulse/respirations.
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9.3 Appendix C: Suit Sizing Steps

Table 9-2. Recommended HS3 System Sizing Procedures

Intl. Intl.

FAM | TEST SEQ OPERATION REMARKS

TCU Sizing

] Use TCU (thin) tops and bottoms using regular subject Record the sizing
clothing sizes. _ _ information in the
c1 |- Ask the subject(s) to change into the clothes in the locker FAM Test Checklist
. room.
Show and walk the subject(s) to the locker rooms/
bathrooms.

Soft Suit and LCG Sizing

LCG Sizing Record the sizing in
Start with subjects’ general clothing size. TCL

01 Have the subject(s) try on the LCG garments and confirm
their sizing.

Note: M/L garment fits like a S to L, XL/2XL garment fits like

alLtoXL.

Soft Suit Sizing
71 Measure subject(s) height against the wall with
tape measurer
o Subject(s) < 6 feet: have them try on the
size SMALL
o Subject(s) >= 6 feet: size them to size
LARGE
71 Confirm suit sizing: suit legs should hang past
ankles so they can be tucked into boots. Zipper

should be able to zip up fully.

Soft suit can shorten the length with vertical Velcro waist
constraints. Record the waist Velcro configuration.

C.2

Boot Sizing

1 Start with subject(s) shoe size and try on the Record the sizing in
closest boot size. TCL

71 Ensure that they can tuck the soft suit into the

C.3 boots.

1 Lean ankle back to tighten BOA strap as tight as

they can.

If needed, provide subject(s) with sole inserts to test boot
fitting.

Glove Sizing

247



Intl.

Intl.

EaM | TesT | SEQ OPERATION REMARKS
Have subject(s) try on the S/M gloves. Ensure they can fully Record the sizing in
C.4 |inserttheir hands/fingers and snap into the wrist bearings. If TCL
unsuccessful, try on the L gloves.
Waist inhibitor and Range of Motion Inhibitor Sizing
Have subject(s) try on 15 in Waist Inhibitor as default. Ensure | Record the sizing in
pool noodle protrusion is 4 inches in both the front and back of | T
the subject. (Refer to Figure E-3)
0 If exceeding protrusion, size down to 10 in Waist
Inhibitor.
C5 If not protruding enough, size up to 18 in Waist
Inhibitor.

NOTE: 15+ inch Waist Inhibitor does not fit within S/M Soft
Suit, size inhibitor down or size up soft suit for optimized
sizing.

Spine Sizing and Shoulder/Lumbar Padding Placem

ent

C.7

Spine Sizing

01 Torso Length: Measure from the C7 vertebrae to the iliac
crest (top of hip bones) using a soft tailor’s tape. Record in
TCL.

U Replace the spine frame to match the torso height or
subject height per table below.

Chart

Table 9-3. Spine/Frame Sizing

Record the sizing in
TCL

Spine Removal:
Loosen/remove the (x6)
screws holding the spine
to the backplate.

Spine Size | Torso Length Height (in)
(in) (in)
Regula 22 <17 <5’10”
r
Tall 24 17-19 5’10 -6’1"
X-Tall 26 >=19 >=6’1"

C.8

Shoulder and Lumbar Padding Placement

[l Subject(s) ingress into the HS3 softgoods.

[ Clip-in and tighten shoulder straps, waistbelt and chest
strap

[ Shoulder Padding Adjustment

o Shift down: If gap (>= 1-2”) between shoulders
and the padding.

o  Shift up: If the shoulder padding straps is too
close to the clavicle/neck (i.e., most padding not
sitting on top of shoulder).

Note: you can get away with not having to move the shoulder
padding (if small gaps are present) by tightening the shoulder
straps down more, but make sure it does not make the
subject(s) uncomfortable/too tight.

Verify/adjust lumbar pad is positioned on hips and lower
back/on butt.

Shoulder Pad:
1. Detach Velcro
shoulder blade.

2. Slide/tilt shoulder
padding to desired
location by using the
grooved channels
built into the spine,
then reseat the
Velcro padding.

Spine Padded Harness Sizing
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Intl. Intl.
FAM | TEST SEQ OPERATION REMARKS

Spine Padded Harness Sizing Record the sizing in
) Waist Circumference: Measure the subject’s waist slightly | TCL
above the waistline on hips using a soft tailor’s tape.
Record in TCL.
0 Install the harness system to match the waist size of the
subject per the table below.
o To replace the harness system, remove lower
lumber padding Velcro to access the spine.
Remave vertical Velcro to release padding and
C9 replace harness system with correct size by
adhering Velcro.

Table 9-4. Spine Padded Harness Sizing Chart

SIM L/XL Women’s
(qty-2) | (qty-2) | (qty-1)
Waist Size: 25-34 34-52 25-44
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9.4 Appendix D: Safety Harness Creation/Donning

Table 9-5. HS3 Safety/Treadmill Positioning Harness Procedure

Intl. Intl.

EAM TEST SEQ OPERATION REMARKS

D.1 | Prepare awater knot to make a giant loop of the safety tether

Subject(s) gets in position for the safety harness. Harness
should run from behind the neck to front of each shoulder.
Note: make sure equal length on each side

Note: water knot is behind the neck.

D.2
Grab the bottom section and pull forward between legs to
form a loop.
Note: make sure the straps loop behind the heels.
Note: black arrows points to the shoulder straps.
D.3
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D.4

Grab onto “shoulder straps” (run from heels to shoulder). Pull
the shoulder straps INWARD through the loop made in last
step (see blue markings). Then, drop the two shoulders straps
outward/down to the waist. Grab onto the “shoulder strap”
section when finished.
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D.5

Pull the “shoulder strap” outward and then to the sides to
tighten by pulling to the left and right.

D.6

Pull shoulder straps upward
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9.5 Appendix E: Additional Cognitive Performance Results from HS3. 2.0 Study

1.0 Test Series 2.0 Test Series Variable Value

HS3 1.0 Test 0.006
T 1.00 Series Mean
g ¢ g H Difference
S |
o ! =
s 0.75 Grlrensd Y=0ED prefrontal cortex . X
motor cortex
1= HS3 2.0 Test -0.04
2. . Series Mean 5
& 0.50 ] L
& Difference \/:’/\
9 005 Mean: 0.98 Mean: 0.97 Mean: 0.94 Mean: 0.98 Cohen’s d d=1.48 \
g : SD: 0.02 SD: 0.02 SD: 0.06 SD: 0.04 BTN
0.00
T T temporal cortex
Pre-EVA Post-EVA Pre-EVA Post-EVA

Cognition Session
‘ Lower values = worse performance

Worse pre-EVA performance in 2.0 compared to 1.0 Test Series, but similar post-mission performance

Figure 9-20. Digit-Symbol Substitution Test (DSST) Proportion Correct Shown for HS3

1.0vs. 2.0.
1.0 Test Series 2.0 Test Series
15004 Variable Value
HS3 1.0 Test -96.5
Series Mean
E 1250 Difference
2, _
% LelfEmae H=ia prefrontal cortex
= 10001 HS3 2.0 Test 27.17 metor cortex
E Series Mean =5
a Difference \/ L:’/\
750 =
Cohen’s d d=0.23 \
Mean: 1084.7 Mean: 1181.2 Mean: 1220.23 | |Mean: 1193.07 = —
I SD: 203.46 ] I SD: 210.42 ] [ SD: 144.71 ] [ SD: 250.52 ]
500 4
P[Q—IEVA F’{JSI:E\)’A Pre-'EVA PosliEVA temporal cortex

Cognition Session

t Higher values = worse performance

Improved post-EVA performance in 2.0, unlike 1.0 Test

Figure 9-21. Digit-Symbol Substitution Test (DSST) Mean Reaction Time (RT) shown for
HS3 1.0 vs. 2.0.
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1.0 Test Series 2.0 Test Series
Variable Value

DSST Throughput

60 HS3 1.0 Test 11
Series Mean
Difference
1 —
40 H Cohen'’s d d=0.23 prefrontal cortex " X
HS2 2.0 Test -4.83 /{ meter cortex
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Cohen's d d=0.94 \
D -
Pre-EVA Post-EVA Pre-EVA Post-EVA
- : temporal cortex
Cognition Session
‘ Lower values = worse performance Throughput = Number of correct responses per minute
Improved post-EVA performance in 2.0, unlike 1.0 Test
Figure 9-22. Digit-Symbol Substitution Test (DSST) Throughput (Number of correct
responses per minute) shown for HS3 1.0 vs. 2.0.
1.0 Test Series 2.0 Test Series bl |
HS3 1.0 Test 30.25
Series Mean
% 7501 Difference
[ = ’, =
-% Lelrzms H=0az prefrontal cortex " .
= mMOotor cortex
& 500+ HS3 2.0 Test -68.67 /{
5 Sn?ries Mean ) .ffl
%) Difference o
B 250 A
[Mean 670.?5] Mean: 640.5] [Mean: 615.6?] [Mean ssmal Cohen’s d d=055 \
SD: 164.08 SD: 182.12 SD:_108.85 SD: 198.79 X —
D E
Pre-EVA  Posl-EVA Pre-EVA Post-EVA temporal cortex
Cognition Session
‘ Lower values = worse performance Efficiency = Based on deductions for false starts and long responses

Improved post-EVA performance in 2.0, unlike 1.0 Test

Figure 9-23. Digit-Symbol Substitution Test (DSST) Efficiency (Based on deductions for
false starts and long responses) shown for HS3 1.0 vs. 2.0.
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1.0 Test Series 2.0 Test Series
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0.004
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‘ Lower values = worse performance

Worse post-EVA performance in 2.0 compared to 1.0 Test Series

Figure 9-24. Psychomotor Vigilance Test (PVT) Accuracy shown for HS3 1.0 vs. 2.0.
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' Higher values = worse performance

Worse post-EVA performance in 2.0 compared to 1.0 Test Series

Figure 9-25. Psychomotor Vigilance Test (PVT) Mean Reaction Time (RT) shown for HS3
1.0vs. 2.0.
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10.0 1

7.51

PVT Lapses

0.0 4

1.0 Test Series

2.0 Test Series

Mean: 0.5
SD: 0.76

Mean:
SD: 0.48

Mean: 0
SD: 0

025‘

—

Mean: 1
SD: 1.73

Pre-EVA

Post.EVA
Cognition Session

Pre-EVA

Worse post-EVA performance in 2.0 compared to 1.0 Test Series

Figure 9-26. Psychomotor Vigilance Test (PVT) Lapses (lapse = response time > 355 ms)
shown for HS3 1.0 vs. 2.0.
(Cognition session 1 = Pre-EVA; Cognition session 2 = Post-EVA). Worse post-EVA
performance in 2.0 compared to 1.0 Test Series.
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Figure 9-27. Psychomotor Vigilance Test (PVT) False Starts (responding before counter
appears on screen) shown for HS3 1.0 vs. 2.0.
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1.0 Test Series 2.0 Test Series
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. HS3 1.0 Test 0.13
. : * ; [% Series Mean
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< 41 prefrontal cortex inferior
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' Higher values = worse performance  Slowness = 10 — Mean reciprocal of reaction time

Figure 9-28. Psychomotor Vigilance Test (PVT) Slowness (10 — Mean reciprocal of reaction
time) shown for HS3 1.0 vs. 2.0.
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Figure 9-29. Psychomotor Vigilance Test (PVT) Efficiency (Based on deductions for false
starts and long responses) shown for HS3 1.0 vs. 2.0.
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9.6 Appendix F: HS3 Hazards and Controls for Reference

Table 9-6. HS3 Hazards and Controls

Hazardous Control
Condition Cause Effect Control(s) Verification
Electrical Inadequate Personal injury | 1.Operation and | 1. Pre-test
power supply, | or hardware suit setup will inspection of
improper damage follow cables and
installation of procedures. hardware per HS3
instrument, 2. All cables will pre-test checklist.
power cords be properly 2. Liquid coolant
frayed, poor insulated. feedwater
ground, 3. Consolidated checklist.
improper battery pack 3. Liquid coolant
operation or used during feedwater pre-test
maintenance of suited leak check.
instrument, operation.
exposure to 4.Liquid coolant
energized feedwater
parts. capped and
sealed.
Facility:
Electrical-
faulty
breakers,
improper
grounding.
Emergency Inability to Personal 1. A spotter will | 1. Operator Training
Egress remove a Injury aid as required | 2. Emergency egress
subject from to the subject procedure
the suit during suited checklist
simulator activities.
2. Operators
trained in
emergency
egress
procedures.
3. Facility
emergency
evacuation
training.
Falls on the Falling during | Personal 1. A spotter will | 1. Pre-test
same level suited Injury aid as required inspection per
operations to the subject
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during suited
activities.

. The subject

will wear a
positioning
harness to
provide
stability during
treadmill
activities.

. Operators

trained in
harness
adjustment.

. Pre-test

inspection of
work area to
verify trip
hazards are
removed.

HS3 pre-test
checklist.
Operator training
3. Verify
appropriate boot
tread is installed
per pre-test
checklist.

o

Sharp
edges/pinch
points/ contact
with rotating
components/
contact with
donning stand

Inadvertent

contact with
sharp edges,
pinch points,

and/or corners.

Personal
Injury

. Sharp edges

are mitigated
during suit
design.

. Pinch Points

and rotating
parts are
covered
internally and
externally.

. Suited subject

wears a layer
of clothing

while in HS3
to add a layer
of protection.

. Pinch points

on donning
stand are
covered and
sharp edges are
mitigated
during donning
stand design.

1. Pre-study
Inspection for
sharp edges per
checklist.

2. Pre-study
Checklist verifies
tape or padding in
place.

3. Operator training

Musculoskeletal
(MSK) Injury

Inadequate
warm-up,

Personal
Injury

. Operators will

be present

Operator will give
subject time to
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stretching, or
Hydration.
High exertion
on the
treadmill.
Weight loading
from the suit.

during all
testing to
monitor the
subject.

. Subject will be

provided with
water should
they desire it.

. Subject to have

availability to
sit and offload
the suit during
task breaks.

stretch, pause, or
offload the suit if
desired. Survey will
be used to capture
any injuries/hotspots
that occur.
Padding/adjustments
can be made as
requested by subject
or solution to
potential hotspot.

Delayed onset
muscle soreness

Performing
walking tasks.

Personal
Injury

. Test personnel

will be present
during all
exercise
sessions to
monitor the
subject.

Operators will
recommend
stretching exercises
after the test.
Subject will be
encouraged to report
discomfort.

Cardiovascular
Event

Cardiovascular
disease,
arrhythmia, or
another
physiological
anomaly.

Serious
cardiovascular
injury and/or
death.

. Subjects shall

be pre-
screened for
history of
cardiovascular
disease and
must have
successfully
completed
medical
examination
within the last
12 months.

. All operators

to be BLS
trained.

. Automated

External
Defibrillator
(AED) in the
vicinity of the
test area.

Subjects will be
requested and
cleared per study
qualifications.

Pressure Points

Improper suit
fit or restraint

Personal
Injury

. Subjects

instructed to
inform the

1. Pre-test donning
checklists
2. Operator training
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systems on operators of
equipment suit
discomfort.
2. Add or adjust
padding
3. Operators
assist in
adjustment of
suit.
Skin Irritation Rubbing of Personal 1. Subject 1. Pre-test donning
weighted suit | Injury required to checklists
at specific wear athletic
pressure points clothing under
during suit.
ambulation. 2. Mole skin
available as
necessary.
3. Subject can
terminate test
at any time.
Hygiene Multiple users | Personal Following Reference
contaminate Injury or operations, operations
the equipment | Iliness operator will procedure which
or garments wipe down the shows instructions
with sweat, suit or any other | for the technician to
etc. components that | clean the device
may encounter where necessary
sweat or other after each use.
bodily fluids with
Clorox wipes and
Clorox fabric
spray.
Glasses Inability to see | Personal injury | 1. Operator will | 1. Pre-test checklist
Fogging through safety | or loss of field ensure proper | 2. Pre-equipment
glasses of view fit. verification
2. Air flow into 3. Operator
helmet over certification
face and
glasses
3. Air flow in
helmet set to
29-30 L/min
Restricted Improper fit of | Personal 1. Operators 1. Pre-test checklist
Breathing COSMED Injury trained on 2. Donning
Metabolic COSMED checklist
Analyzer mask fit and 3. Pre-equipment
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operation.

. Follow

COSMED
setup-checklist

. Operator to

perform fit
check and
breath check.

verification
4. Operator training

Face and Nose
Irritation

Improper fit of
COSMED
mask

Skin irritation
may cause
discomfort

. Mole skin or

bandage
available prior
to mask
donning to
prevent skin
rubbing.

. Operators

trained to
perform proper
mask fit check.

1. Pre-test checklist
2. Operator training
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9.7 Appendix G: List of files included in NASA Release

The following directories of files will be included as part of the open-source report release:
1. CAD Files/: include all CAD files (assembly and part) for HS3 and donning stand.
e Please review README file in the directory
e Donning stand files/: contain donning stand 3D CAD files.
e HS3V2.5 Files/: contain main HS3 assembly in .step and .stl format.
o STEP FILES/:
= HS3V2.5PLSS and HUT (assembly file).step
This is the main assembly file of HS3. It was exported as a single
assembly in .step format.
= HS3V2.5PLSS and HUT.zip
This is the main assembly file exported in .zip format. Each part
file within the assembly is exported as individual .step file. These
files can be imported into various CAD software to see/edit the
assembly file and all its individual parts. This exported assembly is
based on the Large-XL sized HUT and Rail Struts.
= AdditionalConfigurationOption: includes additional sizes
and/or hardware options that can be used for different
configuration selection, such as the 300W egretech power bank
shelf, Volumetric power bank .zip file, Carriage Rail Struts (S-
M size), and the Small HUT.
Since there were very few parts that differed from the Large-
XL and Small-M HS3 assemblies, the Small HUT and S-M
Rail Struts were exported separately instead of making another
entire assembly file.
o STL FILES: similar content but in .stl format
e Printable Files folder/: contains the .stl files for all parts (HS3 assembly and
Donning Stand) that were 3D printed.
2. Softgoods Pattern Files/: include all soft goods pattern files (Pattern 1-1 to 1-20, I1-1
to I11-2, and 111-1 to I11-2 per Table 4-25).
e PDF _PRINTABLE_VERSION: contains PDF versions of pattern files. The
100% size should matches the actual print size. Users might need to print it on
a plotter, e.g., at FedEx. Or can print it on multiple pieces of letter size paper.
e svg: .svg editable files for users to update their design as needed

3. Bill of Materials: Excel version of bill of materials. Mapping to Section 4.6 for Bill
of Materials. (File name: EEPL_HS3v2.5 HI_BOM_verA_externalReleases.xIsx)
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9.8 Appendix H: 3D Printing and Slicer Settings

For the 3D printed components, our team used two different 3D printers that are commercial
equipment: a Gigabot 4 XL (Re:3D, Houston, TX USA) and an Ultimaker S5 (Ultimaker,
Netherlands, EU). The Gigabot 4 is an enclosed printer offering a very large print volume of 600
x 600 x590mm length-width-height, allowing us to print larger components with ABS, such as
our PLSS walls, backplate, and our HUT. The Ultimaker S5 is not an enclosed printer but allows
us to print smaller components in tough PLA, such as our donning stand components, lever
handles, and so forth. In terms of material choice, we chose ABS as our primary material for the
PLSS and HUT components due to the impact-resistant, chemical-resistant, and flexible yet
strong characteristics that ABS is widely known for. Since our PLSS and HUT are supporting
weight of limbs and HS3 hardware as well as has a mounted backpacking frame and harness that
is constantly flexing when the wearer bends over, ABS was the best, cheapest, most widely
available material for our specific application.

For the slicer software, our team is using Ultimaker Cura v5.9.0 to prepare our files for 3D
printing. While the Gigabot 4 is not natively used with Cura — rather, Simplify3D — our team
followed the simple steps on Re:3D’s website to be able to use Cura instead of Simplify3D for
preparing GCODE files that are compatible with the Gigabot’s hardware and Klipper and
Moonraker interfaces.

For our print material, we used IC3D ABS and Ultimaker Tough PLA (H-26, H-27 in BOM) due
to their costs, low lead times, and reliability in prints/print success rates.

We recommend you reach out to Re:3D (if you are using a Gigabot printer) or your manufacturer
of your 3D printer for any assistance and troubleshooting you may run into or need.
Acknowledging Re:3D for their constant support, real-time team calls, and for helping
swap/replace some hardware as well as give great feedback and troubleshooting tips when we
needed it most.

In the BOM, we specify printer settings A, B, and C for our parts printed in ABS and Tough
PLA. In the lists below, we outline all settings that were adjusted/your team would need to know
or have for printing any of the components on a Gigabot or Ultimaker printer. While these
settings may not fit your application or hardware, these settings — primarily the settings for the
Gigabot — were tweaked significantly to give the best possible prints with our equipment and
within our work environment. Note that our print settings only use one extruder and use the print
material as the support material, too. If any print settings are not specified, assume the default
material settings and ‘0.2mm normal’ profile were used for those settings or the slicing software
automatically calculate the setting numbers.

Print Settings A (ABS — default for larger, longer prints):

[general]

version =4

name = ABS v7
definition = fdmprinter
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[metadata]

type = quality_changes
quality_type = normal
intent_category = default
position = 0

setting_version = 24
material_bed_temperature = 110

[values]

bottom_layers = =999999 if infill_sparse_density == 100 and not magic_spiralize else
math.ceil(round(bottom_thickness / resolveOrValue('layer_height’), 4))
brim_gap =0.03

brim_line_count = 30

brim_width = 15

cool_fan_enabled = True

cool_fan_speed =0

cool_min_layer_time =10

infill_overlap = 22

infill_pattern = gyroid
infill_sparse_density = 25
initial_layer_line_width_factor = 120
material_final_print_temperature = 240
material_flow_layer 0 =107
material_initial_print_temperature = 210
material_print_temperature = 260
material_print_temperature_layer 0 =240
optimize_wall_printing_order = True
raft_airgap = 0.2

raft_interface_speed = 65

raft_speed = 65

raft_surface_layers =3
raft_surface_speed = 65
roofing_layer_count =1

skirt_brim_speed = =speed_layer 0
skirt_gap =15

speed_infill =50

speed_layer 0 = =speed_print * 30 / 60
speed_print =100

speed_roofing = =speed_topbottom
speed_support = 60

speed_support_infill = =speed_support
speed_support_interface = =speed_support / 1.5
speed_topbottom = =speed_print /2
speed_wall = =speed_print /2
speed_wall_0_roofing = =speed_wall_0
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speed_wall_x =50

speed_wall_x_roofing = 50

support_angle = 47

support_bottom_density = 35

support_bottom_enable = True

support_brim_enable = True

support_brim_line_count = 40

support_fan_enable = True

support_infill_rate = 15

support_interface_density = 50

support_interface_enable = True

support_interface_height = 0.4

support_interface_pattern = grid

support_line_width = =line_width

support_offset = 0.9

support_pattern = triangles

support_roof _density = 35

support_roof_enable = True

support_supported skin_fan_speed =0
support_tree_max_diameter = 75

support_z_distance = 0.155

top_bottom_thickness = 0.75

top_layers = =0 if infill_sparse_density == 100 else math.ceil(round(top_thickness /
resolveOrValue('layer_height’), 4))

wall_line_count = =1 if magic_spiralize else max(1, round((wall_thickness - wall_line_width_0)
[ wall_line_width_x) + 1) if wall_thickness '=0 else 0
wall_thickness = =wall_line_width_0 if magic_spiralize else 0.8
xy_offset =-0.02

Print Settings B (ABS — smaller prints):

[general]

version = 4

name = ABS v6
definition = fdmprinter

[metadata]

type = quality_changes
quality_type = normal
intent_category = default
position =0

setting_version = 24
material_bed_temperature = 110

[values]
bottom_layers = 3

266



brim_gap =0.2

brim_line_count = 35

brim_width =15

cool_fan_enabled = False
infill_overlap = 22

infill_pattern = trihexagon
infill_sparse_density = 20
initial_layer_line_width_factor = 120
material_final_print_temperature = 210
material_initial_print_temperature = 210
material_print_temperature = 265
optimize_wall_printing_order = True
raft_airgap = 0.2
raft_interface_speed = 65

raft_speed = 65

raft_surface_layers =3
raft_surface_speed = 65
roofing_layer_count =1
skirt_brim_speed = 40

skirt_gap = 15

speed_print = 140

speed_topbottom =40

speed_wall = 80

support_angle =55
support_bottom_density = 40
support_brim_line_count = 35
support_infill_rate = 30
support_interface_density = 40
support_interface_enable = True
support_interface_pattern = grid
support_offset = 0.2

support_pattern = grid
support_z_distance = 0.25
top_bottom_thickness = 0.75
top_layers =3

wall_line_count =3

wall_thickness = 0.4

Print Settings C* (Tough PLA — smaller prints/Donning stand prints):

*Note: this is almost identical to the ‘balanced — Normal’ print settings profile for Ultimaker
White Tough PLA in Cura v5.9.0.

Global Settings:

[general]
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version = 4
name = Normal (25% Infill, tPLA, Ultimaker S5)
definition = ultimaker_s5

[metadata]

type = quality_changes
quality_type = fast
intent_category = default
position = 0
setting_version = 24

[values]

infill_pattern = trihexagon
infill_sparse_density = 25
support_brim_line_count = 10
support_interface_enable = False
support_offset=0.4
support_pattern = grid
support_z_distance = 0.15

Print Settings:

[general]

version = 4

name = Normal (25% Infill, tPLA, Ultimaker S5)
definition = ultimaker_s5

[metadata]

type = quality_changes
quality_type = fast
setting_version = 24

[values]

support_enable = True
support_structure = normal
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9.9 Appendix I: HS3 Optional configurations and Use Case Examples

Example 1. Contingency CO2 Walk Back Study at NASA Johnson Space Center (JSC)

HS3 1.0
HUT design
provides
suit-like
ROM
restriction

(keep arms

out), and
space for
integrating
C0o2

. [
breathing 3

system.

Flgu

Purpose: The CO2 Walk Back study was conducted in a ground-based setting at NASA
JSC using a customized version of HS3 to examine the physiological and cognitive
responses and performance limits to elevated levels of inspired CO> (0, 5, 10, 15, 20, 25,
30 mmHg) during a high-fidelity simulated 1-hour EVA walk back in virtual reality on the
lunar surface [27].
HS3 Configuration: HS3 1.0 configuration was modified into an adjustable HUT integrated
sensor platform without the PLSS to simulate suit-like restrictions to respiration depending
on subject and suit sizing. An HTC VIVE Virtual Reality (VR) headset, treadmill overhead
positioning system, COSMED Kb5, heart rate (HR) sensor, and custom CO; breathing
system were integrated into this configuration. See Figure 9-30 for HS3 configuration
de3|gn features.

: »  HS31.0 W HS3 safety

' l‘.:::;i’z;“:z‘ f fik E e

positioning
system.

HS3 1.0 PLSQ
replaced w/
|}

i modular platform to i i i . 7
W . P § > y
i' house COSMED / o ) | N
i and other sensors. ! LI a PLSS replaced w/ adjustable
backpack harness integrated sensor
platform to keep HUT at “afloat” in
front of chest to create EVA

immersion & ROM restriction. o
S '\ Vo ~ (D)

re 9 30. Design Features of a MOdIerd HS3 Conflguratlon in the Contlngency COz
Walk Back Study.

(A) Subject Wearing HS3 on Treadmill, (B) Back View, (C) Close in View Showing

Backpack Harness, (D) Side View of HUT and Backpack Harness Integration

Example 2. Crew State Risk Modeling (CSRM) Fatigue and Traverse (F&T) Study at JSC

Purpose: The CSRM F&T study has been conducted in a ground-based setting at NASA
JSC using a customized version of HS3 to enhance EVA simulation in VR environment
and add on physical weight burden to define the accuracy bounds of the model in an analog
suit to develop a “true model baseline” as a phased precursor step toward validation of the
Fatigue and Traverse models in a pressurized suit.

Protocol: A high-fidelity simulated EVA (1 hr low intensity treadmill traverse, open floor
geology — 30 min, and high intensity treadmill travers 45 min or till exhaustion in virtual
reality on the moon.

HS3 Configuration: HS3 2.0 and 2.5 with helmet/visor removed (take off the 4 screws attaching
visors to HUT) to accommodate the Meta Quest 3 virtual reality headset & treadmill overhead

system,

COSMED K5, HR/thermal/inertial measurement unit (IMU) sensors. See Figure 9-31 for

HS3 configuration design features.
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Helmet/Visor
Removed to
accommodate VR
headset A

Figure 9-31. Design Features of a Modified HS3 2.0/2.5 Configuration in the CSRM F&T
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Study.

(A) Test Monitoring Display, (B) Subject Wearing HS3 on Treadmill Modified for VR
Usage, (C) Subject Using HS3 2.5 in VR Configuration.

Example 3. Other application of HS3 optional configurations at JSC
e HS3 is extremely versatile in adapting new Human Health and Performance (HH&P)
sensors as well as EVA simulation tools/environments

o Figure 9-32(A) and (B): HS3 provides numerous built-in sensor attachment points
on soft suit and in PLSS/HUT which makes sensor integration extremely
convenient.

o Figure 9-32(C): HS3 can be used without PLSS (cooling can be switched to surface
supply cooling unit). HS3 is used with VR on a 6 degree-of-freedom (DOF) motion
platform.

o Figure 9-32(D): HS3 has a customized PLSS or backpack adapter that allows
seamless integration with other treadmills such as the Infinadeck Omnidirectional
treadmill.

o Other possible optional configurations include but are not limited to:

Surface supply LCG cooling (“umbilical” tethering): use surface supply
LCG cooling to enhance cooling capability during high workload events.
The current PLSS has built in connector to support this option.

HS3 with weighted suit: adding weighted suit under the HS3 soft suit to
increase workload

HS3 with other sensors: HS3 has a 200Wpower bank (a 300W option is
possible and listed in the BOM as an option) that can provide auxiliary
power to power other possible sensors.

HS3 in outdoor environment: HS3 can be used in outdoor environment.
HS3 with lighting: Several HUT multi-purpose adapters where flashlight
or head lamps can be attached. Attachment option is also available on belt.
HS3 & camera: Several HUT multi-purpose adapters where camera
(forward facing or self-facing) can be attached with or without extensions.
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aslly attach

to HS3 soft suit sensor PIatfor m to simulate VR~ _. HS3 used on mhnddec,k
attachment points ‘ rover ops onmldluctlonal treadmill w/ VR

Figure 9- 32. Other Modified HS3 Conflguratlons
(A, B) Adapt Sensors Easily via Suit Velcro Attachment, (C) HS3 on 6DOF Motion
Platform for VR Rover Operations, and (D)HS3 on Omnidirectional Treadmill for VR
Traverse Operations.
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