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LOFTID PASS Design & Qualification

Introduction

»November 10, 2022, LOFTID
successfully demonstrated HIAD
technology in an orbital test flight

»Demonstrated launch of 2
iIndependent, similarly sized
payloads

»Enabled by mission unique Payload
Adapter Separation System
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Presenter
Presentation Notes
LOFTID was an orbital demonstration of HIAD reentry vehicle for heavy downmass missions and commercial applications
Demonstrated HIAD technology at scale & entry conditions relevant to Earth & Mars applications
Launched on Atlas V rocket as a ride-share payload out of Vandenburg Space Force Base (VSFB)
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Launch Configuration
LOFTID HIAD Deployed

Payload Adapter Canister
(LOFTID Stowed Within) (Transparent)

JPSS-2 \

Primary Payload :
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Extended Payload ! Centaur
Fairing (EPF) 1666S Separation (Atlas V Second Stage)
Interfaces JAIAA
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Presenter
Presentation Notes
- HIAD eliminates size constraints of Payload Fairing allowing larger aeroshells & lower ballistic coefficients
- Because the HIAD can pack down into a small volume for launch, LOFTID was able to take advantage of extra Atlas V capacity & space in the PLF 
- Secondary payload to JPSS-2
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Rideshare

» ULA approached NASA in 2017 with proposal to
use a HIAD for LV booster engine recovery

» LOFTID developed as orbital flight demonstration to
prove the concept
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Presenter
Presentation Notes
- Stacking inside payload adapter allowed for larger RV and more relevant scale
- Initiated study of PLA configurations
- Initial planning focused on mounting LOFTID inside ESPA rings 
- Initial launch opportunities included a Cygnus cargo resupply mission or Landsat 9
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Payload Adapter
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AFT 1666S PSR Sl PO PLA

—— (Payload Adapter)
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Presentation Notes
PASS = Payload Adapter Separation System
LSS = Long Stroke Separation System
FSR = Forward Separation Ring
RVPAIR = Reentry Vehicle Payload Adapter Interface Ring
PASS separates with PLA Canister
PLA Canister made up of B1194 PSR (JPSS-2 PSR), C-Adapters, and FWD 1666S PSR
FSR and RVPAIR separate with RV at RV separation
Aft 1666S remains with Centaur and C-13 Adapter Ring
Point out In-Flight Disconnects (IFDs)
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PASS Design

FWD 1666S Payload
Separation Ring
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Presentation Notes
Long Stroke Separation System
     - Provided by LaRC
     - Inner Shroud
        - Mounts inside PLA
        - Provides smooth surface for separation (assume contact)
     - Halo
       - Hosts 6 long-stroke constant force springs
       - Reacts separation force against the RV via webbing which is compliant to shape of packed aeroshell
FWD 1666S Payload Separation Ring
     - Provided by ULA
     - Includes kick-off springs
     - Includes IFDs
     - Active side remains with PLA Canister
     - Passive side (FSR) remains with the RV
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Qualification Test Matrix

Test Recommended LOFTID
Run-In X 15 Cycles at Spring Level; Min 3 at Assy Level
Performance Envelopes | Nominal Actuation
Random Vibration Qual Level | Qual Level
Acoustic Vibration Qual Level | Covered by Random Environments
Sine Vibration Qual Level | Not Required
Thermal Cycle X Thermally Characterized Spring Sets
Life Cycle X 48 Cycles at Spring Level; Min 5 at Assy Level
Static Loads X Analysis Only
Performance Envelopes Nominal, Envelopes, Off-Nominal
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Presentation Notes
Because of logistical/schedule/budget constraints, made decision early on to conduct much of qualification testing at spring component level
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Spring Component Qualification

Load Cell
Test Article

Thermal
Chamber

Pull Cord with
i~ String-Pot

CF Spring Characterization

: JAIAA
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Presentation Notes
- Tested to LOFTID Sine Vibe Environment Levels
- Pass/Fail Criteria:
- Withstand sine vibration tests without damage and pass the post-test inspection.
- Both spring and Inner Shroud simulator plate


- Characterize constant force springs over full range of travel
- Spring Force
- Temperature Sensitivity (Hot and Cold case)
- Create matched spring sets for EDU, Flight and Flight Spare
- Actuate springs minimum of 15 cycles for component run-in
- Actuate springs additional cycles for total of 48 cycles
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Mechanism Testing

PLA
Surrogate

PASS

RV Stand-In <
; JAIAA
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Presentation Notes
Planar air bearing test on flat floor at Langley Research Center
1-g test
3 degrees of freedom (2 translational, 1 rotational)
Free in yaw direction
Tested in 2-planes for each condition and assumed superposition

RV Stand-In mounted to a backstop
PASS Installed to PLA Surrogate
Mounted to a Test Frame on Air Bearings
Mass of separating assembly matched to mass of separating flight hardware
CG of separating assembly matched to separating flight hardware in axes with freedom of motion
Rope Retention System secured PLA Surrogate to RV Stand-In until the rope is cut
Arresting gear decelerate and slow the PLA Surrogate after Separation
A safety barricade is used in case of failure of the arresting system
Photogrammetry used to track motion of separation
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RV Stand-In
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PLA Surrogate
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Separation Modeling
| ".-L)!C;

B ULA Springs
B CF Springs

Floor = Planar Joint
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Presenter
Presentation Notes
ADAMS dynamic models created for both x-configuration and y-configuration of mechanism test set up
Model derived from the flight model with the goal of ground testing being used to correlate the flight model
Requirement to match model to test performance +/- 10% of mean separation velocity

Modeled 3 separate bodies and their associated mass properties
RV and Centaur (lumped together)
Separating PLA Canister
PASS Halo
Each component providing a force input to the model was individually characterized to provide appropriate force input in the model
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Modeling Comparison
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Presentation Notes
The ADAMS model required some tuning to fit the model to the measured test data
Force characterization done in test fixtures and not ground test configuration
Measurement noise
Environmental factors
Floor friction despite air bearings
Adjustments included:
Decreasing the CF spring force level
Adjusting the ULA spring hard-stop location (difficult to repeatedly ensure due to ground test set-up)
Adjustment of IFD force levels (pin alignment was difficult to enforce due to ground test set-up)
Model tuning resulted in correlation to within 10% of measured values
Very good matching to translational motion
Acceptable matching for rotational motion (rotations are very small)
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Summary

» 31 Successful Deployments

» Flawless Performance in Flight
No noticeable tip-off
Separation velocity in kind with ground testing JAIAA
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Presentation Notes
- 31 Successful Deployments
- 24 EDU Ground Tests (Including Halo Misalignment, ULA Spring-Out, CF Spring-Out)
- 6 Flight Unit Ground Tests
- Flight
- Flawless Performance in Flight
- No noticeable tip-off
- Separation velocity in kind with ground testing (estimate ~7.0 ft/s)
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