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Introduction

Aln order to maintain cleanliness dur.i
ElememMntegrated Science Instrument Module) Cryogenic Thermal Vacuum Test, a
cleanroom was built that attached dir

A Both the cleanroom and chamber were outfitted with independent airflow managem
systems (AFMS) each providing ISO Glasscleanliness and tightly controlled
temperature and relative humidity.

I While the cleanroom footprint occupied

considered small in comparison to OTIS and its gigantic test equipment. This made itac
to maintain cleanliness.

' The hot, humid climate of Houston Texas was another constant challenge. Exposure to
60% would have permanently damaged one of the instruments.

I Balancing the two AFMS systems to ensure the cleanroom was not over or under pressu
A The cleanroom build and chamber upgrades were completed in 2014 before comme

of the risk reduction Pathfinder (PF) test program, which enabled continued improve
cleanliness and ECS performance of both facilities.
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Chamber A
Commissioning

* Cryo load and stress test of ~ * Pathfinder cryo-vac exposure

suspension system with
payload mass simulator

* Chamber verification

* OGSE vacuum integrity

* OGSE functional testing and
thermal characterization

* Cryo shift measurements

* Cryo proof AOS interfaces

* Operated OGSE (CoCOA, PG,
DMI) in OTIS-like config

* Checked out BIA in Chamber A

* Thermal Distortion and Dynamics
testing

* Vacuum portion of cooldown to
check SM model characteristics

SPIEOptics+PhotonicR022 122249 3

* Added flight AOS and
GSE AOS Source Plate.

* Checked out Half-pass
and Pass-and-a-half
tests

* Used BIA camera as SI
simulator

*Thermal Distortion and
Dynamics testing

Thermal Pathfinder

* Thermal GSE Checkout
(including SVTS, DSERS)

* Dry run cooldown,
practiced warmup tests

* Backplane Thermal
Balance (design
validation off critical
path)

*Thermal Distortion and
Dynamics testing

KHN



Objective

==

A This manuscript tells how the massive challenges of this test program were
overcome, describing the facilities, processes and protocols put in place. T
sufficiently mitigated contamination sources and enabled the cleanroom ant
chamber AFMS systems to consistently meet tight temperature (T) and rela
humidity (RH) requirements.
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Cleanroom description

Air supply to filter fan units (FFUs) supplying . .
179 HEPA filters. Vertical, laminar flow ISO 7

cleanroom
Included charcoal filtration
Cleanroom structural support )
beams attached to building 32, Airflow rate was 160,000 cfm
hori li llow, ical i d . .
orizontal in yellow vertical in re Wlth 40 alr ChangeS/hour
Due to existing floor
Cleanroom Make- 1
e et (ALY trenches, clegnro_om IS
supported primarily by
yellow horizontal I-beams
attached to bui
vertical supports columns.
Cleanroom is attached
directly to Chamber A and
Equipment oom | gccommodates t_he swing of
, I t 6s 1#)diameted O
Return ducts in North and J
South walls door.
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Large Equipment Staging
Emergency Egress

o Mew
o \’—\ Garments Personnel

Enter Storage
Large Roll-up Door Alrshower

Personnel Enter
Airlock {use shoe
cleaner), Enter
Gowning Room

Exit Airshower Exit Gowning

v / Ak
o

SRS
- o2 IRV

Rough Cleaning Station -

Chamber A 40" door Small EquipmentStagng , P35S through

window

Final Cleaning, 14,
Ellipsometer Double Door to
Equipment Rm
Medium Equip =
ment Staging as

ke, practical
White/Black -
lightInspection D il

Equipment:
Foom

Emergency
Egress

Very crowded conditions during PF and
OTIS I&T operations in cleanroom!

(Diagram and photo credit: NASA)
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Cleanroom AFMS

Program required 20-32 Celsius (C) (68-73 degrees Fahrenheit (F)) and 40-60% relative humidity.
A centralized building automation system (BAS, pictured below) modulated chilled and hot water
valves, plant air dampers, and the cleanroom humidifier to required set points.

When opening the cleanroom roll up door the BAS had a user select mode to force the room to
maximum pressure, without waiting for the system to respond to a pressure drop.

Ve el T Wahwe ok T Leemae et ety lotwen |e

M AIT_] owdoor Alr Temp: _ 56.5F

Contingency Operations Page OA Balancing Damper Force Room to Max Pressure
Home Page | sz T Average Space Temperature
Relative Humididty

MAU-1 5
Space Static Pressure

MAU-1 Settings | ! D.AT. Setpoint IQ3 Web Link

Point Viewer | ‘ = Dew Polnt
LogIn ! VFD Alarm

Chilled Water Delta T
Log Out

Edwin

Dehumidification Mode

Return Damper
40 %

s 1
116 F Supply Fan
Chilled Water Supply (41.0F >——— = —— T — Huv:l:LMal

Chilled Water Return | 46.2F < o < }AQ =
100 % 13 %

(Diagram credit:
Performance Controls)
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Cleanroom environmental control reliability and cleanlin

A Lesson learned from 2015 weather event:

T When a major thunderstorm caused a power outage, the variable fan drive (VFD) fuses blew, and the
Handler (MAU) shut down.
Once power resumed, the cleanroom power started prior to that of the chamber, causing lower pressu
resulting in the need for 100%-upadie from the cleanroom MAU. At 1004praakéhe cleanroom MAU strug
to control the RH.
As a result, special protocols were developed requiring chamber man |at&sdobasdiodass through the
large cleanroom roll up door was not allowed until the chamber AFMS system restored nospaat ofebat
wasalso procured.

A Chilled water supply

i The cleanroom chilled water wassongbed from a central supply. Due tevi@atehnilled water demand in t
humid conditions of Houston, chilledlevaratand temperature fluctuated frequently.

i To reduce the probability of unacceptable humidity, a specialized control program was written within th
monitor the chilled water temperature (T) for excursions above 7.2 C (45 F). When the chilled water su
C, a Bminute software timer was triggered. If, at the expiration of the timer the chilled water had not falls
the control program sent a shutdown command to the MAU. With the MAU shut down, tHevarisvigpgmall
that enabled troubleshooting before humidity exceeded specifications.
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Cleanroom alarms

A Continuous monitoring would activate alarms farasfinal conditions, alerting
facility manager, who was on cail’24
I Particle counts, T, RH

Room pressure

MAU, VFD on/sfétus

Utility supply status
A Chilled water supply
A Hot water supply T

A Electronic call tree:

Email:-cleanroom-alarms- bounces@lists.nasa.gov

on behalf of

I 252 gov

Sat 12/31/2016 5:09 PM

James Webb Clean Room/INC/MAU 1 Cleanroom MAU-1 Status (I1) Clear Digital Input [last valuewas 1.00 }
>Saturday” December 31" 2016 5:08:51 PM
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Cleanroom environmental control redunda

A Instability in the critical utility delivery to cleanroom air handlers due to severe weat
prompted the development of a stalmhe redundant system that could provide
conditioned air in the event of equipment failure, utility disruption, or other system fe

I The back up system was located just outside the building housing Chamber A and was cc
to the cleanroom MAU intake when needed.

(Photo credit: NASA)
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