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Introduction

ÅIn order to maintain cleanliness during preparations for JWSTõs OTIS (Optical Telescope 

Element-Integrated Science Instrument Module) Cryogenic Thermal Vacuum Test, a 

cleanroom was built that attached directly to Johnson Space Centerõs Apollo Era Chamber A. 

ÅBoth the cleanroom and chamber were outfitted with independent airflow management 

systems (AFMS) each providing ISO Class 7 air cleanliness and tightly controlled 

temperature and relative humidity. 

ïWhile the cleanroom footprint occupied most of the space outside the Chamber A 40ô door, it was still 

considered small in comparison to OTIS and its gigantic test equipment.  This made it a constant challenge 

to maintain cleanliness.

ïThe hot, humid climate of Houston Texas was another constant challenge.  Exposure to humidity above 

60% would have permanently damaged one of the instruments.

ïBalancing the two AFMS systems to ensure the cleanroom was not over or under pressurized was also fun!

ÅThe cleanroom build and chamber upgrades were completed in 2014 before commencement 

of the risk reduction Pathfinder (PF) test program, which enabled continued improvements to 

cleanliness and ECS performance of both facilities.
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Objective

ÅThis manuscript tells how the massive challenges of this test program were 

overcome, describing the facilities, processes and protocols put in place. These 

sufficiently mitigated contamination sources and enabled the cleanroom and 

chamber AFMS systems to consistently meet tight temperature (T) and relative 

humidity (RH) requirements.
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Cleanroom description

 

Cleanroom structural support 

beams attached to building 32, 

horizontal in yellow, vertical in red

Air supply to filter fan units (FFUs) supplying 

179 HEPA filters.  

Cleanroom Make-

up Air Unit (MAU)

Gown room

Equipment room

Return ducts in North and 

South walls

Å Vertical, laminar flow ISO 7 

cleanroom

Å Included charcoal filtration

Å Airflow rate was 160,000 cfm 

with 40 air changes/hour.

Å Due to existing floor 

trenches, cleanroom is 

supported primarily by 

yellow horizontal I-beams 

attached to building 32ôs 

vertical supports columns.

Å Cleanroom is attached 

directly to Chamber A and 

accommodates the swing of  

itôs 12 m (40 ft) diameter 

door.
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Cleanroom floorplan and OTIS equipment

 

 

 

Very crowded conditions during PF and 

OTIS I&T operations in cleanroom!
(Diagram and photo credit: NASA)
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Cleanroom AFMS

 

Å Program required 20-32 Celsius (C) (68-73 degrees Fahrenheit (F)) and 40-60% relative humidity.

Å 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.

Å 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.

(Diagram credit: 

Performance Controls)
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Cleanroom environmental control reliability and cleanliness

ÅLesson learned from 2015 weather event:
ïWhen a major thunderstorm caused a power outage, the variable fan drive (VFD) fuses blew, and the cleanroom Main Air 

Handler (MAU) shut down.

ï Once power resumed, the cleanroom power started prior to that of the chamber, causing lower pressure in the cleanroom, 

resulting in the need for 100% make-up air from the cleanroom MAU. At 100% make-up air, the cleanroom MAU struggled 

to control the RH. 

ï As a result, special protocols were developed requiring chamber man lock doors to be closed and access through the 

large cleanroom roll up door was not allowed until the chamber AFMS system restored nominal operation.  A spare VFD 

was also procured.

ÅChilled water supply
ï The cleanroom chilled water was single-sourced from a central supply.  Due to Center-wide chilled water demand in the 

humid conditions of Houston, chilled water flow rate and temperature fluctuated frequently.

ï To reduce the probability of unacceptable humidity, a specialized control program was written within the BAS software to 

monitor the chilled water temperature (T) for excursions above 7.2 C (45 F). When the chilled water supply exceeded 7.2 

C, a 5-minute software timer was triggered. If, at the expiration of the timer the chilled water had not fallen below 7.2 C, 

the control program sent a shutdown command to the MAU. With the MAU shut down, there is typically a 2-hour window 

that enabled troubleshooting before humidity exceeded specifications. 
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Cleanroom alarms

ÅContinuous monitoring would activate alarms for off-nominal conditions, alerting  

facility manager, who was on call 24-7

ïParticle counts, T, RH

ïRoom pressure

ïMAU, VFD on/off status

ïUtility supply status

ÅChilled water supply T

ÅHot water supply T

ÅElectronic call tree:
Email: otis-cleanroom-alarms-bounces@lists.nasa.gov 

on behalf of 

edwin.w.goldman@nasa.gov 

Sat 12/31/2016 5:09 PM 

James Webb Clean Room/INC/MAU-1 Cleanroom MAU-1 Status (I1) Clear Digital Input [last value was 1.00 ]-

>Saturday` December 31` 2016 5:08:51 PM 
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Cleanroom environmental control redundancy

ÅInstability in the critical utility delivery to cleanroom air handlers due to severe weather 

prompted the development of a stand-alone redundant system that could provide 

conditioned air in the event of equipment failure, utility disruption, or other system failure. 

ïThe back up system was located just outside the building housing Chamber A and was connected directly 

to the cleanroom MAU intake when needed.

(Photo credit: NASA)


