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The ex t r eme  sensit ivi ty of c r i t i ca l  p a r t s  in the Apollo /Saturn 

Ins t rument  Unit (IU) has  demanded unique clean room techniques by 

International  Business  Machines Corporation.  

IBM, through i t s  F e d e r a l  Systems Division facility a t  Huntsville, 

Alabama,  i s  p r i m e  contractor  to NASA for  the fabrication,  assembly  and 

checkout of 2 7  flight mode l  Ins t rument  Units. 

Designed by NASA's Marsha l l  Space Flight  Center and associa ted 

con t rac tors ,  including IBM, the IU i s  the  nerve  center  for  both Uprated 

Saturn I  and Saturn V launch vehic les .  All  IU p a r t s  a r e  vital  to a suc-  

cess fu l  m i s s ion  because  the three-foot high, 2 1 .  7 -  foot d iameter  r ing 

contains the advanced e lect ronic  and e lec t r i ca l  equipment needed to guide, 

navigate and control  the vehicle f r o m  liftoff to Apollo spacecraf t  separat ion.  

Of the s ix  ma jo r  subsys tems  - - s t ruc ture ,  guidance, flight control ,  

environmental ,  instrumentation and e lec t r i ca l  - - the environmental  and 

guidance sy s t ems '  p a r t s  m u s t  be  super-c leaned to qualify for  a m a n -  

ra ted  space  vehicle.  Pa r t i c l e s  in this  equipment so  sma l l  that  they would 

be m i s s e d  by the eye could cause  se r ious  flight problemjs. F o r  instance,  



a par t ic le  no la rger  than 20 microns  (that i s  smal le r  than the diameter  

of a human ha i r )  in the gas  bearing supply fo r  the IU1s guidance system 

could cause a dras t ic  navigational e r r o r .  

F o r  inspection and prel iminary assembly work, a regular Class  

IV clean room - -  where the temperature  is  always 72 degrees ,  plus o r  

minus one degree,  the relative humidity i s  40 percent,  plus o r  minus 

five percent ,  and the par t ic le  count i s  constantly monitored so  that it 

does not c l imb dangerously - -  has been built a t  IBMts  Huntsville facility. 

1 But getting the cleaned pa r t s  assembled to the IU s t ruc ture  while main-  
I 
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taining Class  IV requirements  caused a problem. The IU1s s ize  p re -  
j 

, vented bringing i t  into the clean room, so the clean room was brought 

to  the IU. 

Mobile Clean Room 

A downdraft mobile unit designed and built by Envirco of 

Albuquerque was selected by MSFC for  the job. The room is  big. It 

has  to be to  do the job. ~ e a r l ~  12 feet  high, 1 3  feet  long, and 9 feet  

wide, it has  a f ive-horse  power motor ,  belt-driven blower, which dr ives  

8, 110 cubic feet  of a i r  downward a t  a speed of 100 feet  pe r  minute. 

The motor ,  which i s  the heaviest  pa r t  of the room, i s  centered 

on top. With the weight distr ibuted among the four supporting legs, 

whenever the room i s  moved, t he re  i s  little chance of a tipping problem. 

Placement  of the legs i s  interesting. Two a r e  positioned a t  the 

cen te r ,  while the other two a r e  a t  the back end. This allows 50 percent  

of the power a r e a  to extend over the IU interference-free .  Thus, the 

unit can be positioned with a l l  four legs outside the IU while enough clean 
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a i r  washes  down both s ides  during asscm1,ly operat ions .  

The room i s  fitted with a c l e a r  vinyl c l ~ r t a i n ,  1 5  m i l s  thick.  This 

completely surrourids the f i l t e r s  and has  s eve ra l  ve r t i c a l  th is t le  f a s t ene r -  

type openings.  Ar ranged  in this  fashion,  the port ion of the IU r ing that  

i s  being worked on can be covered while the remainder  extends through 

the openings in the  n o r m a l  high-bay a s semb ly  a r e a .  These  sl ight  openings 

cause  no g r e a t  p r o b l e m  because  the inside p r e s s u r e ,  which i s  kept a t  0 .  1 

to  0 .  2 inches of wa t e r ,  s imply fo r ce s  contaminated a i r  out. 

The cur ta in  d rops  to about one foot f r o m  the f loor ,  and with the 

high r a t e  of downward a i r  flow the possibil i ty of contamination seeping 

underneath i s  negligible.  

Other r o o m  deta i ls  include four f luorescent  lights, heavy duty 

c a s t e r s  on the legs for  e a sy  movement ,  a  p re - f i l t e r  which i s  a  m ic ro t ron ,  

woven-dacron type CHP f i l t e r  with an  efficiency rat ing of 4 5  pe r cen t  a s  

m e a s u r e d  by the National Bureau  of Standards Dust Spot T e s t  Method. 

T h e r e  i s  a  f inal  f i l t e r  r a ted  a t  99.  97  pe r cen t  efficient in the . 03 m i c r o n  

range .  Twelve f i l t e r s  (modules)  a r e  required to f i l l  the upper f r a m e ,  

and these  m e a s u r e  2 fee t  by 4 fee t  by 6 inches .  The room weighs approx-  

imate ly  3,  500 pounds. 

Operation 

When cleaned p a r t s  a r e  to be assembled  to  the  I U ' s  cyl indr ical ,  

a luminum honeycomb s t ruc tu r e ,  the por tab le  c lean room i s  posit ioned,  

Padding,  o r  o ther  protect ion,  i s  used to prevent  the legs f r o m  touching 

the  IU s t r uc tu r e ,  and the leg c a s t e r s  a r e  secured  to prevent  movement .  

Before  the blower i s  s t a r t ed ,  the f loor underneath the room,  and 



the adjacent  work a r e a ,  i s  vacuumed to remove loose d i r t .  Two other  

precaut ions  against  accidental  contamination a r e  taken: the  blower i s  

s t a r ted  f if teen minutes  before any packaged p a r t  i s  del ivered,  assur ing  

a steady,  uninterrupted downward flow of a i r  when work begins; and work 

i s  never  per formed  within one foot of the bottom, o r  within 14 inches of 

the s i de s .  

Quality Control  

When the room i s  in operation,  quality control  technicians make  

par t i c le  counts a t  l eas t  once a day inside the por table  clean room.  This 

par t i c le  count cannot exceed the Class  IV requirements  a s  measu red  a t  

a min imum of one-foot above the bottom of the curtain.  

r e m p e r a t u r e  and humidity requirements  a r e  controlled by moni-  

tor ing the  outside environment.  The high-bay assembly  a r e a  m e e t s  Class  I 

c lean room requi rements ,  sufficient to  pe r fo rm work within the por table  

a r e a .  Cleaned p a r t s  moved f r o m  the permanent  clean room a r e  never  

exposed longer than neces sa ry ,  and a r e  kept packaged until r eady  for  

instal lat ion.  

Maintenance 

P re f i l t e r  media  a r e  checked twice each week to de te rmine  rep lace-  

ment  needs .  The absolute (99.  97  percen t  efficient) f i l t e r s  a r e  protected 

by u s e  of the p re f i l t e r ,  and a r e  expected to l as t  s eve ra l  y e a r s .  A fu r the r  

checlc i s  made  by using a magna-hel ic  gauge located near  the "Start" 

button, which i s  outside the  cur ta in .  This gauge indicates the p r e s s u r e  

pass ing through the f i l t e r s ;  if i t  exceeds 1.  5 inches wate r  the absolute 

f i l t e r s  need changing. An indication of the succes s  of the p r e - f i l t e r s  i s  
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demons t ra ted  by the fact  that  the  absolute f i l t e r s  have not required 

changing in the  two y e a r s  the room has  been operating.  

Employees  follow no rma l  c lean room regulations . F o r  example,  

each employee working in  the room takes  a four-hour .  clean room indoc- 

t r inat ion cou r se ;  smocks and caps ,  which a r e  packaged in plas t ic  bags 

when not in u se ,  a r e  worn by technicians and this  clothing i s  not used 

outside of the clean room a r e a ,  nor i s  i t  worn to and f r o m  the regu la r  

c lean room.  Finally,  v i s i to r s  a r e  kept out. Any monitoring neces sa ry  

i s  done by observing the  work through the  c l ea r  vinyl cur ta in ,  and no 

one i s  pe rmi t ted  to en te r  o r  leave the room while p a r t s  a r e  exposed. 

Conc lusion 

Three  units  a r e  in u se ,  and each one ha s  given sa t is factory 

1 

i se rv i ce  for  the  two-year per iod.  The design and construction make  

1 
I t h em por table  about the 300-foot-long assembly  a r e a ,  giving the facility 

a C la s s  IV clean room capability when required.  




