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CIEANING AND CONTM~TION CONTROL 

BY 

D. B. Franklin 

Cleaning requirements f o r  adequate contamination control  of space 

launch vehicles  are  becoming more and more important. There a r e  several  

reasons f o r  t h i s .  F i r s t ,  the vehicles  and t h e i r  associated systems a re  

becoming very complicated and, second, because manned payloads a re  involved, 

the overa l l  vehicle r e l i a b i l i t y  must be very high. Probably, the one f a c t o r  

which has had the grea tes t  impact on cleaning procedures i s  t ha t  of size.  

As the dimensions of individual vehicle stages increase,  the s i ze  of most 

of the components increases i n  d i r ec t  proportion, and cleaning procedures 

required f o r  these large assemblies are very complicated. For ins tance,  

t h  propel lant  tanks of the f i r s t  stage of the Saturn V vehicle are  33 f e e t  

i n  d i a m t e r ,  whereas those f o r  some of the ICBM miss i le  systems were only 

10 f ee t .  (Figure 1) 

The types of contamination encountered i n  space vehicle systems a re  

qui te  varied. For instance,  i n  cryogenic propellant systems, moisture i s  a 

contaminant since any accumulation w i l l  form i ce  and cause freezing problems. 

I n  l iqu id  hydrogen systems, a i r  must be excluded since it w i l l  s o l i d i f y  and 

cause an explosion hazard. Generally speaking, however, contamination, a s  

considered i n  specifying space launch vehicle cleaning requiremments, can be 

categorized a s  par t i cu la te  matter  o r  res idual  hydrocarbons. Pa r t i cu l a t e  

contamination includes those so l id  pa r t i c l e s  large enough t o  a f f e c t  the 

functional operation of the components i n  the system under consideration. 

Hydrocarbon contamination is  usual ly  associated with ozidizer  systems and 



r e f e r s  t o  those  m a t e r i a l s  which a r e  n o t  compatible chemical ly w i t h  the  

p a r t i c u l a r  o x i d i z e r  involved2 

The e s t ab l i shmen t  of s p e c i f i c  l i m i t s  f o r  t he  v a r i o u s  systems i n  space 

launch v e h i c l e s  becomes q u i t e  complicated. O r i f i c e  s i z e ,  c l ea rance  between 

moving p a r t s ,  the  f l u i d s  involved ,  and the  amount of f i l t r a t i o n  which can 

be achieved i n  t he  system must be considered.  Also,  cons ide ra t ion  must be 

g iven  t o  whether  t he  complete system can be cleaned and inspec ted  a f t e r  

assembly o r  i f  i n d i v i d u a l  components have t o  be cleaned and the  c l e a n l i n e s s  

maintained dur ing  assembly. For  i n s t a n c e ,  on hydrau l i c  systems which a r e  

unusua l ly  sma l l ,  i n d i v i d u a l  components a r e  cleaned. Then a f t e r  

assembly, t h e  complete system i s  f l u shed  w i t h  hydrau l i c  f l u i d  through a 

ground f i l t e r i n g  system. Samples of t he  f l u i d  a r e  checked p e r i o d i c a l l y  

u n t i l  a s p e c i f i e d  p a r t i c u l a t e  contaminat ion l i m i t  i s  met on the  whole 

s y s  tem. 

I n  t he  Sa tu rn  gas  bea r ing  system, both p a r t i c u l a t e  m a t t e r  and hydrocarbon 

contaminat ion  a r e  c o n t r o l l e d .  This  i s  because of the  ex t remely  c l o s e  

t o l e r a n c e s  involved and t h e  danger of p ick ing  up a smal l  amount of hydrocarbon 

by the  a i r  which could be depos i ted  on the  gas bear ings  and g r a d u a l l y  b u i l d  up 

enough t o  cause a malfunct ion.  Here aga in ,  l i m i t s  a r e  e s t a b l i s h e d  f o r  

i n d i v i d u a l  components, major assembl ies ,  and the  complete system. The LOX, 

f u e l ,  and pneumatic systems a r e  only  checked a s  i n d i v i d u a l  components because 

the  s i z e  and complexi ty of the  systems a r e  such t h a t  f l u s h i n g  of completed 

systems i s  no t  poss ib l e .  

As f a r  a s  a c t u a l  c l ean ing  processes  a r e  concerned, t hey  a r e  the  same a s  

those  used f o r  any  o t h e r  c l ean ing  opera t ion .  Solvent  c l ean ing ,  vapor  deg reas ing ,  



a l k a l i n e  c leaning,  and a c i d  p ickl ing  a r e  a l l  used i n  varying degrees. I n  

s p e c i f i c  cases ,  u l t r a s o n i c  cleaning has been used t o  advantage. The primary 

d i f fe rence  i s  t h a t  a  f i n a l  f lush ing  s t e p  i s  added. For t h i s  s t e p ,  'c lose '  . 

c o n t r o l  i s  requi red  on the  c l e a n l i n e s s  of s o l u t i o n s  and r i n s e s .  I f  hydrocarbon 

contamination i s  t o  be con t ro l l ed ,  a  f i n a l  f l u s h  wi th  a so lvent  is  genera l ly  

required.  One of the  e a r l y  problems was t h a t  of obta in ing,  commercially, 

so lvents  t o  use f o r  f lush ing  which were s u f f i c i e n t l y  con t ro l l ed  s o  a s  not: t o  

leave harmful r e s idues  on the  cleaned surfaces.  However, i n  the  p a s t  few 

yea r s ,  indus t ry  has recognized the need f o r  t h i s  type of c leaning agent ,  and 

s e v e r a l  so lven t s  a r e  ava i l ab le  which have very  strict l i m i t s  on r e s i d u a l  

contamination. 

The methods used t o  determine a c t u a l  l e v e l s  of c l e a n l i n e s s  must be care-  

f u l l y  evaluated  i n  the  establishment of c l e a n l i n e s s  requirements. When 
I 

assembled systems cannot be checked because of complexity o r  s i z e ,  ind iv idua l  

components a r e  evaluated by f lush ing  wi th  a so lvent  and analyzing the contami- 

na t ion  picked up. Of course,  t h i s  method has obvious drawbacks s ince  it i s  the  

a c t u a l  condi t ion  of the  surface  t h a t  i s  important ,  not  what i s  f lushed o f f  the  

surface .  The s o l u b i l i t y  of var ious  contaminants i n  the  p a r t i c u l a r  so lvent  used 

w i l l  a l s o  a f f e c t  the  r e s u l t s .  Nevertheless,  t h i s  method has been used wi th  

considerable success. 

More accura te  r e s u l t s  can be obtained when complete systems can be chccked, 

p a r t i c u l a r l y  i f  the f l u i d s  which a r e  used i n  a c t u a l  se rv ice  can be used f o r  

f l u s h i n g  the  system. However, care  must be taken s ince  flow r a t e s ,  opera t ing  

p ressure ,  and' v i b r a t i o n  l e v e l s  a r e  not usua l ly  duplicated.  



S p e c i f i c  a n a l y s i s  techniques w i l l  v a ry ,  depending upon types  and g e n e r a l  

l e v e l s  of contaminat ion being determined. For  p r e c i s e  measurement of p a r t i c u -  

l a t e  m a t t e r ,  "Mi l l ipore"  f i l t e r  techniques  a r e  used. F l u i d  taken  from t h e  

system being i n v e s t i g a t e d  o r  so lven t  which has been f lu shed  over  the s u r f a c e  of  

a component be ing  checked i s  f i l t e r e d  through a "Mi l l ipom" f i l t e r .  This  

f i l t e r  i s  a c t u a l l y  a c e l l u l o s e  membrane w i t h  p r e c i s e l y  c o n t r o l l e d  pores.  

(0.5 m i l  i s  g e n e r a l l y  used.) The f i l t e r  i s  then  examined under a microscope, 

and the number and s i z e  of t h e  r e t a i n e d  p a r t i c u l a t e  m a t t e r  a r e  determined. 

Where l e s s  p r e c i s e  measurements on p a r t i c u l a t e  m a t t e r  can be t o l e r a t e d ,  

normal 'Whatman" f i l t e r  paper  i s  used. I n  t h i s  c a s e ,  many of the v e r y  smal l  

p a r t i c l e s  a r e  absorbed i n  t he  f i l t e r  paper mass, and only  the  l a r g e r  p a r t i c l e s  

a r e  counted (100 microns) .  Th i s  method g ives  more of a q u a l i t y  l e v e l  of c l ean -  

l i n e s s  r a t h e r  than  a q u a n t i t a t i v e  count of p a r t i c u l a t e  contaminat ion.  However, 

where p r e c i s e  measurements a r e  n o t  r e q u i r e d ,  t h i s  method has  proven v e r y  

e f f e c t i v e .  

The method found t o  be the  most r e l i a b l e  f o r  t he  de te rmina t ion  of hydro- 

carbon contaminat ion,  which i s  v e r y  important  f o r  LOX systems,  i s  based on 

gav ime t r i c  techniques.  A given  q u a n t i t y  of s o l v e n t ,  a f t e r  be ing  f lu shed  

over  the  su r f ace  t o  be checked, i s  evaporated t o  d ryness ,  and the  amount of 

contaminat ion i s  measured by determining the  weight  of r e s idue  picked up by the 

so lven t .  There a r e  s e v e r a l  reasons  why t h i s  method i s  used. F i r s t ,  i t  g i v e s  

a q u a n t i t a t i v e  r e s u l t  and provides  good q u a l i t y  c o n t r o l  f o r  contaminat ion 

l e v e l s .  It g i v e s  average r e s u l t s  f o r  v e r y  l a r g e  s u r f a c e s  and i s  adap tab le  t o  



a wide v a r i e t y  of components and cleaning techniques. A s  long a s  the  con- 

taminant i s  f a i r l y  so luble  i n  the  so lvent  used, d i f f e r e n t  types of contamination 

can be determined without  any change i n  method o r  technique, 

I would now l i k e  t o  d iscuss  severa l  s p e c i f i c  system c l e a n l i n e s s  requi re-  

ments t o  i l l u s t r a t e  the  l e v e l s  of contamination which we a r e  t r y i n g  t o  

c o n t r o l  and the  d i f f e r e n t  methods used t o  determine these  l e v e l s .  Hydraulic 

system requirements a r e  shown i n  Table I. A s  can bc seen,  allowable p a r t i c u l a t e  

contamination v a r i e s  considerably according t o  complexity of the  pa r t .  One 

th ing  i l l u s t r a t e d  by t h i s  t a b l e  i s  the  con t ro l  of c l e a n l i n e s s  requi red  

throughout the  assembly of the  system: the c l ean l iness  of ind iv idua l  components 

a r e  con t ro l l ed ;  then,  major assemblies a re  cleaned separa te ly ;  and, f i n a l l y ,  

the  complete system i s  cleaned. 

A system wi th  somewhat d i f f e r e n t  requirements, but  handled genera l ly  i n  

the  same manner a s  the  hydraul ic  system, i s  the gas bearing system. This  

system suppl ies  gas t o  the  a i r  bearings used on the  gyros i n  the  guidance 

system. The c l e a n l i n e s s  requirements a r e  shown i n  Table 11. Here, a s  i n  

the  hydraul ic  system, requirements a re  placed on individual  components and 

on the  assembled system. On individual  components, the  'Whatman" f i l t e r  method 

i s  used because a genera l  q u a l i t y  l e v e l  i s  required - not  an absolute  count. 

For  assemblies,  the  ' 'Millipore" f i l t e r  method i s  used, and more exact  counts  

equivalent  t o  complete system'requirements are  obtained. I n  add i t ion  t o  

p a r t i c u l a t e  contamination, a l i m i t  on condensable hydrocarbons i s  a l s o  

spec i f i ed .  I n  determining con£ ormance t o  these  requirements, a s p e c i f i e d  

volume of gas i s  passed through the  system. The gas i s  then passed through 



a l'Millipore" f i l t e r  f o r  determination of the  p a r t i c u l a t e  contamination. 

The amount of condensable hydrocarbons i s  detennined by bubbling the gas 

through carbon t e t r a c h l o r i d e  and analyzing the  hydrocarbon pick-up by 

i n f r a r e d  techniques . 
Considerably d i f f e r e n t  requirements a r e  spec i f i ed  f o r  l i q u i d  oxygen, 

f u e l ,  and pneumatic systems. These requirements a r e  shown i n  Table 111. 

Here, the  requirements a r e  placed on ind iv idua l  components without  any 

s p e c i f i c  check made on complete systems. Th i s ,  of course,  i s  d i c t a t e d  by 

the  s i z e  and complexity of these  systems. Because of the  s i z e  range of 

the  p a r t i c u l a t e  ma t t e r  which i s  being con t ro l l ed ,  a l l  p a r t i c u l a t e  counts  a r e  

made by the  "Whatman" method, For the  l i q u i d  oxygen systems, a requirement 

f o r  hydrocarbon res idue ,  o r  nonvola t i le  res idue  a s  it i s  genera l ly  c l a s s i f i e d ,  

i s  a l s o  spec i f i ed .  

Since the only absolute  con t ro l  f o r  these systems i s  on the  ind iv idxa l  

components, considerable a t t e n t i o n  must be placed on assembly techniques and 

contamination con t ro l  used during veh ic le  assembly. Of course,  f i n a l  c leaning 

i s  performed on components which a r e  a s  c lose  a s  poss ib le  t o  the  completed 

s tage .  For  i n s t a n c e ,  propel lant  tanks a r e  cleaned a f t e r  i n s t a l l a t i o n  of a l l  

t he  i n t e r i o r  s t r u c t u r e  and measuring probes. Also, c a r e f u l  a t t e n t i o n  is  

placed on c l e a n l i n e s s  during component build-up s o  t h a t  a l l  excessive contnmi- 

n a t i o n  has  been removed p r i o r ' t o  f i n a l  cleaning. Careful  a t t e n t i o n  a l s o  i s  

placed on reducing poss ib le  inaccess ib le  "traps" where contamination might be 

lodged. 

The b i g  problem i n  t h i s  type of opera t ion ,  of course,  i s  the  human 

element. We must depend upon the  many ind iv idua l s  who a r e  responsib le  f o r  



connecting a l l  of the  many components together  i n t o  major sub-assemblies 

and, f i n a l l y ,  i n t o  completed systems. This  i s  f u r t h e r  complicated because of 

the  l a rge  s i z e  of many of these  p a r t s  and the  handling procedures necessary 

j u s t  t o  move some of them. A s  an a i d  f o r  con t ro l l ing  contamination during 

f i n a l  assembly, temporary polyethylene s t r u c t u r e s  have been uscd. The 

s t r u c t u r e  i s  placed over the  end of the  s tage  where the  assembly opera t ions  a r e  

taking p lace ,  and f i l t e r e d  a i r  i s  blown i n t o  the  compartment. This  maintains 

a s l i g h t l y  p o s i t i v e  pressure ins ide  the  area  and provides d r e l a t i v e l y  c l e a n  

atmosphere dur ing  assembly of the  major components i n t o  the  veh ic le  s tage .  

By way of i l l u s t r a t i o n ,  I would l i k e  t o  d iscuss  a few t y p i c a l  veh ic le  

components and the c leaning procedures used. Figure 2 shows the  Saturn  S-IC 

f u e l  tank. The f i r s t  s t e p  i n  cleaning t h i s  tank i s  t o  vacuum c lean  a l l  

su r faces  a s  f r e e  a s  poss ib le  of metal chips and d i r t  p a r t i c l e s .  Th i s  i s  

followed by spo t  wiping a l l  not iceable  marks and a r e a s  which have heavy 

contamination. The tank i s  then posi t ioned i n  a v e r t i c a l  t e s t  f i x t u r e  which 

i s  used both f o r  c leaning and hydraul ic  leak  t e s t i n g  of the tank. A s p e c i a l  

spray  c leaning system i s  then a t tached i n  which f o u r  revolving high pressure 

spray  nozzles a r e  moved slowly up and down ins ide  the  tank. A warm detergent  

s o l u t i o n  i s  used f o r  c leaning,  followed by a de-ionized water  r inse .  

P a r t i c u l a t e  contamination i s  determined by sampling the  r i n s e  water.  Following 
ih 

cleaning,  the  tank i s  d r i e d  wi th  warm f i l t e r e d  a i r .  

Figure 3 shows the  LOX tank,  which i s  cleaned i n  the  same manner a s  

the  f u e l  tank except  t h a t  a f i n a l  f l u s h  with t r ichloroethylene  i s  requi red  

t o  remove hydrocarbon residue.  Analysis f o r  the  pick-up i n  non-vola t i le  

res idue  i s  made on samples taken from the  f i n a l  so lvent  f lush .  



Figure 4 shows a component used i n  the  p rope l l an t  l i n e s  on the  S-IC 

s tage .  I t s  funct ion  i s  t o  allow the  propel lant  lines t o  expand o r  c o n t r a c t  

a s  the  engines gimbal during f l i g h t  without an appreciable change i n  volume. 

I n  add i t ion ,  the  component i s  capable of co r rec t ing  f o r  misalignment i n  the  

p rope l l an t  l i n e  system. I n  a l l ,  the  component has f i v e  corrugated bellows 

s e c t i o n s  and weighs approximately 750 pounds. This  component i l l u s t r a t e s  

one of the  most d i f f i c u l t  types of p a r t s  t o  clean.  The complexity of the  

p a r t ,  the  corrugated,  f l e x i b l e  bellows, and the  physica l  s i z e  of t h i s  p a r t  

make f o r  an extremely d i f f i c u l t  conf igura t ion  t o  clean.  My main point  i n  

showing t h i s  p a r t  i s  t o  emphasize the  need f o r  c lose  contamination c o n t r o l  

during f a b r i c a t i o n  of t h i s  par t .  During each f a b r i c a t i o n  s t e p ,  c a r e f u l  

a t t e n t i o n  must be given t o  maintaining a high degree of c l ean l iness .  Severa l  

intermediate c leaning processes a r e  requi red  during f a b r i c a t i o n  s ince  

experience has shown t h a t  adequate cleaning of t h i s  p a r t  a f t e r  f i n a l  assembly 

i s  impossible un less  proper con t ro l  of c leaning has been exerc ised  during 

f a b r i c a t i o n .  

I n  summary, I would l i k e  t o  say  t h a t  c l ean l iness  and the  c o n t r o l  of 

contamination i n  the  var ious  systems of space launch v e h i c l e s  have and w i l l  

continue t o  rece ive  considerable a t t e n t i o n .  We bel ieve  the  contamination 

l i m i t s  we have developed are  r e a l i s t i c  and a r e  based on the  opera t iona l  

requirements of the  var ious  systems. O f  course,  we do have problem a reas .  

Probably the  b igges t  need a t  the  present  time i s  f o r  improved a n a l y t i c a l  

techniques,  p a r t i c u l a r l y  those applic,able t o  l a r g e ,  complex systems. 



TABLE I 

HYDRAULIC SYSTEM CLEANING REQUIREMENTS 

Particle Size - Microris 
(100 ml sample) 

Over 100 
Item 10-25 25-50 50-100 + Fibers Method 

1. High Pressure 
Sys tem 

2. Low Pressure 
System 

2,150 530 60 10 Millipore 

3. Detail Components 300 50 8 1 Millipore 

4. Assemblies 2,150 530 60 10 Millipore 



TABLE I1 

GAS BEARING SYSTEM CLEhVING REQUIREPlENTS 

Sample 
Item Size  Me thod P a r t i c l e s  Hydrocarbon 

System & 
3 30 f t  of gas Mill ipore  20 - 20-40 microns 

Assemblies 3 - 41-80 microns 0.2 ppm 
1 - 81-100 microns 
0 - over 100 microns 

Components 250 ml 
Solvent 

Max. size - 20 microns 0.001 g / f t  
2 



TABLE I11 

LIQUID OXYGEN, FUEL, & PNEUMATIC COMPONENTS CLEANING REQUIREMENTS 

Sys tem P a r t i c l e s  - Microns Hydrocarbon 
(per s q ,  i t .  of surface) (per sq. f t .  of surface1  

Fuel & 0 greater than 2500 
Pneumatic Systems 1 between 700 and 2500 

5 between 175 and 700 
None 

LOX - Components Same a s  Fuel 0.001 gram 

LOX - Tanks Same as Fuel 0.005 gram 
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