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1. SUMMARY 

Exami nat ion o f  commerci a1 equipment techno1 ogies reveal ed t h a t  the 

funct ional  performance requirements o f  space processing equipment could 

general ly be met by state-of - the-ar t  design pract ices. Thus, an apparatus 

could be evolved from a standard i tem o r  der ived by custom design using 

present technologies. About 15 percent of the equipment neelsd has 110 anal- 

ogous commercial base o f  de r i va t i on  and requi res special  development. This 
equipment i s  involved p r i m a r i l y  w i t h  contact less heat ing and p o s i t i o n  cont ro l  . 

The de r i  va t f  on o f  pay1 oads using comnercial equipment sources provides 

a broad and p o t e n t i a l l y  cos t -e f fec t ive  base upon which t o  draw. The de r i va t i on  

o f  payload equipment from comnercial technologies poses o ther  issues beyond 

tha t  o f  the i d e n t i f i a b l e  funct ional  performance, b u t  p re l  iminary resul  t s  on 

t e s t i n g  of sel ected equipment t e s t i n g  appear q u i t e  favorable. 

During t h i s  phase o f  the SPA study, several aspects o f  comnercial equip- 

ment u t i  1 i t y  were assessed and considered. These i n c l  uded safety, packaging 

and s t ruc tu ra l  , Yower condi t i on ing  ( e l e c t r i c a l  /e lect ronic) ,  thermal and 

material  s of construct ion. I n  considering the impa.;t o f  using commercial 

equipment i n  the Spacelab, i t  was found converient t o  draw-up acceptance 

c r i t e r i a  whicl: could be used i n  the analysis of the problem areas involved w i t h  

s p e c i f i c  ite;,~; o f  equipment. These c r i t e r i a  were based i n  p a r t  upon c e r t a i n  

assumptions of the Spacelab's operations which were taken i n  p a r t  from the 

referenced documents i n  Sect ion 7. These assumptions do not  i n  some instances 

necessari ly represent present o r  f u tu re  NASA plans. Changes i n  these are 

expected as the program progresses and these changes may i n  t u r n  necessitate 

corresponding changes i n  the r e s t r i c t i o n s  and requirements t h a t  have been 

developed. 

I n  conjunt ion w i t h  the i d e n t i f i c a t i o n  o f  the po tent ia l  problems fac ing  

the use o f  commercial equipment, a ser ies o f  approaches and solut ions were 

ident i f ied .  A1 so, several i tems of SPA payload equipment were analyzed i n  

f u r t h e r  d e t a i l  t o  develop in format ion regarding necessary modi f icat ions and 

tests and needed add i t iona l  in format ion from the manufacturer. Four manu- 

facturers were contacted personal ly t o  discuss the appl i cab i  1 i t y  o f  t h e i r  

respect ive equipment i tems. Thi s in format ion obtained has been formula t.ed 

i n t o  shor t  Commerci a1 U t i l  i t y  Surveys. These, along w i  xh the C o n e r c i a l  

I tem Surveys from the f i r s t  year-long study*, have been co l lec ted  together 

i n  Section 6. 

Requirements and Concepts f o r  Mater ia l  s Science and Manufacturing i n  Space 
Payioad Ecuipment Study, Contract No. NAS 8-28938, Ju l y  1973. 

-1 - 



2. INTRODUCTION 

One o f  the key assertions o f  the previous study was t h a t  considerable 

advantage could be yained through incorporat ing i n t o  the SPA equipment 

inventory as much c o m e r c i ~ l l y  ava i lab le  equipment as possible. A number 

o f  arguments i n  support o f  t h i s  assert ion can be advanced; f o r  example, 

most o f  the ant ic ipated experiment funct ional  requirements f o r  SPA pay1 oads 

can be s a t i s f i e d  by comnercial equipment and design technologies; a lso the 

potent ia l  cost  decrease which rtlay be achieved through the use o f  comner- 

cia1 l y  avai lable equipment i s  considerable. Even though, a t  the outset, 

the use o f  such equipment promises s i g n i f i c a n t  advantages, a number o f  

usage factors remain to  be resolved. Spec i f i c  fac tors  include the 

fo l lowing:  

0 Safety 

a Packeging 

o Structura l  

o Power Conditioning 

a fnenml Control 

0 Materials o f  Construction 

The 1 i s t  o f  comnercial u t i l i t y  aspects can be broken i n t o  three cat-  

egories. The f i r s t  category includes the areas o f  packaging, s t ruc tura l ,  

power condit ioning and thermal. This group i s  concerned w i t h  questions 

re1 ated t o  the funct ional o r  operational charac ter is t i cs  o f  the ind iv idua l  

equipment i tem. I n  t h i s  sense judgements and assessments concerning 
u t i  1 i t y  o f  a commercial piece o f  gear can be made, t o  a reasonable extent, 

by considering several typ ica l  equipment i tems i n  1 i g h t  o f  t h e i r  functional 
and operational character is t ics.  By example, the funct ional  and operational 

character is t ics o f  tube furnaces do not  vary much f r o m  one manufacturer t o  

another, so tha t  a tube furnace produced by any one o f  several manufacturers 

can be used to assess such fac tors  as the thermal, power and s t ruc tu ra l  

impacts upon the SPA payload. Certa in aspects o f  materials o f  construct ion 

such as s u s c e p t i b i l i t y  t o  deposits o r  s h a t t e r a b i l i t y  also f a l l  i n t o  t h i s  

category. The funct ional o r  operat ional character is t i c s  and requirements 

o f  some o f  the comnercial equipment i tems may require t h a t  ce r ta in  components, 

such as lenses, be constructed o f  non-shatterable material .  I n  t h i s  area 

also, assessments can be made on the potent ia l  impact o f  commercial equipment 



on the SPA payload through cot is iderat ion of  a t yp i ca l  equipment i tem 

chosen from any o f  several manufacturers. 

I n  contrast,  the second category concerns questions re1 a t i  ~g to  

mater ia ls  o f  construction, such as outgassing and f l  amnabil i ty, which are 

to a much greater degrse subject  to  var ia t ions  from one manufacturer t o  

another. These questions w i l l ,  i n  most cases, have t o  be considered on an 

ind iv idua l  basis w i t h  respect t o  each spec i f i c  equipment i tem and each 

spec i f i c  manufacturer. 

The t h i r d  category i s  concerned w i th  questions o f  safety. When an 

issue w i t h i n  the f i r s t  two categories presents a p o t e n t i a l l y  hazardous . 
s i t u a t i o n  which must be read i l y  accepted, the problem must be t reated 

from the p o i n t  of view of safety. As an example, since high voltage equipment 

i s  necessary f c r  performance of SPA mission rqui rements,  su i tab le  steps 
w i l l  be required t o  assure crew and vehic le safety. 

Assessment o f  comnercial u t i l i t y  considerations fa1 1 i n g  w i t h i n  the 

f i r s t  category i s  c lose l y  associated w i t h  the subsystem in te r face  trade 

studies which are presented i n  Vol ume 11-0, "Payload Inter face Analysis 

(Power, Thermal and EMC)". Coordination o f  the comnarcial ! r + i l  i t y  assess- 

ment and the i n te r face  trade studies was required to  opt imize the informa- 

t i o n  and resu l t s  o f  the two e f f o r t s .  Whenever possible, equipment con- 
s iderat ions and i n te r face  studies have considered the same equipment i tems. 

A mat r ix  i d e n t i f y i n g  the problem areas associated w i t h  each equipment 

i tem was prepared and i s  presented i n  Table 1. I n i t i a l l y ,  only  the major 

problem areas were i d e n t i f i e d ,  w i t h  no r a t i n g  f a c t o r  applied. An update 

o f  the mdtr ix  may be made dur ing fu tu re  studies t o  inc lude some re1 a t i v e  

assessment o f  the po ten t i a l  problems together w i t h  a refinement o f  the 

problems to  be considered. 

I n i t i a l  e f f o r t s  d i rected p r i m a r i l y  s t  the second category o f  po ten t i a l  

problem areas have t o  do w i t h  adopting a s e t  o f  acceptance c r i t e r i a  as a 

basis f o r  assessing comnerciel equipment u t i l  i ty. 
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3. COMMERCIAt EQUIPMENT UTILITY ASSESSENT CONSIOERATIONS 

3.1 SAFETY 

Safety as used here w i l l  be considered i n  an operational sense since 

structural ,  outgassing and flammabil i ty are treated as separate items. O f  

concern would he undue hazards to  the crew associated wi th use o f  comner- 

c i  a1 equipment. Use o f  interlocks, over temperature and redmdant control  

features w i l l  be required i r respect ive o f  the equipment der ivat ion sources. 

While the considerations of structure, outgassing, etc., are treated 

separately, i t  must be recognized tha t  the subject o f  safety i s  d i r e c t l y  o r  

i nd i r ec t l y  affected by every other area o f  concern considered i n  the f o l -  

lowing sections. However, wi th the exception o f  the closed loop environmentti1 

system, the pos i t ive  preventative measures necessary to  assure safety t o  

the crew and vehicle are not great ly d i f f e ren t  from those o f  a ground-based 

1 aboratory. 

The subject of safety i s  d i r ec t l y  o r  i nd i r ec t l y  affected by every 

other area o f  concern tha t  i s  considered i n  the fol lowing sections. 

I n  the area o f  power condit ioning there i s  always a potent ia l  hazard 

due to  high voltages. The necessary precautionary measures are 

we1 1 rrnderstood by both the cianufacturing and technical indiv idual  s 

who associate themselves wi th high voltage equipment. Appl i ca t ion  

o f  these measur-es w i  1 1 necessarily be standard opera ti ng procedure 

f o r  Spacel ab ac t i v i t i es .  

I n  the area of thermal control, there i s  danger t o  both the crew 

and cther equipment i n  the case o f  high temperatures. 

W i t h  regard to  materials, there are several potent ia l  safety 

hazards such as tox ic i t y ,  cor ros iv i  ty, fl amnabi 1 i t y  and 

outgassing. 

I t  i s  obvious, therefore, tha t  safety i s  t i e d  i n  c losely wi th 

the previously mentioned problem areas. I f  they are handled 

properly, the safety concerns should be a t  a minimum. 

A major safety concern l i e s  i n  the area o f  the main operating sub- 

systems: e!ec+,rical , env i~nmenta l  control,  thermal control.  It i s  de- 

s i  rabl 6 tc; iv.aintain these subsys tems separately between the Spacel ab and 



and Shutt le Orb i ter  i n  order t o  provide a degree o f  redundancy. I n  tVs 
manner there would be backup i n  case d subsystem should f a i l .  

I n  the c r i t i c a l  area o f  environmental control , an added safety 

feature would be desirable. This would consist  o f  some means by which 

the t o ta l  Space1 ab atmosphem could be replaced quickly i n  the event o f  

contamination. This contaminatSon could stem f r o m  several swrces: 

r outgassing 

r pressure vessel f a i l u r e  

r sample escape 

r smoke due to f i r e  

P-nother area o f  safety concern 1 i es  i n  the area o f  high vol tage and 

e lec t r i ca l  shock. There are several ways t o  reduce the hazards: 

a marking high voltage locations 

a incorporating e lec t r i ca l  inter locks 

r automatic short c i r c u i t  features 

r automatic overload shut-of f  

A1 1 equipment must be designed to w i  thstand ant ic ipo .ed accel erat ins 

forces. 

r Each item must withstand 3.0*g. 

8 A l l  cables, pipes, e lec t r i ca l  wires and connectors to such should 

be restrained to withstand 3.0* g. 

r Equipment mountings to Spacelab should be designed t o  withstand 

9.0*g. 

I t  w i l l  be safer to have equioment tha t  i s  mounted and checked out  

p r i o r  to launch rather than a f t e r  reaching o rb i  t. 

There are several safety concerns regarding the matcrials o f  construc- 

t i o n  of the equipment items. I f  i t  i s  impossible t o  el iminate the o f -  

fending materials, provisions must be made f o r  reducing o r  e l  iminating 

the hazards. Some o f  the hazards are l i s t e d  below. 

r F i re  due t o  flammable materials 

8 Toxic i ty  due to outgassing o f  materials 

*These and other pesi f i c  val ues, ident i f ied by an asterisk, are subject 
to  change as Spaceidb guidelines are updated o r  changed. 



Glass breakage o r  other shatterable materials. 

a Materials tha t  are susceptible to  mfcrobiological contamination. 

e Mdterials tha t  decompose o r  corrode read i ly  i n  the anticipated 

space envi ronment. 
! 

Special consideration w i l l  be required f o r  the safe handling o f  gases I 
1 

o r  1 iquids by suc!~ methods as f low rest r ic t ions,  re1 i e f  valves o r  venting ; 
I 

requi remen t s  . 
3.2 PACKAGlNG AND STRUCTURAL 1 

Equipment items should be repackaged as necessary p r i o r  to launch 

and then mounted on approprtate supporting structures to el iminate the 

need f o r  mounting operations i n  space. 

Packaging design must take i n t o  account the problem of coal ing the 

eq i d  pmen t . 
a Most equipment items must be spaced so t ha t  i t  w i l l  be possible 

to  use forced convection cooling. 

e I t  may be found necessary to  provide low thermal resistance 

contact to  support structures tha t  have a high thermal 

conductivi ty (cold plat ing).  

The problem o f  abrasion occurring e i the r  between components o f  

an apparatus or between neighboring items nust be eliminated. This i s  

important i n  order to  prevent M e  formation o f  pa in t  flakes, powders, 

o r  other aerosol materials. 

I t  may be necessary, w i th in  cer ta in  equipment. i tems, t o  have i n te r -  

nal components modified so tha t  they w i l l  perform we1 1 under low-gravi t y  

condi t ions . 
Small detachable accessory items must be secured by a lanyard and 

must be stored i n  a drawer o r  other secure place when r.ot i n  use. 

Packaging should be designed t o  be consistent w i th  use a t  normal 

room temperature [18-2g°C (65-85"F)]* and a t  a normal pressure leve l  o f  

l4.7* psi  (80% N p ,  20% 02)*. 

Packaging/structural designs must be consistent wi th anticipated 

acceleration loads of 3.0" g on launch and reentry o r  9.0* g f o r  c r i sh  

1 andi ng: . 



' I '  : L! 
r Equirment items must be designed t o  withstand in terna l  

accelerations o f  3.0*g. 

r Equipment mountings t o  the supporting structures must be 

capable o f  withstanding acceleration loads o f  9.0*g. 

0 Af te r  packaging geometry design has been completed and 

rnodifi cations made, simple acceleration tests should be per- 
formed t o  qua l i f y  each indiv idual  comnercial item. 

I t  w i l l  be necessary t o  estimate the maximum amp1 i tude and frequency 

ipectrum o f  the anticipated v ibrat ion loads f r o m  Shutt le design, an3 then 

v ibra t ion tests shoul d be designed. 

Packaging o f  hydraul ic and pneumatic systems w i l l  require the design 

and performance o f  special testing. 

The avai lable power from the host vehicle versus the power require- 

ments w i l l  be o f  major concern. 

0 Voltage leve ls  - 28 VDC*, 110 VAC*, 220 VAC* 

0 Vr- !age forms - DC, 60 Hz*, 400 Hz*, 1800 Hz* 

0 Power levels 

e Power qua1 t y  ( r i pp le  factor)  

The problem o f  preventing any power source overloads must be 

ci~nr i dered. 

Electrom:dgnetic compatibil i t y  (EMC) i s  a major concern i n  the use o f  

coimercit equipment. 

s Equipment must not  produce e l  ectromagneti c interference (EM1 ) 

w i  t h  Shutt le avionics. 

e Equipment must not  produce EM1 wi th  other experiment 

appar? tus. 

e EKC becomes a c r i t i c a l  issue a t  chassis points. 
* tK test ing must be designed and then performed a f t e r  the 

assembly of the Spacelab f o r  each f l i g h t .  

Any other inter face probl ens bet\ sen the instruments must be 

i den t i f i ed  and resolved. 

Many sol id -s ta te  c i r cu i t s  use low voltage d i r ec t  current, and since 



power i s  l o s t  i n  the conversion o f  DC to AC, i t  may be deemed pract ica l  

t o  convert many instruments t o  M: operation. 

3.4 THERMAL 

Temperature var iat ion suscepti b i  1 i t y  must be examined to determine the 

c r i t e r i a  tha t  must be imposed t~ keep the equipment w i th in  acceptable ranges 

o f  temperature and a1 so to determine what happens t o  the re1 i a b i l  i t y  i f  

t h i s  range i s  exceeded. 

The magnitude o f  the thermal load must be considered with regard t o  

the comnercial equipsent. There are two types o f  thermal loads: 

e Functional loads -- where the purpose o f  the equipment item 

i s  to produce heat i t s e l f ,  such as -to heat up a sample. 

Operational loads -- those are due to the heat production o f  

the equipment merely because o f  i t s  being i n  an operating 

condition. 

Due t o  the absence of f ree convectim a i r  cool ing i n  space, provisions 

must be incorporated i n  the design t o  provide cooling f o r  the equipment. 

a Fans may be used t o  force the heat away from the area o f  heat 

production. 

e Heat pipes may be used by providing low thermal resistance to  

high thermal conductivity mechanical supports. 

Active f l u i d  cooling w i l l  be required f o r  some apvaratus. 

3.5 MATERIALS OF COr4STRUCTION 

Outgassing o f  materials must be studied and 1 imi tat ions and controls 

set  up. 

May cause contamination of the Environment Control System (ECS) 

which could become. a t o x i c i t y  problem to  the crew. 

e May cause deposits t o  form on surfaces which may cause in te r -  

ference wi th  the proper function o f  certa in equipnent, such as 

opt ica l  apparatus. 

A l l  materials should be tested i n  a standard environment 

(80% N2, 20% 02)* a t  14.7* psi  o f  pressure. Tests nay be 

performed a t  a component level  and/or a t  an integrated 

1 eve1 . 



e Automa t i c  atmospheric monitoring , to t e s t  f o r  outgassed materi a1 s , 
w i l l  be desirable f r o m  a safety standpoint. 

Fl amnabil i ty of materials must be considered and e l  imination o f  offenders 

must be made. 

a Flammability i n  an 80% N2, 20% 02* atmosphere, a t  a pressure leve l  

o f  14.7* ps i  and a t  predetermined maximum temperature must be 
considered 

Federal Avai at ion A M  n i s  t r a t i on  requi rements w i  11 probably be 

;dequate and a l l  materials should be tested. 

Corrosi v i  ty must be studied and substi tut ions made f o r  offending 

materi a1 s . 
Shattering and breaking o f  materials must be studied and subst i tut ions 

made as requi red. 
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4. ACCEPTANCE CRITERIA 

4.1 INTRODUCTION a 

I n  considering the impact of  using commercial equipment i n  the Spacelab, 

i t  was found convenient t o  draw-up acceptance c r i t e r i a  which could be used 

i n  the analysis o f  the problem areas involved w i t h  s p e c i f i c  i tems o f  equipment. 

For the Spacelab i t appears reasonable and appropriate t o  re lax  to some 

degree the requirements placed on equipment and mater ia ls  i n  previous manned 

spacecraft  programs. The reasons f o r  a1 lowing t h i s  re1 axat ion are depethdent 

on assumptions regarding the planned operat ion o f  the Space1 ab, two o f  the 

pr inc ipa l  reasons aR the use o f  a two-gas system and a physical i s o l a t i o n  

capabcl i ty lseparat ion o f  the Space' :h From the Shut t le  systems. 

Discussed below are the assu,$ t~ans made i n  drawing up the c r i t e r r a ,  

f o l  1 owed by the suggested r e s t r i c t i o n s  and resui  rements t o  be p l  aced on 

comnercial equipment and mater ia ls  t o  be used i n  the Spacelab. 

4.2 ASSUMPTIONS OF SPACELAB OPERATIONS 

The f o l l  owing assumptions, take11 i n  p a r t  from the referensod documents, 

are made i n  regard to  the operat ion o f  the Spacelab. These assunqtions do 

no t  i n  some instances necessari ly represent present o r  fu tu re  NASA plans. 

Changes i n  the assumptions are expected as the program progresses and these 

changes may nocessi t a t e  corresponding changes i n  the r e s t r i c t i o n s  and 

requirements o f  the fo l l ow ing  sect ion. 

a. The main operat ing sys tems ( e l e c t r i c a l  , environmental contro l  and 

thermal contro l  ) o f  the Spacelab w i l l  be separable from those o f  Shutt le.  

This separatioti o f  funct ions w i l l  a l low use o f  comnercial equipment w i t h  

fewer modifications, and w i l l  be a sa fer  mode o f  operatfon regardless o f  

the type o f  equipment operat ing i n  the Spacelab. 

b. An environmental contro l  system w i l l  provide a two-gas atmosphere 

(80% N2, 20% 02)* a t  14.7* ps i ,  40-60% r e l a t i v e  humidity, a t  65-85'F* 

(1 8.3-29.d°C)*. A gas p u r i f i c a t i o n  and monitor ing (temperature, composition, 

aerosols, etc.) system w i l l  p r ~ v i d e  a class 100,000 environnent [I] con- 

t inuously  from the pre-launch per iod u n t i l  the end o f  the mission. An 

emergency gas supply system w i l l  ex is t ,  to be actuated manually from 

w i  t h i n  the Shutt le,  which can completely rep1 ace the Spacelabs atmosphere 

i n  case of  f i r e ,  smoke o r  accidental release o f  t ox i c  compounds. 
-11- 



c. E l e c t r i c a l  power w i l l  be provided from fue l  c e l l s  w i t h  contro ls  

from w i t h i n  the Spacelab. 

d. Acceleratfon l eve ls  w i l l  be 3.0" g maximum ( a t  take o f f  and 

re-entry) and Y.O* g i n  case o f  a crash landing. 

e. The p r inc ipa l  v ib ra t i ona l  frequencies w i l l  be i n  the range 

20-230f?* Hz a t  a maximum o f  14* g (rms) composite v ib ra t iona l  l e v e l .  

f. A1 1 major i tems o f  equipment w i l l  be mounted i n  the Spacel ab and 

checked o u t  p r i o r  to launch. 

4 . 3  KESTKICTlUNS WD REQUIREMENTS ON COMMERCIAL EQUIPMENT 

Based on the assumed mode of operat ion f o r  the Spacel ab, as given 

above, tne f o l  lowing r e s t r i c t i o n s  and requirements are taken t o  represent 

acceptance c r i  t e r i  a f o r  comnercial equipment. Many o f  these provisions 

have been selected from NASA documents found i n  the references. 

a. Materials which are flammable, burn, g ive  o f f  smoke o r  decompose 

i n  a i r  a t  14.7* ps i  below 200°C (392OF)* w i l l  no t  be used. The odor r a t i n g  
[2,3] a t  68 C (1 55 F)* must be less than 25. Thermel outgassing a t  68 C (155Fj  
must be less than 100" vg/g o f  sample and carbon monoxide must be less than 

25* pg/g o f  sample. 

b. Titanium and t i tan ium a1 loys w i l l  no t  be exposed t o  1 i q u i d  oxygen 

or to oxygen gas a t  a p a r t i a l  pressure greater than 3.5* ps i .  

c. Materials which are tox ic ,  g ive o f f  noxious fumes o r  dust, o r  are 

o therwi se hazaro, .IS a t  temperatures below 200°C* (392OF)* w i l l  no t  be used. 

I f  f l u i d s  produce t o x i c  fumes, measurements o f  t o t a l  1 eakage w i l l  be 

performed. 

d. Cadmium and cadmium compounds w i l l  no t  be used i n  areas where the 

temperature may be greater than (230°C)* (446OF)*. 

e. Beryl 1 i urn and bery l  1 i urn compounds must be r e s t r i c t e d  t o  appl i cations 

where no corrosion, erosion, f l  aking, o r  powder formation are expected. 

f. Mercury and mercury compounds nust be r e s t r i c t e d  to  appl icat ions 

where no immediato contact w i t h  the Lab atmosphere i s possible. 

g. Cadmium, molybdenum, and zinc w i l l  no t  be used i n  e l e c t r i c a l  

contacts. 



h. Ethylene g lycol  must contaln a s l l  ver chelat ing agent when used i n  

areas where f ree  s i l v e r  i s  present. 

i. Use o f  radioact ive mater ia ls  must meet Atomic Energy Comnission 

requi rments  141. 

j. Carcinogenic mater ia ls  w i l l  c o t  be used unless present hea l th  

requirements [5] are met. 

k. S i l  ver p la ted copper conductors w i t h  f luorocarbon coat ing w i l l  
no t  be used where there i s  a p o s s i b i l i t y  o f  contact w i t h  moisture. 

1. Materials must be non-nutr ient to fungus growth o r  protected by 

a coating. 

m. Lubricants w i l l  be selected a f t e r  t es t i ng  f o r  each spec i f i c  

appl i c a t i  on [ 6 ] .  

n. A l l  materi a1 s used i n  candidate comnerical equipment f o r  which 

qua l i f y ing  data i s  not  ava i l  able must be tested. 

o. A f te r  equipment has been prepared f o r  mcunting and check o u t  i n  

the Spacelab accelerat ion and v ib ra t i on  tests (TBD) must be ca r r i ed  o u t  

to  qua1 i f y  ind iv idua l  commercial i tems. 

p. A1 1 connectors must withstand 3.0fg; a l l  e l e c t r i c a l  wires, cables, 

and tubing must be secured t o  withstand 3.0kq. Vibrat ion t e s t  requirements 

(TBD) w i l l  a lso be met. 

q. Abrasion ( in terna l  and between adjacent i tems) must be prevented 
t o  avoid p r o d u c t i ~ n  o f  p a i n t  f lakes, powder, o r  other aerosols. 

r. Small detachable i tems must be secured by a lanyard and kept i n  a 

secure place when no t  i n  use. 

s. Equipment must be marked a t  approximate locat ions t o  warn o f  

hazardous condi t ions. 

t. Flow r e s t r i c t i o n s  and re1 i e f  valve o r  venting requirements (TBD) 

f o r  handling gases and l i q u i d s  must be met. 

u. Equipment must be compatible w i th  maintaining a class 100,000 

atmosphere, w i th  a class 10,000 atmosphere a t  l oca l i zed  work s ta t ions  as 

requi red. 



v. A l l  glass o r  other shatterable material w i l l  be removed o r  

provisions w i l l  be taken for  pos i t ive  protect ion against breakage. 

w. Each comnercial i t e m  w i l l  be mo~nted i n  the Spacelab such 
that  the mounting w i l l  withstand 9.0*9. 

x. Each equipment i tem w i l l  be checked f o r  electromagnetic in te r -  
ference wi th  Shutt le avionics and wi th other experiments, 



1 n conjunct ion w i t h  the i d e n t i f i c a t i o n  o f  the po ten t i a l  problems fac ing 

the use o f  comere ia l  equipment i n  the SPA payload, a ser ies o f  possib le 

approachcs and 601 ut ions have been i d e n t i f i e d .  

Speci 3 c recommendations w i  t h  respect t o  thermal cont ro l  , ,..Iver requi re-  

nients and EMC analysis w i l l  r e s u l t  from the i n te r face  trade s \ :~ r i ' . ~s  as wel l  

as the commercial equipment u t i l  i ty. Imp1 ementation o f  the rec,.  .mda t ions  

i s  ant ic ipated to  occur a t  the fo l low ing three leve ls :  

o Vendor 1 eve1 

o Intermediate l eve l  

o In tegra t ion  l eve l  

The kzy elements r e l a t i n g  t o  these areas ) r e  shown schematically i n  
Figure 1. 

Some possible approaches t o  the so lu t ion  o f  these problems are ind ica ted  

be1 ow : 

The modi f icat ions t 3  the s t ruc tu ra l  aspects and packaging o f  the SPA 

payload equipment has impact a t  several levels .  A t  the component l eve l ,  

some in te rna l  par ts  may requ;re mod i f i ca t ion  o r  addi t ions f o r  the fo l low ing:  

s t ruc tu ra l  support, is01 a t i o n  against shock and v ibrat ion,  c c ~ d u c t i o n  paths 

to  assure adequate heat transfer. l n  the case o f  f r a g i l e  heat ing elements 

f o r  the furnaces, f o r  example, t h i s  may inl:olve repackag~ng only  f o r  launch 

o r  1 andinq, wh i le  f p r  o ther  components a permanent mod i f i ca t ion  w i l l  be 

requi red. 

A t  the equipment i tem leve l ,  modi f icat ions t o  the packaging o r  mounting 

arrangement w i l l  be required. Amoqg the key issues i n  t h i s  rcgard ;4ll 

be t h a t  of FMC and thermal contro l  requirements. The questfons o f  e lcc -  

t r i c a l  bonding, shielding, etc., w i l l  be addressed i n  the subsystems 

in te r face  studies, as w i l l  questions o f  conduction and convection cool ing. 

Many o f  the equipnent i tems are ava i l ab le  w i t h  a rack-mounting opt ion, i n  

which the i tem i s  can t i l eve r  mounted a t  the f r o n t  panel. This w i l l  no t  be 

s u f f i c i e n t  i n  most cases, so t h a t  where t h i s  ex i s t s  i n  comnercially ava i l  - 
able equipment, modi f icat ions t o  the~equipment w i l l  be required. Along w i t h  
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such modifications, i t  w i l l  be necessary, through design e f f o r t s  a t  the 
I 

systems 1 eve1 , to  incorporate the techniques required to  al low f o r  support f 
I 

through means other than j u s t  f r on t  panel mounts. Rol ler- to  track-mounted i 

equipment concepts (also comnercial l y  avai lable) should a i d  i n  t h i s  

requ i remen t . 
5.2 POWER CONDITIONING 

To a large degree, questions re l a t i ng  to the e lec t r i ca l  p o w -  require- 

ments and d is t r ibu t ion  have been addressed i n  the subsystem inter face 

studies. Required m d i f i c a t i o n  o f  comnercial equipment wi th  respect t o  

power condit ioning i s  expected t o  take place a t  the vendor level  o r  a t  

the intermediate 1 evel , wi th  subsequent tes t ing t the integrat ion 1 evel , 
since such modifications requirements read i ly  f a l l  w i th in  the scope o f  

analysis. b d i  f i ca t ions  and tes t ing for EMC requirements are expected to 

occur a t  a l l  three levels. Here again, spec i f ic  requirements and recom- 

mendations have resul ted f r o m  the subsystem inter face studies and are con- 

tained i n  Volume 11 B, "Payload Interface Analysis (Power/Thermal/Electro- 

magnetic Compatibil i ty). 

5.3 MATERIALS OF CONSTRUCTION 

Fixes appl i ed  to probl ems o f  fl a m b i  1 i t y  and outgassing o f  the ma- 

t e r i a l s  of construction o f  comnercial items involve tes t ing materials o f  

construc t i c r l  (where ex is t ing data i s  i nsu f f i c i en t  o r  lacking ent i re ly ) ,  

control of materials a t  the vendor through management, t raceab i l i t y  and 

specif icat ions, and rep1 acement o r  removal ( i n  the case o f  undesirable 

plat ings and coatings) a t  the intermediate level .  As stated, many o f  the 

problems w i l l  be unique to a par t i cu la r  manufacturer so tha t  the remedies 

applied w i l l  necessarily be determined on an item by item basis. 

5.4 THERMAL CONTROL 

With respect to comnercial equipmect c t i l i za t i on ,  modifications 

required w i l l  t yp ica l l y  involve the acdit ions o f  heat sinks o r  dissipaters 

to  c r i t i c a l  components w i th in  the equipment items a t  the vendor level  o r  

a t  the intermediate level  followed by tes t ing a t  the integrat ion leve l .  

Key to t h i s  issue w i l l  be the coupling o f  the structural  dnd packaging 

concepts together w i  t h  the subsys tern inter face thermal control studies. 





6. EQUIPMENT LIST - IMPACT UTILIZATION STUDY 

The equipment found i n  Table 2 below were selected f r o m  Volume I I B  o f  

the previous study* as speci f ic  items f o r  determining the imphct o f  equip- 

ment acceptance c r i t e r i a  on t h e i r  u t i l i z a t i o n  i n  the Spacelab. Because an 

approved NASA speci f icat ion f o r  equipment and material u t i l  i zation i n  Space- 

lab d id  not exist ,  a set  o f  in-house c r i t e r i a ,  drawn i w g e l y  from ex is t ing 

NASA documents, have been used i n  making the assessment. The equipment on 

the 1 i s t  were selected wi th  the fol lowing considerations i n  mind: (1 ) the 

equipment should be representative of a type important to the success o f  

future SPA missions, (2) possible problem areas may e x i s t  f o r  Spacelab 

u t i l i za t i on ,  (3) the equipment should be complex, being composed o f  a large 

number a f  diverse ra te r i a l s  and operating w i th  a large number of functions, 

a n i  ( 4 )  data ava i lab i l i t i * .  A l l  items are c lass i f i ed  as Comnercial except 

f o r  the continuous flow electrophoretic column, which i s  a Commercial i3esign 

Technology and Cantponents i tem and i s  considered of su f f i c i en t  importance 

to  warrant inclusion. 

TABLE 2. EQUIPMENT LIST 

Gas Chrowtograph 

Continuous Flow Electrophoretic Column 

pH Monitor 

Freezer/Refri geration 

Data Acquisi t i on  and Process Control 

Chest - General Pc:pose Encl osure 

!!ac Wall Furnace (1800°i) 

Dye Laser/Fl ash Lamp 

High Voltage i 5kV) Power ~ o n d i  t ioner 

I R Pyrome t e r  

As a s ta r t ing  point, the Comnercial U t i l i t y  Surveys tha t  were m3de 

during the i n i  t i a l  study* were re-cxami ned by the subsystems special i s t s ,  

and m i  nor changes were made wherever necessary. Af ter  examining these 

surveys and a1 so pert inent  company speci f icat ion documents, requi red 

*Requi vements and Concepts f o r  Materials Science end Manufacturing i n  Space 
Payload Equipment Study, Vol. 118, DCN No. 1-2-21-00172. July 1973 
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addit ional information was speci f ied and modifications and tests were 
proposed. 

Since the purpose o f  t h i s  task was merely to give an introductory 

survey o f  the potentfa1 ?voblem areas, four items were chosen f o r  fur ther  

inquiry. Recresentati ves *re persono; ' j contacted regarding these four 

items, and the addit ional information obtained was compi led !rto short 

Ca:r.etrrci a1 U t i  1 i t y  Surveys. These are typical  of the w h l  e group and the 

int t rmat ion obtained f o r  each are representative o f  the respective classes. 

As the studies progress i n  t h i s  area, more detai led analyses w i l l  be 

necessary. However, these surveys may serve as an i n i t i a l  foundation upon 

which t:, b u i l d  a plethora o f  data regarding commercial equipment u t i l  i ty. 

Each of the equipment items are considered separately i n  the fo l lowing 

sect i  011s. 

6.1 GAS CHROMATOGRAPH 

6.1.1 C o m r c i a l  Item Survey Data - Gas Chromatograph f o r  atmospheric 

composition determination. 

NAME : 

Basic (TM) Gas Chromatograph. 

SUPPLIER: 

Carle Instruments, Inc. 
1141 East Ash 
Fu l l  erton, Cal i fc rn ia  92631 
Phone: (714) 879-9900 

MODEL NUMBERS : 

Model 8001, plus Model 415X (X-1, 2, 3, 4) Valve Minder 

Model 4201 Valve Actuators (4), Model 4400 Programmed Attenuator 

Model 201 1 Micro-Swi tching Valve, Model 2020 Micro-Swi tching 

Valve and Model 6639 Pressure Regulator. Helium o r  neon supply 

necessary f o r  ca r r i e r  gas. Data storage o r  recorder output to  

be provided. I f  the cabin temperature has a large var ia t ion 

[21O0C (la°F) 1 during the measurement, pos i t ive  temperature 

control to the col umns may have t o  be provided, but i t  i s  not 

anticipated as a problem. 



PERFORMANCE SPEC1 FICATIONS: 

8 Accuracy - 2 0.5% 

S e n s i t i v i t y  - par ts  per  m i l  1 i o n  (ppm) 

e Gases detected - CO, COP, N2 Ar, 02, CH4 

0 Sample s i ze  - 1 mn (0.04 i n )  

e Repet i t ive sampling time - 5 t o  60 m i t l .  

DATA OUTPUT: 

Data output i s  i n  the form o f  a voltage s h i f t  w i t h  time. This i s  

usual ly  presented on a s t r i p  cha r t  recorder, bu t  i t  may be magnetical ly 

recorded fo r  l a t e r  playback. j ince  the main func t ion  o f  t h i s  system 

i s  t o  monitor the atmospheric composition o f  an enclosure, real - t ime 

output i s  desirable. 

POWER: 

Less than 300 W when i n  

WEIGHT: 

Approximately 25 kg 

VOLUME : 

18500 cm3 (1 100 in3)  

use (11 5 V - 60 72) - Intermi  t t a n t  

(55 l b ) ,  t o t a l  system - basic u n i t  

[43 cm (17 i n )  x 33 cm (13 i n )  x I J  cm (5  i n ]  

opera ti on. 

i s  10 kg (22 l b ) .  

PACKAGINGIMOUNTING : 

Uni t i s  metal enclosed, countertop mounted. 

COST : 

Basic u n i t  (Model 8001) i s  $675. Total system cost  i s  $2500, 

excluding recorder o r  other  data monitor ing un i ts .  

MODIFICATIONS FOR ZERO-G PERFORMANCE, SAFETY, RELIABILITY, ETC: 

S l i g h t  repackaging required t o  convert system f o r  rack o r  modular 

mounting. I n  addit ion, the c a r r i e r  gas f low detector (normally a 

soap bubble meter) must be changed to a tu rb ine  vane-type o r  

equivalent f o r  low g rav i t y  operation. 

SHIPPING, STORAGE, HANDLING CONSIDERATIONS: 

None. 



ADDITIONAL COMMENTS : 
This system, w i th  appropriate columns, may also be used i n  the area 

o f  chemistry o f  f l  uids f o r  reaction products iden t i f i ca t ion .  

6.1.2 Conmercial Item Survey - Event actuator, to  provide programable 

function actuation co~nmands t o  the valves on the Gas Chromalgraph. 

NAME : 
Val ve M i  nder (TM) 

SUPPLIER: 

Cacl e Instrunents, Inc. 
1141 East Ash 
Fu l l  erton, Cal i forn i  a 92631 
Phone: (71 4) 879-9900 

MODEL NUMBERS: 

4151, 4152, 4153, 4154 

PERFORMANCE SPEC1 f ICATIONS: 

Dual-channel drum-timer, 3 functions and 6 o r  more events i n  channel 

one; one function and 2 o r  more events i n  channel two. Includes a 

to ta l  o f  18 event markers. Model 41 51 has a cycle time o f  60 

minutes, 41 52 - 30 minutes, 41 53 - 15 minutes, and 41 54 - 5 minutes. 

DATA OUTPUT: 

Data output i s  an e lec t r i ca l  actuator signal (s) . 
POWER: 

172 W (1 15 V - 60 Hz, 1.5 A)  - Intermi t t a n t  operation 

WEIGHT: 

Approximately 4 kg (8.8 I b) 

VOLUME : 
788 co13 (50 in3)  

[ I5 cm (6  i n )  x 10 cm (4 i n )  A 3-7.5 cm (1.2-3 i n ) ]  

C9CKAGING/fWUNTING: 

Metal enclosed, countertop mounting 



MOD1 FICATIONS FOR ZERO4 PERFORMANCE, SAFETY, RELIABILITY, ETC: 

S l  i g h t  repackaging required to  convert apparatus for rack o r  modular 

mounting. I n  addi t ion, e lec t r i ca l  interference i so la t ion  t o  main 

power bus i s  required. 

SHIPPING, STORAGE, HANDLING CONSIDERATIONS: 
None . 

ADDITIONAL COMMENTS : 

This item may be useful for other systems where timed func:tions and 

events are required (e,g., chemistry o f  f lu ids) .  

6.1.3 Comnercial T n Survey Data - Gas pressure regulator to supply 

ca r r i e r  gas to  the Gas Chromatograph columns. 

NAME : 

Pressure Regul a tor  

SUPPLIER: 

Carle Instruments, Inc. 
1141 East Ash 
Fu l l  erton, Cal i fo rn i  a 92631 
P,lone: (714) 879-9900 

MODEL NUMBER: 
6639 

PERFORMANCE SPECIFICATIONS: 

This regulator must regulate the pressure from 0 t o  414 KPa (60 psig) 

from a pressure source o f  up to 21 MPa (3000 psig). Regulation 

must be constant t o  + 0.1% o r  be t te r  a t  any pressure sett ing. 

DATA OUTPUT: 

Data output w i l l  be i q  the form o f  a pressure readout. 

POWER: 

None. 

WEIGHT: 

hot  available. 

Vt?L U#E : 

Not avai l  able. 



PACKAGING/MOUNTING: 

This jtem normally mounts on the c a r r i e r  gas supply cy l inder .  

COST: 

$72 

MOD1 FICATIONS FGR ZERO-G PERFORMANCE, SAFETY, RELIABILITY, ETC: 

This i tern may need to be mod1 f ied :  (a) to accomnodate gas storage 

system; (b) t o  be able to regulate more than one c a r r i e r  gas (i .e., 

He and Ne); (c)  to insure t h a t  over-pressuri zat ion and concomitant 

safety hazards are  e l  iminated; and (d) f o r  automatic opera t ion .  

SHIPPING, STORAGE, HANDLING CONSIDERATIONS: 

None. 

ADDITIONAL COMMENTS : 

This i tern may requ i re  the most extensive mod i f i ca t ion  f r o m  the 

standpoint o f  i~ti l i z a t i o n  o f  a commercial product. I t  should, 

however, f i n d  many appl i ca t i ons  i n  o ther  research areas. 

6.1.4 Commercial I tern Survey Data - Vogramnable s ignal  at tenuator  to 

insure t h a t  each species comprising the atmospheric composition remains 

on scale during the analysis by the Gas Chromatograph. 

NAME : 

Programed Attenuator 

SUPPLIER: 
Carle Instruments, Inc. 
1141 East Ash 
Fu l l  erton, Cal i fo rn ia  92631 
Phone: (714) 879-9900 

MODEL NUMBER: 

4400 

PERFORMANCE SPEC1 FICATIONS: 

This i tem has provisions f o r  s ~ l e c t i n g  the at tenuat ion l e v e l  f o r  up 

t o  s i x  species being monitored. The at tenuat ion l eve l  are preset  and 

have values o f  1 ,  5, 25, 100 and 500, plus provisions f o r  blankf ng 

ou t  completely any unwanted peaks. The se lec t ion  i s  governed by the 

event actuator  (Val ve-Minder, Models 41 51, 4152, 41 53 and 4154) 

which sequences the a1 ternator.  



DATA OUTPUT: 

The data output  consis ts  of the signal f r o m  the gas chromatograph, 

appropri ate1 y attenuated. 

POWER: 

Approximately 15W (115 V - 60 Hz). In termi  t t a n t  operat ion. 

WEIGHT: 

Approximately 4 kg (8.8 l b )  

VOLUME : 

1050 cm3 (65 i n3 )  

[15 cm (6  i n )  x 10 cm (4  i n )  x 7 cm (2.8 i n ) ]  

PACKAGING/MOUNTING: 

Metal enclosed, countertop mounting. 

COST: 

$245 

MOD1 FICATIONS FOR ZERO-G PERFORMANCE, SAFETY, RELIABILITY, ETC: 

S l i g h t  repackaging requi red t o  convert the apgaratus f o r  rack 

o r  modul a r  mounting. I n  addi t ion,  e l e c t r i c a l  in ter ference 

is01 a t i on  t o  main power bus may be necessary. 

SHIPPING, STORAGE, HANDLING CONSIDERATIONS: 

None. 

ADDITIONAL COMMENTS : 

None. 

6.1.5 Commercial I tem Survey Data - Switching valves f o r  ser ies by-pass 

column switching p lus  back-fl ush o f  Gas Chromatograph. 

NAME : 

M i  cro Vol ume S w i  t c h i  ng Val ves . 

Carl e Instruments , Inc. 
1141 East Ash 
Fullet*ton, Ca l i f o rn ia  92631 
Phone: (714) 879-9900 

MODEL NUMBERS : 

Model s 201 1 a d  2020. 



PERFORMANCE SPECIFICATIONS : 

The use o f  these valves allows greater s e n s i t i v i t y  i n  detect ion o f  

trace contaminants, speeds up the sample e l u t i o n  time and a1 lows 

separation o f  sample components requ i r i ng  two d i f f e r e n t  columns 

f o r  separation. Model 2020 a1 lows ser ies by-pass column switching, 

which i s  necessary t o  separate, f o r  example, C02 from O2 and N2, 

and Model 2011 reverses the c a r r i e r  f low i n  the column to  enhance 

trace contaminant detect ion and t o  insure t h a t  a material  balance 

of the analyzed gases can be made. 

DATA OUTPUT: 

There i s  no data output  f rom these valves. Proper operat ion w i l l  be 

evidenced by output  from the main gas chromatograph system. 

POWER: 

No power required. The valves are actuated by the valve actuator 

(Model 4201). 

WEIGHT: 

Approximately 1 kg (2.2 lb).  

VOLUME : 
182 cm3 (11 in3)  

[9 cm (3.5 i n )  x 4 .5  cm (1.8 i n )  x 4.5 cm (1.8 i n ) ]  

PACKAGING/MOUNTING : 

Metal enclosed body mounts t o  main gas chromatograph system. 

COST: 

Model 2011 - $250 

Model 2020 - $265 

MOD1 FICATIONS FOR ZERO-G PERFORMANCE, SAFETY, RELIABILITY , ETC: 

S l i g h t  repackaging may be required t o  accommodate valve t o  r e s t  o f  

gas chromatograph sys tem. 

SAIPPING, STORAGE, HANDLING CONSIDERATIONS: 

None. 

ADD1 TIONAL CfIMMENTS : 

None. 



6.1.6 Comnercial I tern Survey Data - Val ve actuator to provide val ve dr ive 

open/close operations when commands are given by the event actuator  t o  the 

valves o f  the Gas Chromatograph. 

MA# : 

Valve Actuator 

SUPPLIER: 

Carle Instruments, Inc. 
1141 East Ash 
Ful lerton, Cal i f o r n i a  92631 
Phone: (714) 879-9900 

MODEL NUMBER: 

4201 

PERFORWNCE SPEC1 FICATIOMS : 

This i tem i s  a motor driven, gear reduced actuator coupled t o  
~ ~- 

the valve. The actuator i s  coupled to the valve by an adjustable 

cam system f o r  precis ion alignment. Valve switching must be 

accompl ished w i t h i n  0.5 seconds t o  reduce t a i l  ing  and increase 

accuracy and sensi ti v i  ty. 

DATA OUTPUT: 

There i s  no d i r e c t  data output. Successful a c t u a t i ~ n  w i l l  be 

detected by proper response o f  the mafn atmospheric composition 

analyzer system. 

POWER: 

58 W ('115 V -60 Hz, '1.5 A) - In te rm i t tan t  operation. 

WE1 GHT: 
Approximately 1 kg (2.2 l b )  

VOLUME : 

125 on3 (8  in3! 

[5 cm ( 2  i n )  x 5 an ( 2  i n )  x 5 cm ( 2  i n ) ]  

PACKAGING/MOUNTING: 

Metal enclosea, mounted t o  main gas chromatogral;$ by s ide brackets. 

COST: 

$1 40 



MODIFICATIONS FOR ZERO-G PERFORMANCE, SAFETY, RELIABILITY, ETC: 

S l  i g h t  repackaging may be required dependirig on t o t a l  system 

conf igurat ion. E l e c t r i c a l  i s o l a t i o n  requi red to  prevent i n t e r -  

ference t o  the main power bus. 

SHIPPING, STORAGE, HANDLING CONSIDE.4TIONS: 

None. 

ADD1 TIONAL COMMENTS : 

This i tem may be u ti 1 i zed i n  o ther  research areas where r e w  t e  
val ve actuat ion i s  required. 

6.1.7 - Modi f icat ions arid Tests 

E l e c t r i c a l  power conversion t o  28VDC o r  110V-400Hz. 
Sampl i n g  i n p u t  1 ines from experiments. 

Besides t h e m i s t o r  detector,  anoth'er more sens i t i ve  detector  

( i n  ser ies o r  p a r a l l e l )  may be desi rable to  detect impur i t ies .  

Rack mounting f o r  a1 1 i tems, tubing and wires secured to  withstand 

3.0 g, 

Recorder pen system. 

Car r ie r  gas f low meter. 

Forced a i r  cooling. 

Par  t i c 1  es i n  co l  umn separators may e f f e c t  separation d i f f e r e n t l y  

i n  0-g. 

Accelerat ion t e s t  a t  3.09, v ib ra t i on  tests,  mountings t e s t  a t  
9.0 g. 

Outgassing t e s t  o f  complete system 

EMC tests. 

Removal o f  metal mclosures t o  enhance a i r  coo l ing  when rack 

mounted. 

6.1.8 Re_q,~ired addi t ional  informatio_[l 
. 

e Cost o f  modi f icat ions and tes ts  
a. fac tory  

b. NASA 

o L i s t  tox ic ,  flammable, shatterable, o r  otherwise possib ly  dangerous 

materials.  A complete 1 i s t  o f  c m s t r u c t i o n  mater ia ls  from the 

manufactwer w w l  d be desirable. 



o Recorder 1  u b r i  cants 

e Thermal heat  t r a n s f e r  w i t h i n  column 1-g versus low-g. 

6- 2 CONTINUOUS PARTICLE ELECTROPHORESIS SYSTEM 
This i s  a non-commerci~l i tem t h a t  deserves p a r t i c u l a r  cons iderat ion 

and i s  made by Beckman Instruments ( inc ludes  b u f f e r  w r t a i n  separat ion 

chamber and electrodes , separated-components c o l l  e c t i o n  systeia, b u f f e r  

c i r c u l a t i o n  system, and e lec t rode  r i n s e  c l r c u i  t )  . 
6.2.1 Mod i f i ca t ions  and Tests 

a Pumps requ i re  e l e c t r i c a l  power conversion t o  28WS o r  l l O V  - 4G0 Hz. 

a Chamber mounted t o  wi thstand 9.0 g. 

a Mount e lec t rode  r i n s e  and b u f f e r  reservo i rs ,  coolant  c o i l s ,  coo lant  

1  ines, b u f f e r  and e lec t rode  r i n s e  pumps and 1 ines t o  ' . l i thstand 

v i b r a t i o n  and 3.0 q. 

o Acce le ra t ion  t e s t  a t  3.0 g, v i b r a t i o n  tes ts ,  mountings t e s t s  a t  

9.0 g. 

o Outgassir~g t e s t  of  complete system. 

EYC tes ts .  

6.2.2 Required Addi t ional  In fo rmat ion  

0 Cost o f  mod i f i ca t ions  and t es t s  

a. f ac to r y  

b. program con t rac to r  

c. NASA 

L i s t  o f  t ox i c ,  flammable shat terab le ,  o r  otherwise gc ' b l y  dan- 

gerous mater ia ls ;  a  complete 1 i s t  o f  cons t ruc t ion  mater i  a1 s i s  

des i red. 

6.3 PH MONITOR 

6.3.1 Commercial Itcm Survey C ~ c a  - PH moni tor  t o  be used to  moni tor  the 

pH o f  so lu t ions  which may undergo H+ o r  OH- va r i a t i ons  dur ing the process. 

NAME : 

pH Analyzer 

SUPPLIER: 

Beckman Ins t rune r t s ,  Inc.  
Process Instruments D i v i s i o q  
F u l l  er ton, Cal i f o r n i  a  92634 



MODEL NUNBER: 

Model 941 ( including pH amp1 i f ie r / t rsnsmi  t ter ,  pH indicator, 

LAZARAN reference electrode, g l  ass electrode, themxompensator, 

and series three s t a i  n l  ess s tee1 submersion assembly). 

PERFORMANCE SPEC1 FICATICNS : 

Range - 0 - 12 pH un i ts  

e Spans - 2. 5, o r  10 pH un i t s  
I 

S t a b i l i t y  - 50.02 pH uni ts i '  
4 

e h b i e n t  temperature range - -7 to 50°C (1 9 to  122OF) I 
e Liquid temperature range - 0 t o  100°C (32 t o  21Z0i) 

Ambient tengerature coe f f i c ien t  - less than + 0.002 pH uni ts/  - 
i 
I 

O C ,  w i th  manual o r  automatic compensation. 

MTA OUTPUT: 

Output i s  i n  Form of a voltage s h i f t  (0  - 10 o r  100 mV o r  0 - 1 ! 

o r  5 V DC) which caq aiso be displayed on a meter. 

POIJER: 

23 Id (115 V, G.2 A, 60 Hz) 

WEIGHT: 

Approximately 14 kg w i th  m e  sensor. 

VOLUN : 

24,200 cm3 (1470 in3) 

[34 cm (13.5 i n )  x 29 cm (11.5 i n )  x 22 an (8.5 i n )  for the 

monitor and 36 cm (14.25 i n )  x 8.3 cm (3.25 i n )  x 8.3 cm 

(3.25 i n )  f o r  the sensorj 

PACKAGING/MOUNTING: 

Metal enclosed, rack o r  panel mounted. 

COST: 

$1 000 

MOD1 FICATIONS FOR ZERO-G PERFORMANCE, SAFETY, RELIABILITY, ETC : 

S l ign t  repackaging of pH sensor head to accomnodate rack o r  

modular mounting. Modif icat ion o f  ca l ib ra t ion cup i s  necessary 

for  ! cw-g operat ion. 



SHIPPING, STORAGE, HANDLING CONSIDERATIONS 

None. 

ADD1 TIONAL COMMENTS : i ! 

LAZARAN (TM) o r  equivalent reference electrodes must be used f o r  
I 

low-g operation. I t  may be possible to perform the ca l ib ra t ion  i 
! .  

measurements on Earth before 1 aunch. Mu1 ti -sensor element heads 

can el iminate i n  s i t u  cleaning. This item w i l l  be useful i n  the I 
I 

research areas o f  Bib logical  Processing and Chemistry o f  Fl uids. I 

I t  must be capable o f  remote monitoring. 

6.3.2 Modifications and Tests 

a Elec t r i ca l  power conversion to 28VDC o r  1 

a Amp! i f i e r /  transmi t t e r  and ind icator  un i ts  

or removal o f  outer covers and forced a i r  

a Amp1 i f  i e r l  transmi t t e r  a ~ d  ind icator  un i ts  

10V - 400 HZ. 

may required modif icat ion 

, cool i ng . 
mounted to withstand 13.59. 

In te rna l l y  set  controls i n  ind icator  u n i t  may require reset t ing 

af ter  reaching o r b i t  due to  v ibra t ion and acceleration o f  take-off. 

I f  cover over meter on ind icator  u n i t  i s  made o f  glass, i t  should 

be replaced w i th  p last ic .  

El ectrode mountf ngs depend on experimental arrangement but  must 

withstand v i  Srat ion and 4.59. 

Electrodes pH/mill i v o l  t re1 at ionship may be d i f ferent  i n  0-g. 

Acceleration tes t  a t  3.C-g v ibra t ion tests, mountings t es t  a t  

9.09. 

Outgassing tes t  o f  complete system. 

EMC tests. 

Requi red Addi t ional  Information 

Cost of modifications and tests 

a. factory 

b. program can t rac tor  

c. NASA 

L i s t  o f  toxic, flammable, shatterable, o r  otherwise possibly 

dangerous materials; a complete l i s t  o f  construction materials 

i s  desirable. 



6.3.4 Comnercial U t i l i t y  Survey 

ITEM: 

pH Analyzer 

TYPE : 

Model 940 
Beckman Instruments , Inc. 
Process Instruments D iv is ion  
2500 Harbor Blvd. 
F u l l  erton, Cal i f o r n i  a 92634 
(71 4) 871 -4848 
Mr. Gary Champiole, Product L ine Spec ia l i s t  

CONTACT : 

Beckman Instruments, Inc. 
411 5 Ar tes ia Avenue 
Fu l l  erton, Gal; forn ia 92633 
( i14) 521 -3700 
Mr .  Henry (Hank) F ~ s t e r  
Fie1 d Sales Representative 

ELECTRICAL : 

0 Input  Power 

Un i t  can be converted to  e i t h e r  28VDC o r  11 OVAC 400 liz, w i t h  

llOVAC 400 Hz preferred. The wave form d i d  seem to  be a problem 

a1 though some addi t ional  conversion might be necessary. It i s  e s t i -  
mated t h a t  a very nodest conversion cost (ca $200) would be incurred. 

a EMC, EMI : 
The u n i t  i s  p r i m a r i l y  s o l i d  s ta te  and i s  a f fec ted oy t ransients 

to the cx tent  o f  t h e i r  occurrence on ly  (i.e., no l a s t i n g  e f fec ts ) .  

The u n i t  does n o t  generate EM1 (picoampere operat ion f o r  the most 

par t )  bu t  i s  susceptible t o  RFI. Both TRW and Beckman d i d  not  

th ink  t h i s  would be a problem since coaxial  sh ie ld ing  and metal 

enclosures are standard f o r  f i e l d  use and should sh ie ld  the u n i t .  

MECHANICAL : 

a Modif icat ions 

Covers, rack mounting and placement o f  sensing head no problem. 

Since the u n i t  i s  f i e l d  adaptable, v e r s a t i l i t y  i n  assembly and 

p a r t  p l  acement has been maximi zed. 



a Acceleration and Shock 

Kt problems are ant ic ipa ted fo r  the stated acceleration, shock o r  

v ib ra t i on  values. Some reinforcement of the contro l  panel may be 

necessary. 

THERMAL : 
Cool i ng/Heati ng Requi rements 

Since the u n i t  consumes very l i t t l e  power (23 watts),  there are 

19 cool ing requirements assuning the amp1 i f i e r ,  etc., are n o t  

close coupled t o  a ho t  spot. 

SAFETY : 

0 Construction Mater ia l  s 

Meter covers can be replaced by polycarbonatf p las t i c .  Sensor head 

i s  ruggi d i  zed, mater ia ls  o f  constructSon are sta in1 ess, m i  I d  

s teel ,  aluminum, PC boards and IC u n i t s  and glass electrodes. The 

electrodes are enclosed i n  a s ta in less  head and should pose no 

hazard. The standard i nsu la t i on  on the wi;*ing i s  ?VL; t h i s  could 

be changed t o  Tef lon by special order. 

0 Potent ia l  Hazards 

No t o x i c  o r  p o t e n t i a l l y  flammable n a t e r i a l s  o r  other  types o f  

hazards are known to be present. I f  the electrodes break, they 

are contained and can nu t  be released i n t o  the lab. 

OTHER: 

0 Company tbd i f i ca t ions /Tests  

deckman i s  q u a l i f i e d  and indicated t h e i r  wi l l ingness to both 

modify the u n i t  as necessary and t e s t  the end product (shock, 

v ibrat ion,  tnernal , etc.) , then a lso ind ica ted t h a t  TRW shnv7d 

c o r . t ~ t  Beckman's Advanced Technical O~era t i ons  i f  any other 

Becklran prcduced equip~nent such as the Oxygen Analyzer w i l l  be 

cot.sicered. They are responsible f o r  modifying a nuaber o f  tyoes 

o f  hppara t~s  f o r  Apollo use. 

6.4 .1  Camercial  Item Survey Data - - Freezer f o r  storage and preservat ion o f  

b io log i ca l  samples. 



NAME : 

U l  t ra-1 ow temperature cabinet 

SUFPLI ER: 

So-Low Envi ronme~ital Equipment 20. , Inc. 
C l  eneay I ndus tri a1 Central 
1743 C l  eneay Avenue 
Cincinnat i ,  Ohio 4521 2 
Phone: ( 51 3) 631 -8903 

MODEL NUMBER: 

PR120-E 

PERFORMANCE SPEC1 FICATIONS: 

0 Temperature contro l  1 200 adjustable i nd i ca t i ng  type. 

Range -18OC (O°F) to -1 M°C (-120°F). 

o Thermal capacity approximately 375 BTU's per  hour a t  -166OC 

(-110°F). 

UATA OUTPUT: 

Not Appl i cab1 e . 
POWER: 

11 5/238/23O vol ts ,  60 cycle, 1/3 phase; 373 watts f o r  each o f  

(2) compressors. 

WEIGHT: 

20u kg (450 1 bs. ) 

VOL UME ; 

Outside: 117 cm (46 in.) ,  H-71 cm (28 in . ) ,  1.I - 102 cm (40 in . ) ,  L 

Chamber: 40 cm (16 in. ) ,  H - 45 cm (18 i 

PACkAGING/MOUNI ING: 

0 Cabinet a1 1 steel  construction. 

0 Chamber i s  gal vani zed steel  . 
r Insu la t ion  13 cm (5  in . )  r i g i d  non-set t l i  

n.), W-76 cm (30 in . ) ,  L. 

0 Counter balanced l i d  w i t h  adjustable hinges and l a t c h  t h a t  can be 

locked. A1 so, furnished are beaded foam sub-1 ids. 

Unknown. 



MOD1 FICATIONS FOR ZERO-6 PERFORMANCE, SAFETY, RELIABILITY, ETC : 

See accompanying sheets . 
SHIPPING, STORAGE, HANDLING PRNSIDERATIONS : 

None. 

ADDITIONAL COMMENTS : 

See accompanying sheets. 

6.4.2 Conmercial Item Survey Data - Refr igerator f o r  storage and preserva- 

t i on  o f  b io logical  samples. 

NAME : 

U l  t r a  -1 ow temperature cabinet 

SUPPLIER: 

So-Low Environmental Equipment Co. , Inc. 
C l  eneay I ndus tri a1 Center 
1743 C l  eneay Avenue 
Cincinnati, Ohio 4521 2 
Ohone : ( 51 3) 631 -8903 

MODEL NUMBER: 

PR50-G 

PERFORMtiCE SPEC1 FICATIONS: 

0 Temperature control 800 adjustable ind icat ing type. 

0 Rancjs ambient to -58OC (-50°F). 

0 Thermal capacity approximately 375 BTU's per hour a t  -40°C (40°F). 

DATA OUTPUT: 

Not appl icabl  e. 

POWER: 

115/208/230 volts, 63  cycle, 1 o r  3 phase; 746 watts f o r  one 

compressor uni t. 

WEIGHT: 

340 kg (750 lbs.) 

VOLUME : 

Outside: 120 cm (48 in.),  H - 70 cm (28 in.:, W - 165 cm (65 in.),  L. 

Chamber: 48 cm (19 in.) ,  H - 46 cm (18 in.),  W - 140 cm (55 in.) ,  L. i .  I 
f 
i ,  



PACKAGING/MOUNTING: 

Cabinet a l l  s teel  construct ion. 

Cabinet i s  galvanized steel  . 
a ' ~ n s u l a t i o n  13 cm (5  in.) r i 5 i d  non-set t l ing type. 

a Counter balanced 1 i d  w i th  adjustable hinges and 1 atch t h a t  can 

be locked. Also furnished are beaded foam sub-lids. 

COST: 

Unknown . 
MOD1 FICATIONS FOR 'LERO-G PERFORMANCE, SAFETY RELIABILITY , ETC : 

See accompanyi ng sheets 

SHIPPING, STORAGE, HANDLING CONSIDERATIONS: 

None. 

ADDITIONAL COWENTS : 

See accompanying sheets . 
6.4.3 Modif icat ions and Tests 

a E l e c t r i c a l  power conversion t o  28VDC o r  1 lOV-400 Hz. 

Remove casters and i n s t a l  1 supports f o r  mountings t o  withstand 
9 .Og . 

a Compressors and r e f  r i g e r a t i o n  system w i t h  associated tubing and 

wires may requ i re  supports t o  withstand v ib ra t i on  and 3.09. 

@ L i d  requires p o s i t i v e  lock-open pos i t i on  f o r  hand1 i n g  samples. 

a I n s t a l  1 fan i n  1 i d  for close temperature contro l ,  opt ional from 

So-Low . 
a Compressor u n i t  requires forced a i r  cooling, opt ional w i t h  So-Low. 

I f  separate compartments w i t h  programmable temperature contro l  are 

desi red, modif icat ions and opt ional  equipment w i  11 be requi red. 

Programmable temperature cont ro l  should be obtained Ly in te r fac ing  

w i t h  the  computer. So-Low provides separate compartments an an 

opt ion. Packaq ,.,g of samples must be adequate t o  withstand 

v ib ra t i on  and 3.09. 

a I f  a separate power source i s  desired t o  maintain teaverature 

contro l  f o r  48 hours i n  cast  o f  primary power f a i l  we ,  ba t te r ies  

w i t h  su f f i c i en t  power t o  d r i ve  the compressor u n i t  must be 

i n s t a l  1 ed. 



@ Battery powered recording thermometers can be i ns ta l l ed  to 

provide maximum temperature read1 ngs f o r  each compartment, 

independently o f  the primary temperature control systems. So- 

Low provides recording themmeters as an option, which would 

requi r e  modi f i ca t i on  to  bat tery power. 

0 I n t e r i o r  1 ight ing, optional from So-Low . 
0 Rep1 ace g l  ass covers on optional recording thermometers w i  t h  

p last ic .  

0 Acceleration t es t  a t  3.09 , viSration tests, mountings t e s t  a t  

9.09. 
@ Outgassing t es t  o f  complete system. 

0 EMC tests. 

6.4.4 Required Additional Information 

0 Reanalysis of the des i r ab i l i t y  o f  a dewar f o r  storage down t o  
-112OF (P2 120-E appears t o  be adequate, obviat ing the need f o r  

cryogenic fluids;. 

0 Reanalysis o f  the fo l lowing specif icat ions previously: 

Auxil i a r y  power source f o r  48 hour period i n  case o f  f a i l u r e  

o f  primary power source (other equipment may a1 so require 

emergency power, e. g., the data acquis i t ion system). 

0 Cost o f  modifications and tests. 

a. factory 
b. program contt-actor 

c. NASA 

0 L i s t  of toxic, flammable, shatterable, o r  otherwisz pss ib ly  
dangerous materi a! s; a compl ete I i s  t o f  construction material s 

i s  desirable. 

0 Cost o f  So-Low options: in terna l  fan, extercal coaling fan for  

compressor un i t ,  separate compartments, recording thermometers, 

i n t e r i o r  1 ight ing.  

@ Thermal information : 
- coe f f i c ien t  o f  performance 

- insu la t ion used (o r  K-value) 

- working f l u i d  

- fan s ize and power required f o r  compressor u n i t  



E $4.5 iomnerci a1 U t i l  i ty Survey 

ITEM: Freezer/Refri gerator  f o r  B io log ica l  Mater ial  s 

TYPE: So-Low Environmental Equipment 20. , Inc. 
C l  eneay I ndus tri a1 Center 
1743 Cleneay Avenue 
Cinc innat i  , Ohio 4521 2 
(51 3) 631 -8903 
Mr.  Walt Schum, President 

CONTACT: Bob M i  1 ner  and Associates 
Reseda, Ca. 
(21 3) 342-51 81 
Mr .  Bob Mi lner  

ELECTRICAL : 

0 Input  Power 

A1 1 o f  the motors i n  the u n i t  can be replaced by 110 VAC, 

400 Hz uni ts .  So-Low could not  coment on any po ten t i a l  

derat ing fac tors  t h a t  might be imposed by wave forms o ther  

than the conventional s ine  wave. 

U n i t  no t  appreciably a f fec ted  by voltage transients. EM1 Genera- 

t i o n  w i l l  occur dur ing compressor s t a r t  up proviaed the 400 !iz 

motors e x h i b i t  the same charac ter is t i cs  as t h e i r  present 60 Hz 

motors. Is01 a t i o n  transformers, sh ie ld ing  and f i l  te rs  shocld 

a1 1 ev ia te  the prob',em. 

MECHANICAL : 

Modi f icat ions 

So-Low ind ica ted  t h a t  as lono as spy modi f icat ions t h a t  

might be necessary do n o t  invo lve  extensive R&D e f fo r t ,  they 

would accommodate the  changes. Minor changes of rack 

mater ia ls  of construct ion, etc., are rou t i ne l y  +erformsd. 

Accel era ti on and Shock 

The contact has not  aware o f  any t e s t i n q  t h a t  had been done 
regarding the ruggedness o f  the  un i t ,  o ther  than the c r a t i n g  

i s  modi f ied depending where the u n i t  i s  t o  be shipped. These 

u n i t s  have been shipped a l l  over the world by every type of 

transportat ion. Most l i k e l y  the u n i t  w i l l  have t o  be modified 

to  take three ax i s  loads. See Section 8 below. 

-37- 



THERMAL : 

o Cool ing/Heating 

Forced a i r  cool ing o f  the motors and compressors w i l l  be necessary. 

The c o e f f i c i e n t  o f  perfcrmance or duty cyc le a t  temperature which 

impact these requirements depend on what temperature the u n i t  i s  

a t  and, how o f t e n  the i i d  i s  opened. Since thermal convection i s  

minimized i n  a low g r a v i t y  environment, there may be minimal 

heat l oss  wh2n samples are taken o u t  o r  replaced. It was 

ind ica ted  t.hat the u n i t  w i l l  essent i  a1-lv mad n i a i  n the set-pol n t  
temperature f o r  24 - 48 hours w i t h  the u n i t  shut  ot i. 

SAFETY: 

a Construction Materi a1 s 
Materi a i  s o f  construct ion are  p r i m a r i l y  steel and a1 uminum. Wire 

insul  a t i o n  type and thermal i nsu la t i on  are unknown. Asbestos i s  

used ac the 1 i d  i : ~ s u l a t i o n  sealant; t h i s  can be replaced by s i l i c o n  

rubber. Any glass covers (depending on desired opt ions) can be 

replaced by po;:cirrtonate p l a s t i c .  

Potent ia l  Hazards 

The on ly  po ten t i  a1 hazard found t o  date i s  the type o f  r e f r i g e r a n t  

used. Because a dual compressor, cascilde systen: i s  u t i l i z e d  to  get 

t o  the 1 ow temperatures, 1 ow v i  scosi t y  r e f r i g e r a n t  R-170 i s  used, 

which i s  ethane. The 1 im i  t s  o f  in f lamnabi l  i t y  f o r  ethane are 

between 3.00 t o  12.50 v/o i n  a i r  a t  STP. Thus the re f r i ge ran t  

should be changed i n  t h i s  un i t .  

OTHER: 

a Company Modi f i cations/Tests 

As mentioned previously,  So-Low w i  11 prcv ide modest m o ~ i f i c a t i o n s .  

The type o f  tes ts  the company w i l l  o r  can perform i s  unknown. 

6.5 PROCESS CONThGL AND CATA ACQUISITION UNIT 

6.5.1 Com~mercial Item Survey Pata - Process Control and Lata Acqu is i t i cn  

System which w i  11 be Ltseo ir conjunct ion w i t h  a l l  experiments. 



NAME : 

The sys tern i n c l  udes the f o l  1 owing : 

r Central Processor (620/L-102) 

r Fixed Head Disc 

r Telepr in te r  Terminal 

a In te r face  Console 

r Analog Input  System 

r Analog Output Module 

ZJ Analog Power Supply 

r Adapter Software/Documentation 

e VDM Standard Sof b a r e  

SUPPLIER: 

VARIAN DATA MACHINES 
2722 M i  chel son O r i  ve 
I r v i  ne, Cal i f o r n i a  92664 
Phone: (41 5) 493-4000 

Sales Of f i ce :  
9001 S. Paramou vd . 
Downey, Cal i fornia 90240 
Phone: (21 3) 927-2673 

MODEL NUMBER: 

A-41 0 (Complete Sys tem) 

PERFORMANCE SPECIFICATIONS: 

Central Processor: 

r 16 - b i t  words 

12,288 words o f  core storage 

Fixed Head Disc: 

e 61,000 word capaci ty 

e Access t o  1 50 appl i ca t ions  programs 

e Access t o  300 data f i l e s  

Te lepr in te r  Terminal : 

r 72 columns on p r i n t e r  

In te r face  Console: 

e 16 analog inputs/8 analog outputs 

1 word (16 b i t s )  o f  d i g i t a l  input/output 

a 8 contro l  outputs/8 status inputs 



0 2 manually variable analog sourc?s 

0 1 clock output 

0 1 dc output a t  5 vo l ts  

0 1 scan synchronizer input  

0 2 input-output strobes 

Analog Input  elstem 

e 16 channel s i n analog and d i  g i  t a l  mu1 ti p l  exer 

0 f_ 10V signal input  range 

0 13-bi t resolut ion 

0 50 kHz sampling ra te  

Analog Output Module 

0 2 channel d i g i t a l  - to  - analog converter 

e 8 status inputs and 8 control outputs 

0 12 b i t  resolut ion 

e 2 10V signal output range 

o fO.012% accuracy 

DATA OUTPUT: 

1 A uni f ied,  device-indepenaent output st ructure providing f o r  both 

analog arid dig5 tal outputs; included as a minimum i s  a two-channel d 
d ig i  tal-to-analog converter w i th  8 status inputs and 8 control i 
outputs. 1 i 

1 

POWER: i > 
a 

110 Volts AC, 60 Hz. 
v 
i. 

WEIGHT: e, 
,! 

Unknown. 

VOLUME : 

Unknown . 
PACKAGING/MOUNTING: 

Cabi net. 

COST : 

$25,975 

MODIFICATIONS FOR ZERO-G PERFORMANCE, SAFETY, RELIABILITY, ETC. 

See accompanying sheets . 



SHIPPING, STORAGE, HANDLING CONSIDERATIONS: 

None. 

ADDITIONAL COMMENTS : 

See accompanyi ng sheets. 

6.5.2 Mod i f i ca t ions  and Tests 

r Elec t r i ca :  power conversion t o  28 VDC o r  110 V t o  400 Hz. 

0 Te lep r i n te r  requi res separate mounting; a l l  o t he r  u n i t s  can 

probably be mounted together w i t h  prov ided cabinet  t o  wi thstand 

v i b r a t i o n  and 3.0 g. 

e Forced a i r  caol i n g  may be requ i red  f o r  t e l e p r i n t e r .  

r Disk s tarage may requ i re  mod i f i ca t ions  ( d i s k  supports, read-wri t e  

,leaus, w i res )  t o  wi thstand v i b r a t i o n  and 3.0 g. 

(I Core memory may requ i re  shock and v i b r a t i o n  mounting. 

0 Glass cover over CRT replaced w i t h  p l a s t i c .  

0 Acce le ra t ion  t e s t  a t  3.0 9, v i b r a t i o n  tests ,  mountings t e s t  a t  

9.0 g .  

a Outgassing t e s t  o f  coinpl e te  system. 

EMC tes ts .  

6.5.3 Required Addi t i o n a l  In fo rmat ion  

0 Cost o f  mod i f i ca t ions  and t es t s :  

(a) Factory 

(b )  NASA 

e L i s t  of  t ox i c ,  flammable, shat terab le ,  o r  otherwise poss ib ly  

dangerous mater ia ls .  A complete l i s t  o f  cons t ruc t ion  ma te r i a l s  

from th?. manufacturer would be des i rab le .  

Lubr icants  used i n  d i s c  storage, c locks and t e l e p r i n t e r .  

6.6 CHEST - GENERAL PURPOSE ENCLOSURE 

6.6.1 Commercial I tem Survey Data -- - Chest-general purpose enclosure f o r  

use w i th  vacuuni and con t ro l  1e.I atnosphcres. 

NAYE : 

Chest- type furnace enclosure. 



SUPPLIER: 

SATEC Sys tems Inc.  
9550 F l a i r  Drive, Su i te  406 
E l  Monte, C a l i f o r n i a  91731 
Phone: (714) 579-7830 

MODEL NUMBER: 

VC -238 

PERFORMANCE SPEC1 FICATIONS: 

Vacuum capab i l i t b :  1.3 x ~ / m '  (1.8 x 10- lo p s i ) .  0 

0 

0 

0 

0 

0 

0 

8 

DATA 

Enclosure construct ion: Dou~le-wal ! w i t h  water cool i ng  o f  

a1 1 surfaces. 

Poor: F u l l  lencjtcl f r o ~ ~ t  opening. 

Viewing po r t :  1.3 Clrr (0.5 in . )  i ns ide  diameter, rear  o f  chcst  

and s ide o f  chest. 

Flange: 15 cm ( 6  i n . )  i ns ide  diameter on i o l ~ e r  chcst  f o r  

c ~ n n e c t i n g  vacuum pumping w i t .  
Flange: 10 cm (4  i n . )  ins ide  diameter on upner chest s ide 

f o r  instrumentatSon lead-in.  

Flangs: Top and bottom. 

Flange vacuum seal ing:  Metal -to-metal seal s. 

OUTPUT : 

Not appl i cabl e. 

POWER: 

Not appl i cabl e. 

WEIGHT : 

Approximateiy 4 5  kg (100 l b ) .  

VOLUME : 

97,100 C I :  (5880 in3)  

[38 cm ( 1 5  i n . )  x 71 cm (28 in . )  x 36 cm (14 i n . ) ]  

PACKAGLNGIMOUNTING: 

Sui tab le f o r  d i r e c t  m u n t i r g .  

COST: 
Pr ice  quoted a f te r  app l i ca t ion  i s  made. 



MOD1 FICATIONS FOR ZERO-G PERFORMANCE, SAFETY, RELIABILITY, ETC. : 

None. 

SHIPPING, STORAGE, HANDLING CONSIDERATIONS: 

None. 

ADDITIONAL COIUMENTS : 

Model VC-208 i s  normally suppl i ed  v i  t h  standard heating elements 

and radiat ion shields t o  provide hot  zones with 7.6 cm (3 in.)  

inside diametet. and 15 cm (6 in.) long. This i s  considered to 

be larger than necessary and a more reasonable s ize o f  2.5 cm 

(1 in.) diameter by 10 cm (4 in.) long could be provided. 

6.6.2 - Modifications and Tests 

e Mounting adapter required to withstand 9.0 g, 

Excluded heating element i s  too large; 3000°C would require 40 kW 

Three (3) additional 1.5 i n  I D  view ports a t  top, bottom and orle 

side required (SATEC w i l l  modify). 

0 Feedthrough f o r  i n e r t  gas required. 

0 Vounting tes t  a t  9 .0  g. Acceleration t es t  a t  30 g and v i b ra t i o t~  

tests wS th  heating and contactless posi t ion control elements i n -  

s t a l  i ed. 

r Outgassing tes t  a t  3000°C sample temperature. 

o EMC tests during sample processing. 

6.6.3 Required Additional Information 

Cost o f  modifications and tests: 

( a )  Factory 

(b)  Program contractor 

( c )  NACk 

a L i s t  of toxic, flammable, shatterable o r  otherwise possibly 

dangerous materials. A complete 1 i s t  o f  construction ma t e r i a i  s 

i s  desirable. 

0 Cost from Sl i rEC for three additional 1.5 i n  I D  view ports and on 

i n e r t  gas feedthffiugn. 

e Ther~a l :  

r Water flow rates 

a Out le t / i n le t  temperatures 



6.7 HOT U4LL FURNACE 

6.7.1 Commercial Item Survey Data - Hot  wal l  furnace (1806°C) for  use 

w i  t h  vacuum, i n e r t  gas, reducing gas and oxid iz ing environments. 

NAM : 

tiigh vacuum, high temperature furnace. 

SUPPLIER: 

Astm Industries, Inc. 
606 North 01 i ve Street 
Santa Barbara, Cal i fo rn ia  93101 
Phone: (805) 963-3461 

Key Contacts: John L. Wiester - President 

James R. W i  1 son - Engineering Manager 

MODEL NUMBF?: 

1100 V - 1060-MI 

PERFORMANCE SPEC1 FICATIONS: 

e Hot zone dimensions - 2.5 an (1 in . )  diameter by 15 cm (6 i n . )  

1 ong 

e Maximum sustained temperature - Depends upon atmosphere and 

heating element construction. 

0 Time to  temperature - Ten minutes o r  less. 

Heating element - Mclybdenu~ mesh wi th  molybdenum sheet radia- 

t i on  shields. 

e Operation environments - Vacuum, i n e r t  gas and reducing atmos- 

pheres (oxid iz icg atmospheric w i th  oxide muff le tubes). 

e Observation - Shuttered rad ia l  viewport 1.7 cm (0.65 in.)  d ia-  

meter fused quartz. Gas depog i n l e t  f o r  i n e r t  gas operation. 

Addi t ional  path optional . 
o Instrumentation .- One radial  instrumentation po r t  standard. 

e Access - Top and,'or bottom. 

e Maintenance - Heating element and shieid package can be re-  

moved and replaced w i th in  60 minutes without special tools. 

e Cool ing - Water cooled; integral  water channels i n  she1 1 ; 
5 2 

power feedthr, ~ g h s  and bulkheads. Requires 4 x 10 N / q  (60 

ps i )  across system. 



DATA OUTPUT: 

Temperature. 

POWE R : 
Refractory heating elements t yp i ca l l y  require voltages o f  abuu t 

8 to 10 V (see attached sheet for  power). 

WEIGHT: 

45 kg (130 l b )  - furnace only. 

VOLUK : 

21.700 cm3 (1350 in3). 

[24 an (9.5 in.) diameter by 48 an (19 in.) long] 

PACKAGIN WMOUNTING: 

Vert ical cr horizontal mounting. 

COST: 
-- $3100 (furnace only). 

MODIFICATIONS FOR ZERO-G PERFORMANCE, SAFETY, RELIABILITY, ETC. : 

Normaily the specimen to  be heated i s  placed on a support p la te  

o r  pedestal. For zero-G performance, a pos i t ive  means o f  speci- 

ment support w i l l  be required (such as a clamp-type f i x t u re )  fo r  

the encapsulated samples. 

SHIPPING, ST9RAGE , HANDLING CONSIDERATIONS : 

Some care w i l l  be required f o r  f i r e d  tungsten heating elements. 

ADDITIONAL COMNTS: 

Ncne. 

6.7.2 Hodi f i ca tions and Tests 

E lect r ica l  power conversion t o  28 VDC o r  110 V - 400 Hz. 
Replace meter cover glass on power supply wi th p las t ic .  

Remove outer cover c f  power supply; forced a i r  cool ing may be 

requi red. 

Base p la te  on which power supply and ftirnace rod support are 

mounted must be secured to withstand 9.0 g. 

@ Internal  power supply wires must be secured t o  withstand v ibra t ion 

and 3.0 q. 



Furnace mounting on s ingle rod may require modif icat ion t o  w i t h -  

stand 9.0 g. 

Molybdenum mesh heating element may requi r e  packaging to  prevent 

damage from shock and vibrat ion. 

SCR may require shieldiny f o r  EMC. 

Automatic control i s  option - sensing, 

programing. These features should be 

sys tern. 
Furnace power, gas and water cool i ng 1 

w i  thi tand v ibra t ion and 3.0 g. 

control 1 i ng , recording and 

adapted to the computer 

ioes must be secured t o  

Pump dowt? should be by means o f  space vacuum, wi th  

furnace by provided water cooled stz in less steel e 

and i m i z a t i o n  gages and high vacuun valve. 

coup1 ing to 

lbow wi th  TC 

A hydrogen gas co l lec t ion system must be provided o r  the gas 

eiiminated to  space, i f  a hydmger: atmosphere i s  used. 

If a 1 i qu id  nitrogen cold t rap i s  desired, a completely internal  

leap most be used. 

The work support p la te  provided a t  one end o f  the furnace must r 

modified t o  g r i p  the specimen i n  0 g. 

Acceleration t es t  a t  3.0 g, v ibrat ion tests, mountings t es t  a t  

9.0 g. 

Outgassing t es t  o f  complete system. 

EMC tests. 

6.7.3 Requi r :d Additional Information 

Cost o f  modifications and tests. 

(a) Factory 

(b)  Program contrac to r  

(c )  NASA 

L i s t  o f  toxic, flamnable, shatterable o r  otherwise possibly dan- 

gercus materials. A complete l i s t  o f  constructioti materials i s  

desirable. 

Cost o f  optiona! s ight  and instrumentation ports. 

Thermal 

. Water flow r;Le 



6.8 DYE LASER/ FLAq2 I AMP 

6.8.1 Comercia: Item s~yvey  Data - Dye laser/ f lash lamp f o r  use i n  many 

d i f fe ren t  areas: f ree radical generation, surface aamage threshold deter- 

mination and holographic microscopy. 

NAME : 

Chromabeam Organic Dye Laser System 

SUPPL IEK: 

Synergetics Research Inc. 
Jni versi t y  Park P l  aza 
741 Alexander Road 
P r i  nceton, New Jersey 08540 

Phone: (609) 452-8980 

Local Representa ti ves : 

Johnson Associates 
571 5 W. Manchester Avenue 
Lgs Angel es, Cal i f o rn i a  90045 

Phone: (21 3) 641 -0400 

MODEL HUMBER: 

1050 

PERFORMSNCE SPEC1 FICATIONS: 

. Energy output: to 250 mj/pulse 

. Repeti ti on ra te  : to 3 ppm - manual 

. Amp 

. Spectral output: When operated broldband, a var iety o f  dyes 

can be used which emit overal l  parts o f  the ~ i s i b l e  spectrum. 
0 

With the optionai grat ing mount tuning f r o m  4300 - 6500 A i s  

possible. 

- -  - 

TOTAL 36 Kg (80 l b )  

DATA OUTPUT: 

None. 

POWER: 

11 5 vol ts,  60 hertz, 2 amps - 230 w3tts 

WEIGHT: 

Laser Head - 13.5 kg (30 l b )  

Electronics Consol e - 1 Kg (40 13) 

Dye Flow Uni t  - 4.5 Kg (10 l b )  



VOLUME : 

Laser Head: 

67 cm (29 i n . )  x 25 cm (10 in . )  x 38 cm (15 i n . )  

E l  ect ronics Console: 

46 cm (18 i n . )  x 46 cm (18 in . )  x 35 cm (14 i n . )  

Dye Flow Uni t :  

33 cm (13 i n . )  x 13 cm ( 5  i n . )  x 20 cm (8  i n . )  

PACKAGINGIMOUNTING : 

Bench mounting. 

COST : 

$2595 

MOD1 FICATIONS FOR ZEW-G PERFORMANCE, SAFETY, RELIABILITY, ETC. : 

See accompanying sheets. 

SHIPPING, STORAGE, HANDLING CCNSIDERATIOMS: 

None. 

ADDITIONAL CQMMENTS: 

See accompany sheets. 

6.8.2 Modif icat ions and Tests 

.r E l e c t r i c a l  power conversion t o  28 VDC o r  110 V - 400 Hz. 

e Litser head and flashlamp may requ i re  packaging to avoid damage 

from v ib ra t i on  and 3.0 g. 

a Replace glass cover over meter on e lec t ron ic  console w i t h  plasti:. 

a A l l  u n i t s  should bs rmd i f i ed  f o r  rack mounting to withstand 9-11 g 

and have cabinet  covers removed i t  no s p e c i f i c  funct ior,  i s  served. 

e External and i n te rna l  w i r e s  and dye c i r c u l a t i o n  1 ines should be 

secured t o  withstand v ib ra t i on  and 3.0 g. 

b Flashlamp, dye c i r c u l a t i o n  u n i t  and e lec t ron ic  conso 

qu i re  forced a i r  cool ing. 

Spark gap and capaci tor  bank i n  e lec t ron i c  console w 

sh ie ld ing  t o  avoid EMC problems. 

a Safety i n t e r l o c k  between l a s e r  head and high voltage 

l e  w i l l  re -  

ill requ i re  

(0-25 KV) i n  

e lec t ron i c  console i a s t  be modif ied appropr iate ly  f o r  mounting 

modi f icat ions.  

Protect ion from high i n t e n s i t y  l i g h t  from lase r  and flashlamp 



must b~ incorporated. 

Accelerat ion t e s t  a t  3.0 g; v i b ra t i on  tests, mountings t e s t  a t  

9.0 g. 

Outgassing t e s t  o f  complete system. 

EMC tests .  

6.8.3 Required Addit ional In format ion 

Cost o f  modi f icat ions and tests:  

(a)  Factory 

(b )  Program contractor  

( c )  NASA 

L i s t  o f  tox ic ,  flamnable, shat terable o r  otherwise possib ly  dan- 

gerous materials;  a complete 1 i s t  of  construct ion materials i s  

desirable. 

Cost o f  custom higher power f l ash  l amps. 

6.9 HIGH VOLTAGE POWER CONDITIONER (5  KV) 

6.9.1 Commercial I tem Survey Data - Variable h igh voltage power condi t ioner  

(DC) fo r  s ta t ionary  and continuous f low e lect rophoret ic  columns. 

NAME : 

CAWG Power Supply. 

SL'PPLIER: 
nnwc n m- P ,  Tmv-r,.aIwY,,~ ,,;lcral Corp. 

462 South Wagner Road 
Ann Arbor, "chigan 48133 

Phone: (31 3) 663-9329 

MODEL NUMBER: 

281 5 

PERFORMANCE SPEC1 FICATIONS: 

. Vol tage output  - O to 5 KV DC 

. Current output  - 200 mA 

. Ripple ( o r  o ther  f luc tua t ions)  - less  than 1 mV rms ( r o o t  

meap square) 

. Accuracy (vol tage output) - - + 0.1% 



DATA OUTPUT: 

Data output  i s  ,401 tage and current  when the e lect rophoret ic  

co1 umn i s  operating. 

POWER : 

1100 W (115 V - 60 Hz) a t  maximum output  (assuming 90% e f f i c i ency ) .  

I n t e r m i t t e n t  operation. 

WEIGHT: 

Approximately 20 kg (44 l b ) .  

VOLUME : 
3 3 Approximately 12,000 cm (770 i n  j 

130 cm (12 i n . )  x 20 cm ( 8  in . )  x 20 cm (8  in . ) ]  

PAC,UGING/ISOUNTING: 

Metal enclosed, counter top mounting. 

COST : 

$1,475 

MODIFICATIOKS FOR ZERO-G PERFORMANCE, SAFETY, RELIABILITY, ETC.: 

Mounting conf igurat ion w i l l  probably have t o  be modif ied fo r  

b io log ica l  process module o r  sysiem. E l  e c t r i c a l  i n te r l ocks  and 

surqe overload cut-out monitor are necessary f o r  personnel safety. 

Analog voltage and cur ren t  readout i s  required to  es tab l ish  

cor rec t  operat ing condit ions. E l e c t r i c a l  in te r fe rence i s o l a t i o n  

from main power bus may be required. 

SHIPPING, STORAGE, HANDLING CONSIDERATIONS: 

None. 

ADDITIONAL COMMEiiTS: 

This sol i d  s ta te  device may f i n d  appl icat ions i n  o ther  research 

processes requ i r i ng  high vol tages a t  moderate currents (e.g., 

c r ys ta l  growth and p u r i f i c a t i o n ) .  

6.9.2 Modi f icat ions and Tests 

E l e c t r i c a l  power conversion t o  28 VDC o r  110 ;! - 400 Hz. 

Modi f icat ions f o r  remote programming and current /vo l  tage moni tc;- 

readout f o r  data acqu is i t i on  (readout might !$E considered to  be- 

l o n g  to  the external c i r c u i t ) .  



Modi f i ca t ion  o f  sa fe ty  case t o  a l low forced a i r  cooling. 

r Rack mounting, wires secured t o  withstand v i b r a t i o n  and 3.0 g. 

a Rep1 ace g l  ass meter covers w i  t h  p l a s t i c .  

Accelerat ion t e s t  a t  3.0 g; v i b ra t i on  tests,  mountings t e s t  a t  

9.0 g. 

Outgassing t e s t  -o f  compl e te  system. 

r EMC tes ts  . 
6.9.3 Required Addi tiona! In format ion 

@ Cost o f  modi f icat ions and tests: 

(a) Factory 

(b) NASA 

a L i s t  o f  tox ic ,  flammable, shatterable o r  otherwise possib le 

dangerous materials; a complete 1 i s t  o f  construct ion mater ia ls  i s  

des i rab l  e . 
a Thermal 

. Maximum a1 lowabl e operat ional temperature o f  subel ements. 

6.9.4 Commercial U t i l i t y  Survey 

ITEM: 

High Vol tage Power Condi t i one r  

TYPE: 

Model DCR 600-. Z A *  

'ay theon Company 
Sorenson Power Suppl i es 
676 Is land Pond Road 
Manches t e r  , New Hamshi r e  031 03 

(603) 668-1 €00 

CONTACT : 

Instrument Special i s t s ,  Inc. 
1 109 S. Central Avenue 
Glendale, Ca l i f o rn ia  91 204 

Mr.  A1 Beal 

*This u n i t  was chosen over the o r i g i n a l l y  spec i f ied  CAMAG u n i t  (TRANSIDYNE) 
since the new u n i t  meets o r  exceeds per f~rmance requirements and does not  
ser iously  impact wei ght , vol m e  o r  power constra ints .  



ELECTRi CAL : 

Iaput  Power 

The u n i t  can be converted t o  e i t h e r  28 VDC o r  110 VAC 400 Hz. 

One-hundred and ten VAC 400 Hz i s  p re fer red  since conversion 

costs, power demand and addi t ional  equipment (DC t o  AC conver- 

s ion)  are minimized. The wave form can be modified; again, 

addi t ional  op t ion  equipment may be requi red to insure perfor- 

mance and EMCIEMI requirements if the 400 Hz i s  no t  s ine wave. 

U n i t  may be d e r a t ~ d  i f  the frequency deviates more than approx- 

imately - + 5%. 

EMC, EM1 

EMC i s  no problem. The u n i t  has a 30 ms t rans ien t  response 

time which i s  adequate f o r  the intended operation. EM1 i s  no 

problem. The u n i t  meets MTL-1-26600 and MIL-1-6181 D RFI re -  

quirements and i s  no t  susceptable t o  EMI .  

ME CHAN I CAL : 

0 Modi f icat ions 

Covers and rack mounting are standard options. Sorenson has 

had a great  deal o f  experience i n  mod i f i ca t ion  o f  o f f - t he -  

she1 f uni  t s  t o  meet customer requirements without reso r t i ng  

to  a f u l l y  customized design. This includes conformal coat- 

i ngs, fungus-proof paint ,  special  i nputloutput receptacles, 

etc. The u n i t  i s  remotely programmable e i t h e r  i n  a voltage 

o r  cur ren t  mode so no modi f icat ions are necessary. 

e Accelerat ion and Shock 

No problems are an t ic ipa ted  f o r  the stated accelerat ion, 

shock o r  v i b r a t i o n  1 evels. Remounting and mechnical re in fo rce-  

ment o f  the transformers may be necessary depending on u n i t  

1  oca t i o n  and p l  ?cement. 

THE RMAL : 

e Cool ing/Heating Requi rements 

Forced a i r  cool i n g  w i l l  be necessary. Transidyne stdted t h a t  

some modi f i ca t ion  o f  the power supply cover may be necessary, 

which might in f luence RFI output, b u t  he f e l  t t h a t  t h i s  would 

be minor and a design could be worked out.  



SAFETY : 

0 Construction Mater ia ls  

Meter covers can be rep1 aced by polycarbonate p l a s t i c .  

Mater ia ls  o f  construct ion are  m i l d  s teel  , aluminum, PC boards, 

sedled transformers and s o l i d  s t a t e  devices. Most ( i f  no t  a1 1 )  

o f  the w i r i n g  i s  Tef lon insulated. Any type w i re  can be i n -  

s t a l  l e d  i f  i t  i s  compatible w i t h  the required voltage break- 

down character is  t i cs .  

0 Potent ia l  Hazards f 2 

No t o x i c  o r  p o t e n t i a l l y  flamnable mater ia ls  are known t o  be f 
i 

present i n  the instrument. E l  e c t r j c a l  shock hazard i s  minimi zed i 
d 

since the instrument incorporates i n te r l ocks  and voltage, cur- 
J 

r e n t  and thermal overload t r i p s  as wel l  as a "zero s t a r t "  i n t e r -  4 
I 

lock,  a1 though the 1 a s t  i tem can be bypassed if necessary. 

6.10 I R  PYROMETER 

6.10.1 Commercial I tem Survey Data - I R  pyrometer f o r  use i n  noncontact 

temperature measurement and cont ro l  . 
NAME : 

Mod1 i ne 

SUPPLIER: 

I rcon 
207 Lawrencewood Center 
Ni les, I l l i n o i s  60648 

Phone: (31 2) 967-51 51 

Local Representative 
Hy Hacker Associates (Hy Hacker) 
454 South W i  1 1 aman Drive 
Los Angeles, Ca l i fo rn ia  

Phone : (213) 272-0429 

MODE1 NUMBER : 

2000 Series 

PERFORMANCE SPEC1 FICAT IONS: 

0 Temperature ranges : 40 - 2000°C (1 04-5400°F) dependent on 

head and ind ica tor .  

0 Spectral I Jsponse: 0.70 to  0.97 pm. 

i 

me- "-, . -.- 



i 
I 
i 

Cal i  b r a t i o n  accuracy: 2 1% f u l l  scale temperature o r  5 5OC ) 

i 
( 2  10" F) , whichever i s  greater. ; 

I 
Repeatabi l i ty:  - + 0.3% f u l l  scale temperature o r  2 0.3% f u l l  I 0 

e 
0 

Q 

DATA 

0 

scal e temperature. 
I 

Response t ime a t  meters: 95% f u l l  scale i npu t  w i t h i n  1 s. 

I nd i ca to r / con t ro l l  e r  ambient temperature range: 10 t o  65OC 

(50 t o  150°F). 

Sensing head ambient temperature ratlge: -32 t o  94OC (0  t o  2003F). 

0 UTP UT : 

- 100 mV DC (100 n source) plus a va r ie t y  of other  outputs. 

POWER: 

15 W maximum (1 151230 V 4 10% - 50/60 Hz). 

WEIGHT: 

Head 7 kg (15 l b ) .  

VOLUME : 
3 3 Head - 6750 cm (435 i n  ) .  

2 I n d i  cator/con- m l l  e r  - '1 3,500 cm (870 i n3). 

PACKAGING/MOUNTING: 

Head hol ted near o r  otl experiment enclosure contro l  l e r  - rack 

nount. 

COST : 

W i  th  d i g i t a l  d isp lay wi thout  contro l  - $1800; w i t h  3 mode propor- 

t i ona l  contro l  and dev ia t ion  meter - $2400. 

MODIFICATIONS FOR ZE20-G PERFORMANCE, SAFETY, RELIABILITY, E I C .  : 

None. 

SHIPPING, STORAGE, HANDLiNG CONSIDERATIONS: 

None. 

ADDITIONAL COMMENTS : 

Electronics may be modi f ied t o  produce a wide range o f  temperature 

measurements on the same instrument. 

6.10.2 Modi f icat ions and Tes& 

E l e c t r i c a l  power conversion to  28 VDC o r  110 V - 400 Hz. 



ileunoval o f  ou ter  covers. 

Replacement o f  i nd i ca to r  meter glass by p l a s t k .  

Rack mounting o f  i nd i ca to r  un i t .  

Sensing head mounted as requi red for  experiment. 

Pr in ted  c i  r c u i  t boards (G-10 epoxy f i berg1 ass) may requi r e  add4 - 
t i ona l  support t o  withstand 3.0 g and v i b r a t i o n  tes ts .  

Forced a i r  cool ing may be required. 

A minimum o f  6 sensing heads w i l l  be required to  cover the teinper- 

ature range - 17.8 t o  3000°C, 

Accelerat ion t e s t  a t  3.0 g, v i b r a t i o n  tests,  mountings t d s t  a t  

9.0 g. 

Outgassi ng t e s t  o f  complete system. 

EMC tests, perhaps. 

6.1 0.3 Sequired Addi t ional  Information 

8 Cost c f  modi f icat ions and tests:  

(a) Factory (IRCON w i l l  quote on special  modif icat ions).  

(b) NASA 

0 L i s t  o f  toxic,  flammable, shat terable o r  otherwise possib ly  danger- 

ous mater ia ls .  A complete l i s t  o f  construct ion material  s from the 

manufacturer would be desirable. 

6.10.4 - Commercial U t i l i t y  Survey 

ITEP: 

I R  Pyrometer 

TYPE: 

Mod1 ine  Series 
I RCON 
207 Lawrencewood Center 
Ni les,  I l l i n o i s  60648 

(31 2) 967-51 51 

CONTACT : 

Robinson Technical Associates 
2991 Grace Lane 
Costa Mesa, CaS if. 92626 

(714) 557-1 622 
Mr.  Ivan Robinson 



ELECTRICAL : 

o I npu t  Power 

Probably can be converted t o  110 VAC 400 Hz u t i l i z a t i o n .  Power 

form (square wave o r  modif ied s ine  wave) was n o t  mentioned. 

o EMC, EM1 

U n i t  no t  apprec iab ly  a f f ec ted  bv v o l t ~ c j e  t r ans ien t s  such as 

spikes, e tc .  Temperature readout p o r t i o n  o f  u n i t  does no t  

generate EMI. I f  c o c t r o l l e r  p o r t i o n  o f  u n i t  i s  used, EM1 

generat ion would depend on type o f  c o ~ t r c l  l e r .  X R ' s  us ins 

zero vo l tage f j r i n g  t o  con t ro l  Nichrome Heaters o xther low 

TCR heater mate ria:^ should n o t  cause EMI; tungsten heaters 

would. For ve-y h i g h  (25QC°C) temperatures, sa tu rab le  v r e  

reac to rs  should be used, a t  a weight pena l t y  o w r  SCR1s. 

MECHAN ICAL : 

o Modi f i ca t ions  

Covers, rack mounting, placement o f  sensor ;lei,! no problem. 

The use o f  t t z  sensor head as a v iewpor t  by gasket ing d i r e c t l y  

t o  equipment such as a Chest-General Purpose Enclosure was no t  

mentioned. Rack mounting may impar t  coo l i ng  requirements, see 

Sect ion 6.1. 

o Acce le ra t ion  and Shock 

A 3.0 g acce le ra t ion  and a 9.0 g v i b r a t i o n  shock p ro tab l y  won' t  

be a problem by p o t t i n g  I C  components and remounting t rans -  

formers, e tc .  

THERMAL : 

o Cool i t ~g /Hea t i ng  Reqlc! rements 

Forced a i  r cool  i ng i s  requ i red  f o r  the  i ndi ca to r /con t ro l  1 er 
u n i t .  Se:ljor head operates w i t hou t  any c o o l i r ~ g ,  unless i t  can 

be used as i nd i ca ted  i n  Mechanical Modi f i c a t i o n s  above, i n  

which water coo l i ng  would be required. 

SAFETY: 

o Con u c t i o n  Ma l e r i a l  s 
Meter covers can be rep laced by polycarbonate p l a s t i c  (e. g. , 
G. E. Lexan).   ens or head i s  ruggidized. Ma tz r i a l  s o f  con- 

s t r uc  t i o n  a re  a1 uminum, m i l d  steek, epoxy/ f i  berglass and I C  



uni ts primari ly. Wire insu la t ion type unknown. 

a Potential Hazards 

No toxic o r  easi ly  fl a m b l e  materials o r  other type o f  poten- 

t i a l  hazards are known to  be present. A potent ia l  e lec t r i ca l  

h i?~a#< ray e x i s t  if the u n i t  i s  to  be used w i th  the proportion- 

a l  control l e r .  By proper design and rack mount construction, 

t h i s  hazsrd shoulu be eliminated. 

OTHER : 

a Company Modi f i  cat 

Mr. Robinson w i l l  

Jose f a c i l i t y )  to 

do (e. g . , rep1 ace 

ons/Tes ts 

contact IRCON (Mr. John 01 i ve r  a t  t ne i r  San 

determine hcw much m d i  f i ca t i on  IKON w i l l  

wiring, remunt, etc.) and approximate cost. 

The a b i l i t y  o f  IRCON to do tes t ing such as vibrat ion, outgassing, 

etc., i s  not known. 

0 Uni t  Use 

%cause o f  the widely varyincj types o f  materials t o  t e  pro- 

cessed, more than one type o f  indicator /control ler  u n i t  may be 

needed since emi ttance cal i brat ion i s done i n  the uni t , not  i n 

the sensor head. However, a l l  the MIDLINE series are essential - 
ly the sane and the above comnents tpp ly  t o  any o f  the units. 
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