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PRELIMINARY EQUIPMENT ITEM SPECIFICATION DATA 

A l l  general purpose equipment items (E. I. e) contained in the final COL concepts 
are  described in thie volume. The final COL concepts were described in Section 4 
of Volume II and included Category A, B and C laboratories, all of different size 
-8. All E.1.s contained within the Category A, B and C COLs are described 
herein under the same name and E. I. number which was listed in Volume 11. 

All the E. I, s contained herein an, described according to a standard specification 
sheet format, and are listed alphrrbetically by name. The specification format in- 
cludes the following headings and information as  disc!ussed below. 

1. Equipment Item Number and Name 

The E. I. number was kken fromthe original equipment hventory de- 
veloped dur9.y the preceding Life Sciences Payload Definition and Inte- 
gration Study . Thus, the number preserves the traceability of the E. I. s 
in the COLs to the original larger capacity equipment intended for larger 
laboratories. To distinguish between the original equipment and the COL 
equipment which is usually smaller, lighhr, and simpler in nature, a C 
has been placed before the original E. I. number. The COL also contains 
E . I. e not required h the previous inventory. These items have been 
assigned new numbers beginning at C188 and increasing. 

The general reason why each E.I. is needed in the COLs is stated under 
this heading. 

1 
Life Sciences Payload Definition and Integration S k d y ,  Report No. GIIC-DBD72-002, 
Contract NAS8-26468, General M a m  ics , Convair Aerospace Divisian, San Mego, 
CA, March 1972. 



If specific requirememb of the equipment a re  known, they are stated. 
However, often the specific requirements are unknown. This is to be 
expected since this study is in tbe conceptual phase and the facility ap- 
proach to COL definition was being used, wherein specific experiments 
were not being used an design criteria. The specificaticm sheets con- 
tained herein represeolt workfng papers to be continually updated a s  COL 
life sciences deflnitian activity continues. Heme,. as specific require- 
ments become lmown, they can be entered. 

Hardware Status 

Under this heading, the development status of the E. I. is described, in- 
cluding statements as to the suitability of using commercially available 
equipment in the zero-g space environmant. 

Estimates of weight, power, and volume for flight-type equipment are 
included under this heading arJ wal l  as any other deecriptive technical data 
of significance, 

Cost - 
Estimated developmeut and unit costa for tbe B.I. s are included, based 
upon the cost analysis presented in Section 6 of Volume 11. When avail- 
able, a typical commerdal unit wst is ale0 listed for a commercial item 
similar in nature to the flight item required in the COL. 

Development Time 

The time to develop flight-qunlfned equipment is estimabd for each E. I. 

b Maon to the information oontained under the headings listed Bbove, additional 
Information is o h  lnoluded for the E, I. s in the form of catalog sheets, pictures, 
epecifi~~~tion eh&ta, etc. , taken from miscellaneous sources. 

A summary list of al l  the E. I. s described in this volume is shown in Table 1. The 
Ut fnoludea tbe E. I. number, name, weight, volume, and power. In addition, the 
FPEs which require each E.I. are  indicated by an Wt in the table. 





E.I.  C6 - AIR PARTICLE SAMPLER 

To obtain air particle and micro-orgentem eamples for a ir  quality determinations. 
Such determinations are necessary for experiment control purposes. 

TBD, 

Hardware Status 

Commercial models are available which should be a.qplicable to spacecraft use. A 
bigh flow rate model using filter paper for trapping the particles is shown in the 
attached catalog sheet. The blower motor may require replacement with a 28 volt 
d. c. motor, and the unit flow rate would probably be reduced for COL purposes. 

An alternate type of air sampler is the Anderaon tylm of sampler which contains 
a series of agar-coated petri dishes an which the air flow Impinges. Particles 
and bacteria stick to these diehea and can subsequently be a ~ l y z e d ,  The unit 
described in the attached catalog sheet could possibly be adapted to this mode of 
particulate capture, if desirable. 

Technical Description 

Estimated properties of a flight type air  particle sample collector are : 

Weight 2.72 k& 6 1b) 
Volume 

60 watts 
I 0.85 dm (0.03 2) 

Power 

Esti~3ated oosts are: 

Development $11K 
Untt $1K 

The cornmerdal unit ooet ie $O.2K. 

Develomemt Time 





E.I. C14 - ANESTHETIZER, INVERTEBRATES 

This device will be used to mnder invertebrate organisms (such as vinegar gnats) 
insensible in order to facilitate handhg. 

Requirements 

1. Use of CQ system preferred due to safetv and compatibility with the crew 
EC/LSS 

2. C G  concentration required: 90%. 
3. Maximum capacity: Assume 6,000 cc/day. (This will approximately anes- 

thetize organisms in 6-500 cc containers, assuming 2 effective :rir volume 
purges to reach 90% C& . ) 

Hardware Status 

This item involves the use of a r;kndard gas bottle, valve and plumbing components. 
These components will not require major rnodificalion. Commercial hardware should 

be usable. 

Technical Description 

One simple design would utilize a CQ bottle, a valve, and connecting tnbing. 

The critical temperature of CQ is 88.4"F and 8inc.e the storage veesel could con- 
ceivably reach this temperature, supercritical stomge conditiom were assumed 
in estimating the storage vessel properties blow. 

7 Days 30 Days 

CO, weight: 83 g (0.18 lb) 354 g (0.78 Ib) 
Total weight (including 187g(0.41 Ib) 787g(1.76Ib) 

storage vessel & p l u m b i ~ )  
Power Negl . Negl , 
Volume of C 4  bottle (fnc1,uding 0.5 dm (0.02 ft3) 2.12 d d  ((1.07 f?) 

20% of CQ volume for 
bottle volume) 

Storage bottle pressure 10.3 rn~ / rn=  (1500 psis) 
Total envelope volume estimate 1 dm3 (0.04 ft?) 2.6 d d  (0.09 ft?) 

(including plumbing) 



E. I. C14 ANEmHETIZER, INVERTEBRATES (Conttd) 

Coet -- 
The eetimated ooet of flight type storage veeeels, valve~ and plumbing is: 

Development $2K 
Unit $0. SK 

Devolomnent Time: < 1 y . 



E. I. C188 AUTOMATED POTENTIOMETRIC ELECTROLYTE ANALYZER 

To measurc! gases and electrolytes in blood and, urb 8.inlplc 

This equipment item has bean developed for NASA/JSC by Orion, Inc., especially 
for spaceflight use. The cha~actmist ics of this analyzer a re  presenteti below. No 
special requirements have been identified for COL use. 

Hardware Status 

A £light prototype of the automated potcntiomctric dcctrolyte analyzer is currently 
undergoing evaluation a t  NASA/JL;C. The unit was constructed under NASA contract 
NAS9-12117. 

Technical Description 

This analyzer processes a 1 ml blood sample to meatsure pH, pCG, Na, K, C1, 
ionized C3 and total C a. h modified version is anticiipated which will be capable of 
additional measurements of pCr, rmd glucose. The prototype analyzer I s  comprised 
of 4 units. These are: (1) a M e w  machine, (2) a Dlgital Equipment. Corp. PDP-8E 
digital computer, (3) an electronics unit, and (4) a fluid transport unit. In flight, 
the capability provided by the tdt9type and the &eta1 computer can be provided by 
the supporting spacecraft control and data managemat subsystem digital readouts 
=d computer. The eiectronics unit can also be drastically reduced in siz, and inte- 
grated with the fluid transport unit. C'taracteristicu of the resulting flight unit a re  
estimated below : 

Weight: 
Volume : 
Power : 

12.7 kg (28.0 Ib) 
131 dm3 (4.63 f?) 
100 watts 

The unit ccmtaim consumable reagents, 
100 analyses. This number of ar,rlyses 
requirements. 

reported to be about 2 lltere for a total of 
was assumed to be adequate fer the COL 

Cost - 
Eetlmated costs for the automated potentiometric electrolyte analyzer are: 

Development: 0 (currently being developed) 
Vnit: $70K 



E. I. C85 B m O D  GAS ANATYZER 

Purpose 

To determine the partial pressures of oxygen and carbon dioxlde dissolved in blood 
samples and to deterpine the hydrogen ion concentnition. 

Unspecified. (Capabilities of a cormercial  unit a r e  given under "Technical De- 
scription. '' ) 

Hardware Status 

Present systems use gravity to preclude a i r  entrainment in the sample so special 
fluid handling techniques must be applied. Equipmeat would have to be modified 
if power other than 115 volt, 60 112 were used. 

Technical Description (Ins t ru~enta t ion  Laboratory Iblode! IL 3 13) 

Flight Unit  - 
Commercial Model Preliminary Estimate 

Weight 13.6 kg (30 Ib) (est.) 8 . 2  kg (18 lb)* 

Volume 85 dm3 (3 ft3) @st. ) 45.3 dm3 (1.6 cu. It.) 

Power 100 watt6 @st. ) 55 watts 

RaWea PH 6.000 to 8.000 *Including O2 & C O  calibra- 

pcoz 0 to 200 mm Hg eion gases a d  the f r con- 
tainers which weigh 0.2 kghk. 



E. I .  C85 BLOOD GAS ANALYZER (Contl d) 

Cost - 
Development: 
Unit : 
Commercial : 

Development '. me : One year. 

Comments 

For basic principles of operation and logistics, see Allen C. Norton, Yh. U., 
"Survey of Commercial Laboratory Instruments for Space Station Application," 
Volume 11, Beckman Instruments, Inc., FR-1065-101, October 31, 1970. 





E. I. C86 BLOOD QAS ANALYZER (CONT. ) 

cooi~r~g bystem In tlw bath permlh 
It8 operation up to mblent 
tt mperaturer of 35%. 
Electromagnetic coupling of the water 
pump eliminates sealing problems 
and a new perlstaltlc pump 
mechanism Insures correcl vacuum 
pressure at all times. 

S lnqNW Malnbnance 
Modular plug-in construction of the 
electronics measurably aim In 
reducing any posslble down tlme or 
service expense. All mechnnlcsl parts 
In the automatic gas calibrcitlon. 
sample presentdlon and cuvette 
cleaning system have keen carelully 
chosrn for maximum Me under the 
most demanding work loads The 
tubing has been apeclally selected 
for trouble-free durab~llty. Readily 
removablo covers on the 31 3's 
ctlblnot nrdka mmtendnce checks 
fnst and sltnple Stnlnless steel Is 
used In all areas whore corrosive 
mater~al can come Into contnct with 
the unit. 

Ehctrlcd Chwactwhtlcs 
The Model 313 is a unlwrsal voltage 
instrument. It can be adjustad to 
operate from 80 volls, 50 60 Hz to 
280 volts. 50 60 Hz. Nominal 
operating power is l2OV ( 2 20%). 
60 Hz. Special clrcuits cowpensate 
for lrne transients. Analog output IS 

standard. Digital binnry coded 
decimal output w~th computer data 
ready stgnnls is optional and can bc 
field ~nstalled. Circu~try is Integrated. 
plug In and totally solid state 
Optional printer and recorder 
readouts are avriloble. 

Advrdrgor to Hn Laboratory 
Cliniclan, laboratory technlclan and 
engineer have joined together to 
provide a system whlch simplifier and 
automates pH/Blood Gas Analyrlr. 
The IL Model 313 was deslgned so 
that its operation k easily taught 
and even relatlwly inexporlrnced 
laboratory perronnel can readily 
operate it. Preclrlon is onhancd by 
t h  development of r 8)dunrtlc 

of mbaruremrnt I8 inrured by 
speclsl circults coupled to r display 
tor the Jmultanrtous readout ot all 
three values. Tha t l m  repulred tor 
sample flushing and calibration has 
been appreciably lemonad by an 
automatic cleaning cycle whlch 
does not requlre attention. 
Maintenance has been smplified by 
the use of plug-in modules and 
magnetic cablnet fasteners. 
Solid-state. space ago elcctronlcs 
insure precision and long term 
reliab~l~ty. 1 he atldltlons and changes 
have been developed after years of 
research ar~d many clinical 
evaluations They strictly adhere to 
the furrd:~mental need in the 
laboratory for accuracy, speed and 
oxio of operation. The automated 
Model 31 3 IS the most advanced 
pH Blood Cos System avdilable. 
As reflerteo In lnborntoty time and 
effort saved its vnlue is ~mmedlately 
apparent. 

Sp~cllfcntlonr 
RANGE: pH 6.00 to 8.000, Pco, 0 to 
200 mmHg. Po. 0 to 200 or 0 to 
2000 mmHg 
PRECISION. pH f 0 . W  pH. PcO: 
* 0.5 mmHg Pco;. Po, i 1 mmHg 
200 Po, or 10 mmHg 2000 Po:. 
REPEAT ABILITY (w~th electrodes): 
pH 2 0.005. Pco, 1 % of Pco, reading. 
Po. 1 % Full Scale Po . 
SAMPLE: Typically whole blood or 
other body fluids including expired 
gaser. 
SAMPLE SIZE. Automatic 0.4 ml. 
Manual 0.2 mi. 
READOUT. S~multaneous tour 
decimal digital displays for each 
parameter, 
COMPATIBLE OPERATING VOLTAGE 
& FREQUENCY: 120 Volts i 20%. 
50 60 Hz. 100 and 240 Volt 
instruments available. 
OUTPUTS: Analog and Optional 
blnary coded declmalr. 
TEMPERATIIRE RANGE: 36' to 
38'C. 
TEMPERATURE STABILITY: 
i 0.05'C. 



E. I.  CB6 BWOI) GAS ANA LYXEit (CONT. ) 

~w.1 ~)( /BIoo~ am A M I ~  
The IL Model 31 3 is an all new, 
automated system lor faster, more 
preclse blood parameter malyals. 
Orlented to the needs of the busy 
laboratory it has beel, dpeclflcally 
enginaerad to slmpllly and speed-up 
blood analyzing procedures. The 
instrument's wlde range orovldes 
lor both clinlcal and research usage. 
Automatic features allow even 
lnexperlenced personnel to get 
answers of the accuracy and 
preclslon that have been routinely 
obtalned only wlth long experlenca. 
For the flmt tlme an operator can 
introduce a sample and wrthin a 
minute read simultaneouvly the 
pH, Pco: and Po: values. 4 digltal 
programmer sequentially controls 
introduction of calibratlnt) gas. 
data presentation nnd automatlc 
cuvette cleaning. Alternate sample 
presentatlon by capillary lube, 
Vacutainsr@ or syringe is made 
without need for instrument 
adjustment. Modular design ol all 
major components simplilies 
maintenance. 

Mothod ol Oparrtlon 
A precislon pump draws the sample 
from the collection vessel Into the 
blood gas measurlng cuvette. U8e 
of a specially designed measurlng 
clrcult speeds up read out time. 
Within 45 seconds a DATA light 
signals presentation of llnal results. 
All three values now can be read 
8Imultaneously on the Nlxie* tube 
displays. Answers are held lor one 
minute allowlng ample time lor 
recording. During thls period the 
unlYa digltal programmer 
autornatlcally atarts a cleanlng and 
gar callbratlon cycle. 'lhe sample 
la drawn from the cuvette and 
prewamd cleanlng wlutlon 
pumped through the Byatem. 
Temperature controlled, humldllled 
callbrathg gar lollows and nmalns In 
the chamber for an Immdlate 
callbratlon check, From on8 sample 
to the next the entlre procedure takes 
lrrr than two minutea. 

Uwtul Innourlh 
Among the many useful innovatlone 
that Insure quick, accurate analyses 
is the programmed instrument 
sequence which systemizes gas 
callbration, sample presentation and 
cleaning operations. Before entering 
the measurlng chamber all samples, 
call brat in^ gases and cleaning 
solutions are prewarmed to bath 
temperature. The chamber itsell Is 
lighted lor qulck observation durlng 
analysis. Signal light9 on the front 
panel continuously monitor both the 
tsmpernture of the cuvette and the 
integrity ol  the electrode membranes. 
Once the gas flow rate through the 
hunildiflers has been set, It rarely 
requlres adjustment. Posltive 
protection ngainst cross mixlng of 
calibrating gases is ptovided, and 
a "GAS SAVER" stand-by posltlon 
automntlcally insures gas flow only 
when it is required. Other lnnov~tlons 
include lighted controls for a 
continuous indlcrtlon of the functlon 
being yertormed by the 313 System. 
and a hlghly stnble electronic 
clrcult lns!end ol a battery supplying 
polarklng voltage to the Po: 
electrode. Snmple and the flushing 
solutions itre pumped into any 
convenient dmin. 

New Fe:.r(lunr 
Each measuring clrcult Is 
independent, and analog to dlgital 
converters are interchangeable. 
Pco: readings aro made linearly, 
ellmlnating the need to ratlo 
callbratin(1 gases. A "STAND-BY" 
posltlon malntalns the Mod*' 313 in 
constant readlnese lor lmmsdiate 
enalysls of "stat" ramples. The 
geometry of the new Pco, electrode 
has been englneersd to Insure 
minimum responae tlme, Improved 
washout and maxlmum preclslon. 
For greater stablllty both the pH and 
the PcoI electrodes are now rupplled 
wlth coaxlal connectors on short 
lead lengths. Redeslgn of the pH 
electrode assembly provldea a qulck, 
easy manual procedure for the 
extremely amall sample. The lnhmrl  



E. I. C189 BLOOD SAMPLE PROCESSOR CENTRIFUGE 

Centrifugation of human and vertebrate blood 6amples. 

The wquimments of this item are similar to those of the existing centrifuge used 
on *lab which cmtrituges human blood samples of about 10 cc containe~I in special 
"blood sample proaeseor" syrfi3gee. However, tbe carry-on laboratory centrifuge 
must be capable of cemtrifuging small blood samples from humans and small verti- 
brate organisms. 

Hardwarel Status 

This item is space qualified, but some modifications may be required. This may 
irlclude a bead modification for the purpose of accepting smaller samples. 

Technical Description 

The properties of the -lab unit were used for carry-on laboratmy oonceptual design 
purposes. Its properties are: 

Weight 12.7 kg (28 Ib) 
Head Diameter 3.3 dm (13 inches) 
Power 100 w (peak, 28 volt d. c. ) 
Volume 25 dm3 (0.88 f*), e~timata 
speed 2600 rpm or  3000 rpm 

Estimatad flight item costs are: 

Develo~ment Time : < 1 yr . 



E. I .  CSOA CAGE, SMALL VERTEBRATES 

To house single animnle such ae rats in either a eero-g o r  1-g environment. 

The rat  was used as tbe basis for the sieinlf of ths atmall vertebrate cages. The 
requlred iaeide dimemiom of the oage are approximately 22.9 cm long x 16.2 cm 
wide X 14 om high (gl' x 6" x 6. RQ1 ). The oage should have at least one of ita six 
sides transparent aad one side openable. It should also inoorportlte an orientation 
soreen, waate oapture ff lter, feom devioe, watering devioe, provieiona for air 
oiraulation, and proviaions for organism instrumentation interconnectione , 

Hardware Statue 

Conceptual design item. 

T w M d  Description 

A cage designed by General Dyrwmioe Convair Aerospace is  shown in the attached 
piohre, It wae &oigfIBd"to' fit into a oage module holding unlt which aocommodates 
9 such oages. This cage was used a8 a W s  for the weight, volume nnd power 
estimatss below. 

Weight. 2.3 kg (5.1 1b) 
Outside Dimenaiona: 33 om lorpt x 16.5 cm wide x 20.3 cm high 

(18" x 68'' x 8") 
Outside Volume: 11 dm3 (0.39 f9) 
Power: 9 watcs (Ughta) 

Estimated flight itam mete are: 

Devdopment : $ B U K  
Unit: $3. SK 

Two year8 in oonjumtion with the o8ge module boldlag unit. 





E . I .  C32 CAMERA, CINE 

'l'o obtain motion picturo rocords of vnrious experiment events tad phenomena. 

LSpcific raquiron~onts nro yot to be determinod. It i s  mticipntod that n standard 
16 nlnl cnslorn with intorchrurgeablo Ions would be adequate for use. Variable frame 
mtes will probably ba required, high fiwnme rates (~ovora l  hundred frames per 
second) for recording high speed physicru phenomena :md low frnnle rates ( ~ / s e c )  
for recording cruw motions during crew/uquipment internc tion experiments. The 
Apollo cnmerns (ciescrikd below) operato at ti framos/socond in order to minimfie 
film wight.  Standard commercid motion pictures nro taken at 24 frames/socond. 
Vwious :~ccassories will  ba rcquired such a s  camera mounts, lonsos, lights, otc. 

Mnurar model 308 cnmerns were used on tho Apollo :ud Scylab flight8 and are 
ttssumed to Ix, nmihblo Erom NASAJSC (Flight Crew Support Division). These 
ctunoms ope~xtcd at 6 frmuos/second, but might be modificd for oporntion a t  
higher f r~une rattas. 

A conlnlorcidly n\'fiifablo Beauli~u RlGR Automntic by Cinonln Benulieu Corp. 
offers varinble frnmo rnto r~nd b l t b r y  powerod operation mi1 may be usable. It la 
:\ 16 nlnl cnmera, with eloctric drive, through t b  lens viewing and ~ ~ s u l u  con- 
t d ,  variable speed from 2-64 frames/soc. , pulse mode with &ern& control, 
and v ~ r i o u s  film magazines available. It will accept 3 wide variety of "C" nlount 
lens syst..ems, has rechargeable battery and sound nynchronizntion. It would ro- 
quire modifications to tho bnttery chargor to allow it to opornto on 28 VDC. Tho 
camera waigh~ 3.2-3.7 (7-8 ~ b ) ,  occupios drR (0.3 f?), ~1111 r e q i ~ i r e ~  a n3.-si- 
rnum of 10 watts whilo cltirging its ht torios.  

Technical Description 

A figure showing the Maurer model 308 data ncquiaition cnmolv (DAC) with quick 
mount is shcnvn on a subsequent page. This type of camera, including accessoriw, 
was assumed to be used hr the carry..on laboratories (COLs). Accessorios might 
include a universal canle1.a quick mount, sevoral optional lenses, remoto control 
assembly, a short power cable, a portable high intensity photographic I m p  (El 
CZ02), light metm, opticnl ring eight, and fflm transport mechnnism. The eetin~ntud 
total wdght, power and volume of tho equipment needed for the COL is  : 







E.I. C37 CAMERA, VIDEO, BLACWWH~CE 

Purpose 

To monitor experiment events and phenomena. 

Requirements 

Estimated requirements are: 

Visual Response 

Video Output 

Approximate kman eye 

Canstant with light level changes of 
10-10,000 ft-candlea 

1.4 V. P-P composite, coaforms to 
EIA RS-170 standard 

Hardware Status 

Model ED 6038A T V  Instrumentation Camera, by General Electro<Baamics Corp. 
ctlpears adequate for tb carry-on laboratories (COLe;. This unit is space vehicle 
qualified and operates from 28 VDC. It is described in tbe attached catalog sheets. 

Technical Desc ription 

Camera: Weight 0.54 k g  (la 2 lb) 
Size 3.8 om Xla. x 15.2 cm La (1.5" Ma., 6" L. 
Volume 172 cc (. 006 f@) 

Control Urdt : Weight 3.86 kg (8.3 Ib) 
size 12.2 cm H. x 16.5 cm W. x 14 om D. 

(4.8"H. 6.5" W., 5.S1'D.) 
Volume 2.82 dmJ (0.1 f9) 
Power 15 w, 28 VDC 

Estimated costa are: Development 
Uoft 
Commerdal 

i 

i Development Time : Negl. 
i 



E. I. C37 CAMERA, VIIJEO, BLACK/WHITE ( CONT.) 

MINIATURE 

Three actual size photographs on succeeding pages tell how 
small the camera really is. What they cannot tell is that the 
ED 6038 A camera head weighs only 14 ounces and the 
ED 6038 A-1 camera head weight is 48 ounces. The control 
unit has a depth of 6'/2 inches and weighs 8% pounds. 

RUGGED 

Look at the environment in which this camera will operate: 

Vibration 

Shock 

Temperature 

Relative Humidity 

Explosive atmosphere 

Ambient acoustical noise 

Altitude 

20 cps - 2 kc random 
distribution 

20 C's R M S  in each of three axes 

60 C's RMS for thrett seconds, in 
each of three axes 

100 G's for 11 ms 

-10°C to -t71°C, Operating 

100% 

More than 175 db overall 
sound pressure level 

Space Environment 

VERSATILE 

General Electrodynamics Corporation's total electro-optical 
capability enables it to quickly engineer most application re- 
quirements where instrumentation television is indicated. 
Our Electronic Tube Division supplies the "eye" for this 
camera. All you have to tell us is what the "eye" must see. 







E.I. 97 CAMERA, VIDEO, B L A C ~ W E T ~ T E  (CONT.) 
FEATURES SPECIFICATIONS 

Electrostatic Focus Vidicon Tuhc Horuontal Scanning Frequency 15.750 cps 
Sampling of yoke currents 
assures vidicon protection 

from swwp tailure 

Vertical Scanning Frequency 60 cps 
Inttdact* 2.1  10 fr/'wc 
Aspect Ratio, Height to Width 3:4 
Swecp Linearity Bettrr than 1% 

Plug-in punted circuits Svnc and Blanking Standard Broadcast EIA 

Solid state system 

Reliable, detailed pictures under 
adverse environmental conditions. 

ACCESSORIES 

LENSES 

5.5 mm i l l  8  (CEC iJ99) 

10 mm t1'1.8 (CEC 2035)  

25 ~m f:'l 4  (CEC 20361 

38 mm i i 2 . 8  (CEC 20371 

7 5  mm tj4.2 (CEC 2038) 

HEAD MOUNT MODEL h lD 380 

Video Output 1.4  V PP composite into 75-ohm load 
Automatic Constant Video Output 10-10.000 i t ,  candle 
Usable Pictures obtained with 1 tt. candlt* 
Color Responst* Approximates human tlye 
Crty Scalr Reprcxluct~on 10  steps 
K t w d  Clamp Provides constant black level 

Vdtage Rc.gulatton holds picturts stable ovtv 24 to 36 VDC 
Input Pctvrr 24 to 3h VDC, 15 watts 

BLOCK DIAGRAM 

OPTIONAL I N W T  
11 N U ( I 0 W l l t l  W RTlCAL DCILK"IYm 

WLSC C I N U A T 3 1  m C O  ~ L g A U V U P L I  

W L S C  O V T W T  

VQIKON n L n m  AND 
. U ~ C U C M T  

24 

ELKCTRONICS D(VI*ION 
QENERAL ELECTRODINAMICS C0I)POI)ATION. OARLAND, TEXAS 75040 

C .  0 B O I  ? D l  A / C  214  *?a l l a l  



E.I. C38 CAMERA, VlDEO, COLOR 

Purpose 

This camera is primarily used for visual color documentation which must be trans- 
mitted to ground during the progress of the experiments. It is expected that such 
transmission to ground will not be required for all experiments. Thus, the color 
video camera is a potential candidate for elimination from the carry-on laboratory 
(COL) complement of general purpose equipment, and rdght be considered as ex- 
periment specific inetead. Visual color documentadon which does not have to be 
transmitted to ground can be obtained with the still o r  motion picture cameras. 

Detailed requirements have yet to be determined. Some of the most stringent re- 
quirements anticipated have to do with the reproduction of specimens under micro- 
scopic examination. Documentation of MSI activities are required but should not 
pose any a'pecial problems. 

Hardware Status 

Color video cameras have been used aboard many of the past space flights. However, 
these cameras may not have adequate resolution for microscopy work. An advanced 
space flight camera has been developed by Lockheed for NASA (Telecommunication 
Developmemt Division (TCDD)), and was used as the basis for the data presented below. 

Technical Description 

The Lockheed advanced spaceflight camera and camera controller have the following 
character W c s  : 

Camera 
l.27 cm (1/2 imh) vidicon, 50 ft cmdle lower limit for good color 
Resolutian: 400 lines or  better 
8 to I zoom 
Automatic Iris 
12.7 cm high x 7.6 cm wjde x 22.9 cm long (5 x 3 x 9 inches) 
Envelope Volume: 2.21 d18 (0.078 f? ) 
Power: 19 watts DC 
Weight: 2.7 kg (6 lb) 



E.I. C38 CAMERA, VIDEO, COLOR (Conttd) 

Camera Controller 
The oarnera oontroller for the Lookheed epaoeflight oamera was assumed 
to hnve the followw propertiee: 

Weight 6 kg (11 lb) 
Voluwe 4 d d  (0.14 ff ) 
Eower 60 wutta (mlusive of power which was inoluded above) 

Estimated cost for the camera md controller am: 

Development $SoOK 
Unit $100~ 

Development Time : tbd 



E.I. CSQ,CAhERA, 35 EM 

Purpose 

To document visual  experimbnt events and phenomena including microscopic imges .  

Requirements 

Requirements have not been defined but probably would be s a t i s f i e d  by a high 

qual i ty  comrnerclal camera. 

Hardware - Status 

Existing comnercial cameras a r e  probably suitable. A Nikon camera with a 

~ 1 1 . 2  lens was included i n  the Skylab equipment. and was used here a s  a bas is  

for  the properties l i s t e d  below. 

Technical Description 

E s t h t e d  properties of the 35 mn camera with f i lm and accessories such as 

f l a sh  attachment an4 lenses are :  
Weight : 2.0 Kg (4.4 l b )  
Envelope Vol-: 2.0 (0.07 f t3)  
Power : i t  

Estinmted costs are: 
Development: 
Unit 
Commercial : 

Development Time 

None 



TI) provide structural support t Ir the placement o 

Requirements 

The camera mounts should be portable so that they can ;le used in  several 

yrede t-ermined loca t i~ms  within t ~ i e  Space lab. In addit Lon, the m~)unt.s shc~ld 

pr~wida an alijustable heed f ~ > r  proper aimiag and p s i  tionirg of the camera 

during ~q.mra tim . 

Hardware Status 

Modified versions ,>I' various c o m r i c a l  mounts w i l l  met a l l  the requiremet~t:; 

for the Spwe Lab. 

Development : $ 6 ~  

Uni t $0 5K 

Devel~lpment Time 

One year 



E. 1 C191 CAMERA TIMER, Vim 

Purpose 

To provide on-off corltrol f o r  the dperation ~f a video c m r a  used t o  

~ w n i t o r  M I  performnce experiments a s  well as o ther  crews involved in  

Space Lab. a c t i v i t i e s .  

Requirements 

Rbquirod is a presaheduled time oonbmlled switching device to control the 

video oamera and the video tap reoorder. This will be used for documentation 

of speoiflo MSI experimenb or general crew aotivity. 
Hardware S ta tus  

A Sony Corporation video camera se lec tor  VCS--31 which provides camera cm-~) i ' f  

and switching capabi l i ty  could be modified t o  provide the  des i red  control. l e  r . 
This modification would requi re  t h e  incorporation of  a timing devjcc t h a t  

cduld be s e t  manually t o  provide contitludus o r  int#ermit tent  operatioti 1 7 f  th:  

camera/recorder uni t .  

Technical Description 

Tile estimated f l i g h t  cha rac t e r i s t i c s  a r e :  

Weight - 4 h;(5 (8.8 Lbs) 

Size 25 X 8 x l > C M  (10 X 4 X 6 inches)  
3 3 Volume - 3dm (0.11 f t  ) 

Pwer  - 10 watts. 

Cost - 
Estimated cos ts  a r e :  

Development : $10~ 

Unit : $0.3~ 

Deve lopmont Time 

One year 



E.I. CSO CLXNOSI'AT 

Purpose 

To slowly rotate plant organiems relative to tbe laboratory. This device is used 
in ground b e d  laboratories to neutralize the effects of gravity through slow rota- 
tion of the organism. It is included in the spacecraft equipment complement for 
the purpose of LnvestigaUng its effeotivemsa in air dating zero-g and any artifacts 
that it may intraduw relattve to a true zero-g environment. 

Specific requirements are acpmirnent specific. A small unit rotating in a single 
plane was assumed to be satisfaotory for the carry-on laboratories (COLe). Rota- 
tion rates generally are between 0.1 to 2 rpm. 

Hardware Status 

A variety of custom deeigned a d  built units are currently in use throughout various 
laboratories. No commercial source of these devices ie  known, but the design and 
construction of one for space use is mt expected to present any problems. 

Technical Dewription 

The clinostat deaign used as a basis for this study ie essemtially a small rotating 
dFum upon which tbs plants are mounted so that thy grow radially outward from 
tbs drum, The followhrg properties were eetimated for the C o b .  

Drum diameter: 16 om (5.9") 
Total diametral clearance required for the drum and plants: 35 dm (13.8" ) 
Dnun length: 20 om (7.9") 
Total unit (oylindrioal) envelope volume regPired while in operatbn: 

20 dd (0.71 fe) 
Wt wedght (exaludtPg planfa Pnd medla) : 3 kg (6.6 lb) 
Power : 10 watt0 

Estimatad costa are: 
Development 
Unit 

Development Time: c 1 yr . 



E,I. CM COLONY COUNTER 

Purpose 

For use in the n~mual counting of backtrial coloniee. 

Standard colony magnifior/counter. 

Commercial unita are available whioh should be aplrlioahle to epace use with minor 
modifications to aocept epaoecraft power supply in lieu of 115 volt 60 Hz in the 
conlniorcid unit. 

Hefurence (a) Quebec Colony Counter, Darkfield Illumination 
APHA, An~erical Optical No. 3930. 

Tocfmical Description 

A typical conuuorcid unit conaists of a 10~lxllllxlO1t h x  with 50 watt bulb inside, 
which fflumtnato~ a plate which i s  viewed through a magnifying glass, see attached 
figure, The properties of a flight type unit are  eetimated Mow. 

Weight 
Power 
Volrt me 

Eathabed flight unit oosts m: 

Developsne~lt Time: < 1 yr . 

1.6 kg (3.9 lb) 
60 watts 
l.5& (0*05f?) 





EI C99 COMMON HOLDING UNIT 

Purpose 

To house a variety of biologioal organisms including cells and tissues, inverto- 
brates, plan@, and small vertebrates. These holding units provide structurnl 
support, envimnme~ltal control system coara~ectim, hermetic isolation, and data 
rnanagoment oonneotiom for these organidms and the d a t e d  research. 

The common holding unit is intended as a basic hoasing to support a wlety of 
organisms, However, slight modifications are required for the various organisms 
and experiments. The common holding unit must accon~modate 8 s n d l  vortobrnta 
cnges (E.1. C3OA) and other internal equipment peculiar b plant, inwrtobrato 
and cell/tissues research. It should be sealable in order to mininlize air  lenkago 
into or  out of the organism compartment, and should also be capable of withstanding 
a pressure difforuntid of approxim~oely 3.5 k ~ / n l =  (0.5 psi) in either ctiroction. 
It must also be desigmd bo mate with t t e  debris containment shroud (E. I. CSOG). 
The comnlon boldirp, unit must incorporate a system for amtrolling its interrurl 
tamporahire. The temperature range roqdred i s  e~timabed to be approximately 
383 to 313°K ( l o  to 4OT or 50 bo 104.F) for various organism. 

Hardware Status 

Soveral pmtotypo holding unite have been huilt by General Dynamics Convnir Acro- 
space for ground teetbg (see attached sheets). These are  eimilar to those which 
would be required br the carry-on laboratories. However, a flight qualified unit 
has yet to be desigmd and built. 

Technical Description 

The oommon hold* unit ie the basic sbuature to be ueed for housing various 
experiment organieme. The unlt ia a eeelable cabinet with doom for access to 
the organisms. It ie intended to imorporate a system for tamperaturo wntml 
of the atmosphere inside the boldlng unit. The Convair Aerosptwe unit uses liquid 
oofls integral with the wall8 of the common holding unit for this purpose. Thus, 
h. Jight, the heat t n u p r t  fluid of the epweoraft oould be ueed to provide either 
heating or  cooling to tbe commaor holding d t ,  The following a m  estimates for tho 
OOmmon holding unit: 

Weight: 
Volume: 
Power: 

20.4 %(45 lb) 
188 dm (6.64 ft?) 
50 watts (Ughts) 



E . I, C99 COMMON HOLDING UNIT (CONT. ) 

Coeta for tb common holdlng unit were eetimated on the h i e  of dssignfng and 
developing this basic unit eo that it could be rrdrrpted for urn with a vruJlety of or- 
ganlems. The resulting development program would need to coneider the application 
of the basic etructure to eaoh individual F. P. E, and mount for unique attachments, 
penetrations, and arodliary equipment for erroh. Eetirnated coets are: 

Development: $ 1 W K  
Unit: $ 55K 

Development Time - 3 years. 





E.I.  C156 COUPLERS 

Purpose 

To provide the necessary electrical signal transformation 'atween various trans- 
ducers and sensors, and the displays o r  recorders accepting the data output from 
those devices. 

Requirements 

Coupler roquiremente will vary dopen&% upon the typo of sensor, transducer, o r  
control dwice being used. Couplers may be required to supply regulated voltages 
to some sensors such as  those using voltage dividers or  isolation amplifiers. Typical 
sensors are listed blow:  

ECG 
EEG 
EMG 
Trectorcardiogram 
Rlood flow (Doppler) 
Temperature Sensors 
Photocells o r  Photoresistors 
Pressure Transducers 
Strain Gages (physiological measurements ) 

Hardware Status 

Equipment similar to that used in the Statham Mueller patient monitoring system is 
typical of unminiaturi~ed couplers. Some of thia commercidly available equipment 
is described in the attached catalog sheets. Couplers and signal conditioners are  
also discussed in the equipment definition sheet on eenaors, E. I. C153B. Scy!ab 
contained couplers for electmphysiological merrrmrements, some of which may be 
directly usable for the carry-on laboratory applicatlcm. 

Technical Description 

Mueller Units 
Prellmlnary Estimates, 

Flight Units 

Size 17.8 c m H x  5.1cmW x 2 6 . 4 c m D  Volume 0.5 d d  (0.14 f? ) 
(T' x 2" x l o x )  Power 2 watts 

Volume 2 . 3 1 d d  (0.082 ft?) Weight 0.2 kg (0.44 lb) 
Power About 10 watts 
Weight 0 . 5 t o 2 k g ( l . l t o 4 , 4 I b )  



E. I, C156 COUPLERS (Contld) 

The total weight, power, and volunle of the couplers for each COL will vary depend- 
ing upon the experimtmta befng conducted. For conc~ptual design purposes, 12 couplers 
of various types were assumed for most COLs. Thus, the total promrties used were: 

Weight 2.4 lq: (5.3 Ib\ 
Power 24 watts 
Volume 6 d& (0.2 f?) 

Cost - 
The develo~ment costs will depend upon the extent to which tho Skylab type couplers 
can be used. Taking thle into account, the following c o s t .  were ecltimated: 

Dcvolopmant $30K 
Unj t f !  .2 K each @14K for 12) 

Development Time : 1 year. 



E.I.  C156 COUPLERS (CONT. ) 

Venous Pressure Module, Model SMlOI 1 

The SMlOll Venous Pressure Module accepts venout pressure analog from either 
the SM1007 Blood Pressure Amplifier, or the SM1003 Bridge Amplifier, and from 
the input data computes and displays mean venous pressure. 

A display meter on the front panel ot the module indicates mean pressure over a 
range of -5 to +30 mm Hg. Two adjustahlc pcinkrs on the face of the meter 
permit the physician to select acceptable minimum-maximum pressure limits. 
Should mean venous pressure exceed either of these limits, an alarn~ signal is 
generated by the SMlOll Module, triggering an audi~lvisual alarm at the central 
monitoring station. Minimum-pressure alarm fwction is feasible because the 
SMlOll m o v e s  the respiration component, largely respnsihle for negative 
venous blood pressure readings. 

The Venous Pressure Module, Model SMlOl1, provides a standardized signal for 
display, stripchart recording, magnetic tape recording, and/or computer analysis 
of tbe pssure reading. 

Specifications 
Dimensbns 
Meter scale 
Nan-linearity 

Output ripple 

Input impedance 
Front-panel controls 

Standard SM Series 2-in Module 
-5  - +30 mm Hg 
t1.m FS from best straight I~ae at constant line vdtage 

and ambient temperature 
*2.0(k FS over temperature ran e of 50 - 140'F. and line 

volt. e vrriations of 95 - 138" Input to SMlOl4 or 
~ ~ 1 8 3 4  Power Supply Modular 

Nedigiblr at full scale, 1.m peak.to-pork at 10 breaths/ 
min, and SC 5 modulation 

100 kn minimum 
Two-position selector switch/Mean vrnous/lrlance 
NOTE: When set ~ r !  ,'BAL." the srlector switch also pro- 

vides 8 balance ~ndicator for the SM1007 or SMlOOB 
Module. for purposes of setting atmospheric rrfereme 
pressure. 

We str(vr constantly for product perfection, both in design and construction. As a consequence, 
dataled spulfkatbns a n  subject to change without notiie. 

MODULAR 
PATIENT 
MONlTORlNG 
SYST EM 

Features . Min~murn-maxcrnurn 
pressure llrn~ts adjustable 
on meter face 

rn Alarm s~gnal generated 
when either pressure hm~t 
IS exceeded 
Standard~zed s:gnal for 
d~splay. str~p-chart or 
magnetic tape recordmg, 
computer analys~s 
Fits any tree po;,;~on In an 
SM Ser~es Cabmet 

~wketrd ~xc~usivmiy by 38 

General  Officecr: 6600 W e s t  T o u h y  Avenue,  Chicago, Illinois 68648. Telephone (312) 774-6800 







To d d  in the mobility of tho aslrollautr; whilo they a m  nttondinl: ~.xpurimon~ 
being conducted with tho carry-on Iabrt~torios.  

Roquir oments 

'l'hoso nids aro intended to bo gcncr:d in nature. Aids for specific crow motiow 
associated with ~mrticulnr o ~ i r i n w n b  such :w pressuro suit tosta aro not inttmdcd 
to be included. 'l'heso wovld be oxpriment specific items. Also, mobility aids 
built into the spncocrdt floor o r  otlrcr structure arc not colsidcrod to ba a pnrt of 
the cnrry-on laborntory (COL). 'l'lio rmhility aids should bo compntiblo with crow 
motions consistent with csperimunhtion pl.ocodurofi. Such nlotion will gonorally 
be at  a moderato pace and n short range around the cnrry-on lnb. Small objects 
such a s  hand tools or liquid samples mny Ix? c80nvcyed during tllcse movcnionls. 

Tho following aids nrny be npplicable to tho COLti. 

Handrails. R~ils with n rt,ctang-ulnr o r  oud cross-soction sot off from tho 
surface at least two inches. Pnrdlol r d l s  pnnldo bottar contrbl thtui the 
singlo handrail, although both are  ndequata. IMvolopniont status - fully 
developed m d  flight qudifiod onGonlM and .\pollo. 

Handholds . One-Mf to 1; inchos in diamotor and -&& inches inside width 
with R 2-inch c1ear:mco fmni surrounding ~urfncos. Can be either recossod 
o r  protruding. Rccsssod type is a better mobility aid, a s  it presonts m i d -  
mum potential for hterfercllce of maromant. Devolopnwnt stzitus - fully 
developed m d  flight qudifiod on Gemini and Apollo. 

Ing Holds. Protrusions which would allow short range crew  motion^ nround 
the COL by means of log motions. hvelopmexit status - conoeptual design 
item. 



E .I. C55A CREW MOBILITY AIDS (Contld) 

Technical Description 

Handrails Handholds Leg Holds 

Weight 1.27 kg/m (0.85 lb/ft) 390 g (. 85 lb) 450 g (1 lb) est  

Volume O . o 4 6 ~ ( . 3 0 5 f f / f t t )  O0.142&(.005lf) 0.57& ( . 0 2 b )  
dm 

Power 0 0 0 

Total weight and volume estimates for the COLs are: 

Weight 2.3 kg (5 lb) 
Volume 2 . 8 d d  (.If(?) 

Cost - 
Development $2K 
Unit $1K 

Comments 

See Ref: Mobility and Restraint Handbook, Contract NAS9-10456, August 1970. 
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E.I. C55B CREW RESTRAINTS (Contld) 

Technicnl Description 

Res traint Concept Wt. (kg) Volume (dm3) 

Leg 
Flexible Waist Tether 
Inflatable Mid-Torso 
Handholds 
Handrails 
Rigit Waste Tethers 
Seats 
Heel Restraints 

Total estimated weight and volume of restraints for the COLs were 4.0 kg (8.8 Ib) 
and 10 dn? (0.35 f f ) .  

Cost - 
Development $3K 
Unit $1.8K 

Development Time : < 1 yr . 
Comments 

See Ref. : Mobility and Restraint Handbook, Contract NAS9-10456, August 1970. 





E. I, C167B DRY STORAGE CONTAINER 

Purpose 

To provide a dry storage area for biological specimens, biochexnicals, and other 
biological materials. 

Requirements 

Specific requirements have not been determined. In general, atmospheric conditions 
within the spacecraft cabin are expected to be satisfactory for this storage. How- 
ever, the storage container should be sealed when material i s  not being transferred 
to or from the container. 

IIard\vnre Status 

Spacecrxft components for this storage container should be available. 

Technical Description 

The estimated size and weight of this container for the COLE are given below: 

7-Day 30-Day 
Mission Mission 

Weight 0 .5kg( l . l l b )  lIcg(2.21b) 
Volume 3 d d  (0.11 f?) 6 d d  (0.21 f?) 

Cost - 
Developmeat $6K 
Unit $0.2K 

Development The: < 1 yr, 



E . I. c L : ~  EQUIPMENT RESTRAINTS 

Purpose 

Ttj hold small  biomediod equipment t h a t  t h e  crewman w i l l  be wrking with 

i n  t h e  0-g envirmllent .  

Requirements 

This device would be used t o  hcild dcwn c a p i l l a r y  tubes ,  vacutainer tubes ,  

p e t r i  d i shes ,  sensors  and prcbes,  swabs, wipes, pipettes, too1 8 ,  e t c .  

Several  types ,~f hold down may be necessary t ~ )  accommodate a l l  t h e  var ious  

types  0 f research equipment. 

Hardware S ta tus  

Hdld d ~ w n s  df var ious  types  have been used i n  past space f l i g h t s .  iLwever, 

the  unique l i f e  sc ience l a b o r a t o r y  test procedures nnd equipment m y  r e q u i r e  

s p e c i a l  desih%s. h e  such design i s  shown i n  t h e  at tnctwd sketch. 

Tectini,*al D e s c r i y t i ~ m  

The t ' ,\llwing weight and volume were es t imated f ~ v  1i~)l.d d~wn devices  f o r  

the c a r r y  on l a b o r a t o r i e s .  

Weight 0.5 Kg ( 1 . 1  l b )  

volume 1 a!? (o.035 r t  ') 

C\lS?t  - 
Estimated cost8 are: 

Development : $4. ha 

Unit $0. ri( 

Development Time 

One year  



E .  I .  C19G EQUIPMEN'l' RESTRAINTS (CONT. ) 

,/T VARIABLE ELASTIC SPACING 

ELASTIC RESTRAINTS 1 i FRAME 

A FOTENTIAL TYPE O F  SMALL EQUIPMENT RESTRAINT DE\'ICE 



E.I. C76C FILM, CINE 

TNR fllnr is for use in the cine camerns for documentntion of oxporinrent events 
;md phenomena. 

Requirements 

Requirements have yet to be determined. Tho amount of film requirod cnn vary sub- 
stiurtidly depending upon the specific experiments. The typo of film may also depund 
upon the spwific auporinrents. 

For purposes of carry-on laboratory conc3ptud design, the 16 mm cine film caseottes 
\vhich \\.ere used on ,Skylab were assumed to be usablo. 

'Vcchnicd Description 

'l'ho individual 16 mm film cassettes have the following p ~ o ~ r t i e s :  

Weight 
Size 
Volume 
Film Length 

0.54 kg (1.2 lb) 
2.54 cm x 16.5 cm din. (1" * 6.5 " dia.) 
0.54 dm3 (0.02 f ? )  
122 m (400 ft) (-- 45 minutm of filming) 

'l'llc quantity of film required for  the COLs wns ostimatod to be four 16 mm cassettes 
for 7 days and 12 cassettes for 30 days ris follows : 

7-Days 3 G h y s  
Weight 2.2 kg (4.9 lb) 6.5 kg (14.3 lb) 
Volume 2.2 d d  (0.08 ff) 6.5 d d  (0.23 f?) 

Cost - 
Development 0 
Unit - $0.2 K (total for 30 days) 

Development Time: None 



E. 1. C167C FILM CABINET 

To store various types of photographic film before and after use. 

This stornge nrea should be shielded from high emrw paruales in the space un- 
vironment . The stornge volume required w~ estimated to be 8 chi3 (. 28 f? ) for 
both cine nnd still film cartridges. 

'I'his storage cabinet w i l l  probably med  to be custom codigurod for the COL but 
will LISC sL2ndnrd materials. 

'I'echnical Description 

For conceptual design purposes, the following properties were u ~ c d  for n film 
storage cabinet including shidding: 

Weight 9.1 kg (2 0 lb) 
Size Approx. 2.08 x 2.08 x 2.08 d d  (8.2"\8.2"\8.2") 
Power 0 

Cost - 
Estimated values are: 

Development Time 

i 1 year. 



Purpose 

'So mumure gas and liquid flows to and from wrious test equipment. 

Specific requirements will depend upon the experiments being conducted. Flow 
mensuremarta to and from the test equipment ~ 1 1 1  most likely include spscecraft 
coolant probably water), kesh water from storage, and fiilsos from storago. Liquid 
flows a r e  e-upected to he on the order of 0-100 kg/hr. Gas and liquid flows internal 
to individual test equipment ,are nssumod to be part of this test equipment and not 9 
part of the COL. 

Hardware Status 

Standard techniques can probably be utilized for flow measurements. Pressure drop 
ciovices such a s  laminar flow elenrents o r  orifices should bc applicable in many ctises. 
1101 wire anemometers may also be used for  gas flow measurements. Differential 
prossurc semors  for use with the pressure drop devices utilize either mechanical 
o r  solid atate pressure senslng elements. Signals irom these pressure transducers 
would probably be fed to the spacecraft data management subsystem for rocording 
illld display. Direct reading pressure gages a r e  also available but may not bo needed. 
A typical flow rate transducer is described in the attached specification sheets taken 
from : 

Environmental Control and Life Support '71 Component Specifications, 
Report No. 181-008, Basic SubsysLms Module Definition Study, Con- 
tract MS9-(5796, General ~ y n a n ~ i c s / ~ o n m i r ,  17 October 1967. 

Technical Description 

The weight, power and volume of four pressure drop type flowmetem, including tho 
pressure transducer and signal conditioner, a r e  estimated below. Four such units 
wore assumed to be necessary in the LSPS COLs. 

Weight: 2 kg (4.4 lb) 
Volume: 2 d d  (0.072#) 
Power: 4 watt8 

'ast - Estimated coeta for flight items a re .  -- 
Development: $39K 
Unit: $0.8K each ($3.2K for four) 

Dovolopment Time: < 1 year. 
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E .I. C80 FREEZER, GENERAL 

Purpose 

Storage of serum, plasma, specimens, biochemicals, and organisms. 

Requirements 

Estimated requirements are: 

Temperaturs : 253°K (-20°C, -4°F) 
Storage Volume : 6 dm3 (0.21 f f )  

Hardware Status 

Freezers were used aboard Skylab but their design will probably not be suitable fo r  
the COLs. The Skylab freezern utilized a special low temperature space radiator 
containing Coolanol 15, a b a t  storage device, pumps, etc . The cold boxes were 
cooled to 244°K (-2g°C, -20°F) by pumping tha radiator fluid through tubing integral 
with the walls of the boxes. Such a system is too complex for the small freezer 
required for the COLa and also places a limitation on the orientation of the Shuttle 
O ~ ~ ~ ~ ~ ~ / S P A C E L A B ,  

For the small freezer required for biospecimens , a thermoelectric unit may be 
suitable for use. However, such a unit will have to be designed to minimize power 
consumption since thermoelectric refrigeration units are quite inefficient. Vapor 
compression units a re  much more efficient but their adaptation to the 0-g environ- 
ment has not been recommended in past tradeoff studies because of the potential 
gadliquid handling problems. 

Technical Description 

A thermoelectric freezer was assumed for purposes of defining conceptual COL 
designs. A design analysis for  this freezer was conducted with the assistance of 
the following booklet published by Borg-Warner Corp : 

Beosen, G. F . ,  Phetteplace, C. J . ,  and Ybarrondo, L. J . ,  The W b r e  
and the Why of Cooling Thermoelectrically, Borg-Warner Corp. , Des 
Plaines, Illinois, 1967. 

For a 6 d d  (0.21 f?) cold box, well insulated with 2.54 cm (1") of glass wool o r  
foam type of insulation (k = .02 ~tu/hr-ft-OF), the heat load into the box was esti- 
mated a t  5 watts including heat leaks through the door flange, etc. The temperature 
difference was taken as 27°C (80°F) ambient minus -20°C cold box temperature o r  
47°C. At this temperature difference, Borg-Warner reports a C. 0. P. of 0.3 for 



E.I .  C80 FREEZER, GENERAL (CONT.) 

their single stage thermoelectric module, model number 920 with vacuum insula- 
tion. Thus, the steady state input power would be 5 watts/. 3 = 16.7 watts. As- 
suming a duty cycle of 8 hours on-time per day leads to a value of 50 watts while 
the freezer is on. The use of spacecraft coolant, as a means of reducing this 
power, was also analyzed. A possible reduction of up to 50 percent was estimated 
but was not considered worth the extra complexity associated with integrating the 
freezer into the spacecraft heat rejection subsystem. The calculations on the 
£reezer are  preliminary in nature and were used only to establish values for the 
COL conceptual designs. Actual freezer heat loads a r e  difficult to calculate and 
would be the subject of empirical determinations o r  sophisticated computer program 
analyses in future design efforts. 

The preliminary weight, volume and power of the general freezer are:  

Weight: 7 kg (15 lb) 
Power : 50 watts 
Volume : 15 dm3 (0.53 f? ) 

Coolant Flow Required : Xone 

Cost - 
Estimated costs are: Development: $54K 

Unit: $5K 

Development Time: 1 year. 



E .I. C81 FREEZER, LOW TEMPERATURE 

This unit provides storage for some specimens (in particular blood samples) which are 
partially destroyed at usual freezer storage temperatures of -20°C. 

Requirements 

Estimated requirements are : 

Temperature : 
S b  rage Volume : 

Hardware Status 

203°K (-70°C) 
Approx. 1 dm3 (0.04 f?)  

No freezers with a -70°C temperature capability have been flown in spacecraft, and 
the development of such a freezer may present anumber of problems. Thermoelectric 
fteezers are commercially available but consume a large amount of electric power. 
A commercially available unit called an Electronic Cryo-Bath (available through the 
Cole Parmer Instrument Co.) contains an 80 cc cold chamber. Its power supply con- 
sumes 185 watts, providing a temperature of about 218°K (-55OC, -67°F). To increase 
the cold chamber volume to 1 drd and reduce the temperature to 203°K (-70°C, 
-94°F) would require a substantial increase in power. 

Lower power consuming vapor compression units are available for temperatures 
down to -70°C, but past studies on vapor compression units indicate that they would 
be difficult and costly to modify for operation in zero-g. Use of cryogenics might 
be the simplest way to obtain such low temperatures for short missions. 

Technical Description 

For purposes of COL conceptual design, a thermoelectric type of low temperature 
freezer was assumed. The power requirements were estimated based upon the data 
presented in the following reference: 

Boesen, G. F., Phetteplace, C. J., and Ybarrondo, L. J . ,  The Where 
and the Why of Cooling Thermoelectrically, Borg-Warner Corp., Des 
Plaines, Illinois, 1967. 

For the low temperature freezer, spacecraft coolant was assumed as a heat sink 
along with the following assumptions: 



E .I. C81 FREEZER, LOW TEMPERATURE (Contld) 

1. Coolant @ 280°K (7°C or  45°F). 
2. Use of multiple 8 -stage thermoelectric modules (Borg-Warner 

model #623 in the reference cited above). 
3. High performance insulation. 
4. Very limited opening of the freezer. 
5. A duty cycle of 8 hours on-time per day. 

Using these criteria, a power requirement of 400 watts was estimated. This value is 
a preliminary estimate only. It depends greatly upon the actual insulation quality 
which can be achieved in the freezer. 

Complex analyses and/or empirical data would be required to accurately determine 
the power requirement. 

The weight, volume and power estimates for the low temperatare freezer are: 

Weight: 7 kg (15 lb) 
Power : 400 watts 
Volume : 15 dm3 (0.53 f? ) 
Coolant Required: 150 kg/hr (331 lb/br'or 37.9 gph) at 280°K (7°C or  45°F) 

The low temperature freezer could possibly be placed within the general freezer 
(-20°C) in order to reduce the total insulating material requirements of these freezers. 

Cost - Estimated costs are: Development: $81K 
Unit: $6K 

Development Time : 1 year. 



E. I. C89 GAS CHROMATOGRAPh 

Purpose 

To measure the concentration of individual gases in gas mixtures. 

Requirements 

The requirements will depend upon the specific experiments. Common gases which 
will require monitoring include 02, N2, H2, C02, CO, CH4, H20, NH3, and He. 
The concentrations of these gases will vary but will include levels in the parts per 
million range. 

Hardware Status 

Commercial units a re  available but would probably require modifications for flight 
use. Data on a Beckman unit designed and built for space applications i s  presented 
in the accompanying pages. 

Beckman Instruments has built several gas chromatographs for spacecraft appli- 
cations. A spaceborne gas chromatograph prototype was built in 1962 for possible 
use on Apollo and other advanced missions. Also, a gas chromatograph to be 
integrated with a mass spectrometer was recently built for the Viking (Mars 
lander) mission. 

Technical Description 

The Beckman spaceborne gas chromatograph (1962) had the following properties: 

Weight 5.4 kg (12 lb) 
Volume Aproximately 13 dm3 (0.46 ft3) 
Power 6 watts 
Number of gases 

monitored 10 (preselected) 
Operating time 8 weeks 

The unit built for Viking is an integrated soil pyrolyzer, gas chromatograph, and 
mass spectrometer (GCMS). The mass spectrometer was made by Perkin Elmer, 
see E. I. C91. The total integrated unit has the following propertles: 



E . I. C89 GAS CHROMATOGRAPH (Continued) 

Weight 19.5 kg (43 lb) 
Volume 28 dm3 (1 ft3) 
Carrier Gas Hydrogen 

A gas chromatograph of the type used in the Viking GCMS but for use in the life 
sciences carry-on laboratories was estimated to require less  than 50 watts during 
all phases of operation. At times, the power would be less than this since the 
heating of the GC columns varies during the cyclic operation of the unit. Each 
analysis would require about 20 minutes. 

For comparison with the above data, a commercially available Beckman Model 
GC 2A has the following properties exclusive of the He carr ier  gas. 

Weight 41  kg 90 1b) 
Volume S 79 dm (2.8 ft) 
Power 575 watts (maximum) 
He carr ier  gas 

flow approximately 2 cc/min 

HZ Flame Detector - 

Weight 12 kg (26 lb) 
Volume 39 dm3 (1.4 ft3) 
Power Unknown 

For conceptual design purposes, the following properties were used for a gas 
chromatograph for the carry-on laboratories: 

Weight 
Volume 
Power 

Cost - 

lo kg 22 lb) I 20 dm ( ( 8 .  ?l ft3) 
50 watts 

Estimated flight equipment costs are: 

Development $221K 
Unit $66K 



E. I.  C89 GAS CHROMATOGRAPH (Continued) 

The cost of commercially available gaa chromatographs are approximately $5K. 

Development Time: 2 years. 







E. I. C93A GAS SUPPLY VESSELS 

Purpose 

To provide gases to  the varioue UPS experiments. 

Requirements 

Various gases will be required in LSPS experiments for purposes of pressurization, 
chemical reactions, sterilization purging, cooling, etc. Some of the gases which 
may be needed include 02, N2, H2, NH3, He, Air, COz, CO, CH4, ethylene 
oxide. The quantities required will depend upon the experiments. However, for  
preliminary design purposes, two, 13, YO0 kN/m2 (2000 psia) vessels of approxi- 
mately 15 dm3 (. 53 ft3) capacity were assumed. 

Hardware Status 

High pressure gas vessels have been used in numerous past space flights. Thus, 
npplicablc designs o r  hardware should be available. 

Technical Description 

Each of the two vessels was assumed to hold 15 dm3 (. 53 ft3) of gas. Such a vessel 
\vould hold 2.7 kg (6 lb) of O2 o r  2.4 kg (5.3 lb) of N2. These gases were assumed 
for purwscs  of estimating weights. The vessel weights (empty) were estimated to 
be 3 . 2  kg (7.1 lb) each. The total envelope volume of each vessel was assumed to 
LK! 1H dm:l (~ .  ti4 ft3) to account for lines, valves, and regulators. A summary of 
the estimated properties of these two vessels ia given below: 

I Weight empty kg (lb) 1 3.2 (7.1) 1 3.2 (7.1) I 

3 3 I Volume dm (& ) 

I Gas, weight kg (lb) 
Total weight kg(1b) 

I 36 (1.28) 
.Vessel length (ea) 4.7 - dm -- (1.5 .- - . . ft) . . 

Vessel diameter (spherical ends) 2.2 dm (0.72 ft) - ---- - , 

Power 0 

2.7 (6) 1 2.4 (5.3) 
5.9 (13.1) 5.6 (12.4) 



E. I. C99A GAS SUPPLY VESSEIB (Continued) 

Cost - 
Estimated fflght equipment cortr are: 

Development $2K (asrumfng we of commercial or existing 
rpece qualified vesselr) 

Unit $6.4K each ($12,8K for two) 

Development Time: C 1 yr. 



Purpose 

To houso cell0 and tissues under specified on~lronnruntrrl conditioner. This unit 
is sinrilar to an incubator. 

This equipment item is es~entially the ~ m m o n  holding unit (see E . I. C99) mccpt 
that some unique equipment i s  needed inside in order to hold the cells and tissi~cs 
organism containers . 
Hardware Status 

This is a co~rceptual design item. One prototypo for ground h s o d  operation lms 
bocn built by General I)ynnmics C o m i r  Aerospace. 

Technical Description 

Estinx~bd properties iwe: 

Wcigh t : 23 kg (50 lb) 
Yolunr c : 1ss dm3 (6.64 6') 
Power: 50 watts 

It should be 1wtc.d tkqt the wt*ight, power r nd volwne of tho conlnlon Idding unit 
(E.I. C99l are included in the : h v e  values, nnd shouldnotbc addcd into l l w  ~.:\rl?.- 
on l:~I.)omton ns ~1 s e p a r ~ t e  itenr. 

cost .- 

The major clevclopnwnt cost of tho holding ~ ~ l i t  for cells and tissucs i s  nci-ounlcd 
for in the conrnmn holdiny unit (E. I. 0 ) .  ' 1 '1~ additional devolopmcnt cost for 
inter1m.l ecjuiynlont peculiar to cells :uld tissues holding function hns Ik'cn ~ W i n l : ~ t i ~ c l  
at $47K. The ndditimd oquipnrent is ostimntod :it $4K; thus tlw total unit rwst is: 

Ullit Cost 
Conlmoa liolding Unit  (E. 1. C99) $55K 
Equipnlont Peculinr to ~ e l l s / ~ i s s u r ? s  $ 4K 
Total for Holding Unit,  Colls / 

T~SSUOR (E. I. C98A) $59 i i  



E.  I. C98A HOLDING UNIT CELLq & TISSUES (CONT. ) 

It should be noted that a eimllar eummation pmcedure cannot validly - ,arried 
out to establish a total development coat for the holding unit, celle/tie~uee. 

Develoanent Time - 2 years. 



E. I. C98C HOLDING UNlT, INVEHTEBRATES 

Purpose 

To house and provide controlled environmental conditions for invertebrate test 
organisms. 

Requirements 

This equipment Item Is essentially the common holding unit, E. I. C99, except 
that some unique internal equipment will be required for supporting the inverte- 
brates and related research equipment. 

Hardware Status 

This i s  a conceptual design item. One prototype for ground operation and testing 
has been built by General Dynamics Convair Aerospace Division. 

'Technical Descrfption 

Estimated propertien are: 

Weight 
Volume 
Power 

23 kg (50 lb) 
188 dm3 (6.64 ft3) 
50 watts 

It shoul+ be noted that the weight, power and volume of the common holding unit 
(E. I. C99) arc  included in the above values, and should not be added into the carry- 
on laboratory as a separate item. 

Cost - 
The major development coet of the holding unit for invertebrates ie  accounted for 
in the common holding unit (E, I. C99). The additional development coet for 
internal equipment peculiar to Invertebrate holding functions has been estimated at 
$47K. 

The additional equipment unit coet ie ~,etimrrted at $4K. Thu8, the total unit cost 
is: 



E, I. C98C HOLDING UNIT, INVERTEBRATES 

Unit Cost 

Common Holding Unit (E, L C99) $55K 
Equipment Peculiar to Invertebrates $ 4K 
Total for Holding Unit, Invertebrates 

(E.I. C98C) $59K 

It should be noted that a summation procedure similar to that shown above for unit 
costs cannot validly be carried out to establish a total for the development cost of 
the holding unit, invertebrates, see the writeup for E. I. C99. 

Development Time: 2 years. 



E. I. ClOl HOLDING UNIT, PLANTS 

Purpose 

To hold plants under specified conditions of temperature and humidity and provide 
light for their growth. 

Requirements 

Specific requirements have not been determined. General requirements have been 
discussed for E. I. C99, the common holding unit, which is used as the basic 
structure of the plant holding unit. Added to the common holding unit are 
structural support components and a lighting system. The lighting system mud 
include cooling components for the purpose of dissipating the waste heat from the 
lights. 

Hardware Status 

This is a conceptual design item. One prototype for ground based operation has 
been built by General Dynamics Convair Aerospace. 

Technical Description 

Estimated properties are: 

Weight 25 kg (55 Ib) 
Volume 188 dm3 (6.64 ft3) 
Power 500 watts 

It should be noted that the weight, power and volume of the common holding unit 
(E. I. C99) a re  included in the above values, and should not be added into the 
carry-on laboratory as a separate item. 

Cost - 
The major development cost of the holding unit for  plants is accounted for in the 
common holding unit (E. I. C99). The additional development cost for internal 
equipment peculiar to plant support has been estimated at  $184K. 

The unit cost of the peculiar equipment is estimated at  $10K; thus the total unit 
cost is: 



E. I. ClOl HOLDING UNIT, PLANTS (Continued) 

Unit Cost 

Common Holding Unit (E. I. C 99) $55K 
Equipment Peculiar to Plants 10K 
Total for Holding Unit, Plants $65K 

It should be noted that a summation procedure similar to that shown above for unit 
costs cannot validly be carried out to establish a total development cost for the 
plant holding unit, see the writeup for E.I. C99. 

Development Time: 2 years. 



E. 1. C 103 HOLDING UNIT, SMALL VERTEBRATES 

Purpose 

The equipment item provides hmsing and support to small vertebrates. 

Requirements 

This holding unit is similar to the common holding unit, E. I. C 99. However, the 
integral temperature control equipment will generally not be needed since the 
ventilating air flowing into the small vertebrate holding unit will determine the 
internal temperature. The current organism environmental control system (ECS) 
baseline is that of an open loop system drawing ventilating air into the holding 
unit from the cabin. In this case the internal temperature will be approximately 
equal to that of the cabin. The small vertebrate holding unit will also differ 
slightly from the common holding unitin its internal structural design peculiar to 
the support of the small vertebrate cages, E. I. C30A. 

Hardware Status 

This i s  a conceptual design item. Several prototype holding units have been built 
in the past for holding specific organisms for spaceflight, but these designs will 
probably not be applicable. One prototype for ground based operation has been 
built by General Dynamics Convair Aerospace and has been used as a basis for 
the estimated properties given below. 

Technical Description 

Estimated properties of the small vertebrate holding unit were based on the use 
of the common holding unit (E. I. C99), less the thermal control equipment. These 
are : 

Weight 

Size 

Volume 
Power 

13.6 kg (30 Ib) (common holding unit, E. I. C99 
minus internal thermal control equipment) 

66 cm wide x 51 cm high x 56 cm deep 
(26 x 20 x 22 inches) 

188 dm3 (6.6 ft3) 
0 

These values do not include the small vertebrate cages E. I. C30A which, although 
removable, will generally be contained within the small vertebrate holding unit. 
If eight small vertebrate cages (E.I. C30A) are added to the small vertebrate 
holding unit, the total weight is 32 kg (70.8 lb) and the total power is 72 watts. 

h .  C . .  'L 



E. I. C 103 HOLDING UNIT, SMALL VERTEBRATES 

Cost - 
The major development cost of the holding unit for small vertebrates is accounted 
for in the common holding unit (E. I, C99). Also, the development cost of the 
cages for the holding unit were estimated to cost $224K. These are included in 
E. I. C30A. 

Unit cost for the small vertebrate holding unit is $55K. Unit cost of the 8 small 
vertebrate cages which are contained within the holding unit is $28K. 

Development Time : 2 years. 



E. I. C 198 INCUBATOR 

Purpose 

Growth of bacterial cultures for inflight analysis and preservation with subse- 
quent return to ground. 

Requirements 

Temperature 2 3 6 O ~  (37O~, 99'3') 
(Approximate tolerance = 0.5OK) 

Internal Volume 3 dm3 (0.1 ft3) 

Hardware Status 

Many commercially available incubators are available, but arc generally larger 
than that required for the COLs. Thus, a custom designed unit will probably be 
needed. Existing space qualified components can probably be used in the design 
and fabrication of the incubator. 

Technical Description 

The incubator is essentially an insulated cabinet with an access door and several 
shelves. It may be desirable to ventilate the cabinet at a low flow rate and pass 
the outflow through a contaminant filtering device, This has been assumed LO be 
the case in estimating the following properties, 

Weight 5 kg 11 lb) 
Volume I 8 dm (0.28 ft3) 
Power 5 watts 

Cost - 
Estimated costs are: 

Development $20K 
Unit $ 1 K  
Commercial $.2K 

Development Time: < 1 yr. 



E. I. C 199 INFRARED GAS ANALYZER 

Purpose 

To measure individual gas constituents in gas mixtures. 

Requirements 

This analyzer is intended to  be a small infrared unit with the capability to con- 
tinuously monitor several specific gases such as C02 and CO. By slight modi- 
fications and recalibration of the basic analyzer prior to individual flights, 
several of a variety of gases can be measured depending upon specific experi- 
ment requirements. 

The sensitivity required for various gases will depend upon the specific experi- 
ments. Some experiments will require trace gases to be monitored in the low 
ppm range. Thus, a highly sensitive IR analyzer would be required. 

Hardware Status 

Several IR analyzers are commercially available, including the LIRA IR 
Analyzer and the IR Industries analyzer for which several catalog sheets a r e  
are attached. The IR Industries Series YO0 analyzer includes readout meters 
but can be supplied with output voltage devices for connection to other displays. 
This might be desirable for the carry-on labwatories so  that the output signals 
could be fed into the command and data management subsystem (CDMS). The 
meter displays could possibly be deleted since the display console of the CDMS 
could be used for readout. Also, the existing meters might not be qualified 
to sustain the various launch loads and vibrations. 

Technical Description 

The weight volume and power requirements of the IR Industries Series 700 
analyzer were used as  a basis of the flight equipment properties. These are: 

Weight 11.3 kg (25 lb) 
Size 4.32 x 4.32 x 2.2 dm (17 x 17 x 9 inches) 
Volume I 42.6 dm3 (1.51 ft ) 
Power 50 watts 

Cost - 
Estimated flight equipment costs are: t 

Development $182K 
Unit $ 10K 



E. I. C199 INFRARED GAS ANALYZER (Continued) 

The commercial cost of the lR Industries Series 700 analyzer is approximately 
$2K. 

Development Time: 1 yr. 



E. I .  C199 INFRARED GAS ANALYZER (CONT. ) 
I N F H A H f D  I N D U S T R I E S  I N C  

I ) A l A  \ t i t  t 1 

PROCESS INFRARED ANALYZER 
NON-DISPERSIVE 

MULTIPLE GAS MONITORING' 
WITH SINGLE INSTRUMENT 
SOLID STATE ELECTRONICS 
DUAL PATH - SEQUENTIAL 
BEAM 
INTERNAL OR SPAN GAS 
CALIBRATION 
FAST WARM-UP-15 MINUTES 

SERIES 700 

DESCRIPTION 

The lnfrared Industries NDlR gas analyzer measures the ccncentration of gas constituents in a gas mixture by 
optically sensing the attenuated radiant energy from an inf ,ared source. This measurement is done rapidly, 
accurately and without contamination or change in the gas bemg measured. H~gh instrument stabdity assures 
maximum user convenience. 

Accuracy of the measuring system is assured by precision manufacturing techniques. lnfrared IS uniquely 
suited to provide the three primary disciplines required to produce and service these instruments: precision 
mirrors and filters, detectors specifically designed for this application, and electronics for the data process. 
ing function. 

Model 700 series is a simple self.contained instrument. The primary outputs are meter displays of the In. 
dividual gas concent:ations. The unit can be supplied with an output voltage su~table for recording systems 
or can be connected to other devices for linearizing, digitizing, encoding, or numerical display. 

*CONSULT FACTORY FOR AVAILABLE COMBINATIONS 

SPECIFICATIONS 

INFRARED INDUSTRIES. INC SANTA BARBARA CALIFORNIA 93102 PHONE 005 604.4181 

75 

CONCENTRATION RANGE: see various model 
specs (back page) 
ACCURACY: 1 % of full scale 
REPEATABILITY: ?.5% of full scale 
SENflTIVlTY: 0.2% of full scale 
RESPONSE TIME: 5 seconds with lCFH sample flow 

OUTPUTS: 0-100mv 
AMBIENT TEMPERATURE: 32°F to 110°F 
RELATIVE HUMIDITY: 0.99% 
POWER REQUIREMENTS: 115V, 60Hz, 50 watts 
ZERO DRIFT: Less than 2%/24 hr 
SIZE AND WEIGHT: 17 9 ,  25 





E. I. C200 KIT, ANIMAL PHYSIOLOGY 

Purpose 

To provide tools and small hardware for setting up and conducting physiological 
measurements on animals. 

Requirements 

Specific requirements have yet to bv? determined and will be somewhat experiment 
specific. Also, for the short duration missions, much of the preparation for 
physiological measurements will be performed prior to flight. Organisms to be 
considered include small vertebrates and certain species of invertebrates. 

Hardware Status 

Most of the items used in ground applicaticns should be suitable for use in space. 

Technical Description 

Some typical items in this kit are listed below along witL preliminary estimates of 
weight, power, and volume. 

Item Quantity grams watts cc 

Biobackpack, micro 2 2 5 0 25 
Chloral Hydrate 1 25 0 25 
Electrodes, ECG, EEG, etc. 20 10 0 50 
Flowmeter, Doppler, Blood 1 450 1 250 
Harness, Electrophysiology, Small 2 2 5 0 2 5 
Nembutal 1 25 0 2 5 
Respirometer, Strain Gage 2 ' 3 negl . 500 
Thermistor, Deep Body Temp. 2 25 negl . 25 
Transducer, Venous Press. Implantable 1 5 negl . 5 

Totals 

Preliminary estimates for the total weight, power, and volume of the animal 
physiology kit for the COLs a re  shown below. These values would be applicable for 
both 7 and 30 day missions since the change in consumables is negligible. 

Weight 
Power 
Volume 

1.5 kg (3.3 Ib) 
Negligible 
2 dm3 (0.07 ft3) 



E. I, C200 KIT, ANIMAL PHYSIOLOGY (Cosrtinual) 

Cost - 
Estimated costa for thie Mt are: 

Development 
Unit 

Development Time: C 1 yeor, 



E . I.  C210 KIT, BLOOD ACQUISITION 

Purpose 

Tu provide for collecting, transferring and storing human blood samples 

Requirements 

This kit is intended to satisfy the requirements of the small Category C (50 lb weight 
limited) carry-on laboratories (see Volume II of this report).  It contains a portion 
of the items listed under the hematology kit (E. I. ClOG). 

Hardware Status 

Commercial equipment ~hou ld  be usable. Liquids may require special containers 
and handling equipment. Breakable items should not be used. 

'I'echnical Description 

The following list of items was used in establishing the preliminary characteristics 
of the blood acquisition kit. The list  16: exemplary only and may change a s  specific 
research requirements become known. Weight, volume, and power estimates a r e  
shown for each item. 

Item Quantlty grams watts - .. CC 

Alcohol , E than01 2 200 0 200 
Blind Aids 2 5 2 5 0 50 
Cotton Swabs 50 2 5 0 500 
Hemoglobinometer , Spencer 1 400 (I 1500 
Lancets 20 10 0 25 
Nccdles 25 5 5 
Slides, Microscope (pre-stained) 30 150 n 150 
Syringes 10 400 0 400 
Tourniquo t 1 50 0 50 

Totals 1265 0 2880 

The total 7-day weight and volume c.C this kit for purposes of conceptual d e s i p  were 
assumed to be: 

Weight : 1.4 kg 3.1 lb) 
Volume : & 3 . 1  dm (0.11 ft3) 



E . I. C210 KIT, BLOOD ACQUISITION (CONT'D) 

Cost - 
Eetimated costs are: 

Development: 
Unit : 

Development Time: C 1 yr. 



E. I. C201 KIT, CHEMICAL SAMPLING 

Purpose 

To provide the equipment for transferring and managing chemicals during various 
manual LSPS experiment procedures. 

Requirements 

This kit will be used for transferring gaseous liquid and solid samples to  and from 
experiment equipment. Chemicals may have to be injected into various equipment 
components, specimens may be transferred to the refrigerator for storage and 
later ground analysis, chemicals may be transferred from one part of the experi- 
nient apparatus to another o r  to experiment specific analysis equipment such as a 
conductivity meter. Gas samples may require manual transfer from the experi- 
ment equipment to the gas analyzers. 

In general, such procedures are  expected to involve quantities on the order of 
1 to 100 cc. Syringes will probably be used for most gas and liquid transfers. 

Hardware Status 

Most of the equippent needed will require minor development for use in zero-g. 

Technical Description 

This kit i s  estimated to weigh 4.5 kg (10 Ib) and occupy 14.2 dm3 (. 5 ft3) for a 
3Crday mission. For seven days, the weight was es t imatd  at 1.5 kg (3.3 lb) and 
the - - at 5 dm3 (0.18 ft3). The kit will contain such items as syringes, vials, 
~ O L C L L ~ ,  te, iubes, chemicals, leak detector fluid, stoppers, sponges, forceps, 
scissors, plastic bags, etc, 

Cost - 
Estimates for a flight kit are: 

Development 
Unit 

Development Time: < 1 yr. 



E. I. C106A KIT, CLEAN-UP 

Purpose 

To facilitate manual clean-up procedures around the COLs. 

Requirements 

The kit should provide the general equipment and materials to clean up both liquid 
and solid debris. These kits may be used during the experiments as well as at their 
termination. 

Hardware Status 

Commercially available materials should be usable. 

Technical Description 

This kit may include sponges, dry wipes, chemically pre-moistened wipes, towels, 
swabs, disinfectant, plastic bags, plastic liners, etc. The weight and volume were 
estimated as follows for conceptual design purposes: 

7-Day Wssioar 30-Day Mission 

Weight 
Volume 
Power 

Cost - 
Estimated costs are: 

Development 
Unit 

Development Time : < 1 yr. 

1 .5kg  (3.3 lb) 3 kg (6.6 Ib) 
4 d d  (0.18 ft3) 8 dm3 (0.35 ft3) 
0 0 



E.1. C113, KIT, GENERAL MOL 

Purpose 

This ki , t  includes the  mechanical and e l e c t r i c a l  too ls  and hardware t o  

provide conventional d i a ~ ~ o s t i c ,  maintenance, and serv ice  functions. 

It should be noted t h a t  most maintenance functions w i l l  be of  a remove 

and replace nature. 

Requirements 

The spec i f ic  requirements of t h i s  k i t  w i l l  depend upon the  experiments being 

performed. The k i t  inventory may be changed t o  s u i t  individual  flights and 

experiments. This k i t  m y  a l s o  be supplemented by a general t o o l  k i t  

aboard t t e  supporting spacecraft .  

Hardware Status  

Sdme tools  dl1 require  some design modification f o r  e f f i c i e n t  use i n  the  

0-g environment. Others w i l l  be usable a s  is. 

Technical Description 

The k i t  w i l l  probably include the following 0-g type too ls :  

Hammer Lubricants 
Nrenches Flashl ight  
P l i e r s  Scissors  
Tape Clamps 
a r e  Cutters Lamp 
Nire Ties Tubing 

Fasteners 
efc. 

The properties of this kit are estimated below: 

Meight : 4.5 ~g (10 lbe) 
Volume : 3 14.2 dm (0.5 ft3) 
Power : 50 watts ( fo r  t rouble l i g h t )  

Cost - 
$ 1 6 ~  Development 

'Jni t $ 1 . 4 ~  

Development Time 

One year 



To provide for collecting, transferring, processing, and analyzing blood. 

Requirements 

The requirements of the equipment within this kit will vary depending upon the specific 
experiments. They will also vary somewhat, depending upon the organism from which 
blood is being collected. For purposes of conceptual design, equipment used for 
human blood collection were used as a basis for estimating the contents of this kit. 

Hardware Status 

Commercial equipment should be us able. Liquids will require special containers and 
handling equipment. Some equipment designed for space and used on Skylab may also 
be applicable, such as the special 0-g blood collection and processing syringes. 

Technical Description 

The following is a representative list of items along with approximate weight, power, 
and volume for a 7-day mission. 

- Item Quantity grams watts cc 

Alcohol, Ethanol 
Alcohol Swabs 
Band-Aids 
Counter, Differential 
Counter, Tally 
Cover Slip (Counting Cmbr) 
Critoseal, Clay Sealant 
Gauze (2x2) & Sponges 
Hemacytomefer 
Hemoglobinometer, Manual 
Labstix (Glu, Alb, Bld, pH, Ket, etc.) 
Lancets 
Lue r Adapters , Vacut ainer 
Needles, Vacutainer (21 ga., 26 ga. ) 
Pipettes, Blood Diluting 
Rpett.es. Di~posable, #10 Lambda 
Pipettes, Oxford Smgle r  (with 100 tips) 
Slides, Microscope @re-stained) 
Syringes, Special 0-g, Blood 

200 
2 5 
2 5 

1200 
50 

negl. 
5 0 
5 0 

100 
400 

2 5 
10 
5 0 
10 
5 0 
10 
5 0 

250 
400 

200 
500 

50 
1000 

50 
negl. 

10 
300 
300 

1500 
100 
25 
10 
10 
50 
25 

100 
2 00 
400 



E. 1. ClO6 KIT, HEMATOLOGY (Continued) 

Item Quantity grams watts cc 

Syringes, Vacutainer 
Tourniquet 
Tubes, Microhet , Hepar inixed 
Tubes, Microhet, Plain 
Tubes, Vacutainer, Assorted 

Totals 346 5 0 5430 

The total weight and volume of this kit for conceptual design analysis was assumed to 
be : 

7-Day Mission 30-Day Mission 

Weight 
Volume 
Power 

Cost - 
Estimated costs are: 

Development 
Unit 

Development Time: 1 yr. 

4 k g  8.81b) I 8 kg (17.6 Ib) 
6 dm (0.21 ft3) 12 dm3 (0.42 ft3) 

0 



E. I. C108 KIT, HISTOLOGY 

Purpose 

To provide small equipment and reagents necessary for the preparation and preserva- 
tion of small tissue samples (plant and animal). 

Requirements 

To be determined. 

Hardware Status 

The use of liquids (stains, fixatives, etc.) may require special procedures and 
equipment. 

Technical Description 

The following are  estimates of the weight and volume of exemplary items which would 
be included in the histology kit for a 7-day mission. 

Item Quantity grams watts cc 

Fixative, Ethanol 1 100 0 100 
Fixative, Formalin 1 100 0 100 
Fixative, Zenkers Soh. 1 100 0 100 
Forceps, Tissue (Rattooth), Michel 2 2 5 0 25 
Pipettes, Oxford Sampler 2 50 0 100 
Stains, Assorted 4 200 0 200 

Totals . 57 5 62 5 

The total weight and volume of the histology kit, for  conceptual design pmposes, was 
assumed to be: 

Weight 
Volume 

Estimated costs are: 

Development 
Unit 

7-Day Mission 30-Day Mission 

1.0 lrg (2.2 b) 3 kg 6.6 lb) I 1 dm (0.04 ft3) 3 dm (0.11 ft3) 

Development Time: < 1 yr. 
84 

k.. 



E. I. Cll OC KIT, HUMAN PHYSIOLOGY 

Purpose 

To provide necessary small equipment items for physiological measurements. 

Require rnents 

Specific requirements have yet to be determined. This kit will be used to support 
both biomedical and MSI experiments. 

Hardware Stabus 

Most of this equipment can be of the commercial type used on the ground. 

Technic a1 Description 

Representative equipment items and preliminary estimates of weight, power, and 
volume are listed below: 

Item Quantity grams watts cc 

Counter, Tally 1 5 0 0 50 
Cuff, Blood Pressure 1 1000 0 300 
Electrodes, ECG, VCG, etc. , Disposable 20 10 0 5 0 
Flow meter, Doppler, Blood 1 450 1 250 
Harness, Electrophysiology 1 450 0 3000 
Labstix (Glu, Alb, Blood, pH, Ketone) 100 50 0 100 
Oto-Opthal mascope (Batte 0') 1 150 0 350 
Respir omete r, Strain Gage 2 5 0 0 500 
Sphygmomanometer 1 300 0 500 
Spiror eter Mouthpieces 3 50 0 500 
Stethescope 1 100 0 600 
Thermistor, Deep Body Temp. 2 5 0 0 50 
Thermometer, Oral 4 5 0 0 2 5 
Tuning Fork 1 100 0 200 

Totals 2860 1 6475 

For conceptual design definition purposes, the total weight, power, and volume of 
the human physiology kit was estimated at: 

Weight 
Power 
Volume 

3 k g  (i. 6 Ib) 
negl . 
8 dm3 (0.28 ft3) 



E. I. CllOC KIT, HUMAN PHYSIOLOGY (Continued) 

Cost - 
Estimated costs for a flight kit are: 

Development 
Unit 

Development Time: < 1 year. 



E. I. CllO KIT, MICROBIOLOGY 
(Routine Bios ampling and Contaalinant Monitoring) 

Purpose 

To provide tools to facilitate growing and analyzing microbial organisms. 

Requirements 

To be determined. 

Hardware Status 

Most ground-based commercial equipment should be usable in space. 

Technic a1 Description 

The following is a representative list of items needed in a microbiology kit. 

Item Quantity grams watts cc 

Alcohol, Ethanol 
Counter, Tally 
Loop, Inoculating 
Media, Blood Agar, Plated 
Media, Emb Agar, Plated 
Media, Phenylethyl Alcohol 
Media, Stuart Transport 
Media, TSA Agar, Plated 
Needles, Inoculating 
Pipettes, Oxford Sampler 
Slides, Microscope 
Swabs, Cotton 
Syringe, 5 ml, sterilc 
Thioglycollate, tubed 
TSA Slants 
Tubes, 15 x 75 mm, sterile 
Zephiran, Tincture, 1:500 1 50 0 5 0 
Totals 1105 0 2240 

The total weight, power, and volume values assumed for conceptual design purposes 
were: 

7-Day Miesiaa 30-Day Mieeim 
Weight 2 kg (4.4 1b) 6 kg (13.2 Ib) 
Power 0 0 
Volume 3 dm3 (0.11 ft3) 8 dm3 (0.28 ft3) 

8 7 



E. I, CllO KIT, MICROBIOLOGY (Continued) 

Cost - 
Estimated flight kit coats are: 

Development 
unit 

Development W e :  1 yr, 



E. I. C114A KIT, MICRODISSECTION 

Purpose 

This kit provides small equipmeklt for surgical procedures on small organisms. 

Requirements 

Procedures to ba performed may include surgery on small animals for purposes of 
collecting tissue samples and other specimens, o r  implanting sensore. Specimen 
collection from plants, invertebrates, and amphibians m2v be required. Other 
specific requirements have yet to be determined. 

Hardware Status 

Commercially available - minor modifications may be required. 

Technical Descri~tion 

Representative components along with their estimated weight and volume are listed 
below : 

Item Quantity grams watts cc 

Blades, Surgical 2 5 2 5 0 10 
Chloral Hydrate 1 2 5 0 25 
Forceps, Gilbert 2 2 0 0 20 
Forceps, Needle, Metzenbaum 2 20 0 20 
Knife Holder, Bard Parker 2 5 0 0 10 
Microsurgery Set 1 45 0 0 1000 
Needles, Assorted 15 2 5 0 25 
Needles, Suture, Assorted 15 2 5 0 25 
Nembutal 1 2 5 0 25 
Retractor, Weitlaner 2 0 10 0 10 
Scissors, Mayo-Nobel, Dissecting 2 50 0 25 
Scissors, Operating 2 5 0 0 25 
Suture Material, Monofilament 1 5 0 10 

Totals (Exemplary Equipment) 78 0 0 1230 

The following total weight and volume were aesumed for conceptual design purposes 
for both 7- and 30-day missions: 

Weight 
Volume 
Power 

1 kg (2*2 lb), 
2.0 dm3 (0.07 ft3) 
0 



E. L C114A KIT, MICRODISSECTDN (Conttnued) 

Cost - 
Estimated costa are: 

Development 
Unit 

.Develapment Time: c 1 yr. 



E. I. C211 KIT, PHYSICAL EXAMINATION 

Purpose 

To provide the necessary items for simple human physical examinations. 

Requirements 

This kit is iimited in its contePlts in order to satisfy the requirements of the small 
Category C carry-on laboratories (see Volume I1 of this report). It contains some, 
but not all, of the items contained in the human physiology kit (E. I. 1 l.OC) wMzh i s  
used in the larger carry-on laboratories. 

Hardware Status 

Con~n~ercial  equipment shouli be usable in most cases. 

Technical Description 

The  following list of iterris was used in establishing the preliminary characteristics 
of this kit. The list  i s  exemplary only, and may change as  specific research re- 
quirements become known. Weight, power and volume estimates are  shown for each 
i tem. 

Item - Quantity grams watts cc 

Cuff, Blood Pressure 1 1000 0 3 00 
Flowmeter, Doppler, Blood 1 450 3 2 50 
Oto-opthalmascope 1 150 0 3 50 
Stethoscope 1 100 0 600 
Thermometer 4 50 0 25 
T~uling Fork 1 100 0 200 

Totals 1850 0 1725 

The total 7-day weight and size of this kit for purposes of conceptual desigll was 
assumed to be: 

Wej yht : 2 kg (4.4 Ib) 
Size: 1 0 x 1 0 ~ 3 1  cm ( 4 ~ 4 x 1 2  inches) 
Volume : 3.1 dm3 (0.11 f9) 



E . I.  C211. KIT, PHY S E A L  EXAMINATION (CONT'D) 

Estimated costs are: 

Development: $3K 
Unit $3.6X 

Development Time : < 1 yr. 



I 1 1  KIT, PLANT MANAGEMENT 

Purpose 

This kit provides tools and components for various plant research procedures. 

Requirements 

To be determined. 

Hardware Status --. 

Commercially available ground-based equipment should be applicable with slight 
modifications. 

Technic a1 Description 

Representative components of this kit are listed below. 

Item Quantity grams watts cc 

Applicator 10 20 0 2 0 
Blades, Surgical 2 5 2 5 0 10 
Forceps, Gilbert 2 20 0 2 0 
Forceps, Splinter 2 2 0 0 20 
Knife Holder, Bard Parker 2 5 0 0 10 
Needles, Syringe 20 10 0 10 
Scissors, Mayo-Nobel Dissection 2 20 0 10 
Scalers 3 5 0 10 
Spatulas 10 20 0 2 0 
Splints 8 2 0 0 20 
Squib Firing Mechanism 1 50 0 25 
Squibs (Plant Growth Arrester) 10 50 0 2 5 
syringes 10 5 0 0 50 
Tape 1 50 0 50 

Totals (Exemplary Equipment) 41 0 0 300 

The h t a l  weight, power and volume for this kit were assumed to be : 

Weight 
Power 
Volume 

7-Day Mission 30-Day Mission 

1 kg (2.2 lb) 2 kg (4.4 Ib) 
0 0 
1 d d  (0.04 ft3) 2 dm3 (0.07 ft3) 



1 1 KIT, PLANT MANAGEMENT (Cmtfnued) 

Cost - 
Estimated costs are: 

Development 
unit 

Revelopment Time: < 1 yr. 



E.I. 212 KIT, URINE ACQUISITION 

Purpose 

To provide the necessary equipment for the collection, transfer, and storage of 
human urine. 

Requirements 

This kit is intended for use in the small Category C (50 lb weight limited) biomedical 
COLs described in Volume I1 of this report. This kit contains some of the same 
items which a r e  contained in the larger hematology kit which is used for the Category 
A&B COLs. 

Hardware Status 

Commercial equipment should be usable. Liquid handling equipment may require 
modification for use in zero-g. 

Technical Description 

The following list  of items was used in establishing the characteristics of this kit 
for conceptual design purposes. The list  may change as specific research proce- 
dures a re  defined. The weight, power and volume of each item a r e  included in the 
list. 

Item Quantity grams watts cc 

Labstix 50 15 50 
Needles 25 5 5 
Syringes, 200 cc 3 300 900 
Urine Storage Bags 25 500 1000 

Totals 820 1955 

The total 7-day weight and size of this kit for conceptual design purposes was taken as: 

Weight: 
Size : 
Volume : 

0.9 kg (2 lb) 
1 0 x 1 0 ~ 3 1  cm ( 4 x 4 ~ 1 2  inches) 
3 .1  dm3 (0.11 ft3) 



E . I .  212 KIT, URINE ACQUISITION (CONT'D) 

Cost - 
Estimated costs are: 

Development: 
Unit: 

Development Time: < 1 yr. 



E . I. CllOB KIT, VERTEBRATE MANAGEMENT 

Purpose 

To provide tools and devices used in the handling of vertebrates 

Requirements 

The contents of this kit wi l l  depend upon ths experiments being conducted and the 
specific organisms being wed. 

Hardware Status 

Ground-based equipment with minor modifications i s  generally applicable. 

Technical description 

This kit was assumed to include 20 plastic bags, 10 towels, an organism transfer/ 
restraint capsule, 12 animal tags, 4 organism harness-type restraints, and a uni- 
versal animal dissection board. Estimated weight and volume for this kit for both 
7- and 30-day missions are approadmately : 

Weight: 3 kg 6.6 lb) 
Volume : a 6 dm (0.21 ft3) 

Cost - 
Estimated flight kit costs are: 

Development : $13K 
Unit: $1.1K 

Development Time: 1 year. 



E. I. C202 LAMP, PORTABLE HIGH INTENSITY PHOTO 

Purpose 

Illumination of subjects during photographic or still documentation 

Requirements 

To be determined. 

Hardware Status 

A photographic lamp is currently being built for Shuttle by Sylvania. Xt was assumed 
herein that the Shuttle lamp would be usable on the carry-on laboratories. 

Technic a1 Description 

The weight and power of this lamp was es#mated based on a previous lamp used on 
Skylab which weighed 6.26 kg (13.8 Ib) and used 150 watts. The volume was 
esOimated at 6 dm3 (0.21 ft3), stowed. 

Cost - 
Estimated costs are: 

Development 
Unit 

Development Time: 1 yr. 



E. I. C203 LIQUID TANK 

Purpose 

To provide for storage of liquids during LSPS equipment testing. Both fresh liquids 
and waste liquids may need to be stored. 

Requirements 

This tank will require posiYve expulsim provisions and will usually contain water, 
or other relatively inert liquids, Acidic, corrosive, or otherwise yeactive liquids 
were assumed to be contained in %qmdment specific tanks. The capacity of a 
single common use liquid tank for the LSPS COLs was assumed to be 15 dm3 
(0.53 ft3 or 3.96 gal.). The same basic tank cauld serve for fresh liquid storage 
or waste liquid storage. 

Hardware S t a ~  

Flight qualified liquid designs are available and should be reviewed for possible 
configurations suitable for the COL, 

Technical Description 

Estimated tank properties are : 

Weight 

Empty Tank 1.5 kg (3.31 lb) 
Water 15 kg (33.1 Ib) 
Tot a1 16.5 kg (36.4 lb) 

Volume 16.5 dm3 (0.583 ft3) 

Power 0 

Estimated flight equipment costs are : 

Development 
unit 

Development Time : 1 yr. 



E . I .  ~ 1 1 6 ~ 0 ~ ~ 0 0 ~ s  

Purpose 

To write down experiment notes,  r e s u l t s ,  procedures and comments. 

Requirements 

A standard type note book with a 0-g hold-down device should be acceptable. 

Harddare Status  

Log books of the type used in previous space flights should be available. 

Technical Description 

Estimated weight and volume requirements f o r  7 days a r e :  

Weight: 0.5 kg (1.1 l b )  
3 3 

Volume: 0.4 dm (0.014 f t  ) 

C o s t  - 
Development : $O.5K 

ilni t : $0.1~ 

Development Time 

Negl. 



E. I. C122 MASS MEASUREMENT DEVICE 

To measure the mass of solids and liquids associated with LSPS testing. 

Requirements 

Specific requirements have yet to be determined. F w  the carry-on laboratories 
(COLs) a mass me& ~urement range of 100 mg to 100 g was assumed to be ade- 
quate. This range, reportedly, can be accommodated by thc experimental mea- 
surement device aboard Skylab (Experiment MO74). 

Hardware Status 

The Skylab mass measurement device was assumed to be available. This device 
operates using an oscillatory principle for the mass determination. The measure- 
ment of liquid samples (if required) will require special containers to prevent 
liquid sloshing during the mass determinations. Also, other non-solid specimens 
will require a restraint device during the mass determination. 

Technical Description 

The following properties are  for the Skylab mass measurement device. 

Range Oto 1.0 kg 
Accuracy i 1 mg 
Weight 15.9 kg (35 ib) 
Power 7 watts (1/4 amp @ 28 volts dc) 
Volume 20 dm3 (0.71 ft3) (chtimated) 

Cost - 
Based on using the Skylab type of mass measurement device costs are: 

Development $0 
Unit $5K 

Development Time: 0 



E. I. C91 MASS SPECTROMETER 

Purpose 

To measure concentrations of individual gases in gas mixtures. 

Requirements will depend upon the specific experimental equipment being tested. 
Common gases which require monitoring include 0 2 ,  N2, H2, C02, CO, CH4, 
H20, NH3, and He. In addition, atmospheric trace constituents will probably need 
to be measured. The mass spectrometer may be combined with the gas chrom- 
atograph being used to separate components such a s  CO and N2 which have the 
same mass number, and the mass spectrometer providing the sensitivity to 
measure trace gases in the parts-per-million range. 

Hardware Status 

Commercial units a re  available but would require modifications such a;, alteration 
to operate on 28 volt d. c. power. A number of mass spectrometers for space- 
flight and aircraft applications have been built by Perkln Elmer, Aerospace 
Division, These include one for the Skylab metabolic analyzer and one for the 
Viking Mars probe. The latter operates in conjunction with the gas chromatograph 
and will measure trace c.:,nstituents in the 0.5 to 50 ppm range. A prototype of a 
third mass spectrometer system similar to the Vim unft was bullt for NASA/ 
LRC, and was devoted to trace contaminant monitoring, The data used herein was 
based upon the use of this system, which is referred to ae the trace contaminant 
sensor system by Perkin Elmer. Thls system would have to be designed for 
manual as well a s  automatic operation, and would a lm require a slight modification 
to enable it to measure gases at high concentrations -/.A low mass numbers a s  well 
a s  gases at trace concentration levels. 

Technical Description 

The following a r e  estimates for the Perkln Elmer Nght type trace contaminant 
sensor system. In additlon to the mass spectrometer, this system includes an 
inlet syetem containing variour rorbents for the plrpose of isolating the individual 
gaseous constituents to be meamued. The r y ~ t a m  utilizee a bullt-in progrbmmer 
for the adsorption and desorgtion of the sorbeat beds. The estimated prop:rrtiee 
of this system, according to Perkin Elmer, are: 



E. I. C91 MASS SPECTROMETER (Continued) 

Welght 11.3 kg (25 1' 2 

Volume: 16.4 dm3 (0.58 ft3) 
Power: 30 watts average 

The system does not require any consumable resupplies over tlme periods on the 
order of 30 days. It must be connected to a vacuum source (E. I. 1181). the gas 
sample source, and the supporting vehlcle command and data management sub- 
system. 

Cost - 
Estimated costs for the mass spectrometer system are: 

Development $100K 
Unit $100K 

Development Tlme: 1 Year 



E.I. C1268 MICROF'HONE 

Purpose 

The microphone is used in the Laboratory f,\r : (1) monitoring background 

noise, and recording the sounds and speech of human subjects during 

test 

Requirements 

W.1 unique requirements are anticipated, beyond a reasonably flat frequency 

response in the audible rmge. Several different types might be useful, 

including omni-directional for background noise, uni-directional for subject 

monitoring and lavalier (neck cord) for subject monitoring or data recording. 

The microphone should be compste,ble dith the Sony Videocorder VC-2200, EI C207. 

ILrdware Status 

Off- the-shelf hardware shvuld be suitable. 

Technical Description 

Many ~Uit~ble microphones are available. The following propel eb are 

estimates 1,f average properties illcluding mounting b w b t :  

Weight - 0.5 Kg (1.1 lb) 
3 V*lun. - . 5dn3 ( -02 ft ) 

Pa~er - Negligible 
Cost - 
Development : $lK 

Unit : $0.2K 

Development Time 

Negl 



E. I. C 126 MICROSCOPE, COMPOUND 

mrpose 

To provide the experf menter with a general purpoee binocular microscope for  
m i c r o s c o ~  studies . I tissues, etc. To permit the taking of photographs of 
selected specimens at the same time. 

Requirements 

Magnification 10 x to 100 x 
Binocular construction 
Photographic capability with 35 mln roll film 
Lighting: Dark field o r  Light field and phase 

contrast 

Hardware Status 

Commercial equipment should be usable. Lighte may have to be changed for use 
of 28 volt power and weight could possibly be reduced. An existing ~dodel of 
Amerirm Optical Co, ; Series 20 Microstar, Model No. XHZOTG-OW is  an 
example of a possible mjcroscope for use. Literature on this microecope i s  
attached. 

Technical Descriptic- 

Estimated properties are: 

Weight 
Volume 
Power 

Cost - 

11 kg (25 Ibs) 
28 dm3 (1.0 f9) 
50 W (illumination) 

Estimated costs for a flight unit are: 

Development 62K 
Unit $3,5K 

Development Time: < 1 yr. 



Advanced 

r Filter turret 
0 Quartz-halogen lamp 

A research-type illuminator makes the Series 2 0  Advanced Mi- 
croscope ideal for tnvestigative and diagnostic microscopy. Su- 
oerior illumtnation and the edge to edge fteld flatness obtained 
through mfinity corrected optics probide the right combination for 
photomicrography, viewing screen observat~on and ~9ase  con- 
trast. The illuminator source 1s a high-intensity quartz halogen 
lamp. Built-in filters give complete flexibility in the selection of 
transmission levels and color temperatures. The illuminating sys- 
tem is housed in a large, cast alummum base that glves maximum 
stability. A variable transformer is furnished for operation of the 
12-volt lamp at 9 volts, 10.5 volts or 12 volts, to suit viewing 
requirements. 

The 1OO.watt quartz-halogen lamp provides light of exceptional 
spectral purity. Thts excellent lighting assures dependable color 
photography. Centerable fleld diaphragm also enables the micro- 
scopist to obtain highly desirable Koehler illumination for photo- 
graphic applicattons. The two built-in filter turrets allow convenient 
selection of fdter combinations. 

Top filter turret holds 1 clear aperture, 3 neutral density filters 
of 5%, 25% and 50% transmission, and a dtdymium color balanc- 
Ing filter. The lower turret contains 1 blue daylight filter, 1 heavy 
blue filler for Polacolor, 1 Wratten 80A plus CC 1 OR for color tran- 
sparenctes, 1 green filter for phase rnlcroscopy and black and 
white photography, and 1 clear aperture. Access door lets you 
change filters or irlsert new ones in extra locations provided. 

The basic microscope consists of an tnclined trinocular M y ,  
with pair of 10X widefield eyepieces, rotatable 360' in the rigid, 
one-piece stand. Lightweight focusable, quadruple nosepiece has 
4X, 10%. 45X and lOOX objectives: focusing with the dual, low- 
positlon coaxial coarse and fine adjustments. Fixed stage releases 
w~th lever for an additional 1 W "  clearance when required. Sub- 
stage equipment tncludes rack and pinion, fork-type condenser 
mount, N.A. 1.25 condenser. For 11 5 VAC, 60 Hz, 
cu n. A0 Model Star )od) t r h  
41711407 XH20BU-QW Ungrad. 

Mech. B~noc 1500.00 
41711-451 XH20TU-QW Ungrad. 

Mech. Tr~noc 15#).00 
41711509 XH20TG-OW Grad. 

Trtnoc 1576.00 



c'onrnroibcinl units aro av:rjlable with zoom or trlnoculnr hocltls for sitnultanuoua 
\.lewing : ~ u d  photogrnphy. hlinor modifications will be requlrotl. 

Weight 
\'alums 
I b w r  

9 kg (20 lbs) 
28 dl113 (1 ftS) 
63 wntte 

Comnlorclttl nlicroscopaa shown In tho attncbed eheete coet approxlnmtely $1K 
oech. Estinratod duvelopnmnt and unit oosts for flight equlpnlent Rro $ l K  and 
$2 K, ru:: pot t 1 vely . 
l)t~volap~nont 'l'lmo: < 1 yr. 





E. I. C126A MICROSCOPE, DISSECTING (CONT. ) 

Specifications 

Main Body Binocular tube, inched 4S0, rotatable 360°, 
with locking screw. For maximum observer 
comfort 6Q0 eyepiece tube i s  available on 
special order. Angle of visual axes i s  12' 
for optimum image colncidence. 
Zoom ratio 5.7 : 1 

IM-Tr 

Trlnocular tube, lnclud~ng 45'-incllned 
binocular tube wlth locking screw plus ver- 
tical photo tube. Prism housings geared 
together. Angle of visual axes is 12' for 
optlmum image colncidence. 
Auxiliary maclfiers are incorporated on a 
built-in revolving turret; for easy choice of 
total rnagntficatlons of 6.3x, l o x ,  16x, 25x 
and 40X wlth standard GlOx eyepiece. 

lnterpupillary 
Adjustment 

With GlOx eyepiece: 
53mm-79mm (2.09"-3.11") 

With C20x eyeplece . 
49.5mm-75.5mm (1.95"-2.97") 

-- - - ppp 

W ~ t h  GlOx eyeplece : 
50mrn-80mm (1.97'-3.15") 

Wlth G20x eyepiece : 
46mm-80mm (1.81"-3.15") 

Diopter 
Adiustment 

- - - - -- -- 

22.5 diopters on each eyepiece tube, accommodating lndlvldual eye differences up to 5 
diopters. 

Total I 14X-80X 
Magnification 

Focusing By vertical movement in a range of 55mm 
(2.17"). Focusing by diagonal-cut rack and 
pinion ; tension adjustable by counter-rotation 
of right- and left-hand focuslng k~lobs. 

By vertical movement in a range of 38mm 
(1.50") by rack and pinion. 

Working 
Distance 

Illuminators Built-in 20 watt transmitted illuminator with brightfield-darkfield selector switch, available or 
100V, 120V, 220Vor 240V. 
The diameter of the aperture iris diaphragm i s  cont~nuously varlable from 2mm to 40mm (0.09" 
to 1.57"). A 12 watt epi-~lluminator, budt on a swivel-jolnt arm wlth focus adjustment, may 
be used individually or simultaneously for oblique ~llumination. 

Optical Data : Model JM 

~ u x i l -  
iary 

2 -  
I X 

0.5 X 

0.75 x 

1.5X - 
2 x 

Model jM-Tr 

Working 
Distance 

mm (inch) 

88mm 
(3.46") 
159mm 
(6.26') 
105mm 
(4.13") 
45mm 
(1.77") 
Nmm 
(1.18") 

-- - 
C2Qx -- 

Magniflcatlon I Field of View 
--I---.--- 

12.6 x \ 16.0mm (0.63") 

20 x - 10.0mm (0.39') 
32 6.25mm (0.25") 
- 50 x : 4.0mm (0.16") 

!!??I-.L 2 5mm (0107  . . . -- 

GlOx GI5 x (Optional) 

7- G15 x 
GlOx Eyepiece 

Eyepiece 1 (optional) 

Magniflcat~on 

9.45 x 
15 x 
24 x 
37.5 x 
60 x 

Field of View 

32mm (1.26") 
20mm (0.79") 

12.5mX-(0.49') 
8.0mm (0.31 ') 
5.0mm (0.20') 

Magnification 

G20 X 
Eyepiece 

14x-mx 

7:,-40x 

7x-40x 

3,5x-LOx 

5.25x-3Ox 

10.5x-60x 

14x-SOX 

Field of View 

20.6m rn (0.81") 
15.8mm (0.62") 
8Lm-m (0.32") 
5.2mm (0.20") 
3.2rnrn (0.13") - 

Objective 
1 x 
Worh'ng 
Distance 
86mm 
(3.3') 

10,5x-60x 

5.25x-30x 

7.875x -45 x 

1 5 . 7 5 ~ - 4 0 ~  

2 1 ~ - 1 2 0 ~  

6.3 x 
10 x 

' 

. 16 X 

25 X 
40x 

8.7-1.5mm 

Field of View - -- 
with ~ 2 0 ~  

17.4 3.lmm 
(0.69" -0.12") 
34.86.1rnm 
(1.37"-0.24') 

with  lor 

31.4- 5.5mm 
(1.24" 0.22") 
b2.9-11.0mm 
(2.46" 0.43") 

Wlfh (Optional) G15x 

188 3.25rnrn 
-- (0.74" 0 13") 
37.16.5mrn 
(1 46" 0.26") 



Purpose 

'I'his i t c ~ n  i s  a 3 dimcnsionnl gcwn~rttric object for the h u t m n  subjc~rt to look :lt 
to de tc r~n inc  when hc i s  cswricncing :in oculogyrnl illusion. 

Gcbncrtll requircnlents include (1) light weight, (2) vivid color contrnst of the 
object :inti the. background and (3) c le t~r ly  discernible features nnd l ines in tho 
oh ject . 

T h i s  itcm cnn Iw roi~ciily fnbricnted from nvnilable nluterinls. 

An open c.d)ir structure, H cnl on n sido. was used its a 1)nsis for conceptunl 
d c s i ~ m  definition. 'She 12 linear elements which make up thc open cube will 
consist o f  2 nlm diameter tubing. The  cube will be plt~ceci on :I bi~ckground of 
contr:isting color. Kstininted properties we: 

Weight 0.2 kg (. 4 lb) 
Volume 1 dmS (0.04 ft3) 
Dower 0 

Cost - 

Development $0.5K 
Unit b0.1K 

Development Time: Negligible. 



E. I. C132 OSCILLOSCOPE 

Purpose 

To provide for real time display of electrophysiological signals. The need for the 
oscilloscope will depend upon the specific experiments being conducted. It i s  
therefore a candidate for an experiment specific equipment item rather than a 
generai purpose equipment item and might be deleted from some carry-on 
laboratories. 

Requirements 

Specific requirements have not been determined. Two desirable features of the 
oscilloscope would be a dual trace capability and a persistent image capability. 
It was assumed that for the carry-on laboratories (COLs) a bandwidth of 500 kHz 
and a sensitivity of 1 mV/division (1 mV/cm) would be adequate. 

Hardware Status 

Commercially available equipment with minor modifications should be suitable. 
A portable battery powered unit i s  described below and in the accompanying data 
sheets. The portable unit was selected because of a number of features which 
should make it easier to adapt to spacecraft use. It i s  lightweight and small, and 
is structurally designed to sustain substantial shock loads (see attached sheet). 
Also, it i s  designed to operate off batteries for a minimum of 3.5 hours. If more 
operating time were required during the carry-on laboratory mission, the 
batteries could be changed using the 28 volt d. c. spacecraft power supply. 

Technical Description 

The following properties were based on the use of the Tektronix portable oscillo- 
scope model 214. 

Weight 1.6 kg (3.5 lb) 
Size 7.6 cm high x 13.3 cm wide x 24.1 cm 

deep (3 x 5.3 x 9.5 inches) 
Volume 2.4 dm3 (0.09 ft3) 
Power Batteries 



E. I .  C 132 OSCILLOSCOPE (Continued) 

Cost - 
Estimated costs for a !light veraion of the oscilloscope are: 

Development $8K 
Unit $2, SK 

The commercial cost of the Tektronix model 214 i s  $1K. 

Development Time: < 1 yr. 





E.I. C13H pH METER 

Purpose 

This meter o r  sensor measures the hydrogen ion concentration of solutions. 

'1'0 be (hut  ermined. 

One-g mcters a r c  readily availa.ble and should be adaptable to zero-g. Modifi- 
cations will involve 0-6 liquid containment techniques, compatible 0-g sensor 
design, nnd alteration for use of 28 volt d. c. power. Also, thcse units could Sc 
m:lde to operate in conjunction with 3 general purpose display console. A typical 
cvnmercial  pII ~ ~ ~ ~ t c r  with digital readout is  shown in the attached catalog sheet. 

Technical Descridion 

linsed on the Or,ion Rlodel 701, the estimated properties of a flight type pH meter 
are: 

Keight 1.8 kg (4 lb) 
Size 32.7 cm wide x 17. H cm deep x 8.9 cm 

high (12-7/HU x 7" x 3-1/'2") 
';olume 5 . 2  dm3 (0.18 ft3) 
Power 20 watte (115 volt, GO Hz) 

Commercial Unit d0.8K 
Flight item estimates: 

Development $77K 
Unit $26.5K 

Development Time: - 





E.I. C204 PLUMBING 

Purpose 

To provide for fluid flow and flow control within the LSPS COLs. 

Requirements 

Fluid flow rates  and line sizes a r e  yet to be determined. In general, it i s  expected 
that small lines on thc order of 0.64 cm (1/4 inch) o. d. will be sufficient. These 
lines will be needed for liquid and gas flows within the COL. Fittings, quick 
disconnects, and valves will also be required. 

Ilnrdware Status 

Available flight and commercial hardware should be usable. 

Technical Description 

The following estimates were made for the overall plumbing requirements based 
upon the use of stainless steel hbing. 

Weight 10 kg (22 lb) 
\rolumc 6 dm3 (0.21 ft3) 
Power 0 

Cost 

Estimated costs are: 

Development $45K 
Unit $3K 

Development Time: 



E. I .  C' 14gG RADIOISOTOPE 'I'RAC ERS 

Purpose 

For  injection into org.misms to act :IS t r ace rs .  

Requirements 

To be determined, 

Hardware Status 

'These chemicals a r c  commercially available. Special packaging designs may be 
required. 

Technical Description 

For  the COLs the following weight and volunlcl including pncl\;~ging \\.ere nssumcd. 

Weight 0 . 3  kg (0. t i  lb) 
Volume 0.5 dm3 (0.02 ft") 
Power 0 

Cost - 
Estimated costs  are :  

Development $2 . - lK 
Unit $0.5li 

Development Time: < 1 yr. 



1:. 1. C205 RECORDER, STRIP CHART 

'1'0 record various analog voltage signals, including electrophysiologica1 measure- 
nwnts. 'I'hc records may not be required on all c a r r y o n  laboratories (COLs) 
Aqwnding upon the specific experiments. 

liequi remcnts 

'1'0 Iw dctcrmincd. 

licquirecl modification on commercial  units might involve the ink Itbed system for 
0-1: opcr:ltion and the power supply for use with 28 volt d. c. 'I'hc following tech- 
nical ti at;^ was bascd on the portable comtiwrcial unit built by Gould Inc. arid described 
in  thc nttnched c:ltalog sheets. 

'l'eellnical Description 

The Gould Inc., Brush Recorder No. 222 ha8 two analog channels a d  two event 
chnmels. It has n pressurized ink feed system which may be compatible with 0-C; 

operation. It i s  battery powered and has  the following weight and volume. 

Weight 14 kg (30.9 lb) (includes 2 kg of recorder  
paper for up to 30 days) 

Size 23 cm wide '.: 35 c m  high h 2 1  c m  deep 
( 9  x 14 u H inches) 

Volume 16.9 dm3 (0.60 fi3) 

Cost - 
Estimated costs  are :  

Development $15K 
Unit $5K 
Commercial Unlt $2K 

Dc.velopment Time: 1 yr. 







E. I. C205 RECORDER, STRIP CHART (CON1'. 1 
BULLETIN 442-4 
NOVEMBER, 1971 

BRUSH 222 RECORDER SPECIFICATIONS 

7 analog, 2 event located on left 
and right margins 

In-Phase Rejection 

Signal Limiter 

Number of Channels 80 dB at 60 Hz with 10 kilohm un- 
balance chassis ground to guard 

Channel Span 

Frequency Response 

40mm (50 divisions) Built-in. adjustable, instant-acting 
electronic limiters prevent dama e 
t o  ana log  pens from off-scase 
signals 

At 50-dlv: Flat within 2 2 %  of full 
scale from d-c to 30 tlr 

At 10-div: Flat within ?2% of full 
scale from d-c to 70 Hz: 
3 dB down @ 100 Hz 

Warm-up Time 

Zero Instability 

10 seconds 

50.1 div/8 hrs: 50.1 div/OC from 
15-30°C Non-Linearity 

Noise 

Trace Presentation 

Trace Width 

Marking Method 

Marking Fluid Capacity 

?O.5% full scale 

0.1 division at max. sensitivity and 
Rs = 50K ohm 

Gain Instability 20.1% I 8  hrs: 20.05% I 0 C  from 
15-30°C 

Chart Speeds 1, 2, 5, 10, 25, 50 mmlsec push- 
button selected using internal d-c 
chdrt drive 
External d-c chart drive. 0 to 5V 
d-c irrput PI ,vides stepless adjust- 
ment of chart speeds from 1 mm/ 
sec to 50 mm/sec 

Rectilinear 

0.01" nominal 

Pressurized fluid 

1 02.-28 gm (sutftcient for one year 
of normal recording): raptaceable 
throw-away cartridge Chart Speed Accuracy 

Operattng Temperature Measurement Range 1 millivoltlchart division to 500V 
d-c full scale (50 chart divisions) 

O°C to 5S°C. Recorder within spec- 
~fication between 15OC to 35OC 

Attenuator Steps 1, 2,5, 10, 20,50, 100, 200 mvldiv.. 
0.5. 1, 2, 5, IOVIdiv., "OFF" 

Storage Temperature -40°C to -+ 35% (batteries limiting 
factor) 

Maxlmum Safe 
Differential lnput 
Voltage 

500V d-c or peak a-c either termi- 
nal to guard or ground, or between 
each terminal 

Power lnput Self-powered by two lead-lead di- 
oxide 6V batteries (see Ordering 
Information). Battery output con- 
nector on rear of recorder. 

Maximum Common Mode 
Voltage 

500V d-c or peak a-c at any attenu- 
ator setting between input termi- 
nals and chassis ground. 
5000 x attenuator setting up to 
500V between input terminals and 
guard. 

Operating Time 8 - I?  hrs continuous operation 
without line assistance, depending 
upon chart speed and signal fre- 
quency. 

16 hrs. max. Recharging Time 

Battety Life lnput Circuit Three terminal. Differential float- 
ing, balanced to guard. Chassis 
ground terllrinal at rear 

150 to 500 cycles over one year 
period. 

Weight 26 Ibs (11.8 kg). 
lnput Impedance 10 megohms balanced. 5 megohms 

each terminal to guard Outline dim en six,^ 
(nominal) 

ORDERING INFORMATION 

Standard Recorden Model Number 
All recorders include two batteries, built-in charger, and one 
adaptor module for charging or "line asslsted operation" as 
listed below: 

8 For 11 5 volts, 50-400 Hz, 45 VA 15-6325-00 
For 230 volts. 50-400 Hz. 50 VA 15-6325-01 
For 12V d-c to 33V d-c, 1 amp 15-6325-02 

Additional Power Adaptor Modules 

For 115 volts 782235 
For 230 volts 782233 
For 12V d-c to 33V d-c 782237 

Cigarette Lighter Cable Assembly 
(negative ground) 782339 

Supplier Modrl Number 
Chart Paper - Two 40mm grids - 50 divisions 

275 ft (84 meters) Hi-contrast 11 -2923-31 
400 ft (122 meters) Reproducible 11 -2923-43 

Analog Pen 11 -2823-33 
Event Marker Pen 11 -2873-20 
Ink Cartridge 11-2730-01 
Battery 281 296 

A c c n r o r l r  Model Number 
Starter Kit 1 1-6250-00 

Includes 12 rolls Accuchart" paper, 
gram gage. 2 pen-adjust wrenches. 
dust cover 

Replacement Kit 11-6251-00 
Includes 12 rolls chart paper, 2 analog pens, 
2 event pens, 1 oz. ink cartridge 

Rack Mounting Kit 1 1-1 202-08 
Chart Takeup (External). 11-6402-03 
Event Marker, lnterchannei 11-6221 -01 
Internal One-second Timer 11-6101-41 

I!!! GOULD BRUSH 
aould IN., Inrtrumenl Syrlemr Dlvlrlon 
3631 Perkinr Avenue. Cleveland. Ohlo 44114 
Telephone (218) 3013315 



E.I. C153 RECORDER, VOICE 

Purpose 

A portable recorder for voice recording of experiment results and observations, 
a s  well a s  comments from human test subjects during o r  following subjective 
experiments involving man. 

Requirements 

No special requirements a r e  foreseen. A portable cassette tape recorder with 
automatic recording volume level control would be suitable. Maximum recording 
time required i s  estimated at 30 minutes per day. This recorder i s  intended 
merely a s  a portable supplement to the voice recorders which will probably be 
aboard the supporting spacecraft. 

Hardware Status 

Commercial units should be usable in spaceflight with minor modifications. For 
short missions of the COLs battery recharging would probably not be necessary. 
If it were, the charger would probably have to be altered to use 28 volt d. c. 
power, a minor chaqe .  A Craig Corp. Model 2605 has been rated by the F. A. A. 
a s  acceptable for use in commercial aircraft. This model was used as  the basis 
for the properties assumed below for the COL. 

Technical Description 

The Craig Corp. Model 2605 has the following properties: 

Weight 0.77 kg (1.7 lb) 
Size 8.9 cm wide x 14.0 cm high x 3.5 cm deep 

(3.5 x 5.5 x 1.4 inches) 
Volume 0.44 dm3 (0.015 ft3) 
Voltage 4.5 volts d. c. (batteries) 
Nominal operating time on one battery charge: 5 llrs 
Charging time 14 hrs  

Cassettes for this typc of recorder typically have the following properties: 

Weight 45 g (0.1 lb) 
Envelope 10 x 6.6 x 1.2 cm (4 x 2.5 x 0.5 inches) 
Volume 0.08 dm3 (0.003 ft3) 
Total recording time: 120 minutes 



E. I .  C 153 RECORDER, VOICE (Continued) 

To account for cassettes and other equipment such a s  charger,  card^ microphone, 
etc. , the following weight and volume was assumed for carry-on 18bmtories of 
both 7 and 30 days duration. 

Total weight allowance 
Total envelope volume 

Cost - 
Estimated costs are: 

Development $2K 
Unit $0.3K 

The cost of the commercially available Craig Model 2605 is $115 plus $20 for the 
charger. 

:velopment Time: None 





E.I. C83 REFRIGERATOR 

Purpose 

To store perishables to be used in the experiments and specimens taken during the 
experiments for subsequent ground analysis. This includes biological and chemical 
materials applicable to biomedical, biological, and life support and protective 
system experiments. 

Requirements 

Approximate requirements are: 

Temperature 4°C (39°F) 
Internal Volume 8 dm3 (0.28 ft3) 

Hardware Status 

Thermoelectric devices for cooling are  commercially available and would be 
suitable for use in the spacecraft laboratory since they do not rely on gravity for 
their operation, A specially configured refrigerator would have to be designed 
using these devices. 

Technical Description 

A thermoelectric refrigerator design concspt was used as the basis for the weight 
volume and power properties listed below. The refrigerator could be constructed 
of a plastic o r  aluminum with foam insulation and the thermoelectric cooling 
modules mounted on one side of the cold chamber. Estimated properties are: 

Weight 5 kg (11 lb) 
Volume 17 dm3 (0.6 ft3) 
Power 15  watt^ 

Cost - 
Estimated costs are: 

Development $59K 
Unit $4K 

Development Time: 1 yr. 



E;. I .  C l53R SENSORS, I1IISCELLANEOUS 

To monitor various parameters associated with the carry-on laboratory (C014 
equipment, such a s  e lec t r icd  power supply voltage, coolnnt supply pressures ,  
coo1,mt tempornturos, ctc. 

Hoquironrents 

\':trious sensors and trnnsducers may be used on the COLs to monitor tho prop- 
er t ies  of the resources supplied by tho COLs to the experiment equipment. 'I'hesc 
might includc t,ho following: 

23 volt, d. c. 
0-20 amps, d. c. 
278-311°K (40-100°F) 
0-690 k I /m2  (0-100 psig) 
0-20.7 M N / ~ ~  nbsolute (0-3000 psis) 
0-207 kN/Xll2 gage (0-30 pSig) 

'l'hc o u t p i t  s i gnds  from such sensors will be conditioned ,md fed to  the data 
nl:~na~:'c.tntmt subsystcnl. 'I'hc values of the sensed parameters may also be 
displ:~ycvl nt t h c  COI, on the numerical display unit. 

\':trious scnsors and trnnsducers have been developed for flight 8s described in 
the : ~ t t m h d  spcvAficntion sheets from the reference: 

1-:nvironmentnl Control and Life Support '71 Components 
Spccificntions, Report No. 18-1-008, Basic Subsystems 
Module Definition Study, Contract NAS9-6796. General Dynamics! 
Convnir, 17 Octobur 1967. 

Sinrilnr units could be used for the various COL applications. 

'l'ochnical Description 

l'otnl w i g h t  power md volume of H sensors  a r e  eeltimated a s  follows: 

Weight 2.0 kg (4.4 lb) 
Volulno 2.0 dm3 (0.07 ft3) 

Power 4 watts 



E. 1. C lSSB SENSORS, MISCE LLANEOllS (CONT. ) 

Cost - 
Costs will depend upon whether oxistlng f l igh~ type senrors are applicnble. 
Assuming that in most cases they are, tho following costs were estimated: 

Development $2K 
Unit $1.2bli ea. (5;lOli for H sensors) 

Development 'rime: c 1 yr. 
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E. I. C20B SHROUD, DEBRIS CONTAINMENT 

Purpose 

To provide an enclosure for various biological procedures on organisnu and 
specimens for the plrpose of minimizing contamination of the cabin with foreign 
gases and particles including bacteria. 

Requirements 

For the carry-on laboratories this shroud should be simple and lightweight. It 
will probably be integrated with the organism holding units. 

Hardware Status 

Commercial glove boxes similar in function to the debris contaminant shroud a r e  
available but a r e  too large and heavy for use in the COLs. The shroud will have 
to be custom designed for the COLs, using commercial~y available components. 
No complicated design problems a r e  foreseen. 

'Technical Description 

Estimated properties of a flexiblc shroud are: 

Weight 4.5 kg (10 lb) 
Deployed Volume 0.30 m (10, G ft3) 
Power 0 

Cost - 
E~t imated  costs are: 

Development $15K 
Unit $0.5K 

Development Time: 1 yr. 



C. I. C 1558 SHROUD, ENVIRONMENTAL 

Purpose 

To provide a gae tight enclosure around varlous LSPS test devices for the purpose 
of containing any gases that might be leaking from these devices. 

Requirements 

'l'his shroud should be large enough to oncapsulate the equipnlent to be tested on 
the LSPS COL test benches. The size of this volume is not expected to cscced 
0. G 1  x 0.61 x 0.91 m (2 k 2 x 3 ft). The shroud should be gas tight hut collnpsible 
for purposes of storage. 

Hardware Status -. 

Development item. Commercial materials and sealing devices should be us:tble 
in the dosign of the shroud. 

'I'echnical 1)cucription 

The estim:~ted \wight and stowed volume of the shroud are: 

Weight 1.5 kg (10 lh) 
\'olumc (Stowed) 5.7 dm3 (0.2 ft3) 

Cost - 
Estimated at: 

Development Time: < 1 yr. 



E.I. C165 STERILIZER, TOOL 

Purpose 

'ro sterilize miscellaneous small metal hand tiiols such a s  scalpels, by means of 
electrical heating. 

Requirements 

To be determined. 

Hardware Status 

Existing sterilizers should be usable with minor modifications. The attached 
catalog sheet contains a description of a commercial Bacti-Cinerator sterilizer. 
The unit would require alteration in order to use 28 volt d. c. power. 

Technical Description 

Estimated properties for a flight unit are: 

Weight 1 kg (2.2 lb) 
Volume 1 dm3 (0.035 ft3) 
Power 110 watt8 

Cost - 
Estimated flight item costs are: 

Development $5K 
Unit $0.5K 

The commercial Bacti-Cinerator costs $56. 

Development Time: < 1 yr. 





E. I. C 177 TEMPERATURE PROBES 

Purpose 

To measure temperatures of organisms, human test subjects, test materials, 
devices, liquids, soil, environmental chambere, etc. These probes a re  for 
general purpose measurements. Experiment specific probes will also be 
required but are not included in the weight and volume contained herein. 

Requirements 

Temperature probes with a variety oi  shapes and temperature ranges will be 
required. Cylindrical probes of various diameters and lengths are  useful for 
body temperature measurenlents and immersion measurements. Small disc o r  
"banjo" type probes are useful for surface temperature measurements. The 
estimated overall temperature range desirable for the probes is  190-375°K 
(-83 to 102OC, -117°F to 21(i°F). The probes can be used in conjunction with 
suitable couplers (E. I. C 156) and the numeric display (E. I. C 192) for temperature 
readout. 

Hardware Status 

Existing commercially available thermocouples o r  transistor probes should be 
suitable for use. A typical list of thermistor probes i s  shown in the accompanying 
catalog sheet. 

Technical Description 

The temperature probes are  quite light and small. About six would probably be 
enough' for the COLs. These were estimated at: 

Weight 0.3 kg (0.7 lb) , (total for 6 probes 
including leads) 

Volume 0.4 dm3 (0.014 @) 

Cost - 
Assuming that commercially available probes could be used, there would not be 
any development costs. Unit cost for ti probes would be approximately $O.3K. 

Development Time: None 



E. I.  C177 TEMPERATURE PROBES (CONT. ) 

INTfRCHANQEAOLE THCRMISTOR PROBE$, YSf-For measurement and control of sol~d surfaces, I~qu~ds, gases and 
sert~~-srlhds. foi use in any YSI standard mdicrtor circuit, regardless of range covered. Probes follow same resistance 
temperature curve over the entire usable range of - 1W0 to 3WF (.  80" to 150°C); reststance of any probe is precisely known at 
any temperature wlthin its range. Therm~stors change res~stance about 5% per "C, leads up to 1000 feet may be used without 
influencing accuracy of readmg Thermistor probes are capable of very rapld responses to changes In temperature and show 
much lesa lag than a glass thermometer. 

I#TERCWANQEAI)LE THERMISTOR MOOES 

Of&l 
Robe 

-. -. - -- - . . . - . . . 
~2600 Internal (Esophageal-Rectal) 

- - - - - - . .- -- -- -- - - - - -- - - - 
T2605 Small An~mal Probe 

- . .- - . - 
T2606 Small Sem-Flexible Nylon 

.. . -- - 
MdlO Tubular 

. .- .- - .- - - - 
12615 Same as T2610 except 

diameter of Probe IS ' 8 1 "  

-. -> - -- -- . - 

72620 Air Temperature Probe 

Appt~cnt~on and Materul 
-. -. -- . --. 

Body temperature In humans 
and larger lab an~mals 
Waterproof Used w~th Iong- 
er leads for deep water lemp- 
peratures. Often burled for 
subroll temperatures. 
Vmyl plasttc tip 

.- .- - - - 
Rectal temperature In small 
an~mals such as mice, ham- 
sters, etc. Vmyl plast~c 
sheath and t ~ p  

. - - 
For ~nsert~on onto frozen food 
packages or mto softer foods. 
Also used for rectal and cu- 
vette temperatures 

- - - 
For liquid cmmerslon applica- 
t~ons requiring fast response 
Excellent oral or rectal probe 
lmmerstble only to cap un- 
less spectally waterproofed. 
Stainless steel 

- - . . . -. .- -" - -. ~ . 

Smaller d~ameter prov~des 
qu~cker response blrt IS less 
rugged - .- -- - - A . - - - - 
Air temperature in test 
rooms, incubators, etc Re- 
mote air temperatures. 
Stainless steel 

Prob. Lmd 
Temperalure and 

Ranges Conructor 
- - . .  

10 foot 
vmyl 
covered 
sh~elded 
wlre w~th 
phone 
Plug - - -- 
10 foot 
vmyl 
covered 
shlelded 
wlre w~th 
phone 
Plug 

10 foot 
vlnyl 
covered 
shielded 
wore with 
phone 
plug 

. -  . . 

10 foot 
vinyl 
covered 
shlelded 
wtre w~th 
phone 
Plug . .. - 

Same as Same as 
T2610 T2610 

". 
10 foot 
vinyl 
covered 
shielded 
wlre with 

- 1 10 to 300°F ohone 

Each 
. . . . . .. 

$15.00 - 

$26.00 
. - .. 

$26.00 
. . . - . - - 

s22.00 - .- 

$28.50 
. . - -. .- . . 

-80 to 150°C plug sto.50 - - - -- - ~ -- .... * -  - .- - - - -- - -- -. . . 

T2625 "Banjo" Surface Temperature Sktn temperatures, flat 10 foot 
surface tem~eratures. v~nvl 
oral temperatures. AUX- coiered 
iliary temperatures, so11 shielded 
surface temperatures, pipe wire with 
temperatures. Surface phone 
measurement where handle is - 110 to 300°F alua . " 
required. Gainless steel 

. - -- -- - - -- -. . . .- - - .- . - - - - . - - - - 
-80 to 150°C S28.W 

. .-  



I.:. I. ClHO TIMER, EVENT 

Purpose 

'I'o time various experiment procedures. 

Requirements 

The requirements of this device were assumed to bc met by an existing space 
qualified timer which is described in the following reference: 

YIandbook of Pilot Operational Equipment for Manned Space 
Flight, " Report No. C~42-A/S~-997 ,  Flight Crew Integration 
Division, NASA/JSC, Houston, Texas, June 1973. 

Hardware Status 

Available space qualified item. 

Technical Description 

See the attached descriptive sheet from the reference quoted above. 

Weight 0.18 kg (0.4 11;) 
Volume 0.2 dm3 (0.007 ft3) 

Cost - 
Development Cost $0 
Unit Cost $0.2K 

Development Time: None 



E. I,  C48 VACUUM CLEANER 

Purpose 

To collect airborne debris including liquid droplets during experiment proceciures. 

Requirements 

This vacuum cleaner is  envisioned to be a small unit with the requirement to suck 
in and contain small airborne particles. The suction inlet i s  expected to be 
manually directed so that a small capacity unit can be effective. The air  velocities 
produced by the vacuum should probably be on the order of five hundred feet per 
minute in the vicinity (about 28 dm3 or  1 ft3) of the vacuuming operation In order 
to overcome air  velocities in the manned compartment which could be on the order 
of 50 fpm. 

Hardware Status 

Off the shelf commercial units could probably be used with minor modifications. 
hlodifications might include changes in the type of power used, changes in the 
collect ion bag to iwcommodate liquid droplets, packaging changes, and wiring and 
materials changes to correspond to fire safety standards. Small portable battery 
powered vacuum cleaners are available for consideration, in addition to larger 
units generally powered by G O  Hz, 115 volt a. c. Because of the lack of gravity 
much less suction than required in ground units will be needed to move particles 
to the collection site. 

Technical Description 

The selection and design of this item have not yet been determined. A typical 
unit is  described briefly in the attached catalog excerpt. It is included to indicate 
tho approximate weight, power and size of such units. Without attachments it i s  
estimated to weigh 2.3 kg (5 lb) require 300 watts and occupy 8.5 dm3 (0.3 ft3). 
A flight type unit i s  estimated at 

Weight 
Power 
Volume 

2.3  kg (5 lb), including attachments 
100 watt 

3 10 dm3 (0.35 f t  ), including attachments 

Cost - 
Estimated costs for a flight item are: 



E. I. C48 VACUUM CLEANER (Continued) 

Development 
Unit 

Commercial unit cost - $0.05K 

Development Time : < 1 yr. 

EUREKA ELEC. HAND-VAC 
For Cam, Clothes, Drepwlos, Furnlturo 
1 Attachments. Dlspoaablo B y .  1Y Cord 

.- --.- -- - . - 

$23.97 Lightweight Eureka "Whisk" 
hand-vac makes fast  work of 
cleanin# car interiors fabdcl etc. 

Has 3 amp., 18,500 RPM motor, @s two-ita e 
blower tor deepdown cleaning ontour no t fc  
concentrates suction. Uses easily changed dis- 

R oaable dust bags. Hose, wand, crevice tool, up- 
olatery brush dust brush and carrying strap 

lncl 18 i t  c o d .  Durable Iastic housing 5 W, 
20" i. ~ S V ,  M) cy. U.L.A. &pg. wt. 10 lbs.' 
No. 4M531. (1WAT). Retail $29.95. Each W . 9 7  



K. I 111 VACUUM MANIFOW 

Purpose 

To provide a source of vacuum for LSPS experiment equipment. 

Requirements 

The item is  intended to include all equipment necessary to interface with rr space- 
craft vacuum system in order to extend the vacuum supply to the COLs. It inay 
include valves, gages, connectors, and fittings a s  well a s  the manifold tubing. 
The vacuum mcanifold is needed for such purposes a s  pumping Cog out of zeolite 
beds (molecular sieves), vacuum purging toxic o r  explosive gases from test units, 
providing vacuum for thermal insulation, and vacuum drying waste matter. The 
pumping rates required ,we not known, However, a manifold with a diameter of 
3.54 cm (1 inch) was assumed for purposes of conceptual design definition. 

Hardware Status 

Hardware suitable for this vacuum manifold system should be available. 

Technical Description 

The weight volume of this system will be dependent upon the supporting spacecraft 
configuration, placement of the COL within the spacecraft, ctc. Preliminary 
estimates to be charged to the LSPS COLs are: 

Weight 9 .1  kg (20 lb) 
Power 0 
Volume 28.3 dm3 (1 ftJ) 

A part of this weight and volume will be distributed within the spacecraft and not 
be a part of the COL packages. 

Cost - 
Estimated flight equipment costs are: 

Design $32K 
System $5K 

Development Time: < 1 yr. 

137 



E. I. C 193 VENTlIA'l'lON UNIT FOR SMALL VERTEBRATES 

Purpose 

The purpose of this unit i s  to ventilate the small vertebrate holding unit 
(E.I. 103). 

The current NASA guideline i s  to use the cabin atmosphere to ventilate the small 
vertebrates in order to expose these organisms to an atmosphere similar to that 
k i n g  experienced by thc crew. Thus, the ventilation unit must draw cabin air  
through the small vcrtebrnte common holding unit and exhaust this air  to the 
cabin or  to the crew ECS for processing. It has been assumed, that this air 
would require filtering to remove major contaminants before being exhausted to 
the cabin 

Hardwiwc Status 

'She unit will have to be dcsignod, fabricated, tested and qualified. However, 
hardware qualified for space flight o r  for aircraft applications may be available 
for use in the design. 

Technical Description 

The ventilation unit i s  expected to be quite simple, merely drawing a i r  at cabin 
composition temperature, pressure, and relative humidity throtsgh the small 
vertebrate holding unit. It will consist of ducting, a blower, valves, n charcoal/ 
particulate filter. The articulate filter will be quite fine, probably filtering 
out particles in the 10-'mm (0.4 micron) range. The exhaust charcoal/particu- 
late filter will minimize gaseous and particulate contaminants introduced into the 
cabin of the supporting spacecraft. Further processing bi' this air by the crew 
ECS may be used to further eliminate contaminants. The loads imposed upon the 
crew ECS will be quite small, a s  estimated below for the case where B rats  are 
prcsent. 

W d a y  LK of 
for nominal rate 

Parameter 8 ra ts  - for 1 man 

Oxygen consumption 0.14 
CO production 

2 
0.17 



E, I, C193 VENTILATION UNIT FOR SMALL VERTEBRATES (Continued) 

The weight, volume, and power properties to account for the above added loads to 
the crew ECS will depend upon the design of that system. The weight for con- 
sumable~ will probably be no greater than 1-2 kg/day, The following estimates 
were made for the emall vertebrate ventilation unit for 30 days exclusive of any 
penalties imposed upon the crew ECS. 

Weight 9.5 kg (21 lb) 
Volume 19 dm3 (0.67 ft3) 
Power 40 watts 

Estimated costs for a flight ventilation unit are: 

Development $59K 
Unit $21K 

Development Time: 1 yr. 



E. I. C 176 VIDEO TAPE 

Purpose 

For use with the video tape recorder (Em I. C207). 

Requirements - 
The specific requirements have not been established, An allowance of 6 reels  has 
been included a s  a baseline. This will provide for 6 hours of video recording, and 
was assumed to satisfy the MSI requirements for 7 days. 

Hardware Status 

Video reels for the Sony Videocorder CU-2200 a re  commercially available and may 
be usable. 

Technical Description 

Sony video tape (V-32) is 1/2" wide and 2370 feet low. The following data 
describes six reels of V-32 tape,for 7 days and 18 reels for  30 days: 

7 Days 30 Days 
Weight 5 kg (11 lb) 15 kg (33 lb) 
Size 19x19~10 cm (7.5~7.5~4") 19x19~30 cm (7.5~7. 5xt2") 
Volume 3.7 d d  (0.13 f? ) lo. 8 d d  (. 38 f?) 

Power 0 0 
Cost - 

Development 0 
Unit $O.lK (Total) 

Development Time: None 



E. I. C207 VIDEO TAPE RECORDER 

Purpose 

To record crew activity during MSI experimentation, 

Requirements 

Specific requirements a re  experiment dependent. The video recorder would be 
used during MS1 experiments requiring subsequent detailed pictorial analysis of 
crew activity. 

Hardware Status 

Commercial units a re  available wbich provide the desired capability. The Sony 
Videocorder CV-2200 or  equivalent is considered adequate for the requirements, 
The following specification sheet describes in detail the characteristics of the 
Sony CV-2200. Conversion from 120 V a. c. to 28 V d. c. power usage might be 
requl red. 

Technical Description 

Estimated properties of a flight unit arc: 

Weight 22.3 kg (49 lbs) 
Volume 50 dm3 (1.8 ft3) 
Power 80 watts 

Estimated flight unit costs are: 

Development $lSK 
Unit $2K 

Devdopment Time: 1 yr. 
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E.I. C186 VOLT-OHMMETER (VOM) OR MULTIMETER 

To make electrical measurements and continuity checks. It wou!d be used for 
experiment meaeurements a s  well a s  maint.~nance and repair fuAlctions. 

Alternating current and direct current measurements will Lc reqlrired within the 
following estimated minimum and maximum values: 

Voltage 1 mV to 300 V 
Amperage 1 pA kr 10 amps 
Resistance 10 ohms to 10 Mohms 

The actual ranges needed will be a function of the spccl:ir: requireme1 , a s  w ~ l l  
a s  the type of power available on the supporting vehiclc. A portable lustrument 
would be desirable for some measurements, but this feature i s  not m'andatory. 

Hardware Status - 
Commercial VOMs should be adaptable for flight. Rlodifications might include 
(1) the type of power used, (2) changes in the ranges covercd, (3) design 
alte-ration needed to survive launch vibrations and loads, and (4) material 
alterations to meet safety requirement& associated with operation in the space 
vehicle environment. A Simpson m d e l  360 digital VOM is  briefly described 
in the attached catalog sheet. This meter o r  one similar to it could probably be 
adapted for flight. 

Skylab carried a digital multimeter kit {VOM) which weighed 1.93 kg (4.25 lb) 
and might be euttable for use. 

Technical Deeaription 

The weight, volume and power os the Simprjron Model 360 is  sum:narized below: 

Weight 2.0  kg (4.5 !b) (with bottt :lee; 
Size: 18.3 cmH x 13.7 cmW x 9.5  cmD 

(7.2 x 5 .4  x 3. '(5 in. ) 
(not including front panel controls) 
2.39 dm3 (0.084 fi3) 
0 (battery) 

Volume 
Power 







E. I. C213 WASTE STORAGE BAGS 

Purpose 

To store waste materials from experiments . 
Requirements 

These bags are intended for use in the small Category C Biomedical COLs. They 
must accept both solid and moist articles and be hermetically sealing. More specific 
requirements have yet to be determined. 

Hardware Status 

Commercially available plastic bags should be usable. 

Technical Description 

For purposes of conceptual design, the following waste storage bag properties were 
used. The volume shown is that assumed needed for the bags when filled with waste. 
The weight, however, is for only the bags. 

Weight 0 . 5  kg (1.1 lb) 
Volume (full) 7.8 dm3 (0.28 ft3) 

cost  - 
Estimated costs are: 

Development : $0.5K 
Ulit: $O.lK 

Development T h e :  < 1 yr. 



E. I. C lRlG WASTE STORAGE CONTAINER 

Pur pos e 

To store miscellaneous waste materials for return to earth and disposal. 

Requirements 

Estimated volume required i s  28.3 dm3 (1 ft3). A sealed container with liquid 
and gaseous absorbent material inside is desirable. 

Hardware Status 

Use existing materials and concepts configured especially for the COL. 

Technical Description 

Estimated weight and volume are: 

Weight 1.0 kg (2.2 lb) 
Volume 28.3 dm3 (1 ft3; 

Cost 

Estimated costs are: 

Development $13K 
Unit $0.5K 

Development Time: < 1 yr. 



E. I. C 174 WATER TANK, ORGANISM 

To store water for small vertebrates and plants during the carry-on laboratory 
(COL) mission duration. 

Requirements 

The tank capacity was based on the drinking water requirements of 8 rats which 
is 350 g/day. For thirty days the tank would have to contain 10.5 kg or 10.5 dm3, rind 
a positive expulsion type of tank would be needed. The tank was assumed to 
include the necessary plumbing and valves in order to transfer the water to the 
holding units. 

Hardware Status 

Flight qualified positive expulsion tank designs may be available in a suitable 
size. 

TechrJcal Description 

A spherical tank to contain 10.5 dm3 of water would be 28 cm (11 in.) in diameter 
allowing 10% volume allowance for the positive expulsion device. Weight and 
envelope volume used for the tank and plumbing for conceptual design purposes 
were: 

Weight 
Volume 
Power 

12. G kg (28 lb) 
22 dm3 (0.78 ft3) (cubic envelope) 
0 

Estimated flight tank costs are: 

Development $56K 
Unit S . 5 K  

Development Time: C 1 yr. 



E. I. C208 WIRE AND CABLE 

Purpose 

To provide connections for electrode harness assemblies for various 
physiological measurements, and for calibration, testing and troubleshooting of 
research equipment, 

Requirements 

To be used in conjunction with the human physiology kit VCG and ECG sensors. 

Hardware Status 

Commercial equipment should be usable. 

Technical Description 

The following estimates have been m ~ d e  for flight equipment: 

Weight 2 kg (4.4 lb) 
Volume 4 dm3 (0.14 ft3) 
Power 0 

Cost - 
Estimated costs are: 

Development Time: 

Development 
Unit 

None 



E. I .  C209 WORK SURFACE, AIIIFLOW 

Purpose 

This device provides for holding small items in placc in 0-g while working with 
them without the use of special hold-downs. 

Requirements 

Estimated preliminary requirements: 

Work Surface Size 35 cm x 15 c111 (9. 8 5.9 inches) 
Air Velocity 200 fpm 

Hnrclwarc Status 

This item i s  a conceptual design item. 

Technical Description 

The airflow work surface i s  shown conceptu-ally in the accompanying sketch. It 
is essentially a perforated surface into which airflows for t h e  purpose of holding 
small items to the surface by means of the differential pressures created. It 
would probably be integrated into the carry-on laboratory structure. Estimated 
properties, including the a i r  blower system are: 

Weight 5 kg 11 lb) 
Volume il G dm (0 .21  ft3) 
Power 75 watts 

Estimated flight equipment costs are: 

Development 
Unit 

Development Time: 1 yr. 




