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INTRODUC TION 

This Second Ouarterly Progres s Report on the "Development of a Typical 
Mars Landing Capsule Sterilization Container" program, Contract 
NAS 8 - 20502, covers the work performed from 1 October 1965 to 
1 January 1966, for NASA's George C. Marshall Space Flight Center. 
Mr. Ronald G. Crawford is the technical monitor. 

During this peri od design efforts were completed and fabrication o f test 
hardware was initiated. Basic fabrication of major assemblies are complete; 
£lnal machining and finishing operations remain to be performed. Conventional 
manufacturing techniques were adequate for fabricating the sterilization 
container and model probe . All purchased items, except the "V" band clamp 
and electrical heaters for the simulated component boxes, have been received. 

Thermal and structural mathematical models were developed and performance 
predictions were finalized. The se are pre sented in the body of this report. 
They indicate low thermal stre s ses induced by the heat sterilization cycle s 
and are not expected to induce permanent distortions. Minor permanent 
d i stortion s are expected to occur as a result of relieving machining stresses. 

The test plan outlined in the first quarterly report remains unchanged. Test 
£lxture s were de signed and their fabrication initiated. 

I nstrumentation types and locations were established. Data recording and 
reduction procedures were revi ewed . 

At this time no signi£lcant problems exist that would delay completion of this 
program as scheduled. 

j 



1. DESIGN 

The de sign of the sterilization container and model probe as sembly was 
completed in the second ql..'arter. A thorough descri.ption of the design 
detai.ls was presented i n the first quarterly progress report (RAD-SR -6 ~ -264 ). 
'7' l gure 1 (A through }-l)represents the detailed layout (Avco Drawing 767 6 ) to 
which the container and probe assembly i.s being manufactured. Current 
military standards were used to specify detai.l design featureE' and 
fabrication technique s . 

Minor departure from detailed layout drawing s have been made to the 
configuration for manufacturing convenience and to mi.nimize cost as 
fabrication progresses. No compromises that will affect the per fo r mance 
of the assembly are being made. 

Design engineering i.s continually reviewing t he fabr ic ation status with 
shop personnel and all variations wi.ll be documented. 

All purchased i.tems have been ordered and are in shop stores awaiting 
final as sembly . At the pre sent time the only major items yet to be 
received a re the "V" band clamp and the electrical heating blankets. 
These items have been promi.sed for the end of January a nd should not 
delay the test program. 

- 2-
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2. THERMAL ANALYSIS 

2 . 1 GENERAL DISCUSSION 

The analytical approach to the thermal analysis is thoroughly discussed 
in the fir st quarterly progre ss report (RAD -SR -6 5 -264 ; dated 15 October 
1965). This analytical procedure was used to determine the thermal 
behavior of the final design configuration of the sterili.zation container 
and dummy probe assembly. The mathematical model of the system is 
shown in figure 2 . This investigation was more detailed than that carried 
out during the preliminary de sign phase. It included the effects of the 
ejection spri.ng areas, the fiberglas s R. F . window, and the propulsion 
system on the assembly. 

In predicting the behavior of the final design, a heat cycle with ove n rise 
and cool-down times between room temperature to 145 0 C for 1 hour was 
used. The analysis includes heating inputs of 10 watts per pound of 
component to remote components of the probe. 

The measurement of emissivity on actual hardware surfaces, between 
0.1 and 0 . 14, is in close agreement with values used in the analysis. 
Other surfaces that require a high emissivity will be painted . 

2. 2 THERMAL PERFORMANCE PREDIC TION 

The analysis predicting performance includes the thermal response 
effect of nitrogen and helium inside the container under both free and 
forced convection conditions. 

2 . 2. 1 Heating Phase 

Under free convection with nitrogen inside the internal heat transfer 
coefficient i s O. 9 Btu/hr _ft 2oF. The response of the more signHicar..t 
components are shown in figure 3 . The slowe st re sponse component 

(item 22) require s 6.3 hours to reach soak temperature. Item 26, a 
component which conta; , !.; a heating pad, did not reach soak temperature 
in the time period investigated because the analysis assumed the heating 
pad cutoff too soon. This has a minor effect on overall system heat 
balance and time to achieve soak temperature. 

A condition in which n it rogen wa1 used with internal forced convection 
was next inve stigated. Th~ forced convection heat transfer coefficient 
in this case was 4. 6 Btu/hr _ft 2oF. Component re sponse for this 

- 11-
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condition is shown in figure 4. Heat -up time of the slowe st 
o 

element is approximately 3 hour s . Item 26 exceeded 145 C 
indicating in this instance that the heating pad was left on 
too l ong. 

The thi.rd condi.tion with hellum in the sterili. z ation conta in e r 
as the pressurizing gas, under free convection, results in a 
heat transfer coeffici.ent of 1. 85 Btu/hr _ft 2 of. The component 
response is shown in figure 5 . The slowest respons e element 
requires approxima tely 4. 5 hours to reach soak temper a ture , 

The fourth case, with hellum under forced convection, h a s a 
heat transfer coeffici.ent of 4. 6 Btu/hr _ft2 of. Component 
re sponse is shown in figure 6. Heat -up time of the slowe st 
element is approximately 3 hours . Item 26 exceeded l45 0 C 

indicating in this instance that the heating pad was left on too 
long . 

2 . 2 . 2 Cooli.ng Phase 

With nitrogen inside the ste r ili.zation container and fre e 
convection the thermal response of the system w a s c a l c ula t ed . 
The response of a few of the more signifi.cant component s is 
shown in figure 7 , Since item 26 is thermally insulat e d f r om 
the rest of the system , the response is quite slow. Figur e 8 
presents the thermal response of the system using nitrogen 
pre s suri zing gas under forced convection. Figure 9 show s the 
thermal respon se of the system using helium pres suri z ing gas 
under free convection. Figure 10 predicts lhe tberrnal resjJon~'c 
of the system using helium pres surizing gas under fo rc ed 
convection, 
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2.3 CONTROLLED OVEN OVERSHOOT 

A controlled over shoot heat sterilization cycle analysi.s was made . 
Temperature levels in certain areas were allowed to exceed the 
speci.fied sterilization temperature level Q45

0
C (293

0
FD i.n order to 

investig<'ltp. the possibility of shorteni.ng the heat-up time of the slower 
responding i.tems. 

The oven temperature was increased from room temperature to l7l
o

C 
in 1 hour, held at 17lo C for 1 hour and then decreased to l45

0
C i.n 

0 . 5 hour, Separate heat inputs were applied to the insulated components. 
The results of thi.s temperature cycle are shown in figure ll. The slowest 
response item (item 22) stabilized in 4. 5 hours with nitrogen pressuri. z i.ng 
gas under free convection in the sterilization container . Under the same 
condi tions, but with no oven overshoot, this item requi red 6.3 hours to 
reach the st a b:Ezation temperature . Only the exterior metallic surfaces 
and support structure exceeded the l45 0 C heat sterilization cycle. It· s 
believed that this overshoot will have little effect on performance of the 
as sembly. Although little cycle time reduction is realized when internal 
heaters are used in components , greater advantage is expected where 
the use of electrical heaters is limited and a physically larger system 
is involved. 

Figure 12 compare s the more signi.ficant heating conditions with the 
controlled overshoot cycle . The re sponse of item 22 (slowe st re sponding 
element) is plotted for all conditions. The controlled overshoot condition 
usi.ng ni.trogen pressuri z i.ng gas and free convection shows the temperature 
rise time is similar to a condition of a normal heat cycle usi.ng helium 
pressurizing gas with free convection . This is an improvement over the 
nitrogen free convection condition using the de sign thermal cycle of 
1. 8 hour s. 

2.4 CONCLUSIONS 

There is no particular advantage in the forced convection condition of 
helium over nitrogen. The response time of the system is identical with 
either. The time required for the slowest responding element to r each 
stabilization is approximately 3 hour s. U sing helium wi. th free conve c tion 
stabilization can be achieved in approxi mately 4. 5 hours. Using nitrogen 
with free convection stabilization occurs i n approximately 6. 3 hours. 

The time required to cool to room temperature is quite lengthy for all 
conditions since li.ttle can be done to acceler a te heat dissipation of the 
insulated components . 
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3. STRUCTURAL ANALYSIS 

3. 1 GENERAL DISCUSSION 

Structural performance predi.cti.ons of the system were completed i.n the 
second quarter. The stress analysi.s was performed at a time 1 hour 
after i.ni.ti.ation of the heati.ng cycle and 1 hour after initi.ation of the 
cooling cycle . Previous analysis performed o n the preliminary des i gn 
indicated that the structure would pass through the maximum stresses 
due to the thermal heat cycle at those times. Nitrogen pressurizing 
gas, with fr ee and forced convection conditions insi.de the steri li z a ti on 
container, produces the extreme stress limi.ts the assembly encounters 
as a result of the thermal cycle. The mathematical model used i n the 
analysis is shown in figure 13. The method of analys i s used was des c ribed 
i n th e fir st quarterly progre s s report (RAD -SR -65 -264, dated 15 October 
1965) , Results i ndi cate that stre sse s well below allowable w i ll develop 
duri ng thermal cycli.ng and no permanent di.stortions are expected. 

3.2 STRUCTURAL P ERF O RMANCE PREDICTIO N 

3. 2.1 Nitrogen-Free Convection H e a ting 

The thermal gradients for t h e condition usi.ng nitrogen gas in the 
sterilizati.on container, under free convection heati.ng, at a peri.od 
of 1 hour after initi. ation of the heating phase, is shown in fi ~ ll r e 14. 
Figures 15 and 16 are plots of the internal and external meridi on a l 
and circumferential stresses i.n the sterilization container. The 
maximum stresses calculated were on the order of 3500 psi and 
a re w e ll withi.n the allowable stress range of the materi.al. 

3. 2 . 2 Nitrogen -free Convection Cooling 

The thermal grad i ents for the condi t i on using nitrogen gas i n the 
sterili zati on container , under free conv ecti on cooling at a pe ri od 
of 1 hour after i n i t i. ation of the cooling phase, are shown in 
figure 17. Fi.gures 18 and 19 are plots of the internal and external 
m e n diona l and c i rcumferenti al stre s se s in the sterili z ation 
contai ner . The maxi mum stre s se s calculated are on the order of 
1400 psi.. 

3. 2. 3 N i.trogen -Forced Convecti.on Heati.ng 

F i gure 20 show s th e thermal gra~hent l n the ste rili z ation conta i n e r 
at a time of 1 hour after i.nFi at i. on of the heati.ng phase. Nitrog en 
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Figure 17 DELTA-TEMPERATURE (Tactual -7 0° F) VERSUS MERIDIONAL AND DISTANCE 

FREE CONVECTION NIT ROGEN COO LI NG ONE HOUR 
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Figure 18 INNER AND OUTER SURFACE STRESSES FOR ONE HOUR FREE CONVECTION 
NITROGEN COOLING OUTER SHELL 
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Figure 19 INNER AND OUTER SURFACE STRESSES FOR ONE HOUR FREE CONVECT ION 
NITROGEN COOLING OUTER SHE LL 
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Figure 20 DELTA-TEMPERATURE (Tactual -70°F) VERSUS MERIDIONAL DISTANCE 

FORCED CONVECTION HEATING ONE HOUR 
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gas was in the sterilization container under forced convectlOll , 
Figure s 21 and 22 are plots of the internal and external m e ri dHJJ1 d i 
and circumferential stresses in the sterili zation container. Th e 
maximum stre s se s calculated under the above -mentioned condlt lons 
are 3500 psi. 

3. 2. 4 Nitrogen -Forced Convection Cooling 

Figure 23 shows the thermal gradient i.n the steri.li zation c ontainer 
a tiITle of 1 hour after the i nitiation of the cooling pha s e. Nitroge n 
gas was in the stterilization container under forced COnV('c tl OJl, 

Figures 24 and 25 are plots of the interna l a nd e x ternal menr.i1unal 
and circumferential st r esses in the sterilization conta in e r , The 
ITlaximum stre s ses calculated under the above -mentioned condl tions 
are 2100 ps i.. 

3.3 CONCLUSIONS 

The highest stress levels encountered by the sterilization container 
occur 1 hour after initiation of both the heating and cooling portions of 
the heat cycle. In the free convection heating condition, the stres s level 
i. n the ITleridional di.rection approaches 3500 psi at the junction of e l ements 
2 and 9 in figu r e 13 , and al s 0 at element C ("V" band clamp £lang e). The 
forced convection heating condition has similar peaks at eleITlent C but 
i ndicated meridi.onal stress levels approaching 1400 psi between elements 
2 and 9. B o th frre a nd forced-convection conditions indicate meridiona l 
stre s s levels a pproaching 2000 psi at the inter section of elements 6 and 7 . 

Stresses as a result of heat -sterili zaTion - c.ycle -induced thermal g r adi. ents 
are not great enough to cause perITlanent distortion of the assembly. 
P erITlanent d i stortion may occur as a re sult of relieving ITlachining stre s se s 
during the the rITlal cycles. 
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Figure 21 INNER AND OUTER SURFACE STRESSES FOR ONE HOUR FREE CONVECTION 
HEATING OUTER SHELL 
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Figure 22 INNER AND OUTER SURFACE STRESSES FOR ONE HOUR FORCED CONVECTION 
HEATING SUPPORT STRUCTURE 
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Figure 23 DELTA-TEMPERATURE (Tactual-70° F) VERSUS MERIDIONAL DISTANCE 

FORCED CONVECTION COOLING ONE HOUR 
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Figure 24 INNER AND OU TER SURFACE STRESSES FOR ONE HOUR FORCED CONVEC TI ON 
COOLING OUTER SHELL 
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Figure 25 INNER AND OUTER SURFACE STRESSES FOR ONE HOUR FORCED CONVECTION 
COOLING OUTER SHELL 
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4 . MANUF AC TURING 

4 . 1 GENERAL DI SCUSSION 

The fab r i c ati on of t h e s terili zation contai er and model probe as sembly 
i s proce d i g a s s ch e du led. All m a j o r s u b a ss e mblies are completed 
with t he e x c e ption of final m a chi n i n g a nd fin i shi ng operations . Fabrication 
of all tooling h a s pro eeded on an "as requ i re d I I basis . Minor modifications 
were made t o t h e o r i g i nal des i g n to fac ilita e fabri cation . 

4. 2 TOOLING APPROACH 

As mention e d in p receding re port s , all to oling i s of a temporary nature 
s ince only o ne u it i s b e i ng f a b ncat e d . F ix tu re s a nd tools a re being 
cons t ruct ed on an lia s r e qu ' red" b a s ' s . Tool s u sed a s restrain i ng fixtures 
to lo c ate a n d hold c on a i er p a r t s dur i ng welding a re a lso bei ng used for 
st "':" es s - r e i evi ng o p e r ation s . 

4 . 3 F ABRI CAT 'ON ST A T US 

All m aj o r component s h ave b e e n f a b r i cated ; only fi nal machi n i ng and 
fini shi ng o p e rations r e m a i n 0 b e p erforme d . All purcha se items have 
be e n r eceiv e d , ex e pt h ahng b lan k ets fo r h e s i mulated i n strumentation 
package s and t h e "V " b a n d clamps . T h e s e i e ms a re e x p e cted to be 
de l 'vered by 24 Ja a r y 1966 . 

4 . 3. 1 P rop ls ion As s e mbly 

h e p ro pu l s i. n a ss e mb y s t ructu r e 'figure 26 i s complete and i n 
fin a l i s p e c tio . T h i s a sse mbly i. s eject d f rom the steri li zation 
c ontainer w i h he pr ob e . It s e r v e s a s t h e a moun t for theL\ V 
and s pin ro k m otor s . 

4. 3. 2 M ar s Prob e As s embl y 

h m a i n in s r u m e m .a tion p ackage of the d m my probe i s cOIT1plete 
a n d read y for ~ str IT1e!ltati on a d fi. al a ss e IT1bly . F igure 27 shows 
t he applicati on of a s ilic o n e pr i.m r to t h e model probe pr i or to the 
a pph catwn of t h e m o difi e d pur pl e blend T he purpl e blend he a t shie ld 
rna e r i a w a t h e a pplied b y a s pray ~ g operati on. F igure 28 shows the 
vaCUUIT1 b ag IT10ld in g of t h e h at s h i eld . W ith the v a CUUIT1 bag still in 
place , t h e h eat sh i e l d was t hen ov e cured . F i.gure 29 shows the final 
m ach i n i g s tage of the h eat Sh l Id IT1ate r i al and figure 30 shows the 
as s e mbly a fter IT1ach ining . 
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Fi gure 26 PROPULSION ASSEMB LY 
PI422 8B 
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Figure 27 APPLICATION OF SILICONE PRIMER TO PROBE ASSEMBLY 

PI6027C 
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Fi gure 30 MODEL PROBE ASSEMBLY 
PI422 8C 
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4 . 3. 3 Front over Assembly 

The fr ont cover i s i n the we d ed assembly stage and 1.s ready fo r 
final mac h i n i ng and fini shi ng . F i gure 31 i s a view wi.th the cover 
ejecti.on spri ng hous i ng welded i n place. 

4 . 3. 4 Rear Cov er Assembly 

The rear cover has been as semble d and i s ready fo r final machini.ng 
and fi i shi ng . F i gure 32 shows he welded and r ivited as sembly 
i ncludi ng the p rob e ejecti on spri ng housi ng. 

4.3. 5 Co tai ner Ass e mbly 

The center s · c Hor.. of th e con a i.ne (c o a i ner assembly) is in the 
final mach'ni g s age. F i gur 33 shows thi s secti on installed in a 
lathe pri or 0 £ina machi n i ng. 

4.4 CONCLUSI ON S AND RECOMMENDATI O NS 

The development of new fabr i cation echni qu s are not required for the 
fabricati o n of futu r e sterilizat ' o ontain er s . However , it is recommended 
t hat electron i be am weldi.ng b consi de red for the weldi ng of ri.ng s to 
i ndividual parts in future assembli. es . Al h ough tooling may be more 
expens ive , parts 0 l d b pr efinish d a n d weld ed w ith little or no di.storti.on. 
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Figure 31 FRONT COVER ASSEMBLY 
PI4195D 
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Figure 32 REAR COVER ASSE MBLY 
PI422 8A 
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5. TEST 

5. I GENERAL DISC USSION 

The effort in the test area during the second quarter has been the 
detailing of test plans, test fixture design, test fixture fabrication, 
instrumentation planning, and the purchasing of instrumentation. The 
test plan was completed and presented in the first quarterly progress 
report. The plan has not been modified. The test fixtures were designed 
and fabrication was initiated. Instrumentation was selec ted and purchased. 

As components of the assembly become available they will be instrume nted. 

5.2 TEST PLAN 

The te st plan as presented in the first quarte r ly progress report 
(RAD-SR-65-264, dated 15 O ctober 1965) remains u n changed. To ensure 
maximum information from the tests performed, modification to the test 
plan may be made as testing progresses. 

Figure 34 is a schematic of the separation test setup with the available 
clearance for deployment. 

5.3 TEST FIXTURES 

Test fixture details are shown in figure 35 . The fixture is made up of a 
channel section and a stand to which the container as s embly will bolt. 
During heat sterilization cycle tests the channel section will be remo ved 
and the stand with the container assembly will be inserted in the oven. 
The channel section is used only during the probe deployment test. 

Figure 36 shows a handling fixture used for supporting the assembly 
during instrumentation and calibration operations. 

Fabrication of the above - mentioned fixtures is in process. They are 
expected to be completed by the end of January. 
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Figure 34 SEPARATION TEST SET-UP 
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5.4 INSTRUMENTATION AND DATA HANDLING 

5.4 . 1 Instrumentation Locations 

Figure 37 shows the location of the str ain gages, thermocouples, and 
linear potentiomete r s . There will be 27 Baldwin -Lima -Hamilton 
Company F ABX -2 5 -12S13 , constamta n foil, bakelike base, biaxial 
strain gages used on the contai.ner. The container and probe assembly 
will be i.nstrumented wi.th 30 copper -constantan thermocouples, 
24 gage wire. Ni.ne linear potentiometer s wi.ll be i.nstalled withi.n 
the container. The support flange will be the reference poi.nt for all 
deflecti. on measurements. 

5 .4.2 D ata Handling 

The Avco/RAD data proce s sing staff has reviewed procedure s for 
processing the test data obtained from the sterilizati.on container 
test program. Data from thermocouples, strai.n gages a nd line a r 
potentiometers will be acquired by a 100 -channel data logger and 
p rinte d out on a strip listing at 10 mi.nute intervals in the format 
shown below . 

Time (Annotated) 

Channel 
Number XX OXXXX strain or milli.volt 

reading wi.th sign 

99 OXXXX 

These data will be key-punched onto IBM cards for computer entry. 
Computer programs will perform the following operations: 

1. Thermocouples - pri.ntout in OXX. XX mi.lli.volts will be 
calibrated to temperature (T) usi.ng 
table lookup. 

2. Str a i n gage s - printout in OXXXX microinches/inch will 
be corrected for temperature effects usi.ng 
table lookup for the temperature measured 
at the gages. 
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2,3 AND 4 

3 LOCATIONS 
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Figure 37 INSTRUMENTATI ON LOCATI ONS 
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3 Stre s s - for each pair of strain gage s the stre s s 
will be c a lculated from S = K 
(E

l 
+ k E 2 ) where El and E2 a r e the 

corrected strain values . 

4 . Linear Potentiometers - printout in )XX. XX millivolts will 
be calibrated using linear mx + n 
calibration 

5 . Calibrated time history plots of the above functions will be 
made on the SC -4020. 

5 . 5 CONCLUSIONS AND RECOMMENDATIONS 

The need for a 36 -hour dwell time during the second and third heat 
sterili zation cycles , and the possibili.ty of reducing the dwell time to 
5 hours during these tests should be considered. Analysis indicates that 
stre s se s during the sterilization cycle are low and since strain gage 
error s become a larger percentage of the total reading value s, instru ­
mentation should be reviewed and pos sibly modified to produce the most 
meaningful data. Consideration is being given to including more .. 
temperature, and less strain gage, sensors . 

• 
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