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1.0 SUMMARY 

The following i tems represent the significant accomplishments on the SNAP-21 

Program during the past quar te r : 

• Completed fuel capsule weld development 

• 

® 

Insulation system lODl was dynamically tested to specification and the 

thermal charac ter i s t ics retested 

Completed thermal testing of insulation system 10D2 

Completed insulation wrapping, closure and thermal testing of 

system 10D3 

Completed insulation wrapping, closure and thermal testing of 

system 10D4 

Completed forging, radiographic inspection, machining and final 

inspection of first three p r e s su re vesse ls 

Finalized the thermoelectr ic generator design 

Completed test fixture for long te rm evaluation of insulation system 

Completed two test cabinets for long t e rm testing of power conditioners 

Completed assembly of m- lme generator A10D7 

Completed assembly and testing of power conditioners H10D2, H10D3, 

and H10D4 

Completed dynamic testing on insulation system 10D3 
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Completed hydrostatic testing of p res su re vessel DlODl 

Completed shor t - t e rm testing and dynamic testing of ball and socket 

generators AlODl, A10D2, and A10D4 

Completed specification level dynamic testing of in-line generators 

A10D5, A10D6, and A10D7 

Completed system test and test data analysis of Phase I System B-1 and 

Phase 11 System SlODl 

Completed system test of Early Fueled System, SIODIA 

External radiation level measurements of System SIODIA were made at 

Oak Ridge National Laboratory 

Four electr ical ly heated fuel capsules were iinplanted in the ocean off 

San Clemente Island 

Completed semi-annual updating of the SNAP-21 Program Plan 
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2M TASK I--10-WATT SYSTEM 

2.1 INTEGRATED SYSTEM DESIGN AND ANALYSIS 

2 ,1 .1 SYSTEM PERFORMANCE 

As an integral par t of establishing the final thermoelect r ic generator design 

during this repor t period, the system heat t ransfer program was used to de te r ­

mine the sys tem tempera ture profile and heat balance. Details of this analysis 

will be presented in a forthcoming topical repor t that presents the final generator 

design; consequently, only a summary of the resul ts and the final system heat 

balance will be included in this repor t . 

A summary of the predicted system tempera ture profile at EOL, BOL and shipping 

conditions is shown in Table 2 -1 . Figure 2-1 i s a schematic of the system defining 

calculated temperature locations. 

It should be noted that the computer predicted t empera ture for the hot and cold 

junctions of the thermoelect r ic legs is different than the design tempera tures (see 

paragraph 2 ,2 .6 ) . After considering this difference, it was decided that it did not 

warrant another generator design i terat ion. The difference is within the accuracy 

of the analysis and permits building with a slightly conservative design. 

The final heat balance for the system is shown in Table 2-2. This heat balance 

was calculated using typical mater ia l propert ies and conditions; consequently, the 

fuel loading shown is representa t ive of that requi red . Oak Ridge National 

Laboratory (ORNL) s ta tes that fuel loading in this range can be controlled to 

within 5 percent of the total, or approximately 10 watts total to lerance . In view 

of this and the fuel capsule capacity, the final fuel loading has been established 

as 209-219 thermal wat ts . 
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Table 2 - 1 . Calculated Temperature Distribution for 10-Watt 
System in Sea Water and Air with Heat Transfer 
Fins Attached 

Ident i f i ­
ca t ion 
N u m b e r (5) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Loca t ion within the S y s t e m 

P r e s s u r e V e s s e l C o v e r - Uppe r 
H e m i s p h e r e 

P r e s s u r e V e s s e l Body - F l a n g e 

Segmented Re ta in ing Ring -
G e n e r a t o r Mounting P l a t e 

Segmented Re ta in ing Ring - I n t e r ­
face wi th P r e s s u r e V e s s e l Wal l 

Cold F r a m e - In t e r face with 
Mounting P l a t e 

Neck Tube - Top 

E m i t t e r P l a t e 

G e n e r a t o r Hot F r a m e (Ex te rna l ) 

G e n e r a t o r Hot F r a m e ( In ternal ) 

Hot Button 

Cold Cap 

Cold F r a m e ( In te rna l ) 

F u e l 

E n v i r o n m e n t 

Sea W a t e r 
(40°F) 

BOL (1) 

47 

49 

60 

48 

64 

166 

1215 

1080 (2) 
e s t 

1036 (2) 
e s t 

1010 

100 

77 

1325 

E O L (1) 

47 

48 

58 

47 

62 

152 

1112 

967 (2) 
e s t 

927 (2) 
e s t 

912 

93 

72 

1175 

A i r - F i n s 
A t t ached 

(130''F) 

BOL (1) 

141 

143 

155 

144 

158 

2 53 

1270 

1090 (2) 
e s t 

1050 (2) 
e s t 

1020 (3) 
1080 (4) 

204 (3) 
194 (4) 

169 

1375 

Notes: 

1) All tempera tures in °F. 
2) Analysis does not include nodal points at these positions. Temperatures a re 

est imates based on emperical temperature drop from emit ter plate to hot frame. 

3) These tempera tures a re based on the thermopile operating at near short circuit 
conditions. 

4) These tempera tures a re based on the thermopile operating at normal load voltage, 

5) Refer to Figure 2-1 for further definition of tempera ture locations. 
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NOTE-

See Table 2 -1 for 
Temperature Distribution 

Figure 2 - 1 . System Schematic Showing Calculated Tempera ture Locations 
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Table 2-2. SNAP-21 System Heat Balance 

Component 

Generator 

Legs 

Insulation 

Outer Case 

Insulation System 

Neck Tube 

Tie Rods 

Foils 

Other 

Generator Case to Insulation 
System Neck Tube 

Total Fuel Loading - Thermal Watts 

BOL 

139 

9 

13 

20 

14 

12 

8 

215 

EOL 

119 

8 

12 

18 

13 

11 

8 

189 

2 .1 .2 SYSTEM COOLING DURING SHIPMENT 

The SNAP-21 system shipping container is being designed to allow shipment of the 

system without any form of auxil iary cooling to dissipate the system heat. Conse­

quently, a means of rejecting this system heat to the air environment which serves 

as the heat sink during handling, shipping and storage must be found. Since the 

ambient a i r may reach tempera tures of up to +130°F, it is obvious that the heat 

rejection surfaces of the system must operate at t empera tures in excess of +13G°F. 

To prevent overheating of internal sys tem components during shipment and yet 

have hot junction tempera tures during ocean operation as high as possible, it is 

necessa ry to keep the sys tem tempera ture r i s e during shipment as low as possible. 

This is achieved by adding t empora ry heat rejection fins to the outside of the 

p r e s su re vesse l during shipment. These clamp-on fins se rve to increase the heat 
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am 

reject ion surface and thus allow the p r e s s u r e vesse l to operate at a lower t empera ­

ture for a given total heat flow. 

To determine the quantity and s ize of fins required, an ASME design paper 

(62-HT-7, "Predic t ing the Per formance of Free-Convect ion Air Heat Exchangers" 

by J . G . Bar tas and J . N . Shinn) was used. This paper consis ts of a s e r i e s of 

formulas and pa rame t r i c design curves that can be used to design fin-type heat 

t ransfer su r faces . The authors verified the theore t ica l method presented in the 

paper by comparing actual tes t data with theore t ica l predict ions. The data agreed 

to within 5 percent . 

Using the method presented in this paper, it was determined that a total of 180 

aluminum fins, 13 inches in height by 4 inches in length by 0, 025 inch thick, 

could dissipate the sys tem heat at a maximum p r e s s u r e vesse l tempera ture of 

150°F. A drop of 10°F was assumed from the p r e s s u r e vesse l surface to the 

base of the fins. 

Details of this analysis a r e shown in Appendix A. 

2,2 COMPONENT DESIGN AND DEVELOPMENT 

2 . 2 . 1 FUEL CAPSULE 

Weld development has been completed on the fuel capsule . Modification of weld 

p a r a m e t e r s has resul ted in a deep narrow beam penetration with only a minimum 

of surface bead (Figure 2-2). The inner l iner design has been changed to provide 

slightly g rea te r c lea rances between the l iner and the Hastelloy capsule. The fuel 

loading for the prototype sys tems has been specified at 209-219 wat ts . Fuel 

pellet preparat ion will be completed during the next quar te r , 

2 . 2 . 2 BIOLOGICAL SHIELD AND SPIDER 

There was no design or development effort on this component during the period 

covered by this r epor t . 
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Figure 2-2. Elect ron Beam Fuel Capsule weldment 
(Current = 140 ma; voltage = 30 KV, 
speed = 60 in /min with preheat to 560°F) 

2 . 2 , 3 INSULATION SYSTEM 

A the rmal r e t e s t of insulation sys tem lODl was accomplished after the dynamic 

tes t to specification. The the rmal tes t of system 10D2 was also completed. The 

unit insulation, c losure and thermal tes t were completed on sys tem 10D3. Assem­

bly insulation, c losure and thermal test ing was completed on system 10D4. 

2 . 2 . 3 . 1 Thermal Retest of System lODl 

Following the dynamic vibration and shock tes ts to specification level on sys tem 

lODl, a thermal re tes t was performed to determine if there was any change in 

insulation sys tem performance. 

The copper heat t ransfer rod used during the dynamic tes ts to increase the unit 

heat loss was removed and the cavity occupied by the rod was filled with tightly 

packed powdered Min-K 2000 insulation. During the removal of the copper rod it 

was necessa ry to cool the unit to 2 50°F as the copper rod broke off at the cover 

plate. It was neces sa ry to remove the cover plate and the first layer of Mm-K 

2-6 



insulation to remove the copper rod. During removal, the threaded end of the rod 

twisted off even with the emit ter plate into which it was threaded. The inner l iner 

Min-K insulation was reassembled and the unit was heated to 128 5°F for the 

thermal tes t . 

The thermal performance test was conducted using Ogden Laboratories calibrated 

wattmeter, voltmeter, and ammeter . At a steady hot end inner l iner tempera ture 

of 1285°F, the unit required 26.3 volts and 2. 84 amps, or an input of 74, 69 watts . 

Following the test , the power lead wiring from the instrumentation to the unit was 

returned to Linde, At Linde it was determined that the power leads exhibited a 
2 

res is tance of 0. 622 ohm. The I R loss in the power lead wire is, therefore, 

5.02 watts . Subtracting the power lead loss resul ts in a corrected input power of 

69. 67 watts . The corrected power to the unit before the dynamic test was 61. 1 

watts . For evaluation of the thermal performance of the unit, see paragraph 

2 , 2 . 3 . 6 . 

2 . 2 . 3 . 2 Unit Thermal Performance Test of Insulation System 10D2 

Following the closure, the unit was instrumented for conditioning at 1550°F and a 

thermal performance test at 1285°F. This unit was instrumented for the thermal 

test using the inner liner Min-K design as was used for the unit lODl dynamic 

tes t . This design was used so that the system could assume its backup function 

and be dynamically tested in the event of premature failure of unit lODl. A 

schematic of the Min-K insulation system design is shown in Figure 2 -3 . 

All four heaters were connected in paral lel and wired through a wattmeter, r ecord­

ing ammeter , var iac , constant voltage power supply, and insulation t ransformer 

to the line power. Chromel-alumel thermocouples were installed in the following 

locations on the unit: cover plate (1), upper unit heat (1), cylindrical portion of 

unit near girth weld (2), near flat on bottom heat (1), All thermocouples were 

connected to a tempera ture r eco rde r . The unit was continuously evacuated 

throughout the heatup, conditioning, and thermal tes t period. Power was supplied 

to the heaters initially at 50 watts for 16. 75 hours . At this t ime the unit 

tempera ture was 295°F. The power input was then increased to 80 watts and con­

tinued at that level until the total accumulated t ime was 24 hours and the unit 

tempera ture was 425°F. The power was then increased to 100 watts where it 
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.Heater Wires Block MIN-K 

Figure 2 -3 . Schematic of Inner Liner Insulation— Arrangement for System lODl 
Dynamic Test and 10D2, 10D3, and 10D4 Thermal Test 



remained until the total accumulated time of 43. 8 hours and a unit tempera ture of 

790°F was reached. The power was then increased to 150 watts where it remained 

until the unit reached the conditioning tempera ture of 1550°F. A total of 94 hours 

had elapsed since the s ta r t of the tes t . At this t ime the power was reduced to 

approximately 100 watts (adjustments were made when required) to maintain the 

1550°F tempera ture until 140 hours had elapsed. After 140 hours the power was 

turned off. At 153 hours the unit had cooled to 1300°F and the power was resumed 

at 6 5 wat ts . As the unit slowly cooled, the power was adjusted to maintain a 

steady 1285°F. The insulation p re s su re during the thermal performance tes t was 

1. 5 microns and the corrected total power to the unit was 71, 82 watts (corrected 
2 

for meter calibration and I R loss m power lead wire) . For an evaluation of the 
thermal performance of the unit, see paragraph 2 . 2 . 3 . 6 , 

During the conditioning of the unit, the evacuation device was accidently separated 

from the unit causing the unit to be backfilled with a i r at a tmospheric p r e s s u r e . 

Evacuation was res ta r ted with less than two minutes of a i r exposure. Calculations 

performed considering the limited a i r exposure show that this loss of vacuum 

should not change the insulation thermal performance to any significant extent. 

Following the thermal performance test when the unit was cooling, a helium leak 

check of the unit was performed and a slow r i se on the leak detector indicator 

scale was noted. In an attempt to locate the leak, the helium filled bag was 

removed and the unit components, including the inner liner and top edge weld, 

vacuum gauge, and outer enclosure heads, the girth weld and receptacle seal-off 

plugs, were bagged m helium. No leakage was apparent. 

F rom this test , the conclusion may be drawn that the initial leakage was m the 

rubber " 0 " - r i n g that seals the evacuation device to the bottom enclosure head. 

At the conclusion of the leak check, 13.25 grams of regular getter was installed m 

the unit. It was intended to install 15.0 grams, however, 1. 7 5 grams of getter 

remained m the glass feed tube and did not enter the unit. During subsequent 

unit getter fills, the unit will be rotated to ensure that the unit will receive all the 

getter. Offgassing calculations show that the unit only needs 6. 4 grams of getter 

for a five-year life, therefore, the 13.25 grams put m this unit is entirely adequate. 
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The male getter seal-off device with the gold ' 0 " - r i ng was threaded into the female 

seal-off device and torqued to 7 5 ft-lb to make the temporary unit seal-off. Follow­

ing the temporary seal-off, the final seal-off was made, using the following pa ram­

e te r s : 50-54 amps, 9. 0-10. 5 watts, 6 ipm, 2 5 cfh argon, no filler wire used. 

P r io r to completing the seal-off weld, the volume between the weld and the gold 

"O ' - r ing was purged with dry nitrogen gas to reduce the argon concentration that 

would remain between the two seals when the weld was completed. The unit vacuum 

gauge readout indicated a unit p ressure of less than 0. 1 micron after seal-off. 

The Mm-K insulation and heater block were removed from the inner l iner and the 

unit was installed m a shipping container for 3M pick-up and t ransport to Oak Ridge 

National Laboratory where it was integrate into the ear ly fueled system, SIODIA. 

2 . 2 . 3 . 3 Development Insulation System 10D3 

a) Unit Insulation 

The insulation of unit 10D3 was completed using the Lmde propr ie tary insulation 

technique. A. total of 165 insulation layers was applied to the unit. The layer 

composition, thickness, and layer density is presented m Table 2-3 . 

Table 2 -3 . Insulation Composition, Unit 10D3 

Number 
of 

Layers 

2 

45 

60 

60 

Layer 
Composition 

Quartz Cloth 

Nickel Foil 
Quartz Paper 

Copper Foil 
Quartz Paper 

Aluminum Foil 
106 Paper 

Total 
Thickness 

(inch) 

0.422 

0,539 

0. 534 

Layers 
per 
inch 

107 

111 

112 

Upon completion of the insulation application two layers of nickel foil were applied 

over the insulation to provide protection during unit c losure . 
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b) Unit Closure 

The closure for unit 10D3 was essential ly the same as presented in Quar ter ly 

Report No. 6 for unit 10D2. The procedure is repeated below to show variations 

in weld parameters and assembly methods. 

The unit enclosure heads were dimensionally inspected and leak checked upon 

receipt at Linde. The leak ra te of each of the heads was determined to be 

acceptable. 

The top head was cleaned and installed over the unit shaft to mate with the top edge 

of the inner l iner . The head was aligned and tack welded to the inner l iner using 

the Tension Rod Alignment Fixture . Following the tacking, the fixture was 

removed and the semiautomatic edge type weld was performed. The weld pa ram­

eters recorded for this weld were as follows: 78-80 amps, 12. 5 volts, 10 ipm, 

2 5 cfh argon, no filler wire used. 

The bottom enclosure head was prepared for assembly on the top head by welding 

on the following components: enclosure support rod receptacle (3), getter seal-off 

device female end (1), hydrocarbon getter enclosure assembly (1), and getter 

re ta iner assembly (1). 

The receptacles were aligned in the bottom head using the receptacle welding 

fixture. Each receptacle was tack welded in three places and manually welded 

using 0.045-inch 308L filler wire and 2 5 cfh argon. Weld pa ramete r s were : 

No. 1 - 76-80 amps, 9, 0-10. 5 volts; No, 2 - 74-80 amps, 9. 0-10, 5 volts; No. 3 -

74-80 amps, 9, 0-11 , 0 vol ts . 

The getter seal-off device, female end, was aligned in the bottom head to be flush 

with the flat on the head. Four tack welds were made 90° apar t . The edge weld 

was manually performed with the following pa ramete r s recorded: 48-50 amps, 

9 .0-10.0 volts , 2 5 cfh argon, 5-1/2 ipm torch t ravel , no filler wire added. 

The hydrocarbon getter enclosure, which contained 1.006 grams of getter, was 

centered on the female end of the seal-off device and the attachment lugs were 

welded to the head using 60-64 amps, 9-10 volts , 25 cfh argon and 0.045-inch 308L 

filler wi re . 
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The getter re ta iner assembly was aligned in the bottom head and tack welded in 

eight places around the c i rcumference. The sea l weld was manually performed 

using 72-80 amps, 8, 5-10. 5 volts, 2-3 ipm, 0, 045-inch 308L filler wire and 

2 5 cfh argon. This weld was not continuous. Approximately two inches were 

welded at one time before skipping across the diameter to weld the next two 

inches. This procedure was employed to keep the shrinkage to a minimum. 

The bottom head, with all components welded, was cleaned and again leak checked. 

It was found to have an acceptable leak r a t e . The head was then mated with the top 

enclosure head and the angular alignment of the tension rod receptacles was set 

using the tension rod alignment fixture. The weld joint was closed until there was 

no gap and the top head was then tack welded to the bottom head with 9 tacks, 

equally spaced on the c i rcumference. The automatic girth weld was performed 

in two passes . The following parameters were recorded: 

Wire 
Feed 

Pass Amps Volts (ipm) 

1 288-292 12.5-13.0 80 

2 288-295 15 ,0-15 .5 100 

The filler wire was 0,045 inch diameter 308ELC. 

The female tension rods with a 0,3 55 inch thick spherical washer were threaded 

on to the respective numbered male rods and sequentially torqued to 40 in-lb to 

ensure complete seating of the washer s . Measurements were then taken to de ter ­

mine the required washer thickness to provide a 2. 939 inch long tension rod a s s e m ­

bly. It was determined that the following spherical washer thicknesses were 

required: Rod No. 1 = 0.290 inch. Rod No. 2 = 0,336 inch. Rod No. 3 = 0,267 inch. 

These spherical washers were ground and installed. The adjusting pins were then 

installed between the spherical washer and tack welded to the receptacle . 

Following the tack welding of the spherical washers , the tension rods were loosened 

and then sequentially torqued in increments of 5 in-lb to 23 in- lb . The bore of each 

of the female support rods was then insulated using disks of copper opacified 

insulation mater ia l . The rod anti-rotat ion devices were then installed and tack 

( 

Shield 
Travel Gas 

(ipm) (cfh) 

15 2 5 argon 

15 75 helium 
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welded to the spherical washers to prevent loosening of the tension rods . The 

receptacle seal-off plugs were tack welded to the receptacles and then manually 

welded using 46-50 amps, 8. 5-10. 5 volts, 2 ipm, 2 5 cfh argon with 0. 030-inch 

diameter 308L filler wi re . 

After closure, the unit was evacuated and leak checked with a Veeco MS-9 leak 

detector. With the unit enclosed in a helium filled bag, leak check showed the 

unit to have a leak ra te of 5, 5 x 10 a t m - c c / s e c - a i r which is acceptable. 

Measurements of the completed unit showed that the length from the top flange flat 

to the imaginary point on the spherical radius on the bottom head was 15.052 inches. 

The unit diameter at the top head was 12. 417 inches and the diameter at the bottom 

head was 12.414 inches. The length and d iameters , as measured, are within 

tolerance, 

c) Unit Thermal Performance 

Following the closure, the unit was instrumented for conditioning at 1550°F and a 

thermal performance tes t at 128 5°F. This unit was instrumented for the thermal 

test using the inner l iner Min-K design, as shown in Figure 2 -3 , This Min-K 

insulation system design is essentially the same as was used during the testing of 

unit 10D2, except that the disk bolted to the emit ter plate was fabricated from 

copper ra ther than s tainless s tee l . This was to provide a better the rmal path 

when using the 1/2-inch diameter copper heat t ransfer rod during the dynamic 

test, providing a 200-watt heat loss to simulate an operating unit. The test 

instrumentation was the same as for system 10D2. Power was supplied to the 

heaters the same as with system 10D2, The conditioning tempera ture of 1550°F 

was reached after 96 hours of total elapsed heat up t ime. At this t ime the power 

was reduced to approximately 100 watts (adjustments were made when required) 

to maintain the 15 50°F tempera ture until 117 hours of total accumulated t ime . 

The power was then turned off. While cooling, the unit was leak checked with a 

helium leak detector. The leak ra te was found to be 2 x 10 s t d - c c - a i r / s e c . At 

130 hours of total elapsed t ime the unit had cooled to 1303°F and the power was 

resumed at 72 watts, uncorrected. As the unit slowly cooled the power was adjusted 

to maintain a steady 1285°F. The insulation p ressure during the thermal 
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performance tes t was 1. 4 to 2. 0 microns and the corrected total power to the unit 
2 

was 71.3 watts (corrected for meter calibration and I R loss m power lead wires) . 

The calculation of the subtractables to determine the unit thermal performance is 

summarized in paragraph 2 . 2 . 3 , 6 of this repor t . 

At the conclusion of the thermal test, 1 5 grams of regular getter were installed in 

the unit and the male getter seal-off device with the gold " 0 " - r i n g was threaded 

into the female seal-off device and torqued to 75 ft-lb to make the temporary sea l -

off. Following the temporary seal-off the final seal-off weld was made using the 

following pa rame te r s : 50-54 amps, 8. 5-10. 0 volts, 5-6 ipm, 2 5 cfh argon, no 

filler wire used. 

2 . 2 . 3 . 4 Development Insulation System 10D4 

a) Unit Insulation 

The insulation of unit 10D4 was completed using the Lmde propr ie tary insulation 

technique, A total of 165 insulation layers was applied to the unit. The layer 

composition, thickness, and layer density are presented in Table 2-4, 

Table 2-4, Insulation Composition, Unit 10D4 

Number 
of 

Layers 

2 

105 

60 

Layer 
Composition 

Quartz Cloth 

Copper Foil 
Quartz Paper 

Aluminum Foil 
106 Paper 

Total 
Thickness 

(inch) 

0.945 

0.453 

Layers 
per 
inch 

111 

132 

Upon completion of the insulation application two layers of nickel foil were applied 

over the insulation to provide protection during unit c losure . 
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b) Unit Closure 

The closure for unit 10D4 was essential ly the same as for unit 10D3. The proce­

dure is repeated below to show variations in weld pa ramete r s and assembly 

methods. 

The unit enclosure heads were dimensionally inspected and leak checked upon 

receipt at Linde. The leak ra te of each of the heads was determined to be accept­

able. 

The top head was cleaned and installed over the unit shaft to mate with the top edge 

of the inner l iner . The head was aligned and tack welded to the inner l iner using 

the tension rod alignment fixture (E-664061), Following the tacking, the fixture 

was removed and the semiautomatic edge type weld was performed. The weld 

parameters recorded for this weld were as follows: 68-72 amps, 10. 5-11. 5 volts, 

10 ipm, 2 5 cfh argon, no filler wire used. 

The bottom enclosure head was prepared for assembly on the top head by welding 

on the following components: enclosure support rod receptacle (3), getter seal-off 

device female end (1), hydrocarbon getter enclosure assembly (1), and getter 

re ta iner assembly (1). 

The receptacles were aligned in the bottom head using the receptacle welding 

fixture. Each receptacle was tack welded in three places and manually welded 

using 0.045-inch 308ELC filler wire and 2 5 cfh argon. Weld pa ramete r s were: 

No 1. - 74-80 amps, 9. 0-10. 5 volts; No. 2 - 72-78 amps, 9. 0-10, 5 volts; 

No. 3 - 7 4 - 8 0 amps, 9. 0-11, 0 vol ts . 

The getter seal-off device, female end, was aligned in the bottom head to be flush 

with the flat on the head. Four tack welds were made 90° apar t . The edge weld 

was manually performed with the following paramete rs recorded: 48-52 amps, 

9. 5-11.0 volts, 25 cfh argon, 6 ipm torch travel , no filler wire added. 

The hydrocarbon getter enclosure which contained 1.004 grams was centered on the 

seal-off device, female end, and the attachment lugs were welded to the head using 

60-64 amps, 9-10 volts, 25 cfh argon, 0.045-inch 308ELC filler wire . 
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The getter re ta iner assembly was aligned in the bottom head and tack welded in 

eight places around the ci rcumference. The seal weld was manually performed 

using 72-80 amps, 8 .0-10.0 volts, 2-3 ipm, 0.045-inch 308ELC filler wire, 

2 5 cfh argon. This weld was not continuous. Approximately two inches were 

welded at a t ime, before skipping ac ross the diameter to weld the next two inches. 

This procedure was employed to keep the shrinkage to a minimum. 

The bottom head, with all components welded, was cleaned and again leak checked. 

It was found to have an acceptable leak r a t e . The head was then mated with the top 

enclosure head and the angular alignment of the tension rod receptacles was set 

using the tension rod alignment fixture. The weld joint was closed until there was 

no gap and the top head was then tack welded to the bottom head with 9 tacks, 

equally spaced on the ci rcumference. The automatic girth weld was performed in 

two passes with the following parameters recorded. 

Pass 

1 

2 

Amps 

286-295 

286-295 

Volts 

12 .5-14.0 

15 .0-16.0 

Wire 
Feed 
ipm 

80 

100 

Travel 
ipm 

15 

15 

Shield 
Gas 
cfh 

2 5 argon 

7 5 helium 

The filler wire was 0, 045-inch diameter 308ELC, 

The female tension rods with a 0. 355-inch thick spherical washer were threaded 

on to the respect ive numbered male rods and sequentially torqued to 23 in-lb to 

ensure complete seating of the washers . Measurements were then taken to de ter ­

mine the required washer thicknesses to provide a 2. 939-inch long tension rod 

assembly. It was determined that the following spherical washer thicknesses were 

required: Rod No. 1 = 0.276 inch. Rod No. 2 = 0.276 inch. Rod No. 3 = 0.284 inch. 

These spher ical washers were ground and installed. The spherical washer seat 

and ball were coated with Molykote Type Z powder to prevent any cold welding. 

To be on the high side of the angle tolerance to ensure rod tightness, it was neces­

s a ry to recalculate the required tension rod angle. Using the assembly fixture, 

the tension rods were located at 28° 16' for Rod No. 1, 28° 18' for Rod No. 2, and 

28° 19' for Rod No. 3 and torqued to 40 in-lb to temporar i ly secure the spherical 

washer in the receptac le . The adjusting pins were then installed between the 

spherical washer and tack welded to the receptacle . 
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After tack welding the spherical washers , the tension rods were loosened and then 

sequentially torqued in increments of 5 in-lb to 23 in- lb . The bore of each of the 

female support rods was then insulated with disks of copper opacified insulation 

mate r ia l . The rod anti-rotat ion devices were then installed and tack welded to the 

spherical washers to prevent the tension rods from loosening. 

The receptacle seal-off plugs were tack welded to the receptacles and then 

manually welded using 48-52 amps, 8. 5-10. 0 volts, 2 ipm, 2 5 cfh argon, 

0, 030-inch diameter 308L filler w i re . 

After c losure, the unit was evacuated and leak checked using a Veeco MS-9 leak 

detector . With the unit enclosed in a helium filled bag, a leak check showed the 
-10 unit to have a leak ra te of 9. 7 x 10 a t m - c c - a i r / s e c , which is acceptable. 

Measurements of the completed unit showed that the length from the top flange flat 

to the imaginary point on the spherical radius on the bottom head was 15. 061 inches. 

The unit diameter at the top head was 12, 415 inches and the diameter at the bottom 

head was 12.410 inches. The length and d iameters , as measured, a re within 

to lerance. 

c) Unit Thermal Performance 

The unit was instrumented for the thermal test in the sa-me manner as for unit 10D3 

discussed in paragraph 2 . 2 . 3 . 2 of this repor t . The conditioning tempera ture of 

1550°F was reached after a total elapsed heat-up time of 88, 7 hours . At this time, 

the power was reduced to approximately 100 watts to maintain the 1550°F tempera ­

ture until 121.5 hours of total accumulated time when the power was turned off. 

While cooling, the unit was leak checked with a helium leak detector . The leak 
-9 ra te was found to be 4 .4 x 10 s t d - c c - a i r / s e c . 

At 137. 5 hours, total accumulated t ime, the unit had cooled to 1289°F and the 

power was resumed at 50 watts, uncorrected. As the unit cooled the power was 

adjusted to maintain a steady 1285°F. The insulation p re s su re during the thermal 

performance tes t was 3, 8 microns and the corrected total power to the unit was 
2 

6 7. 8 watts (corrected for meter calibration and I R loss in power lead wires) . 
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The calculation of the subtractables to determine the unit thermal performance is 

summarized in paragraph 2 . 2 . 3 . 6 of this repor t . 

During this thermal performance test, one of the electr ic heaters failed while the 

power supplied was 150 watts as evidenced by a drop in system current and an 

increase in sys tem voltage. After the unit was conditioned and the power turned 

off, the heater res is tances were checked and it was found that one heater had a 

res is tance of 8 5K ohms while the other three heaters had individual res is tances of 

approximately 2 7 ohms. 

At the conclusion of the thermal test , 15 grams of regular getter were installed in 

the unit and the male getter seal-off device with the gold " 0 " - r i n g was threaded 

into the female seal-off device and torqued to 7 5 ft-lb to make the temporary unit 

seal-off. Following the t emporary seal-off the final seal-off weld was made 

using the following pa ramete r s : 52-56 amps, 8. 5-10. 0 volts, 5-6 ipm, 2 5 cfh 

argon, no filler wire used, 

2 . 2 . 3 , 5 Final Design Review 

The Final Design Review of the insulation system for the SNAP-21 10-watt system 

was held at 3M Company on March 13, 1968. The Linde Quality Control Plan was 

presented to 3M and reviewed by the 3M Quality Supervisor to ensure that 3M com­

ments which had been previously agreed upon had been incorporated. The Quality 

Control Plan was accepted with the stipulation that all documents referenced in the 

plan a re a part of the plan. 

Linde presented the changes which have been made in the insulation system design 

since the Pre l iminary Design Review. These changes a re as follows: 

1, The spider mater ia l was changed from molybdenum to Hastelloy-X. 

2, Inconel-625 in the cold end of the tension rods was changed to Inconel-718 

to reduce heat l o s s . 

3, The method of supporting the biological shield was changed to the "hot 

interference - cold friction" method. 
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4. The spherical washer is now cut to the exact length at assembly. 

5. The method of applying insulation mater ia l has been changed: (a) copper 

foils have replaced the nickel foils near the shield; (b) the assembly time 

has been reduced from three months to one month; (c) the pilot portion 

of the male half of the tension tie rod was removed; (d) the inside diam­

eter of the female rod (cold end) is being insulated. 

The following development activities performed on this contract were then discussed: 

® Offgassing evaluation 

® Getter tests 

® Getter re ta iner tes ts 

® Seal-off device development 

® Compatibility tes t s 

® Weld development 

® Dynamic testing 

The conclusions which can be drawn from the development units a re as follows: 

1. Structural integrity of the units has been demonstrated. 

2. The specified unit weight of 60 pounds maximum can be achieved. 

Unit 10D4 weighed 60.3 pounds. 

3. The heat loss of the units will be approximately 46 watts . 

4. Vacuum integrity of the units has been demonstrated. 

The method of determining the thermal performance of a unit was presented. 

This is shown in paragraph 2 . 2 . 3 . 6 of this repor t . 

The Linde manufacturing procedures which a re called out on the face of the draw­

ings were accepted by the 3M contingent upon approval of the drawings. These 

drawings have been subsequently approved. 
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The acceptance test procedure was submitted to the 3M Company. These 

procedures delineate the following requi rements : 

1. Thermal performance of 45 wat ts . 

— Pt 

2. Leak ra te of 6 x 10 s t d - c c / s e c - a i r , 

3. Unit weight of 60 pounds, 

4. Conformance to envelope and interface requi rements . 

The following documents were submitted to 3M: 

® Acceptance Test Plan 

m Drawings 

® Quality Control Plan 

® Manufacturing Flow Plan 

® Analysis of Model "A" 

The 3M Company stated that the subcontractor has successfully met the requ i re ­

ments of the Final Design Review and is thereby authorized to proceed with the 

fabrication and assembly effort to complete the Task I work of the subject contract . 

2 . 2 , 3 . 6 Method of Determining Unit Thermal Performance 

The subtractable heat losses during a thermal performance test include the heat 

losses through elements of the test system which are not a part of the insulation 

system and a re therefore not a part of the unit heat loss . 

These subtractable losses resul t from the inner liner Min-K insulation, the heater 

wire power leads, and the thermocouple wi res . In addition to these losses , other 

subtractable heat losses can be present , depending on the geometry of the Min-K 

sys tem. For example, if the Min-K tempera ture adjacent to the neck tube is 

higher than the neck tube tempera ture , there will be a la tera l heat flow from the 

Min-K to the inner l iner which provides a heat flow to the HTVIS unit. This heat 

flow can be determined by a two dimensional analysis of the system and must be 

subtracted from the total heat input. Conversely, if the heat flow is from the neck 

tube to the Min-K this flow must be added to HTVIS unit heat l o s s . 
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To determine the subtractable heat losses a two-dimensional computer analysis 

was performed on a sys tem consisting of the Min-K insulation, heater wires , 

neck tube, and mult i layer insulation. The the rmal conductances of the above 

components were put in equation form, utilizing the known mater ia l p roper t ies . 

A t empera tu re grid was then established in the Min-K, heater wires , neck tube 

and multi layer insulation and the point t empera tu res were calculated. 

With the use of the point t empera tu res and the ma te r i a l thermal conductances, 

ver t ica l and l a t e ra l heat flows were computed for the various Min-K insulation 

geometr ies used in the development uni ts . 

The subtractables calculated by this two-dimensional analysis a re presented in 

Table 2-5 along with the measured total power to the unit. The unit heat loss 

which resu l t s from the total power to the unit minus the subtractables is also 

shown on the table. 

Table 2 -5 , Development Unit Heat Loss 

Unit No, 

lODl 

lODl 
Retest after 
Dynamic Test 

10D2 

10D3 

10D4 

Correc ted 
Total Power 

to Unit* 

61, 1 

69.7 

71.8 

71.3 

67.8 

Subtractables 

Two 
Dimen. * 

10.94 

24.03 

2 4. 15 

24,33 

24.90 

One 
Dimen. * 

14.8 

19.8 

19.0 

19.1 

19.1 

Unit Heat Loss 

Two 
Dimen. * 

50.2 

45.7 

47.7 

47.0 

42, 9 

One 
Dimen. * 

46.3 

49.9 

52,8 

52.2 

48.7 

*Units indicate the rmal watts 

It should be noted that the subtractables a r e higher for units lODl (retest) through 

10D4 than on lODl because of the addition of a r ing and a disk in the Min-K system 

to simulate the 3M thermoelec t r ic generator and thus achieve a corresponding 

t empera tu re profile in the neck tube during the dynamic test ing. 
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The subtractables were also calculated using a one-dimensional analysis (vert ical 

heat flow) to determine the heat loss through the Min-K, heater wires , and t he rmo­

couple w i r e s . The subtractables as calculated for the one-dimensional analysis 

a r e also presented m Table 2-5 . 

Because the thermal tes t conditions are somewhat different than the operat ing 

conditions for which the 45-watt heat loss is specified, the allowable heat loss for 

the test condition is reduced to 42 wat ts . This reduction is caused by unit outside 

tempera ture being 100°F during test and 50°F during operation. Also during opera­

tion the bottom of the biological shield will be 1430°F, whereas during the tes t this 

t empera ture is approximately 1285°F. These t empera ture differences reduce the 

heat flow through the tension rods and insulation during the thermal test and t he re ­

fore reduce the allowable heat loss for test condition. 

As can be seen from Table 2-5, a significant improvement has been achieved on the 

t he rma l performance of unit 10D4 over the other development units. This reduction 

in heat loss is caused by the fact that the nickel insulation layers were replaced by 

copper layers on this unit. It should be noted, however, that the heat loss for 

unit 10D4 IS 0. 9 watt higher than the allowable 42 watts . 

2 . 2 . 4 SEGMENTED RETAINING RING 

No design or development work was done on this component during this repor t 

period. 

2 . 2 . 5 PRESSURE VESSEL 

The first three forgmgs were completed, radiographically inspected, machined, 

and given the final inspection during the cur ren t report ing period. A his tor ical 

summary of the process ing of these forgmgs follows. 

F i r s t Forging 

1. Heat t rea t : 

Solution 142 5°F - 1 hour 

Water Quench 

Age 62 5 ° F - 3 hours 
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2. Cut-off tes t r ing 

3. Rough machine to long cover dimensions 

4. Radiographic inspection 

5. Strength test samples from tes t - r ing 

6. Final machining to drawing PD-37-4221 dimensions 

7. Final inspection including dye penetrant check 

8. Shipped to Southwest Research Institute for hydro-test 

Second Forging 

1. Heat t rea t : 

Solution 142 5°F - 1 hour 

Water Quench 

Age 62 5 ° F - 3 hours 

2. Cut-off test ring 

3. Rough machined to body dimensions 

4. Radiographic inspection 

5. Re-age 700°F - 3 hours 

Note: Both the tes t - r ing and the rough-machined forging were processed 

at the same time but were separate p ieces . 

6. Mechanical propert ies tes ts performed on specimens from test r ing 

7. Final machining to drawing PD-37-4220 dimensions 

8. Final inspection including dye penetrant check 

9. Shipped to Southwest Research Institute for hydro-tes t 
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Third Forging 

1. Heat t rea t : 

Solution 142 5°F ~ 1 hour 

Water Quench 

Age 62 5°F - 3 hours 

2. Cut-off test ring 

3. Rough machine to long cover dimensions 

4. Radiographic inspection 

5. Re-age 7 0 0 ° F - 3 hours 

Note: Same as for second forging. 

6. Mechanical propert ies tes ts performed on specimens from test ring 

7. One-half of the rough-machined forging cut up and mechanical propert ies 

tes ts performed on specimens cut from the same . 

Note: Due to difference in mass of test ring and main part of forging, 

the cut-up samples had somewhat higher strength proper t ies . 

The p res su re vesse l long cover and the body were assembled as a unit and sub­

jected to a hydrostatic p res su re test by Southwest Research Institute at San 

Antonio, Texas, at the end of the report ing period. The proof p ressure test of 

11, 000 psi external p res su re was successfully passed. There was no evidence of 

leakage into the in ter ior . A prel iminary appraisal of the recorded s t rain gage data 

indicated excellent l inearity of s t ra in vs . applied loading. There appeared to be no 

evidence of s t ruc tura l instability. Data reduction will be accomplished during the 

next repor t period and will be presented in the next quarterly repor t , A 48-hour 

hold at 11, 000 psi did not produce any measurable creep of the mate r ia l . 

Results of mater ia l strength tes ts a re summarized in Table 2-6, Chemical 

composition of the Berylco-16 5 mater ia l used for the forgings is compared with 

the specification analysis in the following: 
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Table 2-6. Strength Tes t Summary 

F o r g i n g 
N u m b e r 

1 

2 

3 

T e s t 
Sample 

Or i en ta t ion* 

T 
T 
R 
R 

A 
A 
A 
A 
T 
T 
T 
R 
R 
R 
R 

T 
T 
R 
R 

T e s t Ring 

0 , 2 0 % 
Offset 
T e n s i o n 

Yield (Kips) 

162 .0 
1 6 1 . 0 
158 .0 
156 .2 

1 4 0 . 4 
146 ,0 

142 .6 
145 .8 

139 ,0 
1 4 0 . 0 
141 ,2 
142 .0 

E longa t ion 
(%) 

2 . 0 
3 .0 
3 .0 
2 . 0 

1 1 . 0 
8. 5 

5.0 
8, 5 

1 1 . 5 
11 .0 

5.0 
7 .0 

0 ,20% Offset 
C o m p r e s s i o n 
Yield (Kips) 

173 , 5 

164 .1 
154 .9 

166 .9 
1 5 3 , 4 

151 .0 
149 ,9 
150 .1 
1 5 5 . 5 

C h a r p y 
I m p a c t 
a t 32°F 
(f t - lbs) 

3 . 5 

5. 5 
6 .0 

5,0 
5.0 

6 .0 
6 .0 
5. 5 
6 ,0 

Cut -Up F o r g i n g 

0 . 2 0 % 
Offset 
T e n s i o n 

Yield (Kips) 

150 .8 
1 5 2 . 5 
144 .0 
144 .0 
156 .0 
146 .0 
150 ,9 

E longa t ion 
(%) 

5 .0 
3 .0 
5 .0 
5.0 
5 .0 
5 ,0 
3 , 5 

0 .20% Offset 
C o m p r e s s i o n 
Yield (Kips) 

165 .6 
168 .6 
162 .6 
171 .3 
155 ,0 
155. 5 

1 5 3 . 5 
165 ,7 
160 .4 
167 ,3 

C h a r p y 
Impac t 
a t 32°F 
(f t - lbs) 

4 . 0 
4 . 0 
4 . 0 
4 . 5 
5.0 
5.0 

*A — longitudinal 
T — Tangential 
R — Radial 



Forgings 

1.68 

0.329 

0,419 

99.619 

Min. 

1.60 

0.20 

99,5 

Max. 

1.80 

• 

0 .6 

Specification 
Forgings 

Beryllium (percent) 

Nickel + Cobalt (percent) 

Nickel + Cobalt + Iron (percent) 

Copper + Total Named Elements (percent) 

The specification value for tensile yield at 0. 20 percent offset is 130, 000 psi . A 

minimum elongation of 3 percent is also specified. Table 2-6 shows that, with one 

exception, these requirements have been met . Only in the case of the first forging 

was there a discrepancy. 

Actually, the strength values a re somewhat higher than the requirements but 

elongation is lower. This unit is the one which received only the original aging 

cycle. It was due to this combination of strength and elongation that it was decided 

to a l ter the propert ies of succeeding forgings by changing the aging tempera ture . 

The first forging was machined to the final configuration and ra ther than chance the 

possibility of distortion during a re-aging cycle, it was decided to accept it in its 

original condition. The basis for this decision being that elongation is s t r ic t ly a 

tensile property and the lower value would not influence the integrity of the com­

plete unit under external hydrostatic p ressure loading. A ra ther extreme example 

of this philosophy is use of glass for s imi lar loading conditions. Table 2-6 shows 

that the two units, after re-aging, a re well within the specification limits for yield 

strength and elongation. 

Although the specification for Berylco-16 5 mater ia l does not set any values for 

compression yield strength, it should be noted that a value of 140, 000 psi at 0.20 

percent offset was used as the design minimum for the p res su re vessel calculations. 

All compression tes ts reported exceed this value, indicating that the original 

est imate was both conservative and reasonable. 

Ultimate strength values in tension have not been included in the accompanying 

table. For the p ressure vesse l design, our interest centers about modulus of 

elasticity and compression strength in the vicinity of 0, 20 percent offset yield. 

The c r i t e r i a employed for determination of p res su re vessel wall thicknesses a r e : 
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1, Buckling of the vesse l walls shall not occur when the external p re s su re 

loading is 1, 50 x 1.10 x working p re s su re , 

2. The design compression yield at 0,20 percent offset shall not be exceeded 

when the external p ressure is 1, 50 x 1. 10 x working p r e s s u r e . 

The only interest in tension yield and ultimate strengths is in the fact that these 

values character ize the mater ia l very well and a re more easily and accurately 

determined than compression values. The specification limits on ultimate tensile 

strength a re 150,000 to 180,000 psi . The values reported on for the test speci­

mens listed in Table 2-6 vary between 157, 000 to 170, 000 psi for the two forgings 

which were re-aged, and from 174, 800 to 181, 500 psi for the first forging. 

During the initial stages of p ressure vesse l design, no information was available 

regarding micros t ruc ture of forgings made from Berylco-16 5 in the s izes to be 

used for the SNAP-21 p ressure vesse l . 

Paragraph 6 .4 .2 of the mater ia l specification, AMS4650E, s tates that average 

grain size of forgings shall be "as agreed upon by purchaser and vendor ." How­

ever, to provide a baseline for grain size acceptance cr i te r ia , an a rb i t r a ry limit 

of 0. 05 mm was set as the maximum value on the p res su re vesse l drawing. To 

provide flexibility in establishing a final acceptance c r i t e r ia , a stipulation was 

made in the forging purchase order that the grain size was subject to negotiation. 

Apparently the author of the mater ia l specification was well aware of the difficulty 

in establishing maximum grain size in Berylco forgings, since grain size measu re ­

ments from a single forging have ranged from 0.025 to 0.200 mm. This duplex 

micros t ruc ture is shown in Figure 2-4, which is typical for the three forgings. 

There is also a random distribution of this duplex type of grain s t ruc ture which 

can be clear ly seen in Figure 2-5, a reduction from a full scale photograph of the 

sectioned and polished forging. 

From technical discussions with Beryllium Corporation and Wyman Gordon 

metal lurgis ts , it has been concluded that these variations in grain s t ructure a re 

typical for mater ia l which originated as a casting, as is the case for the billets 

from which the parts were forged. The part icular s t ruc ture has not been found to 
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Figure 2-4 . Macrograph Showing Duplex Microst ructure of 
Test Ring from F i r s t P r e s s u r e Vessel Forging 

be detr imental to performance of the end product. More importance would be 

attached to the mater ia l grain s t ructure for applications involving predominantly 

tension s t r e s s e s of varying amplitude or continuous r eve r sa l s of s t r e s s which 

might lead to fatigue. As previously noted, the SNAP-21 p re s su re vesse l appli­

cation is one for which only compression is present . During implantment and 

re t r i eva l there will be s t r e s s variation but always compress ion. The number of 

implantment and re t r ieval cycles is not of the order of magnitude likely to lead 

to any fatigue prob lems . 

In light of the fact that the mechanical propert ies achieved in the present forgings 

a r e excellent, and that the vesse l has successfully passed hydrotest , the actual 

measured grain size is considered satisfactory even though it is in excess of the 

0.05 mm that was a rb i t r a r i ly established as a basel ine. Fur ther study of the 

grain size will be made on the remaining units and the grain size c r i t e r i a will be 

established when a final decision is made. 
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am 

Figure 2-5, Photograph of Sectioned and Polished P r e s s u r e Vessel Forging 
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2 .2 ,6 THERMOELECTRIC GENERATOR 

2 . 2 . 6 . 1 Design 

During this repor t period the thermoelect r ic generator design was finalized. The 

final design is based on resu l t s of the generator development tes ts and on appli­

cable data from the SNAP-23 and SNAP-27 programs and other 3M Company 

thermoelect r ic data. 

Complete details of the generator design, including the design basis and rationale, 

will be presented in a topical repor t that will be published ear ly in the next repor t 

period. Consequently, only a summary of the design and a performance prediction 

will be included in this repor t , 

A schematic of the final generator design with the basic design features identified 

is shown in Figure 2-6. A summary of the final thermopile design is presented 

in Table 2-7 and a detailed breakdown of the final thermoelect r ic leg design is 

presented in Table 2 -8 . 

It is important to note from Table 2-7 that the calculated generator load voltage 

required for maximum efficiency at EOL is 4.73 vol ts . Since this is different 

than the optimum load voltage for the previous generator design (5, 1 volts), and 

since it is the power conditioner voltage rat io that determines generator load 

voltage, it is necessa ry that the power conditioner design be modified to match it . 

The power conditioner redesign consis ts of changing the turns rat io in the t r a n s ­

former . One of the charac te r i s t i c s of the power conditioner is that it maintains 

a constant load voltage on the generator; consequently, this load voltage must be 

the voltage required by the generator for maximum efficiency at EOL, since this 

is the generator design point and the point of minimum generator power output. 

A comparison of the development generators with the final generator design is 

presented in Table 2-9 . 
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COLD END HEAT TRANSFER 
CONCEPT - BALL & SOCKET 

COLD JUNCTION (COPPER 
ELECTRODE WIRE) 

COLD CAP (COPPER-NICKEL 
PLATED) 

"P" LEG (GREEN BONDED) 

"N" LEG (GREEN BONDED) 

HOT JUNCTION BUTTON (IRON) 

(COPPER) HOT JUNCTION 
ELECTRODE 

HOT SIDE 
ELECTRICAL 
INSULATION 

(BORON 
NITRIDE) 

HOT FRAME (STAINLESS 
STEEL) 

BACK-FILL GAS (XENON) 

FOLLOWER (BERYLLIUM OXIDE) 

SPRING (150 PSI CONTACT) 

THERMAL 
INSULATION IIN-K 1301) 

OUTER CASE (STAINLESS 
STEEL) 

Figure 2-6. Schematic of Final SNAP-21 10-Watt 
Generator Design 
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Table 2-10 is a prediction of EOL generator performance at EOL conditions. 

EOL performance is the only data presented since this is the generator design 

point. Additional performance data at BOL and intermediate life conditions a r e 

being prepared and will be included in the next quar ter ly r epo r t . 

Table 2 -7 . Final Thermopile Design Summary, 
SNAP-21 10-Watt Generator 

Number of Couples 

Type of Circuit 

Hot Junction 

Cold Junction 

Load Voltage at Maximum Efficiency, volts (EOL) 

Curren t at Maximum Efficiency (EOL), amps 

Power at Maximum Efficiency, Pe (EOL) watts (e) 

Heat Absorbed by Legs, Ql (EOL) watts (t) 

Open Circuit Voltage at EOL, volts 

Circui t Resis tance at EOL, ohms 
Pe 

Thermoelec t r ic Ett iciency at EOL Q , X 100, 
percent 

48 

Series 

P r e s s u r e Contact, 
150 psi 

Bonded 

4.73 

2.41 

11.4 

119.4 

7.99 

1.35 

9.55 
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Table 2-8 . Final Thermoelec t r ic Leg Design Summary, 
SNAP-21 10-Watt Generator 

Parameter 

Thermoelectric Hot Segment 
Material: 

Cold Segment 

Fabrication Method 

Hot segment length, inch 

Cold segment length, inch 

Total leg length, inch 

Diameter, inch 

Length to area ratio 4A, inch 

Hot junction design temperature . 

°F EOL 
BOL 

Max. (during shipment) 

Cold junction design temperature. 

°F EOL 
BOL 

Max. (during shipment)** 

Segment temperature, °F EOL 
BOL 

Max. (during shipment)** 

*Open circuit voltage, mv 

*Load voltage, mv 

*Average Resistivity, m n - i n 

*Current, amps 

*Power, watts (e) 

*Rate of heat absorption, watts (t) 

*Rate of heat rejection, watts (t) 

* Thermoelectric Material efficienc; 
percent 

*These parameters apply to maximum 
**Short circuit condition. 

P-Leg 

PbSnTe (ES-1110 
with "Soft Nose" 
ES-1111) 

BiSbTe (ES-1116) 

Hot segment 
pressed and 
sintered. Cold 
segment pressed 
and sinter-bonded 
to hot segment 

0.326 

0,187 

0. 513 

0,188 

18.48 

900 
1005 
1020 

105 
115 
204 

404 
454 
560 

73,9 

43.8 

783 

2.41 

0.091 

1.08 

0.99 

f, 8. 33 

efficiency conditions 

N-Leg 

PbTe (ES-1103) 

PbTe (ES-1104) 

Both segments 
separately pressed, 
then sinter-bonded 
to form 

0,329 

0.184 

0.513 

0.188 

18.48 

900 
1005 
1020 

105 
115 
204 

402 
452 
560 

93.0 

54.7 

757 

2.41 

0.150 

1.37 

1.22 

10.92 

at EOL. 
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Table 2-9, Comparison of Development and Final Generator Designs 

Design Feature 

Cold End Configuration 

Followers 

Cold Caps 

Thermal Insulation 

Back-Fi l l Gas 

Power and Instrumentation 
Feed Throughs 

Thermoelect r ic Legs 

P-Leg Diameter 
Cold seg. length 
Total leg length 

N-Leg Diameter 
Cold seg. length 
Total leg length 

Thermoelectr ic Leg Contact 
P r e s s u r e , psi 

Development G 

Design 1 

Ball and 
socket 

Aluminum with 
bare and hard-
coated sockets 

Bare copper 

Min-K 1301 

Argon 
Xenon 

Conax 

0.188 
0.149 
0.411 

0.188 
0.202 
0.571 

150 

enera tors 

Design 2 

In-Line 

Aluminum with 
single layer of 
hardcoat for 
insulator 

——— 

Min-K 1301 
Min-K 1999 
Microquartz 

Xenon 

Ceramic 
(soft 

soldered) 

0.188 
0,149 
0,411 

0,188 
0.202 
0. 571 

150 

Final 
Design 

Design 3 

Ball and 
socket 

Beryllium 
Oxide 

Nickel 
plated 
copper 

Min-K 1301 

Xenon 

Ceramic 
(brazed) 

0.188 

0.513 

0.188 

0. 513 

150 
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Table 2-10. Final SNAP-21 10-Watt Generator Design 
Per formance Predict ion 

Design Hot Junction Tempera tu re (avg) 

Design Cold Junction Tempera tu re (avg) 

(1)Maximum Hot Junction Tempera ture 

(l)Maximum Cold Junction Tempera ture 

(l)Maximum Segment Tempera ture 

Generator Load Voltage 

Thermopile Resis tance 

Total Heat into Generator , Q, 

(2)Shunt Heat Loss , Q̂^ 

Power Out, P 

P 
Generator Efficiency, -~— 

^ t 

900°F (EOL) 
100 5°F (BOL) 

105°F (EOL) 
115°F (BOL) 

1020°F 

204°F 

560°F 

4. 73 volts 

1,3 5 ohms (EOL) 

146.3 watts (t) (EOL) 

2 6.9 watts (t) (EOL) 

11.4 watts (e) (EOL) 

7.79 percent 

NOTES: 

(1) Maximum tempera tu res experienced during shipment in 130°F a i r with 
t empora ry cooling fins attached and generator in short circui t condition. 

(2) Generator shunt heat loss includes losses from generator case to insulation 
sys tem neck tube. 
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2.2,6,2 Test Fixture 

Test equipment effort for the report period consists of the following assemblies: 

A test fixture was fabricated along with associated instrumentation to evaluate the 
insulation system on long-term test. Unfortunately the test is delayed due to a 
system failure while undergoing a vibration test at Linde. The test plan has been 
completed for the long-term test. 

A dry box was acquired for storage of thermoelectric legs. Some modification 
and accessories were necessary. Operation will begin early in the next 
period. 

Two power conditioner test cabinets were fabricated, one of which has been 
pressed into service for the post-assembly tests during power conditioner 
assembly. The test cabinets will eventually be used for long-term evaluation 
test. 
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2 . 2 . 6 . 3 Fabricat ion 

2 . 2 , 6 . 3 . 1 Generator Fabr icat ion Development and Process ing 

a) Generator A10D7 

The assembly of Generator A10D7 was s tar ted on January 5, 1968 and completed 

on January 10, 1968. This was the las t unit in the s e r i e s of generators using the 

in-l ine couple concept. It was packed with Min-K 1999 which increased the pack­

ing t ime by approximately one-third as compared to packing with Min-K 1301. The 

generator was held in a holding and handling fixture during the external wiring. 

This fixture great ly simplified the operat ion by providing accessibi l i ty to all 

external a r e a s of the genera tor . 

Generator A10D7 was processed according to MP-104 (50-hour process) and com­

menced immediately after the assembly was completed. The pinch-off was made 

on January 12, 1968. Mapping was s ta r ted on January 15, 1968. 

b) Generator A10D5 

Generator A10D5 was re turned to Manufacturing from test on January 12, 1968, 

because of a p r e s s u r e l o s s . After having been through shock and vibration testing, 

it was being heated when the leak occur red . A leak check disclosed the long case 

was c racked . This c rack was evaluated as being non-repairable and replacenaent 

of the long case was begun. 

The generator was placed into the assembly fixture along with the replacement long 

c a s e . This leaking long case was renaoved with a milling operation. After expos­

ing the edge couples for observation by the tes t group, the new long case was 

positioned and welded. The generator was then put in the tes t and process station 

and reprocess ing was begun. The process ing was completed on January 21, 1968, 

without a final pinch-off. Argon was used as backfill gas and the generator was 

mapped at a s teady-s ta te BOL condition for 200 hours . Upon completion of this 

testing, the genera tor was purged of i ts argon backfill gas and refilled with xenon 

gas . The final pinch-off was then made and the generator returned to the tes t 

group for further evaluation. 
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c) Generator AlODl 

The pressure integrity of Generator AlODl failed while undergoing a series of test 
procedures in system lODl. The generator was put in the environmental chamber 
during cool-down to prevent the entry of contanainating atmosphere. The chamber 
was filled with argon gas to provide the proper internal backfill gas as the genera­
tor cooled to room temperature. 

The generator was inspected to determine the reason for the pressure loss. The 
cause was found to be a mechanical failure of the long case in the transition area 
between the hot end thick-walled section and the thin (0. 005 inch) case section. 
This is the same area that failed on Generator A10D5. 

It was not possible to repair this case, and, since the generator had not been con­
taminated by the atmosphere, it was decided to seal the generator with a second 
long case. This case was made of 0.010-inch thick stainless steel sheet and welded 
over the existing case on the thick sections of both hot and cold ends to determine 
the weld integrity the unit was pressurized to 1 psig of argon gas and leak checked. 
No leak was detected. The generator was then returned to the test group for 
evaluation. 

When the final design for generators was released, fabrication and procurement 
of hardware started immediately. Long lead items such as beryllium oxide (BeO) 
followers, couples, and cold frames are under close surveillance in an effort to 
maintain schedule. It appears, at this writing, that the followers will be our pacing 
item. These are being made for us by the Amierican Lava Corporation of 
Chattanooga, Tennessee. 3M shop facilities are producing 74 percent of the fab­
ricated components for generators. Within our own shop, we have no schedule 
problems. 

Effort for the next quarter will be concerned with completion of generators A10D8 
and AlOPl. A10D8 will be instrumented the same as A10D7 whereas AlOPl will 
have no internal instrumentation. 
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2 . 2 . 6. 3 , 2 L e g and Coup le F a b r i c a t i o n D e v e l o p m e n t 

A p p r o x i m a t e l y 1000 l e g s e g m e n t s of e a c h of the N - and P - l e g hot and co ld s e g m e n t s 

and the bonded N - and P - l e g s e g m e n t s w e r e p r e s s e d . T h e s e s e g m e n t s wi l l be 

bonded e a r l y in t he s e c o n d q u a r t e r . Since t he l e n g t h s of the s e g m e n t s have b e e n 

changed , new bonding m o l d s w e r e m a n u f a c t u r e d . T h e s e m o l d s a r e i n - h o u s e and 

have b e e n i n s p e c t e d . T h e bonding p r o c e s s e s a r e t he s a m e a s for the i n - l i n e l e g s 

and no p r o b l e m s a r e e x p e c t e d . 

The o v e r a l l l eng th of the couple i s u n c h a n g e d s o t he s a m e f ix tu re b r a z i n g m o l d s 

and coup le s o l d e r i n g m o l d s wi l l be u s e d a s w e r e u s e d for the M E L h a r d w a r e . 

T h e p r o c e s s i n g p r o c e d u r e s w e r e e s t a b l i s h e d in e a r l i e r p h a s e s of the p r o g r a m . 

2 . 2 . 7 P O W E R CONDITIONER 

D u r i n g th i s r e p o r t p e r i o d t h r e e a d d i t i o n a l power c o n d i t i o n e r s , H10D2, H10D3 and 

H10D4, w e r e a s s e m b l e d and sub jec t ed to p r o c e s s b u r n - i n for 240 h o u r s . The 

spec i f i ed d e s i g n v e r i f i c a t i o n and o p e r a t i o n a l t e s t s have been p e r f o r m e d a s 

a u t h o r i z e d in t h e S N A P - 2 1 P o w e r C o n d i t i o n e r T e s t P l a n . 

T h e m e a s u r e d e f f ic iency of t h e s e p o w e r c o n d i t i o n e r s i s s u m m a r i z e d below: 

Ef f i c i ency Ripp le 

P o w e r C o n d i t i o n e r a t R a t e d Load a t Ra ted Load 

H1GD2 9 0 . 0 6 % 62 m v 

H10D3 9 0 . 5 1 % 50 m v 

H10D4 9 0 . 8 2 % 50 m v 

2 . 2 . 7 . 1 D e s i g n 

The e x c e s s output r i p p l e of 130 m v tha t w a s d e t e c t e d in the HlODl p r o t o t y p e p o w e r 

c o n d i t i o n e r h a s b e e n t r a c e d to an u n b a l a n c e in wind ing r e s i s t a n c e in the t r a n s ­

f o r m e r i n t r o d u c e d by the type of s o l d e r t e r m i n a l s u s e d . The t e r m i n a l a r r a n g e ­

m e n t h a s been r e v i s e d to c o r r e c t th i s p r o b l e m in t h e new t r a n s f o r m e r d e s i g n . 
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During performance test ing of the units, an excessive voltage spike of 500 mv 

amplitude of 2 to 3 microseconds duration at each switching period was observed 

on the ex t remet ies of the output l eads . Experimental t e s t s have shown this spike 

to be due to the inductive reac tance of the t r ans former output leads . This r eac t ­

ance forms a ringing c i rcui t during the switching period of the input t r a n s i s t o r s . 

Fur the r tes ts have shown that the spike can be eliminated by: 1) providing an 

independent conductor for both the input and the output common negative lead, and 

2) by connecting a 27 microfarad capacitor from the input bias t r ans fo rmer lead 

to the common negative lead. This change will be incorporated in the final power 

conditioner design. 

During this repor t period the thermoelec t r ic generator design was finalized. As 

a resu l t of the thermocouple redesign, the calculated generator load voltage 

required for maximum efficiency at EOL is 4. 73 vol ts . This change requi res that 

the power conditioner t r ans fo rmer be redesigned to match this generator voltage. 

A prototype t r ans fo rmer has been wound to meet the revised requi rements and 

pre l iminary tes ts indicate efficiency comparable to the 5.1 volt design. 

The necessa ry drawing changes for defining the components for the production 

run of six power conditioners have been made and procurement has s ta r ted . The 

neces sa ry changes in the assembly drawings will be made during the next repor t 

period, 

2 . 2 . 7 . 2 Fabricat ion 

The process routings for H10D2, H10D3, and H10D4 and the various subassem­

blies were completed, and fabrication of the subassembl ies was completed. 

Developmental work was done on the welding of the container and the potting of 

the conditioners with epoxy, an e lec t r ica l foam 3M XR 5017. Both worked quite 

successfully. 

During the actual assembly of the conditioners two major problem a r ea s were 

discovered: 

1. A dielectr ic breakdown when subjected to the dielectr ic withstanding 

voltage specified for application between the input/output leads com-

moned together and the mounting plate . 
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2, A dielectr ic breakdown of the fusite t e rmina ls after welding, when 

subjected to the same tes t as given above. 

Power conditioner H10D2 was completely torn down in the effort to determine the 
cause of these p rob lems . 

The cause of the die lect r ic breakdown indicated in No. 1 above, was found to be a 

combination of two things: minimum coverage of the necessa ry a rea by the mica 

washers under the t r a n s i s t o r s , and lack of proper cleanliness during assembly 

of these components . To eliminate the problem special insulating washers were 

ordered and a laminar flow u l t ra -c lean bench will be used during assembly . 

The cause of the breakdown of the fusite t e rmina l s was t raced to the use of water 

as a heat sink during welding. In the future, water will not be used as a heat 

sink and to a s s u r e that no mois ture will come in contact with the te rmina ls , epoxy 

will be used to pot the t e rmina l s after instal lat ion in the lid. 

After tear ing down power conditioner H10D2 the decision was made to discontinue 

any further work on i t . H10D3 and H10D4 were repai red and finalized. 

The par t s for power conditioners H10D5, H10D6, HlOPl , 2, 3, and 4 were also 

ordered during this pas t r epor t period. 

2 . 2 , 8 ELECTRICAL RECEPTACLE AND STRAIN RELIEF PLUG 

There was no significant design or development effort on this component during 
the period covered by this r epo r t . 

2.3 COMPONENT AND SUBASSEMBLY TESTING 

2 . 3 . 1 FUEL CAPSULE 

A fuel capsule tes t plan for Phase II of the SNAP-21 P r o g r a m was published in 

late December 1967. However, the necess i ty for performing tes ts on the empty 

capsules is present ly being re-evaluated . 
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2 .3 .2 BIOLOGICAL SHIELD 

The 500- and 2 000-hour tes t phases of the isothermal tes t a r e completed. The last 

tes t (5000 hours) will be completed May 11, 1968. 

Visual inspection of the 500- and 2000-hour tes t s show slight oxidation due to a 

small amount of a i r in the f ixtures. The tes t specimen containing the aluminum 

oxide (AlgOo) b a r r i e r was metal lographically mounted. The resu l t s of the 

emission spectrographic analysis showed that uranium oxide (UoO„) was found 

only on the surface of the Al^Oo, a natural resul t of the slight oxidation of the 

U-8 molybdenum disc adjacent to the Al^Oo coated Hastelloy-X d i sc . A specimen 

showed no significant uranium diffusion through the Alr,Oo b a r r i e r into the 

Hastel loy-X. 

2 .3 ,3 INSULATION SYSTEM 

2 . 3 . 3 . 1 Dynamic Test to Fai lure of Unit lODl 

After the thermal re tes t of insulation sys tem lODl the dynamic test to failure was 

conducted according to the development tes t plan, "Dynamic Shock to F a i l u r e . " 

Following the completion of the shocks specified in the tes t plan (12g max) the unit 

had not failed. The decision was made to vibration tes t the unit at higher g levels 

r a the r than continue to inc rease the shock g level . The unit failed during a 4. 5g 

vibration tes t (50 cps max) as evidenced by a loss of vacuum. 

The dynamic failure tes t s were conducted on the unit Y-Y axis only. In this axis 

one support rod is in the plane of the axis with the other two support rods being 

60° from the plane of the ax i s . This axis was used for the failure tes t because 

the support rods exhibit the lowest spr ing constant in one direction of the axis 

resul t ing in maximum deflections of the shield. 

Three shocks in each direction of the Y-Y axis were performed at input g levels 

of 7-1/2g, 9g, 10-1/2g and 12g. All shocks had a nominal duration of 6 mi l l i ­

seconds . The unit was leak checked with helium after each g level shock sequence, 

except the 10-1/2g level, with no evidence of unit fai lure. 
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At the conclusion of the above shock tes ts a design factor of 2. 0 in shock was es tab­

lished. It was decided that if unit modifications were to be made as a resul t of 

the failure test , it would be necessa ry to vibration tes t the unit to the 6g level to 

establish a 2,0 design factor in vibration. P resen t plans call for first testing the 

unit at 4. 5g in vibration and then 6. Og in vibration. 

The unit was vibration tested on the Y-Y axis according to the following schedule: 

5-8 cps at 0 .4- inch double amplitude to 8-21 cps at ±4. 5g and r e tu rn to 5 cps 

in the r eve r se of this procedure. Total test t ime was 15 minutes, 7-1/2 minutes 

for 5-50 cps and 7-1/2 minutes for 50-5 cps . Following this tes t the unit vacuum 

gauge was turned on and it was noted that the unit had lost vacuum. The unit was 

removed from the tes t machine and placed in a helium filled bag to cool. After 

cooling, the unit was placed in the shipping container and returned to Linde 

Division, Tonawanda. 

The resu l t s of the failure test show that the unit failed in vibration at a level 

predicted during the calculations (3g design by 1. 5 design factor = 4. 5g). The 

exact g level causing failure is , however, not known as there was no failure 

during the 3g vibration tes ts , but the unit did fail during the 4. 5g vibration t e s t s . 

In addition, there is a possibility that the 12g shock level s tar ted a failure which 

was not of sufficient magnitude to cause leakage and allow detection. As a resul t 

of the dynamic tes ts (shock and vibration) to specification level and the dynamic 

test to failure, the unit s t ruc tura l design will not be changed on future uni ts . 

Upon re turn of the unit to Linde Division, Tonawanda, New York, the Min-K 

insulation system was removed from the inner l iner . Examination revealed that 

the failure had occurred in the inner l iner neck tube as predicted. The failure 

was caused by shear buckling, as evidenced by 45° wrinkles in the inner l iner . 

The inner l iner was cracked open for approximately two-thirds of the c i rcumfer­

ence. This large failure was no doubt caused by continued testing after initial 

failure occurred . Figure 2-7 shows the inner liner fai lure. 

2 . 3 . 3 . 2 Dynamic Test of Unit 10D3 

Unit 10D3 successfully passed the vibration tes t (3g at 50 cps) and the shock test 

(6g at 6 ms) during this reporting period. 
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Figure 2-7. Failed Inner Liner Unit lODl View from Vacuum Gauge 
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After the thermal performance tes t the unit was cooled to ambient tempera ture 

and placed in the unit shipping container. The unit was t ransported to the dynamic 

test facility (Ogden Technology Laborator ies - Deer Park, Long Island, New York) 

by Linde personnel . Nothing of significance occurred while t ransport ing the unit 

to the tes t facility. 

Upon a r r iva l , the unit was removed from the shipping container and installed in 

the dynamic tes t fixture. The electr ical wiring was connected as shown in the 

development tes t plan, "Dynamic Vibration Test, " and power was supplied to the 

unit to bring the tempera ture at the bottom of the neck tube to 128 5°F operating 

tempera ture . When the operating tempera ture was reached, the 1/2-inch diam­

eter copper rod was installed in the unit to increase the system heat los s . It was 

found that with this redesigned copper rod system, the unit heat loss could be 

maintained at 200 watts with 1285°F at the bottom of the neck tube. 

The dynamic vibration test was conducted as specified in the development test 

plan (three sweeps at 3g maximum for 15 minutes on each axis) . Following each 

sweep the unit was bagged in a helium atmosphere for 1/2 hour and unit p r e s su re 

was monitored. The unit p re s su re remained below 0.2 micron during the t imes 

that the unit was bagged in helium. From this, the conclusion was drawn that no 

failure occurred during the dynamic vibration tes t . 

The dynamic shock test was conducted as per the development test plan (three 

shocks each direction each axis — 6g peak sawtooth at 6 ms) . Following each axis 

test the unit was bagged in a helium atmosphere for 1/2 hour and the unit p r e s ­

sure was monitored. As for the vibration tes ts , the unit p r e s su re remained 

below 0.2 micron at all t imes, leading to the conclusion that no failure occurred 

during the dynamic shock tes t . The profile achieved during the shock tes t s was 

out of specification with MIL-STD-810A, Figure 516-1, in that the negative g 

level after the 6g peak was reached exceeded the specified 1.2g, 

A complete test repor t of the dynamic tes ts on unit 10D3 has been prepared by 

Ogden Labora tor ies . At the completion of the dynamic test , the unit was cooled 

and the Min-K neck tube insulation system was removed. The unit was installed 

in the shipping container and transported by common c a r r i e r to 3M Company, 
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2 . 3 . 3 . 3 Dynamic Test of Unit 10D4 
< 

The insulation system neck tube of unit 10D4 failed during the first specification 

vibration sweep made during this report period. 

Following the thermal performance test the unit was cooled to ambient t empera­

ture and placed m the unit shipping container. The unit was shipped to the dynamic 

test facility by common c a r r i e r . Upon a r r iva l at the dynamic test facility the 

unit was placed m the dynamic test fixture, the e lectr ical connections were com­

pleted and power was supplied to the unit. On March 2 5, when the operating 

temperature was reached, the unit was subjected to a Ig vibration sweep to ensure 

that the control accelerometer and the unit accelerometer were both reading the 

same. At this point everything was normal . The unit p re s su re was checked and 

it too was normal . 

The unit was then subjected to the vibration test to specification along an axis 

perpendicular to the neck tube. The specification for vibration testing is as 

follows: 

5-8 cps 0. 4 inch double amplitude 

8-26 cps 1.3g peak 

26-40. 5 cps 0.036 inch double amplitude 

40.5-50 cps 3g peak 

Upon completion of the sweep the unit vacuum was monitored and it was found that 

the unit had lost vacuum. The unit was removed from the test machine, cooled, 

placed m the unit shipping container and returned to Linde, 

When the truck arr ived at Lmde from the test facility, it was noted that the ship­

ping container was intact with no evidence of mishandling. The container was 

removed from the truck and placed m the laboratory where disassembly was 

s ta r ted . 

Upon removal of the Mm-K it was noted that the neck tube was buckled and that 

many small cracks had formed in the middle of the neck tube about 75 percent of 

the way around it. 
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Photographs were taken of the unit during various stages of the disassembly. A 

crus t approximately 0.020 to 0.030 inch thick was found around the copper block 

which was bolted to the emi t te r plate . The bolts were removed from this copper 

block but the block itself was frozen to the emi t te r plate . Penetrat ing oil was 

poured into the bolt holes and a special tool was made to lift on the outside edge of 

the block. This was successful and the block was removed. 

All of the six bolts fastening the emi t te r plate to the inner l iner were loose. 

During assembly of the sys tem the bolts were staked after being torqued. The 

stake marks were s t i l l in their original location and so it can be assumed that 

the bolts s t re tched during heat -up. The bolts were tightened and the amount of 

looseness was est imated as follows, s tar t ing from the bolt adjacent to the vacuum 

gauge and going clockwise: 

Bolt Number Angle of Looseness 

1 40° 

2 100° 

3 40° 

4 2 5° 

5 30° 

6 20° 

The emi t te r plate and the heater block were removed from the unit. A plate with an 

evacuation port was placed on top of the unit and sealed to the unit using an RTV 

sealing compound. The purpose of this setup was to evacuate the unit to determine 

if the unit had developed any further l eaks . The leak check was performed and it 

was found that there a re no other leaks in the unit . 

The acce le romete r t r a c e s were examined. The t race indicates 1.3g up to 15 cps . 

At this point the t r ace became e r r a t i c . F r o m 15-20 cps the g level increased to 

5 to 6 g ' s . The tes t was continued and the g levels remained high. 

The t r aces of all previous dynamic vibration tes t s were examined. They all 

appeared normal except the final sweep on the des t ruct unit lODl. On this sweep, 

with a 1.3g input between 15 and 16 cps, the unit acce le romete r s showed g levels 
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up to about 5. This lasted only a short t ime, approximately 4 inches of t race , and 

then became normal again. 

This failure occurred la te in the repor t period and the analysis of the failure is not 

yet complete . Details of this failure will be reported on in the next repor t period. 

Fur ther details of the shock and vibration tes ts can be found in Appendixes B and C, 

2 . 3 . 4 SEGMENTED RETAINING RINGS 

All test ing on this component has been completed. 

2 . 3 . 5 PRESSURE VESSEL 

P r e s s u r e vesse l DlODl has completed hydrostatic test ing at Southwest Research 

Institute, San Antonio, Texas . The p re s su re vesse l was instrumented with s t ra in 

gauges, total deformation potentiometers and leak de tec tors . P r e s s u r e was 

incremental ly increased to 11, 000 psi . A medium of chilled salt water was used. 

Three cycles to 11, 000 psi were conducted, followed by a 48-hour c reep tes t at 

11, 000 psi . 

Instrumentation data is present ly being reduced and calculations made regarding 

s t r e s s - s t r a i n curves and total deformation at p r e s s u r e . Strain readings were 

l inear with p r e s s u r e and repeatabil i ty was excellent. No leakage was indicated 

by the detector . This indication was verified when the p re s su re vesse l was d i s ­

assembled. The c reep tes t data revealed no creep or mater ia l yield during the 

48 hours at 11, 000 psi . 

The p r e s su re vesse l is present ly being measured for post - tes t total permanent 

deformation. A formal tes t repor t including photographs and s t r e s s - s t r a i n curves 

is being prepared by Southwest Research Institute, 

The next quar ter ly repor t will contain the finalized test information of p r e s su re 

vesse l DlODl and also include the hydrotesting resul ts of p r e s s u r e vesse l D10D2. 
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2,3.6 THERMOELECTRIC GENERATORS 

2,3, 6.1 Ball and Socket Configuration 

a) Generator AlODl 

This thermoelectric generator has completed all short-term dynamic testing to 
specification level. In addition, the unit was integrated into system SlODl to 
obtain shipping container design characteristics and fuel loading requirements. 
During the final hours of system testing, a leak developed at the transition area 
of the long outer generator case. Upon discovery of the thermoelectric generator 
leak, the system was dismantled and argon was used to pressurize the generator. 

The generator was maintained at a positive argon pressure greater than atmospheric 
during the disassembly operation. The unit was transferred to a dry-box where, 
after some development weld processes were investigated, a repair procedure 
was instituted. The repair consisted of attaching over the existing external case 
a second case of 10 mil stainless steel of a rolled construction. End closure 
welds were made by TIG welding within the dry box. A 48-hour surveillance 
in a vacuum chamber revealed no loss of generator pressure. This indicates a 
leak-free generator. 

The thermoelectric generator was placed on test again. The generator has again 
stabilized at operational design temperatures. Table 2-11 shows generator per­
formance pre- and post-case failure: 

Table 2-11, Generator AlODl Performance Before and 
After Long Case Failure 

Date 

10/24/67 

12/16/67 

1/25/68 

3/18/68 

Test 

Generator 

System 

System 

Genera tor 

Cold 
Cap 

102 

130 

185 

106 

Hot 
Button 

1100 

1048 

1048 

1101 

^ P i l e 

1.77 

1.509 

1.67 

1.72 

•^Out 

16.63 

14.88 

13.11 

16.73 

Gas 
P r e s s u r e 

25.75 

26. 5 psia 

*19.0 psia 

24.75 

*Removed from system test due to a leak — backfilled at this point in test. 
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b) Generator A10D2 

This generator has completed all s h o r t - t e r m and dynamic tes t ing. Current ly the 

generator is on long- term tes t . 

c) Generator A10D4 

Shor t - te rm testing, dynamic testing and system SlODlA integration and evaluation 

tes t has been completed for this genera tor . Current ly the unit is being run in the 

efficiency fixture, and ear ly in the next repor t period the unit will be installed in 

sys tem S10D2. 

2 , 3 . 6 . 2 In-Line Configuration 

a) Generator A10D5 

Generator A10D5 was re turned from specification level dynamic tes t and operated 

at BOL conditions for 200 hours . This stabilization was neces sa ry to determine the 

degradation ra te of the generator from two separa te losses of backfill gas incidents 

during ea r l i e r test procedures (see SNAP-21, Monthly, January 1968). 

The thermopile res i s tance was gradually increasing and affecting generator 

output. Therefore , the unit was re turned to Environ Laborator ies for dynamic 

testing to des t ruct . 

At the close of 20g level dynamic tes t the generator exhibited an increase in 

thermopile res i s t ance to a value of 2.71 ohms, compared to an initial r es i s t ance 

of 1, 83 ohms ear ly in the tes t sequence and pr ior to any type failure mode. 

This increase in thermopile res i s tance is most probably due to oxidation at the 

hot junction which occurred during the loss of backfill gas from the generator . 

The degradation caused by increas ing pile res i s tance and decreas ing generator 

power output dictated the end of test for this generator . The unit was removed 

from test on Februa ry 14, 1968, 

Refer to SNAP-21 P rogram, Phase II, January 1968 Monthly Report for a more 

detailed discussion of Generator A10D5. 
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b) Generator A10D6 

All s h o r t - t e r m and dynamic test ing has been completed for this generator . The 

unit is current ly on long- te rm tes t . Its performance is normal . 

c) Generator A10D7 

This generator has completed all sho r t - t e rm and specification level dynamic 

test ing. The unit is cur rent ly at design tempera ture conditions and is awaiting 

system S10D2 integration. A complete and detailed topical repor t on all 

generators is being p repared . This repor t will compare the performance of 

SNAP-21 Phase II and Phase I genera to r s . 

2 . 3 . 6 , 3 Generator Development Testing 

The following section is a synopsis of the development testing on SNAP-21 genera­

t o r s . The section includes the tes t resu l t s and tes t efforts for the SNAP-21 

genera to r s . A complete and detailed analysis of SNAP-21 Phase II generators 

will be completed at a la te r date . The outcome of this analysis will resul t in a 

final design configuration for sys tem integration. 

2 . 3 . 6 . 3 . 1 Thermal Insulation 

The thermal insulation to be used in the final design generator was evaluated by 

studying the effect on the cold end the rmal performance of the genera tors , the 

e lec t r ica l performance and its effect on overal l generator efficiency (a measure 

of its total heat leak). Effects on cold end the rmal performance caused by the 

thermal insulation is considered pertinent only when grease is present in the 

follower cold frame interface such as in the in-l ine se r i e s of genera to r s . The 

only effect insulation has on cold end performance is to r a i se the cold end thermal 

impedance by soaking the grease from the follower cold frame interface. Of the 

in-l ine s e r i e s of genera tors , 10D5 had microquar tz as the the rmal insulation 

around the thermoelec t r ic legs . Generator 10D6 had Min-K 1301 and 10D7 Min-K 

1999. Microquartz and Min-K 1999 both have a lower initial cold end t empera ­

ture drop, as shown in Figure 2 -8 . 
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The stability of the generators using Microquartz and Min-K 1999 appeared 

superior to that of Generator 10D6 which used Min-K 1301. It should be noted, 

however, that the performance of Generator 10D6 was not unacceptable in ei ther 

capacity. Both the initial cold end tempera ture drop and the stability were far 

superior to the Phase I genera tors . This is shown in Figure 2-9, 

The effects of the thermal insulation on the e lec t r ica l performance a re much less 

discernible than on the cold end the rmal performance. The Min-K 1999 generator , 

10D7 has been the most stable SNAP-21 generator to date, with only 300 hours of 

life test available. The thermal insulation used in generator 10D7 was processed 

at 650°F pr ior to placement in the generator . Data from the SNAP-23 10-couple 

modules, however, shows a large degree of P- leg degradation with Min-K 1999. 

Thermal insulation in these modules., however, was mere ly ground and used in 

keeping with the recommendation of Johns-Mansvil le . It is suspected that some 

water was present in the Min-K 1999 put in the SNAP-23 module which caused the 

P- leg degradation. The e lec t r ica l stability charac te r i s t i cs of Min-K 13 01 a r e 

well known and at an acceptable level . Since contradictory evidence exists on 

the thermal insulations and only sho r t - t e rm data is available on the SNAP-21 

Min-K 1999 generator , Min-K 1301 must be favored on the basis of thermoelec-

t r ica l stabili ty. 

Thermal insulation also has an effect on generator efficiency caused by total heat 

leak. The thermal conductivity of Microquartz is about twice that of either Min-K 

1301 or Min-K 1999 at the temperature conditions at which SNAP-21 generators 

run. This should be reflected in the efficiency of the Microquartz generator as 

compared to that of the other two. 

This difference is not readily apparent. It is felt that this is caused by a change 

in the thermal impedance of the legs in Generator 10D5. A drast ic increase in 

the e lect r ical res i s tance of the legs was noted when the generator was inadvertently 

exposed to a i r . The efficiency of this generator was measured after this failure 

occurred. Since the electr ical res is t iv i ty of the legs was so affected, it is not 

unreasonable to assume that the thermal impedance was s imi lar ly affected since 

in nearly all mater ia l s known, a higher e lectr ical conductance implies a higher 

thermal conductance. An increase in the thermal res is t iv i ty of the legs would be 

reflected in a decrease in heat flow through the legs . Thus, the total heat flow 

through Generator 10D5 may not reflect the increase in heat flow through the 
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i n su la t ion a r o u n d the l e g s . It c an f u r t h e r be noted f rom T a b l e 2-12 tha t G e n e r a t o r 

10D7 r e q u i r e s s l i gh t l y l e s s hea t a t the E O L condi t ion t han d o e s 10D6, even though 

i t r e q u i r e d m o r e a t BOL c o n d i t i o n s . Th i s i n d i c a t e s the p o s s i b i l i t y of a l o w e r 

in su la t ion t h e r m a l conduc t iv i ty f rom Min-K 1999 a t E O L a v e r a g e t e m p e r a t u r e 

c o n d i t i o n s . 

T a b l e 2 - 1 2 . R e s u l t s of G e n e r a t o r Ef f i c iency T e s t s 

G e n e r a t o r 

10D2 

10D4 

10D6 

10D7 

BOL 

^ G E N 
(w) 

2 0 1 , 8 

2 0 8 , 7 

2 0 3 , 7 

2 0 4 . 9 

(pe rcen t ) 

7 ,46 

8 .07 

7 .88 

8 .16 

E O L 

*^GEN 
(w) 

170 .6 

1 7 5 . 7 

170 .9 

167 .9 

(percen t ) 

7 .09 

7 .72 

7 .22 

7 .82 

BOL = 1100°F T , 80° T ^ 
h cf 

E O L = 1000°F T ^ 75° T ^ 
h ' cf 

F r o m the foregoing d i s c u s s i o n i t i s a p p a r e n t tha t the t e c h n i c a l va lue of Min-K 

1999 i s c l o s e to tha t of Min -K 1 3 0 1 . Thus c o n s i d e r i n g the a f o r e m e n t i o n e d c o n ­

t r a d i c t o r y data on Min-K 1999, Min-K 1301 has been s e l e c t e d a s the t h e r m a l 

i n su l a t i on to be used on the SNAP-21 final d e s i g n g e n e r a t o r s . Howeve r , b e c a u s e 

of the known d e g r a d a t i o n of Min-K 1301, Min-K 1999 should be r e - e v a l u a t e d when 

l o n g - t e r m da ta b e c o m e s a v a i l a b l e . 

2 . 3 . 6 . 3 . 2 Cold End T h e r m a l M e c h a n i s m 

To eva lua te the c o m p a r a t i v e t h e r m a l p e r f o r m a n c e of the i n - l i n e g e n e r a t o r and the 

ba l l and s o c k e t g e n e r a t o r s , one m u s t i n v e s t i g a t e the in i t i a l cold end t e m p e r a t u r e 

d r o p and the s t a b i l i t y c h a r a c t e r i s t i c s . F r o m the s t andpoin t of in i t i a l cold end 

t h e r m a l p e r f o r m a n c e , the i n - l i n e g e n e r a t o r s have a l o w e r cold end t e m p e r a t u r e 

d r o p (see F i g u r e 2 - 8 ) , However , the s t a b i l i t y of the ba l l and s o c k e t g e n e r a t o r s 

is expec ted to be b e t t e r than tha t of the i n - l i ne g e n e r a t o r s . The cold end t e m p e r a ­

t u r e d r o p of G e n e r a t o r 10D2 i s s t a b l e a f t e r only 1500 h o u r s of t e s t . G e n e r a t o r 

lODl showed no i n s t a b i l i t y a t a l l f rom in i t i a l s t a r t - u p . G e n e r a t o r s 10D5, 10D6 and 
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10D7 al l have a noticeable instability. This is probably caused by the grease 

in the follower cold frame interface. The only other stability data to date on 

generators with grease at the cold end is from the Phase I generators , as shown 

in Figure 2-9, 

The cold end tempera ture drops of Phase I generators did not stabilize until 

approximately 2500 hours after s t a r t -up (see Figure 2-9). 

Bell ja r tes ts on the ball and socket concept using a beryllium oxide follower 

yielded a cold end tempera ture drop of about 10°F. The stability of this concept 

can be assumed good as indicated by Generators lODl, 10D2, and 10D4, Thus, 

if on Figure 2-8 this were compared to the in-line and ball and socket development 

generators from the standpoint of cold end thermal performance, this must be the 

recommended configuration. For this concept, r ing contact between the ball and 

follower socket, that i s , where the cold cap ball is la rger in radius than the 

follower socket, appears to be des i rable . The nominal design, therefore, will 

incorporate a cold cap with a spher ical radius 0.002 inch l a rge r than that of the 

follower. 

Beryllium oxide is a ceramic and is an excellent electr ical insulator. The other 

acceptable cold end configurations, the bare aluminum socket or the in-line design, 

offer only one thin layer of hardcoat for an electr ical b a r r i e r between the leg and 

the cold frame. If a hardcoated follower is scratched, there is an increased 

possibility of shorting to the cold frame. A short occurred in a Phase I 

generator and it was never determined whether it was due to a mislaid 

instrumentation wire or a shorted follower. Thus, rel iabil i ty of e lect r ical 

isolation strongly favors a beryll ium oxide follower. 

A nickel plated cold cap will be necessa ry on the final design genera tors . SNAP-

21 sys tems a re expected to be delivered in a short circuit condition with no external 

cooling except natural convection to the a tmosphere . Under these conditions, it is 

ent i rely possible for the cold end of these generators to exceed 200°F, the maxi­

mum allowable tempera ture with copper cold caps . Thus, nickel plated cold caps 

will be necessa ry to deter copper migration into the thermoelectr ic legs . 
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2 . 3 . 6 . 3 . 3 Generator Backfill Gas 

With the improved design of the cold end the rma l mechanism on the SNAP-21 

generators ve ry litt le heat is conducted through the gas at the cold cap follower 

spher ica l interface. Thus, as this cold end mechanism is improved, the differ­

ence between the effects of generator backfill gasses on cold end thermal impedance 

is diminished. Two other effects of the generator backfill gas a re , however, very 

important . F r o m SNAP-27 10-couple module t e s t s , the SNAP-21 P3 post - tes t 

investigation and other t e s t s connected with the SNAP-23 program, xenon was 

noted to r e s t r i c t the sublimation of the N legs to a much grea te r degree than was 

argon (see Figure 2-10). It appeared, in fact, that with xenon the sublimation 

was approximately half what it was when argon was used as a backfill gas . This 

effect is suspected to be a function of the gas molecular weight. Xenon has a 

grea te r molecular weight than does argon and a correspondingly lower gas 

mobility. The aforementioned effect on thermoelec t r ic sublimation is expected to 

be attributed to this proper ty . 

The other key factor in evaluating generator backfill gas is that of the heat loss 

through the the rmal insulation packed around the thermoelec t r ic legs . In the 

SNAP-27 the rmal insulation stabil i ty fixture test ing and in subsequent thermal 

insulation analytical investigations, it was noted that the thermal conductivity of 

Min-K 1301 insulation is inverse ly proport ional to the square root of the backfill 

gas molecular weight. Thus, xenon backfill gas gives the thermal insulation a 

lower effective thermal conductivity than does the argon; thus, the heat leak 

through the the rmal insulation would be l e s s . Xenon has therefore been selected 

for use in final design g e n e r a t o r s . 

2 . 3 . 6 . 3 . 4 Leg Manufacturing Technique 

The leg manufacturing technique must be analyzed by studying the e lec t r ica l pe r ­

formance of the thermoelec t r i c genera tors ; specifically the thermopile power out­

put. Since the in-l ine s e r i e s of genera tors is the best performing s e r i e s that we 

have today, the new 3M propr i e t a ry p res s -bond-s in te r technique will be used for 

the legs in the final design gene ra to r s . In this technique, after the end leg seg­

ments a re p ressed , they a r e bonded green and then the ent i re leg assembly is 

s in tered. After the P - l eg segments a r e p ressed , however, the hot segment is 

individually s in tered . Then the segments a r e bonded and the ent i re leg is s in tered. 

2-57 



1.0-

0.9-
0.8-
0.7-

0.6 

0.5 

0.4-1 

0.3 

0.2 

0.1 
0.09 
0.08 

0.07 

0.06 

0.05 

0.04 

SYMBOL PROGRAM 

« SNAP-27 Modules 

o SNAP-23* Modules 

X SNAP-21* Modules 

D SNAP-21* Gens. 

GAS 

Argon 

Argon 

Argon 

Xenon 

*SNAP-21 and 23 Phase i 

0.03 

0.02 -I 

o 
en 

o 
o 

D 

y-
o 
in 
o 

0.01 
6.2 6.3 6,4 6.5 6.6 

T ( 1 0 ^ °R") 

6,7 6.8 6.9 

Figure 2-10. Effects of Argon and Xenon Backfill Gasses 
on N-Legs Degradation Rate 

2-58 



2 . 3 . 6 . 4 Efficiency Testing 

Generator efficiency testing was initiated in the f irs t quar ter of 1968. Task 

accomplishments for this quar te r include: 

® Assembly of tes t fixture. 

® Fixture cal ibrat ion. 

m Efficiencies measured on Generators 10D2, 10D4, 10D5, 10D6, and 

10D7. 

The following paragraphs descr ibe the work performed in the f irs t quar ter , 

a) Test Fixture 

Figure 2-11 depicts the efficiency tes t fixture. It consists of a Linde HTVIS 

mounted on a stand with the segmented retaining ring attached to facilitate 

generator placement. A Min-K plug was also fabricated to cal ibrate the fixture 

(Figure 2-12). 

b) Fixture Calibration 

To calibrate the system, the plug was installed in place of the generator . A range 

of emit ter t empera tures was swept, holding the copper plate at the top of the plug 

at 80°F. The heat conducted through the plug was calculated for each emit ter 

tempera ture and subtracted from the respect ive input power to determine fixture 

heat loss as a function of emit ter t empera ture . This method of calibration con­

veniently accounts for any loss through heater leads, and /or instrumentation leads, 

as they a re par t of the fixture. The effective thermal impedance of an assembled 

generator is much less than that of a Min-K block; thus, the tempera ture profile 

of the system will be different from calibration to operating conditions. This will 

cause heat leaks in two a r ea s which must be accounted for; generator side losses , 

and HTVIS support tube l o s s e s . 

1) Generator Side Heat Loss — The thin walled neck tubes of the generator long 

case and the HTVIS lie in close proximity, approximately as shown in Figure 2-13. 
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Figure 2-11. Efficiency Test Fixture 
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Figure 2-13. Area of Interaction Between Generator and HTVIS 
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They a re separated by powdered Min-K. Tempera tures shown on this sketch 

indicate approximate values at BOL conditions for the locations shown. Obviously, 

heat will flow from the generator surface to the insulation system through the 

annular gap. Annular heat flow can be defined by: 

2TTk^ 

q = (T^ - T ) (1) 
n C r g / r ^ ^ ^ 

where: 

k = Average the rmal conductivity of Min-K 

i = Length of interaction 

T^ = Radius of HTVIS neck tube 

r^ = Radius of generator long case 

T^ and Tg a r e the average t empera tu res of the long case and neck tube, 

respect ively (refer to sample calculation, at the end of this section). For our 

configuration, equation (1) becomes: 

q = 0.1367k (T̂ ^ - T2) 

T^ and Tg in this equation a re defined in Figure 2-14. The quantity X rep resen t s 

an a r b i t r a r y length dimension; if the generator long case is represented by the 

length X = 0. 5 to X = 2. 5, the HTVIS neck tube falls from X = 1 to X = 3 . 6 inch. 

In this example, T^ - Tr, r ep re sen t s the average tempera ture difference between 

these two surfaces on which the heat leak calculation is based. 

2) Support Tube Heat Leak Change — With a generator in the efficiency fixture, 

the t empera tu re at the base of the biological shield is much higher than when a 

Min-K plug is in i t . Thus, the heat loss through the support tube is different for 

these two cases , and the difference can be writ ten a s : 

^st ^ s t 
, q = (T ' ^^p -T^^p) 

*st 
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Figure 2-14. Tempera tu re Distribution of Long Case 
and Neck Tube 

where: 

St 

A St 

*st 

top 

' top 

= Conductivity of the support tube 

= Cross sectional a rea of the support tube 

= Length of the support tube 

= T, with generator in fixture 

= T, with Min-K plug in fixture 

The tempera ture of the top of the support tube, T, , was not monitored, but it is 

assumed that this t empera ture will l inear ly follow that of the base of the hot block. 

This assumption is fair since the thermal path out the bottom of the system is much 

smal le r than that at the top. The relat ionship then becomes: 
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Aq 
^ s t ^ s t 

^st 

(T' , - T, , ) hb hb' 

Where T, , r ep re sen t s the tempera ture at the bottom of the hot block. The 

following section of sample calculations includes this correc t ion and also the one 

on side losses to the fixture heat los s . 

c) Sample Calculation (10D6, BOL) 

Necessa ry Data: 

Average Emi t te r Tempera tu re 

Average Cold F r a m e Tempera ture 

T' 
•̂  hb 

T 
•^hb 

Hot Button Tempera tu re 

Heater Power (gen.) 

Generator Power Out 

Fixture Loss (from 2 .4 .0) 

Generator Side Loss 

q = 0.1367k (T^ - Tg) 

= 0.1367 X 0.21 (298) 

= 8.47 watts 

Support Tube Change 

Aq 
l^st^st 

^st 

5. 58 watts 

- T 
h b ' 

1290°F 

80°F 

1547°F 

1312°F 

1048°F 

279.6 watts 

16. 03 watts 

61.8 watts 

Total Loss = Fixture Loss + Side Loss + Support Loss 

= 61.8 + 8.47 + 4.48 

= 75.85 
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Q = Heater Power - Total Loss 

= 203.7 

„ Gen. Power Out 
r^ = • - Q 

gen 

= 16.03 

203.7 

Ti = 7.88% 

d) Efficiency Tests 

Efficiency tests were run on Generators 10D2, 10D4, 10D5, 10D6, and 10D7 at 

BOL and EOL temperature conditions. Two intermediate hot junction tempera™ 

tures were also run on 10D7 to determine the shape of the n vs. Tpr curve. 

Generator efficiency and heat flow into the generator hot frame are presented m 

Table 2-13 and efficiency is plotted m Figure 2-15. 

2.3.6.5 Conax Leakage 

As discussed m SNAP-21 Quarterly Report No. 6(MMM 3691-26) dated February 

1968, a systematic sequence of applied torque to all ball and socket generators 

containing Conax (feed-through) fittings has continued. This effort has minimized 

the loss of gas pressure from each respective unit. A bi-monthly retorqumg of 

all ball and socket generators containing Conax fittings has been instituted on the 

SNAP-21 program. The long-term test data thus accumulated will be helpful m 

obtaining a realistic solution to the leak problem present m the Phase II ball and 

socket generators. 

2.3.6.6 Phase I Continuation Testing 

During this period the test group continued to monitor and analyze the thermo­

electric test work initiated during Phase I, The units being tested and the 

accumulated hours on test are: 

Al - 32,085 

A3 - 30,753 

A4 - 29, 913 
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Table 2 -13 . SNAP-21 Generator Efficiency and Heat 
Flow Into Hot F r a m e 

Genera tor 

Q 
10D2 sen 

Q 
10D4 sen 

r\ 

10D5* ^Sen 

10D6 "^Sen 

10D7 ^Sen 

Hot Junction Temp (°F) 

1050 
(BOL) 

201,8 

7.46 

208. 7 

8.07 

207.4 

6.29 

203.7 

7.88 

204.9 

8.16 

995 

191.5 

7.99 

957 

178.9 

7.93 

925 
(EOL) 

170.6 

7.09 

175,7 

7.72 

167.0 

5.45 

170.9 

7.22 

167.9 

7.82 

^Generator 10D5 had a failure in the generator case and the leg res i s tance rose 
due to oxidation. All this occurred pr ior to efficiency tes t . Refer to 3691-
0986 for details on 10D5 failure. 

Prototype generator on tes t and the hours accumulated a r e : 

P5 - 25,193 

P6 - 24, 564 

P7 - 24, 717 

All genera tors a re operat ing with no significant change in per formance . P e r ­

formance data for the modules and genera tors l isted is given in F igures 2-16 

through 2-19 and in Tables 2-14 and 2-15. 
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Module 

A l 

A3 

A 4 

Da te 

1-15-68 

1-17-68 

1-30-68 

2 - 1 5 - 6 8 

2 - 1 7 - 6 8 

2 - 1 9 - 6 8 

3 - 1 4 - 6 8 

3 - 2 0 - 6 8 

1-15-68 

1-17-68 

1-30-68 

2 - 1 5 - 6 8 

2 - 1 7 - 6 8 

2 - 1 9 - 6 8 

3 - 1 4 - 6 8 

3 - 2 0 - 6 8 

1-15-68 

1-17-68 

1-30-68 

2 - 1 5 - 6 8 

2 - 1 7 - 6 8 

2 - 1 9 - 6 8 

3 - 1 4 - 6 8 

3 - 2 0 - 6 8 

T a b l e 2 - 1 4 . P e r f o r m a n c e Da ta of SNAP 

T - H o t 

(est) 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

1040 

T - C o l d 

E 
o 

(vol ts) (vol ts) ( amps ) 

- 2 1 6 -Coup le Module 

Po 
(wat ts) 

R 

( M - o h m s ) 

s 

(wat ts) H o u r s 

1 ! ! 1 1 ' 1 
Bui ld ing p o w e r w a s off and e m e r g e n c y p o w e r c a m e on for 1 h o u r . 
114 

115 

116 

1.27 

1.27 

1,26 

0 . 6 3 

0 , 6 3 

0 .62 

1.79 

1. 79 

1.78 

1.12 

1,12 

1.11 

3 59 

3 60 

3 57 

32 

32 

32 

30, 573 

30, 885 

3 1 , 2 6 9 
j < B 1 • ' 

Bui ld ing p o w e r w a s off and e m e r g e n c y p o w e r c a m e on for 5 h o u r s . 

115 

113 

113 

1.27 

1.26 

1.26 

0 .62 

0 . 6 2 

0 , 6 2 

1. 78 

1.78 

1 .76 

1.11 

1.11 

1.09 

363 

3 58 

365 
1 ( 1 1 1 

Bui ld ing p o w e r w a s off and e m e r g e n c y p o w e r c a m e on 

120 

120 

119 

1,29 

1.28 

1,28 

0 . 6 4 

0 , 6 3 

0 . 6 3 

1.79 

1.79 

1.79 

1.13 

1.14 

1.14 

361 

360 

364 

32 

32 

32 

3 1 , 3 6 5 

3 1 , 941 

3 2 , 0 8 5 

1 
for 1 h o u r . 

4 6 . 5 

4 6 . 5 

46 .0 

2 9 , 2 4 1 

29, 553 

29, 937 
! < i 9 g • i 

Bui ld ing p o w e r w a s off and e m e r g e n c y p o w e r c a m e on for 5 h o u r s . 

120 

119 

120 

1.29 

1.28 

1.09 

0 , 6 4 

0 . 6 3 

0 . 6 3 

1.79 

1. 79 

1.78 

1.14 

1.13 

1.13 

365 

361 

363 
I I 1 1 1 

Bui ld ing p o w e r w a s off and e m e r g e n c y p o w e r w a s on fo 

119 

119 

116 

1.27 

1 .25 

1 .25 

0 , 6 1 

0 , 5 9 

0 . 6 0 

2 . 3 2 

2 . 2 7 

2 . 2 5 

1.41 

1.35 

1 .35 

286 

289 

2 90 

4 6 . 0 

4 6 . 0 

4 6 . 5 

r 1 h o u r . 

3 8 . 5 

3 8 . 5 

3 8 . 0 

30, 033 

30, 609 

3 0 , 7 5 3 

2 8 , 4 0 1 

28, 713 

29, 097 

Bui ld ing p o w e r w a s off and e m e r g e n c y p o w e r c a m e on for 5 h o u r s . 

116 

118 

119 ' 

1.26 

1 .25 

1.26 

0 . 6 0 

0 .60 

0 . 6 0 

2 . 2 6 

2 . 2 6 

2 . 2 7 

1.36 

1.36 

1.37 

292 

287 

290 

3 8 . 0 

3 8 . 5 

3 9 . 5 

29, 193 

2 9 , 7 6 9 

29, 913 



Table 2-15. Performance Data, SNAP-21 Prototype Generators 

Module 

P 5 

P 6 

P 7 

Date 

1-15-68 

1-17-68 

1-30-68 

2-15-68 

2-17-68 

2-19-68 

3-14-68 

3-20-68 

1-15-68 

1-17-68 

1-30-68 

2-15-68 

2-17-68 

2-19-68 

3-14-68 

3-20-68 

1-15-68 

1-17-68 

1-30-68 

2-15-68 

2-17-68 

2-19-68 

3-14-68 

3-20-68 

T-Hot 
(est) 

1064 

1070 

1062 

1068 

1052 

1046 

1055 

1055 

1055 

1055 

1055 

1055 

1055 

1055 

1055 

1055 

1055 

1055 

T-Cold 
Eo 

(volts) (volts) (amps) 
Po 

(watts) 

R 

(M-ohms) (watts) Hours 
1 1 1 1 1 " 1 

Building power was off and emergency power came on for 1 hour. 

153 

151 

150 

10.04 

9.90 

10.00 

5.02 

4.95 

5.00 

2.23 

2.21 

2.21 

11.19 

10.94 

11.05 

2.25 

2.26 

2,26 

176 

175 

175 

23,681 

23, 993 

24,377 

Building power was off and emergency power came on for 5 hours . 

149 

156 

151 

10.10 

9.96 

10.00 

5.05 

4.98 

5. 60 

2,17 

2.19 

2.17 

10.96 

10.91 

10.85 

2.33 

2,27 

2.30 

177 

177 

173 

24, 473 

25, 049 

2 5,193 
1 1 1 1 1 T ! 

Building power was off and emergency power came on for 1 hour. 

166 

171 

165 

10.04 

10.00 

9.90 

5.02 

5.00 

4.95 

2.03 

2.03 

2.03 

10.19 

10.15 

10.05 

2.47 

2.46 

2.44 

192 

190 

192 

23, 052 

23, 364 

23,748 
• I I I ' 1 

Building power was off and emergency power came on for 5 hours . 

166 

171 

168 

10.00 

10.02 

10.00 

5.00 

5,01 

5.00 

2.05 

2.04 

2.04 

10.25 

10.22 

10.20 

2,44 

2.46 

2.45 

192 

192 

192 

23, 844 

24, 420 

24, 564 
1 1 1 1 1 ' 1 

Building power was off and emergency power came on for 1 hour. 

169 

184 

165 

10.40 

10.20 

10.20 

5.20 

5.10 

5.10 

1.92 

1.91 

1.92 

9.98 

9, 74 

9.79 

2.71 

2.67 

2.66 

177 

177 

178 
I 1 1 I - 1 

Building power was off and emergency power came on for 5 hours . 

164 

170 

169 

10.20 

10.28 

10.28 

5.10 

5.14 

5.14 

1.92 

1.92 

1. 92 

2.66 

2.68 

2.68 

2.66 

2.68 

2.68 

9.79 

9.87 
9.87 

23, 997 

24, 573 

24,717 



2 .3 ,7 POWER CONDITIONER 

Power conditioner test ing during this period consisted p r imar i ly of evaluating the 

data from power conditioners H10D2, H10D3, and H10D4 pr ior to encapsulation. 

Wave form photos, s ta r t ing cha rac te r i s t i c s , and efficiency percentages were 

recorded . This data was compared to the original design expectations and to 

HlODl performance to determine if the unit charac te r i s t i c s were sat isfactory for 

completion of assembly . Figure 2-20 shows the power conditioner tes t c i rcu i t . 

Wave forms taken from power conditioners H10D2 and H10D3 a re shown in 

Figures 2-21 and 2-22. Power conditioner tes t and efficiency data is given in 

Tables 2-16 through 2-19. 

Unit H10D2 did not pass the voltage insulation tes t after encapsulation and H10D3 

will replace H10D2 for the dynamic tes t . HlODl is undergoing additional s ta r t ing 

charac te r i s t i c testing plus other tes t ing. 

Two tes t panels for long- te rm testing a r e 90 percent complete . Each has a 

capacity of th ree power condi t ioners . One panel is cur rent ly in use for 

evaluation and assembly mode tes t ing. The panels will be ext remely useful 

for ensuring exact tes t conditions for each power conditioner tes ted . The 

beginning-of-life (BOL) and end-of-life (EOL) tes t pa rame te r s can be varied 

to match predicted value conditions. The output load has two variable loads to 

simulate varying conditions and the effect on the power conditioner. 

Efficiency values for EOL only a r e listed for the various power condi t ioners . 

The BOL efficiency value is not a t rue representa t ion of power conditioner 

efficiency. 

The res idua l Phase I power conditioners and related electronic equipment have 

accrued 26, 000 hours of tes t t ime . Exception to the hourly total is the auto­

matic se lec tor switch. This was shut down on Februa ry 28, 1968, to improve 

the breadboard layout. 
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Figure 2-20, Power Conditioner Test Circuit 
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a) Emi t te r to collector of Q. and Q^ 

b) Collector to base Q„ and Q. 

c) Rated load output r ipple 

Figure 2-21 . Voltage Waveform from Power Conditioner H10D2 
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3m 

a) Emi t te r to collector of Q̂ ^ and Q2 

b) Collector to base Qo and Q . 

c) Rated load output ripple 

Figure 2-22. Voltage Waveform from Power Conditioner H10D3 
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Table 2-16. Automatic Selector Switch: Output Voltage v s . Time on Test 

T i m e 
(Hours on T e s t ) 

13 ,583 

13, 943 

1 4 , 4 7 1 

1 4 , 6 1 5 

1 5 , 0 9 5 

15 ,479 

15, 887 

16 ,343 

16, 799 

17 ,327 

1 7 , 9 5 1 

18 ,479 

18, 959 

19 ,319 

1 9 , 6 3 1 

20, 111 

2 0 , 6 8 7 

20, 999 

2 2 , 3 6 7 

Output 

C o n d i t i o n e r 
M P - A 

2 4 . 5 4 

2 4 . 5 5 

2 4 . 5 6 

2 4 . 5 5 

2 4 . 6 2 

2 4 . 6 2 

2 4 . 5 0 

2 4 . 4 6 

2 4 . 4 5 

2 4 . 4 7 

2 4 . 5 0 

2 4 . 4 7 

2 4 . 4 7 

2 4 . 4 8 

2 4 , 4 8 

2 4 . 4 7 

2 4 . 4 5 

2 4 . 4 8 

2 4 . 4 9 

Vol tage 

Cond i t ione r 
M P - D 

2 4 , 5 9 

24 ,60 

24 .60 

24. 59 

2 4 . 5 8 

2 4 . 5 8 

24. 59 

24 .58 

24. 57 

2 4 , 5 5 

2 4 . 5 5 

24. 59 

2 4 . 5 7 

24 .59 

24. 58 

2 4 . 5 8 

24 .56 

24 .56 

2 4 . 6 0 

R e m a r k s 

Note : S y s t e m t u r n e d 
off f rom 4 - 2 4 - 6 7 
to 6 -6 -67 

Note : At 22, 3 67 h o u r s 
the s y s t e m was 
shu t down to 
i n s t a l l into 
c a b i n e t . 

I 
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Table 2-17. Regulator Test Fixture Performance Data 

O p e r a t i n g 
H o u r s 

1 8 , 3 6 9 

18 ,729 

1 9 , 2 5 7 

1 9 , 4 0 1 

1 9 , 8 8 1 

20, 265 

20, 673 

2 1 , 117 

22, 161 

2 2 , 6 1 7 

23, 145 

23, 769 

2 4 , 2 9 7 

24, 777 

25, 137 

2 5, 449 

2 5 , 9 2 9 

2 6 , 3 8 1 

26, 693 

2 8 , 0 6 1 

28, 541 

A 

2 1 . 7 5 

2 1 . 7 2 

2 1 . 7 2 

2 1 , 7 2 

2 1 . 5 4 

2 1 . 5 3 

2 1 . 5 3 

2 1 , 4 9 

2 1 . 52 

2 1 , 6 0 

2 1 . 4 6 

2 1 . 4 6 

2 1 . 3 5 

2 1 . 4 3 

2 1 . 4 9 

2 1 . 4 9 

2 1 . 5 0 

2 1 . 5 1 

2 1 . 7 4 

2 1 . 5 2 

2 1 . 5 1 

C 

2 1 , 8 6 

2 1 . 7 9 

2 1 . 7 8 

2 1 . 78 

2 1 , 6 3 

2 1 , 55 

2 1 , 4 6 

2 1 . 3 9 

2 1 . 3 7 

2 0 . 7 9 

2 1 . 4 5 

2 1 , 1 3 

2 1 , 52 

2 0 . 9 3 

2 1 . 0 0 

2 1 , 0 0 

2 0 . 9 7 

2 0 . 9 5 

2 1 . 8 1 

2 1 . 3 0 

2 1 . 2 7 

D 

2 2 . 4 9 

2 2 . 4 7 

2 2 . 4 6 

2 2 . 4 6 

2 2 . 4 1 

2 2 . 4 2 

2 2 , 4 2 

2 2 . 4 0 

2 2 . 3 9 

2 2 , 4 0 

2 2 . 3 5 

2 2 , 3 1 

2 2 . 4 1 

2 2 . 3 3 

2 2 . 3 6 

2 2 . 3 9 

2 2 . 3 9 

2 2 . 4 0 

2 2 . 4 6 

2 2 , 4 1 

2 2 . 3 8 

F 

21 .93 

2 1 . 9 0 

2 1 . 8 9 

2 1 . 8 8 

2 1 . 8 8 

21 .90 

2 1 . 8 8 

2 1 . 8 4 

2 1 , 8 5 

2 1 . 8 8 

21 .82 

21 .82 

21 ,82 

2 1 . 7 6 

2 1 . 8 3 

2 1 . 8 4 

2 1 . 8 3 

2 1 . 8 4 

2 1 . 9 2 

2 1 . 8 3 

2 1 . 8 1 

H P R - A 
O p e r a t i n g 

H o u r s 

17, 552 

17, 912 

18 ,440 

18, 584 

19, 064 

19, 448 

19, 856 

20 ,360 

2 1 , 3 4 4 

21 ,800 

2 2 , 3 2 8 

22 ,952 

2 3 , 4 8 0 

23, 960 

24, 320 

24, 632 

25, 112 

2 5, 564 

2 5 , 8 7 6 

2 7 , 2 4 4 

27, 724 

H P R - A 

2 6 . 7 8 

2 6 . 7 7 

2 6 . 8 0 

2 6 . 8 1 

2 6 . 4 6 

2 6 , 5 1 

2 6 . 5 1 

2 6 . 5 1 

2 6 . 5 1 

2 6 , 4 8 

2 6 . 4 5 

2 6 , 3 6 

2 6 . 3 1 

2 6 . 3 4 

2 6 . 4 7 

2 6 , 5 3 

2 6 . 5 6 

2 6 . 6 0 

2 6 . 9 3 

2 6 . 5 2 

2 6 , 5 6 

2-79 



Table 2-18, Per formance of Power Conditioners MP-B and MP-C 

Converter 
Performance 
Power 
Conditioner 

MP-B 

Note: Un 

MP-C 

Note: Ur 

E-In 
(volts) 

4.844 

4.839 
4.842 

4.843 

4.841 
4.840 
4.838 

4.843 

it shut dowi 

4.913 

4.908 
4,909 

4.910 
4,906 
4.905 
4,904 

4.909 

4.912 

4.913 

4.910 
4.908 

4.909 

4,909 

4,910 
4.912 

4,911 
4,909 
4,908 
4.908 

lit accident 

I-In 
(amps) 

2,491 

2.456 
2.471 

2.470 

2.464 

2.463 
2.443 

2,478 

P-In 
(watts) 

12,167 

11,986 

12.066 
12,063 

12.029 

12.022 

11,920 
12.102 

E-Out 
(volts) 

24.00 

24.00 

24.00 

24.00 

24.00 

24.00 
24.00 

24.00 

1 for experimental testing 6-7-67, 

2,395 
2,360 
2.374 

2.378 
2.372 

2.374 
2.353 

2.389 

2.395 

2.396 

2,375 

2,371 

2,375 

2.376 

2.375 

2,403 

2.377 
2,357 
2,368 
2,368 

ally shut doi 

11,809 

11,606 
11.757 

11,779 
11,740 

11.747 
11.642 

11.831 

11.867 
11.878 

11.764 

11.740 
11,762 

11,767 

11.764 

11.907 

11.776 
11.674 
11.725 

11.725 

wn, discovej 

24.00 

24.00 

24.00 

24.00 
24.00 
24.00 

24.00 
24.00 

24.00 
24.00 
24.00 

24,00 

24,00 

24,00 

24.00 

24.00 

24.00 
24.00 
24.00 

24,00 

-ed on 12/2] 

I-Out 
(amps) 

0.451 

0.444 

0.447 

0.447 

0.446 

0.445 
0.442 

0.449 

P-Out 
(watts) 

10.824 
10.656 
10.728 

10.728 

10.704 

10.680 

10.608 

10.776 

Efficiency 
Percent 

88.96 

88.90 
88,91 

88.93 

88,98 
88,84 

88,99 
89,04 

0.436 

0.429 
0.432 

0.433 
0.432 

0.432 

0.428 
0.439 

0.436 
0.436 
0.432 

0.431 

0.432 

0.432 
0.432 

0.438 

0.433 

0.428 
0.431 

0.430 

L/67. Powe 

10.464 

10.296 

10.368 
10.392 

10.368 

10.368 
10.272 

10.416 

10.464 
10.464 

10.368 

10.344 

10.368 

10.368 
10.368 

10,512 

10,380 
10.270 
10.344 

10.320 

r restored ] 

88.61 
88.71 

88,19 

88.22 
88,31 

88,26 
88,23 

88.04 
88.18 

88,10 
88.13 

88.11 

88,15 

88,11 
88.13 

88,28 

88.92 

87,99 
88,22 

88,02 

2/22/67, 

Hours 
on Test 

16, 212 

16.572 

17, 100 
17,244 

17. 724 
18,108 
18, 516 

19,020 
19,620 

15,783 

16. 143 

16, 671 

16,815 
17,295 
17,679 

18,'087 

18. 591 

19, 575 
20,031 

20, 559 

21,183 

21,811 

22.098 
22,485 

22. 770 

23.250 

24.066 
2 5.434 

25,914 
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Table 2-19, Power Conditioner Test Efficiency 

Unit 

H10D2 

H10D3 

H10D4 

Condi t ion 

E O L 

E O L 

E O L 

Eff ic ien 

^ o 

2 4 . 0 

2 4 . 0 

2 4 . 0 

=y = 

^o 

0 , 4 6 5 

0 . 5 0 1 5 

0 . 4 4 9 

o o 

^ b 

0 .732 

0 .708 

0 .659 

E, L + E . I. b b ip 10 

h 

0 . 1 3 7 

0 .1379 

0 . 1 3 3 6 

E . ip 

5,14 

5 .161 

5.12 

l ie 

2 . 4 3 

2 . 5 5 

2 . 3 0 

Ef f ic iency 
(pe rcen t ) 

90 .06 

9 0 . 5 1 

90 .82 

2.4 SYSTEM TEST 

2 ,4 .1 PHASE I SYSTEM TESTING 

Phase I System B-1 came off tes t on December 4, 1967 after logging over 23, 496 

hours of tes t t ime . For a history of the components refer to SNAP-21B P rog ram 

Phase I, Final Summary Report No. MMM 3321-19, C-92a M3679 (44th Edition). 

This section contains an analysis of the test data for some of the major compon­

ents and the sys tem as a whole. 

2. 4 . 1 . 1 Insulation System 

The insulation envelope used in this sys tem was never hermet ical ly sealed. 

Because of this it had to be continuously pumped to maintain the desired vacuum. 

No post- test analysis was done on this sys tem. At the present t ime, this 

insulation envelope is being used for generator efficiency s tudies . 
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2. 4 , 1 , 2 Thermoelect r ic Generator 

{ 

Figure 2-23 shows the operating thermal conditions for the generator during the 

tes t period. Throughout most of the test period the hot electrode temperature 

was determined from the cold electrode temperature and the N-leg Seebeck 

voltage. Therefore, it should be remembered that the hot electrode temperature 

is an approximation. The changes in power input at 10, 000 and 18, 000 hours of 

tes t were made to simulate the radioisotopic fuel decay after a year of operation. 

The sys tem power input shown on this graph is corrected to take into considera­

tion the extraneous losses due to instrumentation, A major concern of the 

the rmal operating conditions was that the cold electrode temperature was some­

what higher than expected (cold electrode design tempera ture is 115°F). It is 

believed that this was caused at the cold cap follower interface. This problem 

has been corrected in subsequent Phase II sys tems . 

Figure 2-24 shows the normalized performance data for the generator in the 

sys tem. Shown here is the rat io of the experimental data to the calculated 

expected performance* for the Seebeck voltage, internal res is tance , and power 

(matched load) for the generator . Ideally, these ra t ios should be 1.00. It can 

be seen that the major cause for the decrease in power output was the increase in 

internal r es i s t ance . Fur ther analysis of the data indicates that the increase in 

res i s tance was due pr imar i ly to the N-leg. It should be noted that prototype P4 

was on bench test for over 1400 hours and had indicated stable performance 

pr ior to incorporation into the sys tem. After the tes t was terminated the genera­

tor was put into bonded stock, 

2. 4 . 1 . 3 Power Conditioner 

Since the power conditioner for this tes t was treated as a "black box" the only 

performance value that may be determined is the converter efficiency (see 

Figure 2-25), F rom Figure 2-25 it can be seen that the converter efficiency 

*Theoret ical res i s tance is ma te r i a l res i s tance only. 

I 
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Figure 2-24. Normalized Data, Prototype Generator P4 
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was very stable throughout the tes t period. Note that pr ior to sys tem integration 

the power conditioner was on bench test for about 792 hours . During this t ime 

its performance was s table . 

No detailed pos t - tes t analysis was conducted on this coinponent. After terminat ion 

of test, this conditioner was incorporated into Phase II System SIODIA for shor t -

t e rm test (see Section 2 .2 .3 ) , 

2 . 4 . 1 . 4 P r e s s u r e Vessel 

A cast p r e s s u r e vesse l of type CFSC (AISI-347) s ta inless s tee l was used in this 

t es t . The only monitoring of the p r e s su re vesse l was the t empera tu re profile 

(see Section 2 . 4 . 3 ) . 

2 . 4 . 1 . 5 System Performance 

Figure 2-26 shows performance curves for the sys tem. Shown is the sys tem load 

current , sys tem power out, and sys tem efficiency. The system load voltage was 

24 ± 0.1 vol ts . From this figure it can be seen that the system power out had 

decreased . The cause of this is the decrease in generator power output (see 

Section 1.2). Some of the fluctuations in the system power out were caused by 

changes in the load r e s i s t ance . The operation of the sys tem is at a constant system 

load voltage of 24 volts, but the cur ren t can be varied over a smal l range, thereby 

causing variat ions in power output for the same load voltage. Fur ther analysis 

of this graph shows that as the sys tem power input decreased (simulated year ly 

fuel decay) the sys tem performance became more s table . It is suspected that this 

is caused by the decrease in change of the generator power output. 

P r i o r to system shut down the sys tem power input was res tored to BOL value and 

the system stabil ized. (Refer to SNAP-21 P rog ram Phase II Quar ter ly Report 

No. 6 (MMM 3691-26) for a discussion of this t e s t . ) The System power out shown 

on this graph is cor rec ted to account for extraneous losses due to insulation. 
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2. 4. 2 PHASE II SYSTEM TESTING 

2 . 4 . 2 . 1 System SlODl 

System SlODl was taken off tes t on January 29, 1968 after accumulating about 

1460 hours of tes t t i m e . Refer to SNAP-21 P rog ram Phase II Quar te r ly Report 

No. 6 (MMM 3691-26) for sys tem component his tory and sys tem assembly . 

The tes t was terminated when the generator p r e s su re t ransducer indicated a 

leak in the hermet ic sea l . After cooling to room tempera ture , the generator was 

inspected. A hole in the long case was found in the a r ea where the long case and 

hot frame meet . 

The sys tem was dismantled with full power being applied to the heater block. 

This was done to preclude any p r e s s u r e decrease due to a drop in t empera tu re . 

To prevent an increase in t empera tu re , a polyflow cooling manifold was connected 

around the p r e s s u r e vesse l in the vicinity of the flange. 

No detailed pos t - tes t analysis is planned for the sys tem components. The follow­

ing paragraphs give analysis of the tes t data for some of the major components and 

the sys tem as a whole. 

2 . 4 . 2 . 1 . 1 Insulation System 

The insulation sys tem used in this tes t was of the Phase II design. Throughout 

most of the tes t period the active get ter inside the insulation envelope kept the 

vacuum below 10 microns , keeping the insulation the rmal losses low. The only 

t ime the vacuum was above 10 microns (high of 15 microns) was during heat-up. 

Thermal performance of the insulation system appeared to be good. 

2 . 4 . 2 . 1 . 2 Thermoelec t r ic Generator 

Operating t empera tu res during most of the tes t period were approximately 1040 ± 

10°F and 130 ± 10°F at the hot and cold e lectrodes , respect ively . The exception 

to this is when the environment t empera tu res were changed and when the system 

was put through simulated shipping thermal conditions (see Section 2. 4. 2 , 1 . 5). 
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Figure 2-2 7 shows the rat io of experimental to theoretical value of Seebeck volt­

age and internal res is tance for the generator*. Ideally, these ra t ios should be 

1. GO. Included m this graph is the time the generator was on bench tes t . It can 

be seen that generator performance was stable when on bench test and system test , 

except that there is a decrease m Seebeck voltage and res i s tance when the genera­

tor was t ransfer red into the sys tem. The exact cause for this decrease is not 

known at this t ime . 

Because disassembly of the system was done with full system power sti l l applied, 

the generator was backfilled (argon with 1 percent helium) at operating tempera ture 

and then allowed to cool to room tempera ture . After cooling to room tempera ture , 

a new long case was welded over the old case . The generator is presently on 

life tes t . 

2 . 4 . 2 . 1 . 3 Power Conditioner 

The power conditioner used m this system was a Phase I res idual conditioner 

(MP-F). Since the conditioner was t reated as a black box, about the only per­

formance value that may be determined is the converter efficiency (see Figure 2-28). 

This curve shows that the conditioner was fairly stable at about 8 5 percent effi­

ciency. No post- tes t analysis is planned on this component. 

2 . 4 . 2 . 1 . 4 P r e s s u r e Vessel 

The p re s su re vessel used m this test was fabricated from titanium 621. The only 

monitoring on the p ressure vessel was the tempera ture profile (see Section 

2 .4 .3 ) . At the present t ime this p res su re vesse l has been put into bonded stock. 

*The theoretical res i s tance is mater ia l res i s tance only. 
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2 . 4 . 2 . 1 . 5 System Performance 

2 . 4 . 2 . 1 . 5 . 1 System Testing 

System test ing on SlODl is divided into three pa r t s . The three segments , in order 

of progression, a r e : 

a) System response to changes in input power 

b) System response to various environment conditions 

c) Simulated shipping conditions tes t s 

a) System Response to Changes in Input Power 

Figure 2-29b shows the hot and cold electrode tempera tures at varying input 

power. Since the environmental water tempera ture was not held exactly at 

38°F, the cold electrode did not vary as it should have with a constant environ­

mental water t empera tu re . The dotted line in Figure 2-29b shows cold electrode 

temperature correc ted to a constant 38°F environmental water t empera ture . 

Figure 2-29a shows the efficiency and power output as a function of power input. 

The plot indicates that for the operating range of the system, there is a change of 

0. 94 watt output power per watt of input power. 

b) System Response to Various Environmental Conditions 

Response to environmental tempera ture change is shown in Figure 2-30. Curves 

with the tr iangles indicate empir ical data in water . The two dashed curves r e p r e ­

sent analytically derived relationships for a mean p res su re vesse l t empera ture . 

Average heat t ransfer coefficients were calculated for free convection over the 

entire p r e s su re vesse l in a i r and in water for the temperature range from 0 to 

100°F (see Figure 2-31), These coefficients were used with the total surface 

a rea to derive p ressure vessel mean tempera tures as a function of environment 

tempera ture for a i r and water . The empir ical ly obtained tempera ture of the 

p ressure vesse l was taken in the bolt hole at the top of the cylindrical section. 

This is different from the theoret ical mean temperature because of the low 

thermal conductivity of the ti tanium. Since pure conduction is the mode of heat 

I 
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t ransfer between the cold frame and p ressure vesse l top, these three curves 

can be drawn para l le l . 

It is interest ing to note at this time that if the p res su re vessel were made of 

beryll ium-copper, the experimental p res su re vesse l curve would fall within one 

degree of the theoret ical curve presented. The conductivity is high enough that 

thermal gradients from top to bottom would be very small , thus pulling down the 

tempera ture of the top of the cylindrical portion and thus the cold frame tempera­

ture a l so . Thus, the cold electrode temperature would be over 15 degrees lower 

in a i r with a Berylco pressure vesse l than with a titanium one. This difference 

will not be as great in water, as the two bottom curves in Figure 2-29 show. 

The only points shown a r e for hot electrode tempera tures in air , since at this 

writing a good correlat ion is not available. This will be investigated at a la ter 

date. 

c) Simulated Shipping Conditions Test 

The final tes t before terminating performance testing of System SlODl was to 

simulate shipping conditions for a sys tem. This was done to determine what 

effects, if any, shipment would have on the sys tem. To accomplish this. Sys­

tem SlODl was operated in a i r (about 2 5°F) with the generator short circuited 

for approximately two weeks (see Figure 2-30). Data from this test appears 

in the SNAP-21 January 1968 Monthly Report (MMM 3691-28). Fur ther analysis 

of the data shows that shipment of the system under these conditions has no 

detr imental effects on the sys tem. 

2 . 4 . 2 . 1 . 5 . 2 Overall System Performance 

Figure 2-32 shows the overall performance of the system during its entire test 

period. The load voltage for the system was 24 ± 0.1 vol ts . Since the load 

current may be varied while the system load voltage is at 24 ± 0.1 volts, the 

power out from the system can also vary. It is suspected that this was part of 

the cause for the decrease in sys tem power output. It can also be seen that the 

efficiency of the system was fairly constant. System efficiency was using a 

corrected value of power input to account for extraneous heat losses (6. 34 watts). 
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Table 2-20 shows reasonably good corre la t ion between experimental and theoret ica l 

t empera ture distr ibution. However, some significant differences do exist . The 

following comments can be made regarding those differences: 

a) The exper imental cold end t empera tu res a re about 20-30°F higher 

than the theore t ica l . One of the factors contributing to this differ­

ence was a smal l metal chip found in the interface between the 

generator mounting plate and the p re s su re vesse l cover flange. 

This chip, which was 0.008-inch thick, prevented a good heat 

t r ans fe r interface between the p r e s su re vesse l cover and the 

generator mounting plate . 

b) The experimental t empera ture drop ac ros s the emi t te r p la te - to-

generator hot frame was 56°F grea te r than theoret ica l . It is felt 

that this was caused by Min-K 1301 the rmal insulation mate r ia l 

found between the emit ter plate and generator hot frame upon d i s ­

assembly of the sys tem. 

After the tes t was terminated System SlODl was disassembled. Regarding d i s ­

assembly, the following major points should be re i te ra ted : 

a) System SlODl was disassembled with full power input to the system 

to prevent any loss of TEG p r e s s u r e due to a decrease in t empera ­

t u r e . 

b) A meta l chip (0.008-inch thick) was found between the p r e s s u r e vesse l 

cover flange and the generator mounting plate . 

c) Min-K 1301 the rmal insulation was found between the emit ter and 

collector p la tes . This probably collected there during sys tem 

assembly . 
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T a b l e 2 - 2 0 . C o m p a r i s o n of T h e o r e t i c a l and E x p e r i m e n t a l T e m p e r a t u r e 
D i s t r i b u t i o n Data , S y s t e m SlODl 

L o c a t i o n 

P . V. C o v e r -
U p p e r H e m i s p h e r e 

P . V . C o v e r — F l a n g e 

Seg . R i n g -
G e n e r a t o r Mount ing P l a t e 

Seg. Ring — I n t e r f a c e 
wi th P . V . Wal l 

Cold F r a m e — In t e r f ace 
with Mount ing P l a t e 

Neck Tube - Top 

E m i t t e r P l a t e 

G e n e r a t o r Hot F r a m e 
( ex t e rna l ) 

G e n e r a t o r Hot F r a m e 
( in te rna l ) 

Hot Button 

Cold C a p 

Cold F r a m e ( in te rna l ) 

F u e l o r H e a t e r A s s e m b l y 

W a t e r T e m p e r a t u r e 

E x p e r i m e n t a l 
T e m p e r a t u r e 

(°F) 

46 

49 

86 

80 

98 

152 

1324 

1137 

1072 

1040 

130 

116 

144 5 

40 

T h e o r e t i c a l 
T e m p e r a t u r e 

(°F) 

42 

45 

68 

51 

71 

174 

1336 

1205 

1170 

1140 

113 

82 

1450 

40 
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2 . 4 . 2 . 2 System SIODIA 

System SlODlA was taken off tes t on March 11, 1968 after logging about 1352 

hours of tes t t ime . This sys tem was the ear ly fueled sys tem and was tested at 

Oak Ridge National Labora to r i es . For assembly details refer to Appendix D. 

(This information is reprinted from the SNAP-21 Program, Phase II Monthly 

Report , MMM 3691-28, January 1968.) The fuel loading for this sys tem was only 

about 186. 72 wat t s . As a resul t , the hot and cold electrode t empera tu res were 

about 838°F and 84°F, respect ively . The following is an analysis of the tes t data 

for some of the major components and the sys tem as a whole. 

2 . 4 . 2 . 2 . 1 Insulation System 

The insulation sys tem used in this tes t was of the Phase II design. Throughout 

the tes t period the active getter inside the insulation envelope kept the vacuum 

below 10 mic rons . It appears that the insulation sys tem had good the rmal pe r ­

formance. 

2 . 4 . 2 . 2 . 2 Thermoelec t r ic Generator (Generator 10D4) 

The operating conditions for the generator while in the sys tem were about 838°F 

and 84°F at the hot and cold e lec t rodes , respect ively . While on bench tes t the 

hot and cold e lec t rodes operated at 1090 ± 10°F and 100 ± 10°F, respect ively . 

Figure 2-33 shows the ra t io of experimental to theoret ical value for Seebeck 

voltage and internal r es i s t ance for this generator*. Figure 2-33 shows that the 

performance of Generator 10D4 was quite s table . 

Before terminat ing the test , shor t c i rcui t and open c i rcui t tes ts were conducted 

on the genera tor . These tes t s were conducted to obtain data on the extent of 

change in hot junction t empera tu re under these conditions. This data is used to 

predict the effectiveness of short circuit ing the generator to lower the hot junc­

tion t empera tu re during sys tem handling, s torage and shipping. 

*Theoret ical r e s i s t ance is only ma te r i a l r e s i s t ance . 
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The tes ts were conducted by e lect r ical ly disengaging the power conditioner from 

the generator and then operating the generator in ei ther a near short circuit 

condition or open circui t condition and recording the change in hot junction 

t empe ra tu r e . Since the tes t was conducted at ORNL and it required that 3M 

personnel be in attendance, it was necessa ry from a cost standpoint to define a 

condition under which the sys tem could be considered thermally s tab le . These 

conditions were a rb i t r a r i l y defined as follows: 

Short Circui t Test — The sys tem is considered stable when the r a t e of 

change of the average hot junction tempera ture is less than 3°F/hour . 

Open Circui t Test— The sys tem is considered stable when the ra te of 

change of the average hot junction tempera ture is less than 5°F/hour. 

The short c i rcui t tes t consisted of e lec t r ica l ly stopping the power conditioner 

by applying a r e v e r s e bias to the converter circuit , then loading the generator 

output with a 0.1 ohm r e s i s t o r . A 0.005 ohm, 50 millivolt shunt in s e r i e s with 

the r e s i s to r provided the voltage source readout for cur ren t calculat ions. These 

conditions remained in effect until the average hot junction tempera ture did not 

lower more than 3°F per hour. The resu l t s of the tes t a re noted in Figure 2-34. 

The Digitec vol tmeter used to measu re voltage drop ac ross the shunt became 

e r r a t i c towards the end of the test , therefore only three points of data a r e cor rec t 

for the cur ren t curve . The power conditioner was then res ta r t ed and the sys tem^ 

was operated normal ly for three hours before the open circuit tes t was conducted. 

The open circui t tes t was conducted in the same manner as the short circui t tes t 

except that the generator was operated in an open circui t condition. At the s t a r t 

of this test , the hot junction t empera tu re was 10°F below the stable tempera ture 

that existed before any of the tes ts were s ta r ted . The generator open circui t 

voltage and average hot junction tempera ture as a function of t ime is shown for the 

open circui t test in Figure 2-3 5. 
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2 . 4 . 2 . 2 . 3 Power Conditioner 

The power conditioner used for this tes t was the same one used for Phase I 

System B - 1 . Figure 2-36 shows the conditioner efficiency. F rom the graph 

it appears that the performance of the conditioner is comparable to the Phase I 

System B - 1 . 

2 . 4 . 2 . 2 . 4 P r e s s u r e Vesse l 

The p r e s s u r e vesse l used in this tes t was the same one used for Phase I 

System B - 1 . The p r e s s u r e vesse l is of a cas t type CFSC(AISI-347) s tainless s teel 

ve s se l . Only the t empera tu re profile of the p r e s su re vesse l was monitored. 

2 . 4 . 2 . 2 . 5 System Performance 

Figure 2-37 shows overal l System SIODIA performance . It can be seen that the 

system performance was very stable while on t e s t . The fuel loading on the s y s ­

tem was 186.72 the rmal wat t s . The sys tem efficiency was calculated to account 

for 1. 22 watts of extraneous losses due to instrumentat ion. 

F rom Table 2-21 it is apparent that a reasonably good corre la t ion exists between 

the experimental and the theoret ical values of t empera ture distr ibutions. The 

only exception to this is the neck tube top. It is felt that this difference is caused 

by a difference in measur ing point. 

2 . 4 .3 COMPARISON OF SYSTEMS Bl AND SlODl 

In general the components for both sys tems were from Phase I hardware . 

Table 2-22 summar izes the components which comprised Systems Bl and SlODl. 

The major difference between the two sys tems was in the fabrication of the 

thermoelec t r ic generator , the difference being between the hardcoated and non-

hardcoated follower sockets at the cold end. 

No comparison with System SIODIA will be made because of its lower operating 

conditions. 
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Table 2 -21 . Comparison of Theoretical and Experimental 
Temperature Distribution Data, System SIODIA 

Loca t ion 

P . V. C o v e r — Uppe r H e m i s p h e r e 

P . V . Cover— F l a n g e 

Seg . R i n g -
G e n e r a t o r Mount ing P l a t e 

Seg . R i n g -
I n t e r f a c e wi th P . V. Wal l 

Cold F r a m e — 
In t e r f ace with Mount ing P l a t e 

Neck Tube - Top 

E m i t t e r P l a t e 

G e n e r a t o r Hot F r a m e (ex te rna l ) 

G e n e r a t o r Hot F r a m e ( in te rna l ) 

Hot Button 

Cold Cap 

Cold F r a m e ( in te rna l ) 

F u e l 

W a t e r T e m p e r a t u r e 

E x p e r i m e n t a l 
T e m p e r a t u r e 

(°F) 

49 

51 

70 

Not i n s t r u m e n t e d 

70 

92 

1120 

900 

8 50 

830 

100 

80 

Not i n s t r u m e n t e d 

42 

T h e o r e t i c a l 
T e m p e r a t u r e 

(°F) 

50 

50 

65 

51 

68 

155 

1105 

895 

855 

832 

101 

77 

1225 

40 

i 

2-108 



Table 2-22. Component Summary and Comparison of 
Systems Bl and SlODl 

Component 

P r e s s u r e 
Vessel 

Retaining 
Ring 

Insulation 
System 

Thermo­
electr ic 
Generator 

Power 
Conditioner 

Heater 
Block 

B - 1 

Phase I 
(stainless 
steel) 

Phase I 

Phase I 

Phase I 

Phase I 

Phase I 

SlODl 

Phase II 
(titanium) 

Phase I 

Phase I 

Phase II 

Phase I 

Phase II 

Comments 

SlODl 
B - 1 

B - 1 

SlODl 

B - 1 
SlODl 

— Operated with active get ter . 
— Insulation sys tem had to be continually pumped. 

— Prototype 4 - hardnose P type thermoelec t r ic 
mater ia l , hardcoated followers with hardcoated 
sockets, silicon heat t ransfer grease used com­
pletely over follower. Xenon backfill gas 

-- Softnose P type thermoelec t r ic mater ia l , hard­
coated followers with non-hardcoated sockets, no 
heat t ransfer grease used, argon backfill gas 

" MP-E 
- M P - F 



Table 2-23 contains the the rmal data for both sys tems and should be used in con­

junction with Figure 2-3 8. The following comments can be made for the sys tems : 

a) The p r e s s u r e vesse l t empera ture profiles agree fairly closely. 

b) SlODl retaining r ing and external cold frame tempera tu res a re higher 

than for B - 1 . This i s suspected to be due to the chip of metal (0. 008-

inch thick) that was found between the p r e s su re vesse l cover flange 

and the retaining r ing . This impeded the t ransfer of heat at the cold 

end. 

c) SlODl hea ter block and emit ter operated at higher t empera tu res than 

did the same components of B - 1 . This could be due to the Min-K 

insulation found between the emi t te r and collector in SlODl. It 

should be pointed out that the value for thermocouple 18 on SlODl 

is an erroneous reading. 

d) The operating t empera tu res for the thermoelec t r ic generator a r e 

lower for SlODl. It is felt this is due to the non-hardcoated follower 

sockets used in SlODl to dec rease the cold electrode t empera tu re . 

The following comments can be made with regard to the thermoelec t r ic generator 

used for these sys tems (see Table 2-24): 

a) The Seebeck voltage for SlODl is lower than for B - 1 , It is suspected 

this is due to a slight difference in mate r i a l . 

b) The internal r e s i s t ance for SlODl is lower than for B - 1 . One of the 

contributing factors for this is that SlODl is operating at a lower 

t empera tu re and the t empera ture distribution is different than for B - 1 . 

c) It is felt that the higher power output for SlODl is due to the lower 

r e s i s t ance . 

I 
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Table 2-23 . Thermal Comparison of Systems B-1 and SlODl 

T h e r m o c o u p l e 
Loca t ion ( see 
F i g u r e 2-38) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

24a 

25 

2 5a 

26 

27 

28 

29 

S y s t e m B - 1 
T e m p e r a t u r e 

(OF) 

45 

45 

52 

50 

50 

43 

43 

46 

NI 

46 

65 

65 

73 

75 

79 

(out) 

1285 

1437 

1332 

NI 

1276 

NI 

1120 

(out) 

1091 

179 

179 

115 

39 

39 

39 

S y s t e m SlODl 
T e m p e r a t u r e 

(°F) 

42 

40 

46 

49 

44 

42 

44 

NI 

43 

45 

78 

80 

88 

99 

102 

154 

1146 

1524 

NI 

1375 

NI 

1324 

1102 

1060 

1035 

132 

127 

111 

41 

40 

44 

Ident i f ica t ion 

P r e s s u r e v e s s e l — c o v e r u p p e r 

P r e s s u r e v e s s e l — c o v e r midd le 

P r e s s u r e v e s s e l — c o v e r bo t tom 

P r e s s u r e v e s s e l — flange 

P r e s s u r e v e s s e l — body u p p e r 

P r e s s u r e v e s s e l — body l o w e r 

P r e s s u r e v e s s e l — body s p h e r e 
uppe r 

P r e s s u r e v e s s e l — body s p h e r e 
midd le 

P r e s s u r e v e s s e l — body s p h e r e 
bot tom 

P r e s s u r e v e s s e l — power 
cond i t i one r 

R e t a i n i n g r i n g — l o w e r o u t e r 

R e t a i n i n g r i n g — top o u t e r 

R e t a i n i n g r i n g — top i n n e r 

Cold f r a m e — o u t e r 

Cold f r a m e — c e n t e r 

Neck tube — top 

H e a t e r block — s ide top 

H e a t e r block — bo t tom 

H e a t e r block — top edge 

H e a t e r block — top c e n t e r 

E m i t t e r — edge 

E m i t t e r — c e n t e r 

C o l l e c t o r — edge 

Hot e l e c t r o d e — edge 

Hot e l e c t r o d e — c e n t e r 

Cold e l e c t r o d e — edge 

Cold e l e c t r o d e — c e n t e r 

Cold f r a m e — c e n t e r i n t e r n a l 

W a t e r — top 

W a t e r — m i d d l e 

W a t e r — bot tom 
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Figure 2-38. Thermocouple Location Points 
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Table 2-24. Elec t r ica l Comparison of Thermoelectr ic 
Genera tors , Systems B-1 and SlODl 

Item 

Open Circuit Voltage 

P r i m a r y Load Voltage 

P r i m a r y Load Cur ren t 

Internal Resis tance 

Total Power Output 

B-1 

10. 48 vdc 

5. 23 vdc 

2. 49 amps 

2. 11 ohms 

13. 02 watts 

SlODl 

9.76 vdc 

5.17 vdc 

2.86 amps 

1. 59 ohms 

14.88 watts 

Table 2-2 5 contains a s u m m a r y of the e lec t r ica l performance for both s y s t em s . 

The following comments can be made for the sys tems: 

a) System SlODl has a higher power output. This appears to be due to a 

l a rge r power output from the thermoelec t r ic generator . 

b) As a resul t of the lower power output for System B-1 , the efficiency 

of the system is slightly lower. 

c) The power conditioner for System B-1 appears to have a higher 

efficiency than the power conditioner for SlODl. The exact cause for 

this is not known at this t ime. 

In conclusion it appears that the BOL performance for SlODl was better than the 

BOL performance for B - 1 . No at tempt will be made to compare the performance 

vs . t ime charac te r i s t i c s for the sys tems due to the small amount of test t ime for 

SlODl. 

2 . 4 . 4 QUA LIT Y C ON TROL 

The Vendor Qualification Survey Team visited eight potential suppliers during this 

repor t period. The efforts of this group have resul ted in a good c ross - sec t ion of 

approved vendors available for u se . Survey effort is now being focused on more 

specific product or par ts needs . In keeping with this philosophy, source inspection 
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Table 2-25. E lec t r ica l Comparison of Systems B-1 and SlODl 

Item 

System Power Input (Corrected)* (watts) 

Generator P r i m a r y Load Voltage (vdc) 

Generator Bias Load Voltage (vdc) 

Generator P r i m a r y Load Current (amperes) 

Generator Bias Load Curren t (amperes) 

Generator P r i m a r y Power Output (watts) 

Generator Bias Power Output (watts) 

Generator Total Power Output (watts) 

Conditioner P r i m a r y Voltage Input (vdc) 

Conditioner Bias Voltage Input (vdc) 

Conditioner P r i m a r y Current Input (amperes) 

Conditioner Bias Current Input (amperes) 

Conditioner P r i m a r y Power Input (watts) 

Conditioner Bias Power Input (watts) 

Conditioner Total Power Input (watts) 

System Load Voltage (vdc) 

System Load Curren t (amperes) 

System Load (ohms) 

System Power Output (Measured)* (watts) 

Conditioner Efficiency (percent) 

System Efficiency (percent) 

Test Hours 

*Note: System power out is actual measured output, 
mentation l o s s e s . 

System 
B-1 

226 

5.23 

0.728 

2.47 

0.146 

12.92 

0.106 

13.026 

4.91 

0.603 

2.47 

0, 146 

12.10 

0.088 

12.188 

24.0 

0.452 

53,1 

10.84 

89.3 

4 . 8 

1176 

not cor rec ted f 

SlODl 

223.7 

5.17 

0.727 

2.86 

0.134 

14.80 

0.097 

14,897 

5.15 

0.698 

2.86 

0.134 

14.71 

0,093 

14,803 

24.0 

0.530 

45.3 

12.72 

86.0 

5.7 

409 

or ins t ru-
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is being performed on the p r e s s u r e vesse l at Wyman Gordon and resurveys have 

been made at Vector Cable Company, receptacle supplier, and Linda Corporation, 

insulation sys tem suppl ier . The Quality Plan of Linde Corporation was also 

approved. 

A two-week survei l lance inspection was performed at Linde Division, March 18 

through 28. Intermittent survei l lance for the r e s t of the program was subse­

quently recommended as a cost and t ime saving factor . 

Surveillance at Linde concluded with a t r ip to National Lead, Albany, New York, 

(3/29/68) to establ ish tightened inspection controls as a resul t of un-noted d i s ­

crepancies on National Lead inspection documents. 

The SNAP-21 Quality P r o g r a m Plan has been revised and reviewed by Space and 

Defense Products management . The final draft is complete and has been signed 

by appropriate managers and the Manager, Space and Defense Products Depart­

ment . This document will be submitted to the AEC in the next report ing period. 

Positioning and alignment of the legs in a thermopile has been one of the most 

difficult features to inspect on a thermoelec t r ic module. This alignment must be 

held to a few thousandths of an inch, and many of the legs a re effectively hidden 

within the thermopile , where normal inspection methods cannot be applied. This 

problem has been essent ia l ly overcome by the acquisition of a borescope. This 

instrument can be inserted into the pile and both ends of the legs individually 

inspected for c o r r e c t positioning. 

2.5 SAFETY ANALYSIS AND TESTING 

2 . 5 . 1 RADIATION MEASUREMENTS, SYSTEM SIODIA 

External radiat ion levels were determined in conjunction with the assembly and 

test ing of System SlODlA at ORNL. The sys tem was fueled with a 187-watt 

s t ront ium ti tanate (SrTiOo) heat sou rce . Two se ts of radiation measurements 

were taken. The first was done using a "cutie pie" survey meter and the second 

used personnel type film packs . The average radiat ion levels obtained a re shown 

in Figure 2-39. Readings correspond to sys tem surface and at one meter from 
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Figure 2-39. Radiation Measurements on Mock-Up System 
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the surface . Fi lm packs were placed only at surface posit ions. The readings 

from the film were predictably higher than from the survey instrument since the 

centroid of the sensi t ive volume of the ionization chamber is about 2 inches further 

from the sur face . The levels a r e well within the technical specification l imits of 

200 m r / h r at the surface and 10 m r / h r at one m e t e r from the surface. The s ta in­

less s tee l p r e s s u r e vesse l used in this assembly is considered equivalent in 

shielding ability to the Berylco 165 alloy which will be used in the prototype s y s ­

t e m s . 

2, 5. 2 ELECTRICALLY HEATED FUEL CAPSULES 

On January 24, 1968, four e lec t r ica l ly heated fuel capsules were implanted in the 

ocean off San Clemente Island. NRDL personnel were in charge of the implant-

ment. 

The operation was effected from a 70 foot by 2 5 foot barge on which a 10-ton con­

verted c rawler crane was mounted. The anchor for the test units was a 5000-

pound block of concre te . The depth of the water at the point of implantment is 

110 feet. Although the tes t plan s ta tes that the water depth will be 150 feet, the 

Navy limitation for divers is 130 feet. A location was chosen which was somewhat 

l e s s than the maximum depth. 

The power cable had previously been connected to the instrumentation panels in the 

t r a i l e r on shore and was spooled on a r e e l on the barge . As the barge left the pier, 

the power cable was payed out until the desired implantment location was reached. 

The crane then lifted the concrete anchor and swung it over the end of the barge . 

A one-inch diameter , 60-foot long wire rope pendant was attached to the anchor 

and to a buoy. Two of the capsules were temporar i ly attached to the anchor and 

one was attached to the cable six feet from the anchor . The anchor was lowered 

to a position where the fourth capsule could be attached to the cable ten feet from 

the top of the cable . The buoy, which has approximately 2300 pounds of buoyancy, 

was then attached to the end of the cable and the load was t ransfe r red from the 

c rane to the barge hoist d rum. P r i o r to placing the anchor on the bottom, the two 

divers went down to ensure that the cable was free of the anchor. When the anchor 

was lowered to the bottom the divers disconnected the hoist cable from the buoy, 

buried one capsule in six inches of bottom ma te r i a l and the other capsule on the 
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bottom. The d ivers then followed the cable back to the p ie r . The ent i re opera­

tion took 2-1/2 hour s . The power was turned on at the t r a i l e r and everything 

worked sat isfactor i ly . 

Figure 2-40 shows the concrete anchor, the e lectr ical ly heated fuel capsules 

attached to the pendant, and the buoy. 

2. 5. 3 SYSTEM OCEAN EXPOSURE TESTS 

Planning for sys tem ocean exposure test ing continued this quar ter between 3M 

and NRDL. At a meeting on March 5, 1968, between 3M and NRDL personnel 

the details of the 3M/NRDL interface re la t ive to the SNAP-21 sys tem ocean t e s t ­

ing were outlined. The a r e a s of work covered were shipping container shipment, 

unit handling, implantment s t ruc ture , generator performance data, sys tem tem­

pera tu re data, data acquisition sys tem, e lec t r ica l receptacle and the tes t plan. 

3M has prepared specifications for the shipping container . The job of design 

and fabrication will be subcontracted. The approximate s ize is approximately 

5 feet X 5 feet x 5 feet. It will weigh between 1500 and 2000 pounds and will be 

capable of being lifted by a forklift t ruck or an overhead c r a n e . The sys tem will 

withstand a one-month shipping cycle with a maximum tempera ture of 130°F for 

four hours per day. For extended s torage the maximum tempera ture is 95°F. 

There must be close supervision during any handling operation, since the unit in 

the shipping container will only attenuate a 3-inch flat drop and a 6-inch edge 

drop to the specified shock load of 6 g ' s . 

Fins will be attached to the sys tem inside the shipping container . There will be 

three fin sections on the system: one on the p r e s su re vesse l body, one on the 

flange portion and one on the p r e s s u r e vesse l cover . Each section will be con­

s t ructed in segments and will be bolted together to form a complete r ing . 

The conceptual design of the implanted s t ruc ture consis ts of four bars forming a 

cage around the sys tem with support member s contacting the sys tem at the lower 

spher ica l surface and at the s t ra in relief plug. 
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a) Anchor 

b) Elect r ica l ly Heated Fuel Capsule 
Attached to Pendant 

c) Buoy 

Figure 2-40. Stages of Implantment of Elect r ica l ly Heated Fuel 
Capsules for Sea Environment Test ing 
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During t rans fe r from the shipping container to the implantment s t ruc ture , the 

unit would ei ther have to be cooled or the implantment s t ruc ture would have to 

be made to accommodate the unit with the fins attached. Details of this in te r ­

face a r ea will be defined during the next qua r t e r . 

A "maximum g" acce le romete r and a recording thermometer will be provided 

with the s y s t e m s . These will r equ i re monitoring and the char ts on the t empera ­

ture r e c o r d e r will have to be changed at approximately one-week in te rva l s . A 

thermoelec t r ic checkout would be made at each point of terminat ion of t r anspor t a ­

tion. 

The NRDL data acquisition sys tem and the 3M instrumentation will be checked 

out at NRDL and at San Clemente Island. 

There will be six type K thermocouples in the sys tem. They will be distributed 

as shown in Table 2-26. 

Table 2-26. SNAP-21 System Test Thermocouple Locations 
and Approximate Tempera ture Performance 

P a r a m e t e r 

Cold End 

P r e s s u r e Vesse l 

Seg. Retaining Ring 

Cold F r a m e 

Hot End 

Hot F r a m e External 

Emi t t e r 

Thermocouple* 
Amount Location 

1 1 

1 2 

1 3 

2 4, 5 

1 6 

Range 

40°F-200°F 
0.18 mv-3 .82 mv** 

1050°F-1350°F 
23.4 mv-30 .4 mv** 

*Chromel-a lumel sheath thermocouples 

**Cold junction at 32°F reference 
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T a b l e 2 -27 s h o w s the e l e c t r i c a l p a r a m e t e r s which wi l l be m o n i t o r e d and the 

a p p r o x i m a t e e l e c t r i c a l p e r f o r m a n c e . The e l e c t r i c a l p e r f o r m a n c e v a l u e s shown 

a r e b a s e d on da t a f r o m the l a b o r a t o r y t e s t of S y s t e m SlODl a t a s y s t e m load 

vo l t age of 24 v o l t s , a w a t e r t e m p e r a t u r e of 40°F, a hot junc t ion t e m p e r a t u r e of 

10 50°F a n d a co ld junc t ion t e m p e r a t u r e of 130°F . 

T a b l e 2 - 2 7 . S N A P - 2 1 S y s t e m T e s t E l e c t r i c a l P a r a m e t e r s 
and A p p r o x i m a t e R e a d i n g s 

P a r a m e t e r 

S y s t e m P o w e r Output 

S y s t e m Load Vol t age 

S y s t e m Open C i r c u i t Vo l t age 

S y s t e m Shunt Vol t age 

S y s t e m Load C u r r e n t 

TEG P r i m a r y P o w e r Output 

TEG P r i m a r y Load Vol t age 

TEG P r i m a r y Open C i r c u i t Vol tage 

TEG P r i m a r y Shunt Vol tage 

TEG P r i m a r y Load C u r r e n t 

TEG B i a s P o w e r Output 

TEG B i a s Load Vol t age 

TEG Bias Open C i r c u i t Vo l t age 

TEG Bias Shunt Vol t age 

P o w e r C o n d i t i o n e r Back B ia s ( 2 . 0 v min) 

Note : P i n s 1 t h r o u g h 10 wi l l be u s e d for s y s t e n 

Symbol 

^ S O 

^ S L 

•^SL 

^ S R 

^SO 

^ G P 

^ G P L 

"^GPO 

^ G P R 
I p 

-^GB 

^ G P L 

^ G B O 

"^GBR 

1 e l e c t r i c a l m 

Va lue (BOL) 

12 . 6 wa t t s 

2 4 , 0 vdc 

9, 7 vdc 

0 .052 vdc 

0 . 53 a m p 

1 4 . 8 w a t t s 

5 .1 vdc 

9 . 7 vdc 

0 . 0 1 1 vdc 

2 . 8 5 a m p s 

0 ,096 wat t 

0 .72 vdc 

1. 5 vdc 

0 .0067 vdc 

3 . 0 vdc 

o n i t o r i n g . 

The c a b l e c o n n e c t i n g plug tha t m a t e s wi th the e l e c t r i c a l r e c e p t a c l e wi l l be blank 

and it wi l l have to be m a c h i n e d b y NRDL, The e l e c t r i c a l and w a t e r t i g h t c o n ­

nec t ion to the cab le wi l l be the r e s p o n s i b i l i t y of N R D L . M a r s h and M a r i n e (the 

p lug v e n d o r ) shou ld be c o n s u l t e d be fo re t he p lug is m a c h i n e d . 
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NRDL has been investigating data acquisition sys tems but as yet they have made 

no decision as to what sys tem will be used. Various methods of interconnection 

between the sys tem p r e s s u r e vesse l and the shore located data collection unit 

were d iscussed. NRDL would have p re fe r red direct wires to data collection from 

the sys tem. However, the long wire length would cause too much power loss to 

the bias c i rcui t of the power conditioner, result ing in marginal operation. 

Tempera ture changes of the water will also cause res i s tance changes and this 

will resu l t in data var ia t ions . This factor alone would make data evaluation p r e ­

car ious and affect normalizat ion of data. This reasoning also applies to the power 

conditioner load circui t where the loop res i s tance of cur ren t ca r ry ing wires would 

be constantly changing the readout va lues . 

Another method discussed was that of a combination junction and switching 

enclosure at the free socket end of the high p r e s su re cable or with the enclosure 

bolted to the p r e s s u r e vesse l cover . The enclosure would contain high quality 

re lays for the functions of r eve r se biasing to stop the power conditioner and open 

its load c i rcui t . This method would requi re very short loop r e s i s t ances , thereby 

producing much more accura te data. One drawback is the possibility of malfunc­

tion of switching components necessi ta t ing a pull-up of the sys tem. Good compo­

nents and a redundant circuit should provide long t e rm operation expectancy. All 

e lec t r ica l wires in the measurement c i rcui t would be non-current conducting 

voltage taps, providing accurate measurement to the shore-based data sys tem. 

It was tentatively agreed that this method would be used, 

3M stated that it may be advantageous for NRDL to have individual modules to make 

up a special sys t em. This is a long lead time item and the order will have to be 

placed as soon as possible . 

A detailed tes t plan will be writ ten for system test ing. NRDL will wri te the plan 

but will work closely with 3M. The outline for the tes t plan which will be s tar ted 

in June will be distributed for review. A detailed implantment procedure will 

also be prepared by NRDL. 

Because of the necessi ty of careful handling of the system during implantment, 

it was agreed that a simulated implantment should be done with an acce le romete r 

attached to a dummy weight. 
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2.6 NAVSHfPS RESEARCH AND DEVELOPMENT 10 - COUPLE MODULES 

2. 6. 1 ASSEMBLY 

Assembly of the 10-couple modules has been delayed because of lack of acceptable 

cold frames from the NAVSHIPS R&D Center. P rob lems have been encountered 

in machining follower holes which will meet the concentricity and surface finish 

requi rements . 

P rocedures for soldering ce ramic headers into the cold base were completed. 

The procedure developed uses 157 flux and solder which gives a good bond 

between copper, s ta inless steel and copper. 

All subassembl ies for the first module have been assembled and a re waiting for 

further assembly when a cold frame becomes available. 

The 10-couple module test plan has been revised to Incorporate the comments of 

the AEC, 
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3.0 TASK 11 ""20"WATT SYSTEM 

No effort was expended on this subtask during this report period. 
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4.0 EFFORT PLANNED NEXT QUARTER 

The following i t ems a r e planned for the next qua r t e r : 

® Start and complete system integration of Systems S10D2 and S10D3. 

® Begin system te s t s of System S10D2 ( shor t - t e rm performance, 

shock and vibration to specification levels , hydro test to specifi­

cation level, shipping container thermal tes t and long- term 

performance) . 

® Complete fuel pellet preparat ion. 

® Fabr ica te remainder of fuel capsule components and ship to Oak 

Ridge National Labora tory for ca lor imetry , fueling and welding. 

® Complete biological shield i so thermal tes t . 

® Remainder of biological shields will be completed by National Lead. 

m Complete the evaluation of Insulation System 10D4 dynamic test 

r e su l t s . 

® Begin assembly on remainder of insulation sys tems. 

® Berylco to complete components for th ree p re s su re vesse l s (two 

covers , three bodies) and deliver to 3M, 

® Complete fabrication of the remainder of the segmented retaining 

r ings. 

m Complete assembly of thermoelec t r ic genera tors A10D8 and AlOPl . 

® Complete assembly and p rocess of remaining Task I 10-watt 

power condit ioners. 
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® Complete e lect r ical receptacle and s t ra in relief plug assembly 

for Systems S10D2 and S10D3. 

® A purchase o rder will be let for fabrication and delivery of four 

shipping conta iners . 
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APPENDIX A 

CALCULATION OF COOLING FIN REQUIREMENTS 

FOR SNAP-21 SYSTEM DURING SHIPMENT 

GENERAL 

During handling, shipping and s torage, the SNAP-21 System must reject the decay 

heat from its radioisotope fuel to an a i r environment that can reach tempera tures 

of+130°F, 

This appendix presen ts the calculations used to determine the size and number of 

fins required to dissipate this heat without overheating the system. The actual 

solution was a t r i a l - a n d - e r r o r type solution which required several i terat ions; 

however, only the final set of calculations is presented. 

The method used to determine the fin geometry and quantity was taken from a paper 

by J . G. Bar tas and J. N. Shinn, Predict ing the Performance of Free-Convection Air 

Heat Exchanges, ASME 62-HT-7, Reference to equation numbers in this appendix 

will be to equations from this reference . 

ANALYSIS 

The mode of heat t ransfer between the cooling fins and circulating a i r is free 

convection. This requi res that the shell and shipping container provide openings 

for an adequate amount of a i r flow to cool the sys tem. This a i r flow is i l lustrated 

in Figure 4 - 1 , 

Simplifying assumptions were used for some of the pa ramete r s used in the analysis; 

however, they were always made in a manner that would provide some conservation 

in the analysis . 
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1. C a l c u l a t i o n s 

a. Data u s e d a s a b a s e l i n e for the cool ing fin des ign : 

1) To ta l amoun t of h e a t ( ~ B O L F u e l Load ing) ; 

225 w a t t s 

768 B T U / H r 

q „ - 225 w a t t s 

2) T e m p e r a t u r e of a i r ou t s ide the sh ipp ing c o n t a i n e r ; 

t = 130°F a 

3) T e m p e r a t u r e of t he cool ing fin b a s e ; 

V . B . - 1 6 0 O F 

4) T h e r m a l conduc t iv i ty of the fin m a t e r i a l ; 

k j ^ = 100 B T U / H r - °F - ft. 

5) V e r t i c a l fin he igh t (the leng th tha t i s p a r a l l e l to the a i r flow); 

H = 1 3 . 0 in . = 1. 08 ft. 

6) F i n l eng th ( the l eng th tha t i s p e r p e n d i c u l a r to the a i r flow); 

1 = 4 . 0 in, = 0. 333 ft, 

b . D i s s i p a t i o n c a p a c i t y of the unfinned s u r f a c e of the s y s t e m : 

1) E s t i m a t e d p r o j e c t e d s u r f a c e a r e a ; 

A ^ p g = TT (d) (H) 

= n ( 1 . 2 5 ) (1 .08 ) = 4 . 2 5 ft. ^ 

2) Heat t r a n s f e r coeff ic ient of the unf inned s u r f a c e for a i r at s t a n d a r d 

cond i t i ons ; 

h = 0 . 2 8 (At /H)^^^ 
CO 

1/4 
= 0 , 2 8 ( 1 6 0 - 1 3 0 / 1 . 0 8 ) ' 

= 0 . 6 4 B T U / H r - op - ft. ^ 
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3) Amount of heat dissipated; 

% F . 8. " \ "^UF. S. ^^ 

= 0. 64 (4.25) (30) 

= 81. 5 BTU/Hr . 

= 23. 9 watts 

The graphs contained in the previously mentioned paper show the fin 

thickness , spacing and effectiveness as a function of i (At/H) ' . So, 

let 

r = 1 (At/H)^^^ 

= 0. 333 (30/1.083)-^''^ 

= 0.762 

c. Dissipation capacity of fins when on the sys tem: 

1) Determine fin mult ipler (effectiveness); 

(From Figure 17) 

M = 10.5 

2) Amount of heat dissipated; 

V . S. " ^ %F. S. 
= 10.5 (81. 5) 

= 856 BTU/hr 

= 250 watts 

d. Thickness of the fins; (From Figure 18) 

- = 0.0093 
1 

b = 0 .0093(0,333) = 0 .0031f t . - 0.026 in. 
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e. Spacing of the fins; (From Figure 19) 

S = 0.09 

_ b - b 
^ - S 

£i-2£3i _ 0.0031 = 0.0313 ft. - 0 . 2 6 1 in. 
0.09 

f. Number of fins around the system; 

System Circumference 

Length per fin N = 

(15) TT 

0,261 + 0.026 

164 Fins 

SUMMARY 

Comparison of the resu l t s (225 watts vs . 250 watts) indicates the design should be 

adequate to dissipate the heat from the system. Several i tems may tend to reduce 

the safety margin . One is that the a i r surrounding the shipping container can be at 

+130°F with the a i r entering the shell wa rmer . Another item is that severa l fins 

must be omitted to provide space for the lifting equipment or bolts used to join the 

fin sections together. This would tend to reduce the capacity of the fins. A 

pract ical lower l imit on the spacing of fins is approximately 0. 25 inch which yields 

a total of 180 fins. This inc rease , from 164 fins, would reduce the effects of the 

lowered capacity without great ly increasing the manufacturing problems. 
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Figure A - 1 . Air Circulation Within and Through the Shipping Container 
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Notices 

When Government drawings, specifications or other 
data are used for any purpose other than in connection 
with a definitely related Government procurement operation, 
the United States Government thereby incurs no responsibility 
nor any obligation whatsoever; and the fact that the Govern­
ment may have in any way formulated, furnished, or supplied 
the said drawings, specifications, or other data, is not to 
be regarded by implication or otherwise as in any manner 
licensing the holder or any other person or corporation of 
conveying any rights or permission to manufacture, use, or 
sell any patented invention that may in any way be related 
thereto. 
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0 TEST EQUIPMENT 

a. Leak Detector 
Veeco 
Models MS--9 
Calibration Interval; Annually 

Last; 11/2 9/67 

b. Leak Indicator 
Veeco 
Model; MS-9 Related 
Calibration; None required 

c. Sensitivity Calibrator 
Veeco 
Model;SC-4 
Calibration Interval: Annually 

Last; September 67 

d. Vibration Exciter 
L m g Electronics 
Model; 275 
Calibration: None required 

e. Power Amplifier 
M. B. Electronics 
Model: T-995 
Calibration: None required 

f. Automatic Vibration Exciter Controller 
Bruel & K^aer 
Model: 1015 
Calibration Interval: Prior to use 

Lasts 12/18/67 
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signal Conditioning Amplifiers (2) 
Unholtz-Dickie Corp. 
Model; 607-RMG-3 
Calibration Interval; Prior to use 

Last: 12/18/67 

Accelerometers (4) 
Columbia Research Labs. 
Model: 902 S/N's; 133,135,139 and 156 
Calibration Intervals 6 months 

Last: 9/6/67 

Oscillograph Recorder 
Consolidated Electrodynamics Corp, 
Model: 5-124A 
Calibration Interval: Prior to use 

Lasts 12/18/67 

Multi Meter 
VaneOS 
Model: EMA 
Calibration Intervals 6 months 

Lasts 11/27/67 

Oscillograph 
Midwestern 
Model: 621HT 
Calibration: Before each use 

Vibration Exciter 
M, B. Electronics 
Models C200 
Calibration; None required 

2 



m. Power Amplifier 
M, B. Electronics 
Model; T999 
Calibrations None required 

n. Oscilloscope 
Tektronix 
Models RM32 
Calibration Intervals 6 months 

Lasts 12/20/67 

o. Cathode Follower 
Columbia Research Labs. 
Model; 4000 
Calibration Interval; 6 months 

Lasts 12/12/67 

p. Waveform Synthesizer 
Exact 
Model; 200 "D" 
Calibrations Before each use 

q. Scope Camera 
Dumont 
Models 5B52 
Calibration; None required 

r. Bridging Transformer 
Hewlett-Packard 
Models 110 A 
Calibration; None required 
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s. Isolation Transformer 
Sorenson 
Models MVR2 50 
Calibrations None required 

t. Voltage Regulator 
Sola 
Models 5005 
Calibration: None required 

u. Variac 
General Radio 
Model: lOOR 
Calibration: None required 

V. Shunt (lOa) 
Weston 
Model: 430 
Calibrations Annually 

Last; 11/27/67 

All instrumentation and equipment calibration is conducted 
in accordance with Specification MIL-Q-9858A as further 
defined in MIL-C-45662A "Calibration System Requirements" 
and is traceable to the National Bureau of Standards. 
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2.0 TEST SEQUENCE 

2.1 Leak Testing 

2.2 Dynamic Vibration Test 

2.3 Dynamic Shock Test 

2.4 Dynamic Shock Test to Failure 

2.5 Supplemental Vibration Testing 
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3.0 TEST PROCEDURE 

3.1 Leak Detection Procedure 

1. The test enclosure was evacuated below 10 u 

pressure with the leak detector vacuum pump 

and the leak detector scale zeroed. 

2. The standard Veeco leak unit was opened into 

the system and the value of the standard leak 

was recorded. 

3. The standard leak unit was then valved off 

from the system and observation of the detector 

scale returning to zero was noted. 

4. The leak detector was then connected to the 

HTVIS with a copper line valved off at the unit. 

™6 
The line was evacuated to approximately 1 X 10 ram. 

Hg. 

5. The line was then leak tested with helium to ensure 

that no leaks existed between the leak detector 

and the valve. 
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^ 

The unit valve was then o^ned and the steady state 

background was recorded. 

The area to be leak tested was then enclosed in a 

plastic shroud containing helium at atmospheric 

pressure. 

The steady state value of the scale reading was 

recorded after which the plastic shroud was removed 

and the leak detector was valved off. 

The leak rate was calculated as followsi 

T „ . ., 3 Steady state detector scale 
Leak Rate std-cnr-— = reading (unit) _x 

^^^ Standard leak detector scale 
reading (unit) ^ 

Value of standard leak (5Mlcm_ 
sec. 

Note; The background noted in Step 6 (above) 
was subtracted from the steady state 
detector scale reading. 
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3.2 Dynamic Vibration Test 

The HTVIS unit was subjected to the vibration testing 

with the nuclear radiation shield at operating temperature 

(+1285°F). The heat was supplied by the test heaters, 

(250 watts, 2 amps, 120 volts max) imbedded in the 

heater block located at the bottom section of the neck 

tube. The heater block and the heater was securely 

located in the neck tiibe during the entire vibration 

test. 

A schematic of the HTVIS unit and instrtjmentation setup 

is presented in Figure 1. 

The test unit was positioned as shown in Figure 2. 

The test load was positioned uniformly on the exciter 

in order to minimize the effects of unbalanced loads. 

The vibration environment specified herein was applied 

to each of the three (3) mutually perpendicular axes 

of the unit (vertical, horizontal and in a position turned 

90° from the horizontal position). The acceleration 

8 



levels along each axis were measured by accelerometers 

mounted on the unit during each test sequence. 

The vibration test schedule was applied to the unit 

as indicated herein. 

TABLE I 

Frequency (Hz.) Amplitude 

5 - 8 0,4" d.a. 

8 - 2 6 + 1,3 g 

26 - 40.5 0.036" d.a. 

40.5 - 50 ± 3 g 

The cycling rate was logarithmic and such that the 

frequency range of 5 to 50 Hz and return to 5 Hz. 

was traversed in 15 minutes. 

A helium leak test was performed in accordance with 

the procedure noted in Paragraph 3.1 (herein) after 

installation of the unit in the test fixture. 
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The throat section of the neck tube (see Figure 1) 

o 
was brought to a steady state temperature of +1285 P. 

(50 watts input for 24 hours, increased to 70 watts 

for approximately 70 hours.) During this time, 

temperatures T. through Ty and the vacuum level were 

monitored periodically. During vibration testing, 

the vacuum vms continuously monitored as the loss of 

vacuum was regarded as a barometer of failure. 

1. The unit was secured for testing and a low level 

sinusoidal survey sweep (0.5 g) was performed 

for one (1) axis of vibration. 

2. At the completion of the sweep, Linde personnel 

recorded temperatures (T]_ through T.̂ ) and vacuum 

readings every 10 minutes for a period of h hour. 

The power input to the heater was maintained at 

the original level during the ^ hour observation 

period. 
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3. The unit was then subjected to the first 15 minute 

vibration sweep per Table I. 

4. Step 2 was then repeated. 

5. The unit was then subjected to the second 15 minute 

vibration sweep. 

6. Step 2 was then repeated. 

7. The unit was then subjected to the third 15 minute 

vibration sweep thereby completing the testing in 

the first axis. 

8. The helium leak test was then performed per para­

graph 3.1 and the pressure rise in an argon 

atmosphere was observed every 30 minutes for a 

four-hour period. 

9. This procedure (Steps 1 through 8) was repeated for 

the two (2) other test axes, 

10. For each axis of testing, the temperature and 

vacuum of the test unit was recorded in its mounted 

position and the throat section of the neck tube 

was brought to a steady state temperature of +1285°F, 

prior to any vibration testing. 
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if' 
Dynamic Shock Test 

The HTVIS was sxibjected to shock testing while at 

operating temperature. The same fixturing concept 

as utilized for the vibration testing was also 

employed for the shock testing. The instrumentation 

was identical to that previously noted and referenced 

as Figure 1. Failure of the system was determined by 

a specified change in the vacuum reading of the 

insulation system. Three (3) shocks in each direction 

were applied along the three (3) mutually perpendicular 

axes of the test unit (18 shocks total). The calibration 

shock pulse was in accordance with Figure 516-1, of 

MIL-STD-810A (included herein as Figure 4 for reference) 

with a peak value (A) of 6g and a nominal duration of 

6 milliseconds. The instrumentation included the 

accelerometers located in each of the three (3) axes 

referenced in Figure 2. 

1. A simulated dximmy mass was calibrated to produce 

the specified shock loading. 
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2. The dummy mass was removed and the test unit was 

securely mounted to the vibration exciter and 

subjected to the shock test in both directions 

along an axis. 

3. Vacuum, temperature and power input were then 

recorded every 30 minutes. The leak test of 

paragraph 3.1 was performed. 

4. The shock pulse was then calibrated for a second 

axis utilizing the duirany mass. 

5. Steps 2 and 3 were repeated, 

6. The shock pulse was then calibrated for the third 

axis utilizing the dummy mass. 

7. Steps 2 and 3 were repeated. 
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Dynamic Shock Test to Failure 

The dynamic shock test to failure was performed on 

the HTVIS unit in only one (1) axis chosen by the 

cognizant Linde representative as the weakest 

condition of the test unit. 

Utilizing the identical fixturing concept as applied 

in Para. 3,2, the shock test to failure was conducted 

in accordance with the following schedules 

Test 
No. 

I 

II 

III 

IV 

V 

No. of 
Blows 

6 

6 

6 

6 

6 

Peak Value of Shock 
Level 

6 g' s 

7.5 g's 

9 g's 

10.5 g's 

12.0 g's 

Nominal 
Duration 

6 m.s. 

6 m.s. 

6 m.s. 

6 m.s. 

6 m.s. 

The helium leak test as described in Para. 3.1 was 

performed at the completion of each of the 5 steps above 

with the exception of the 10.5g test (Test IV). 

17 
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3.5 Supplemental Vibration Testing 

At the completion of the 12.0 g shock testing, an 

additional vibration test in the same axis as that 

utilized for the Shock Test to Failure was performed 

in the same manner as described in Paragraph 3,2 in 

accordance with the following tablej 

TABLE II 

Frequency (Hz.) Amplitude 

5 - 8 0.4" d.a. 

8 - 2 1 + 1.3 g 

21 - 40 0.055" d.a. 

4 0 - 5 0 + 4.5 g 

At the completion of this sweep, the Linde representative 

performed the standard vacuum check. 

) 18 
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0 TEST RESULTS 

1 Leak Testing 

a. The computed leak rate for all leak testing 

performed is presented in tabulated format 

in Appendix A ~ Test Data, 

b. See Appendix B - Photographs 

2 Dynamic Vibration Testing 

a. X~Axis Testing 

1» 0.5 G Survey -• No significant resonances were 

observed throughout the test frequency range. 

2, No damage was observed at the completion of 

the test. 

3, See Appendix A -- Test Data for leak test data 

4, See Appendix B - Photographs 

b. Y-Axis Testing 

1. The final location for the control accelerometer 

was chosen on the side plate near the neck end 

of the unit after several surveys . 
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2. 0.5 G Survey - Mo significant resonances were 

observed throughout the test frequency range. 

3. No damage was observed at the completion of the 

test. 

4. See Appendix A - Test Data for leak test data. 

5. See Appendix B - Photographs 

c. Z-Axis 

1. Q.5 G Survey '- No significant resonances were 

observed throughout the test frequency range, 

2. No damage was observed at the completion of the 

test. 

3. See Appendix A - Test Data for leak test data. 

4. See Appendix B - Photographs 

4.3 Dynamic Shock Testing 

a. All data as analyzed from the oscillograph records 

is presented in tabulated format in Appendix A, 

Test Data. 
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b. In many cases, the noise produced as a result 

of the shock input prevented an accurate 

analysis of the shock loading on the unit. 

c. The leak test data is presented in Appendix A, 

d. Appendix C contains the poloroid photographs 

recorded of the shock pulses. 

Notes In some cases, the poloroid photos were 
unusable. Notations are included with 
the photographs when this situation occurred. 

e. No damage was observed at the completion of 
this test. 

Dynamic Shock Test to Failure 

a. All data as analyzed from the oscillograph records 

is presented in tabulated format in Appendix A, 

Test Data. 

b. Several records and photographs were retained by 

the Linde representative witnessing the test. Those 

items which were taken are so noted in the tabulation 

of the analyzed data presented in Appendix A. 

c. A leak test was not performed following the 10.5 g 

test level per instructions of the Linde representative. { 
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d. No damage was observed at the completion 

of this test. 

e. The leak test data is presented in Appendix A. 

f. The shock test photographs are presented in 

Appendix D. 

5 Supplemental Vibration Testing 

a. At the completion of this sweep, the test unit 

failed to meet the vacuum requirement and thus 

concluded all testing on this unit. 

Notes to Test Results 

1. All test data as regards thermocouple data, 

vacuum data, voltage current and wattage data, 

other than that presented in Appendix A was 

recorded and retained by the cognizant Linde 

representative witnessing the test, 

2, All oscillograph records have been forwarded 

under separate cover. 

0 RECOMMENDATIONS 

None. Test results contained herein are submitted 

for your evaluation. 
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i^^i^^y o€3& i?.qrr if^o^, 115- tj-^r i^o u^r 4 

Jk'J'^:?, 11 P.C-l I.^.C^.C..(I.^.«^... fP,A . . . ? ' . ^ . . . . . ^ . ^ . 1 . . . fl.^,..?.. 
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(^mn immm\' moRkiijim, INO. DATA SHEETS 

United Aerotest Laboratories^ Inc. 

Job Number t,..J§\93 Engineer i ..,. H : .ko.hh^"^-/:... 

Test:...k^-rO^.XP:^;Q':^A'........... unit Part Nos .^V^^TJ .*. .0.17.15. 

Test Technician : .. H '. ,-: PX ^J'PJ:"^ Unit Serial Nos. . . .10.". I\ I . . 

Date Photo Taken s ,...!>•/.»/': f-̂ C- ^ - ^ l^^l'^^£.7 

A 

I * . -

m h » 9 9 

S v ci 

'3 f. ft 

A 

, l̂ ; it l̂  I 

- c ^ >\'\{\''S:\ ,Cr. .f'l 

3..^fr .^.'.V'; !-?.".'°'i. M': l̂ '": ^ . 7 
l\-r,4X l̂ «b tM <>.,,\. / . ir l .x- l t?-^ 7 

hrkiMlh. €.>. s.e i *9 7/'.'/ H 1/^ "fl' 

h'^UA^ih. 1. \ il,^. r1 I .\ V t '̂  - f . 7 1 ^ 5' ic> 
. , f? 

f!*'r-'T.«'1.'C'vt.'-/.^:'?-.C I f . f: ^i ^i'-y.if "S - i ^ 

|>e"Cv ' / Oj- '\- &, I ilo -^ 

' ^ ^ , « r5 Kf '") **" -A ; 

S,.> .-s.J.s'.ir^"^ t -f.-. - ^ e 
.^l: pA'PAi. A-A^l 

, . . - ? 

<5#."»,'..• s o ^ J:S,fll.i.A!A 
A , * / C' t-f {, <!* f f . B.f^A ^„^.^:f^^"^^' ^,P •r? 

'K^\l.^r'''0 
M 
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Test Data Analyzed from 
Oscillograph Records 

(may not coincide with Poloroids) 



^ 

Shock Test to Failure 

7h g Pulse Input 
Unit 

(-) 1 8 .. 8 -
2 7»5 - 7.5 
3 Taken by Linde representative 

(+) 4 7,0 - 7.0 
5 7.0 - 7,0 
6 7.0 - 7.0 

9 g (+) 1 taken by Linde representative 
2 9,0 - 9.0 
3 9.0 - 9.0 

(-) 4 9,0 - 9.3 
5 9.2 - 9.2 
6 9.0 -» 8.4 

10*5 g (-) 1 taken by Linde representative 
2 taken by Linde representative 
3 11.0 - 10.7 -

(+) 4 10.0 - 10.0 -
5 10.0 - 10.2 -
6 10.2 ". 10.5 -

12 g (+) 1 12.0 - 12.0 -
2 11.2 - 11.0 -
3 11.0 - 11.0 -

{-) 4 taken by Linde representative 
5 12.0 -- 12.5 -
6 11.8 - 11.6 -



Dynamic shock Test 

Z Axis C+Z) 

(™z) 

Pulse 
# 
1 
2 
3 
1 
2 
3 

Input 

5,5 
6.25 
6«25 
6.25 
6.25 
6.25 

Unit 
Y 

- _ -. * 

-. ». ^ * 
.. _ _ * 

5.5 
5.4 

* The noise developed during and as the result of the shock 
allows only an approximation of the g-level. 

3.0 
3.1 
3.1 
5.4 
6.0 
5,8 

- -. _ * 
« _ _ * 
_ - _ * 
_. - _ * 
_ _ _ * 
- ». _ * 

Y Axis 

X Axis 

C+Y) 

C-Y) 

C-) 

C+) 

1 
2 
3 
1 
2 
3 

1 
2 
3 
4 
5 
6 

6.3 
6.0 
6.0 
6.6 
6.8 
6.8 

6.5 
6.5 
6.7 
7.0 
6.8 
7.0 



APPENDIX B 

Photographs 
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Z Axis Vibration Test 

f . I 



SHOCK TEST SET-UP 
TYPICAL 

(Z A x i s ) 



APPENDIX C 

Dynamic Shock Testing 



DYNAMIC SHOCK TEST 

Calibration Pulses 

Calibration 

Ve rt ic a1: 2G/cm 
Horizontals 2 ms/cm 

X Axi s 

Y Ax i s •O £\j\ X S 

i ' * *» ^ 

AA§^$M^^mr^' •' 

• . - . f i i . ! ; —•> , • . 



BYNAMIC SHOCK TEST 

+ X and - X Axis 

Notes No photographs obtained for Blows 1 and 4 

No. 2 (+) No.3 C+) 

inn- ' '"^^^ 1* ',T 

No. 5 {-) No. 6 (-) 



DYNAMIC SHOCK TEST 

Y Axis 

Notes Photographs for 
Blows 2 & 3 of "Y Axis 
were not obtained. 

+Y Axis 
Blow 1 

+Y Axis Blows 2 & 3 -Y Axis Blow 1 



DYNAMIC SHOCK TEST 

f • ^i 

+Z A x i s 

3 b lows 

,»" 

•>U^^ji-w ••"• ; - A** 

ks^\ 



DYNAMIC SHOCK TEST 

-Z Axis 

3 Blows 
with Polarity Reversed 
to indicate Positive 

•***-.'•.!•-„•' 



APPENDIX D 

Shock Test to Failure 

Calibrations Horizontals 2 tas/cm 
Vert ica1s lOg/cm 



SHOCK TEST TO FAILURE 7.5G Level 

Notes Pulse No. 6 taken by 
Linde Representative 

Pulse No.l 

Pulse #2 Pulse #3 



d m
 o
 

U
1 

n3
 

C
 m
 

o 

tn
 

O
 



SHOCK TEST TO FAILURE 9.0 G Level 

Notes Pulse No. 4 taken by 
Linde Representative 

Pulse No. I 

•-̂•••••." .- '• ••a-,-.•-••?rfŝ S"'*-'?-1 
...ia "i—i-;,-
•.•"-•4V;;.-t3;f. 

•••.•*-iV. J, v̂  >x -Ĥ ,̂*' 
^̂  ^'•:*J^V-S'=>vf> #sS':'.-> .'••'• 

Pulse No,2 Pulse No.3 



9.0 G Level (cont inued) 

Fulse No. 5 

Pu l se No. 6 

' • • " ' . ' • - " 

. . . V * 
, . *h * v w 

• ! " . 

• ! • . » 



SHOCK TEST TO FAILURE 10.5 G Level 

Notes Pulse No. 3 taken by 
Linde Representative 

Pulse No. 1 

im?^s^.s^^i:.^.ri}mrcVi 

Pulse No. 4 



10.5 G Level (continued) 

Vr-:, 

Pulse No.5 

1 .̂ - i S s W ^ ^ ^ v * " • •v*^ s-V 

Pulse No.6 



SHOCK TIST TO FAILURE 12 G Level 

Notes Pulse No. 4 taken by 
Linde Representative 

Pulse Mo.l 

!?.-.¥•" 
,i-i-

"••• •^rS-
-•.'*J.^ 

Pulse No. 2 Pulse No, 3 



12.0 G Level (continued) 

Pulse No, 5 

j^^i'i^' 

Jl !%!» 

. • • " • : • ' L ' ^ - •:'• •.,.• ••'•;••»••.• i'. 

Pulse No, 6 
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SHOCK AND VIBRATION TEST REPORT- ADDENDUM 



OGOEN TECHNOLOGY LABORATORIES, INC. 
Subsidiary of OGDEN CORPORATION 

LINDE DIVISION 
P.O.BOX 152 

TONAWANDA, NEW YORK 

ADDEMDUM I of Test Report #6Bl8-2 

3M ~ HTVIS S/N 10--D3 

Prepared by 

Ogden Technology Laboratories,Inc. 
Deer Park, Long Island, New York 

8 MARCH 1968 

OTL Job Number 7503 
Linde P.O. 825-L-44899 

frr FORM ERLY : UNITED ASROrSST LABORATORIES INC. 



0 TEST EQUIPMENT 

a. Vibration Exciter 
M. B. Electronics 
Models C200 
Calibrations None required 

b. Power Amplifier 
M. B. Electronics 
Models T999 
Calibrations None required 

c. Automatic Vibration Exciter Controller 
Bruel & Kjaer 
Models 1019 
Calibrations Prior to use 

Lasts 2/20/68 

d. Signal Amplifier 
Unholtz-Dickie Corp. 
Models 607-RMG-3A 
Calibrations Prior to use 

Lasts 2/20/68 

e. Accelerometer (4) 
Columbia Research Labs. 
Models 902 
Calibration Intervals 6 months 

Lasts 9/6/67 

f. Oscillograph Recorder 
Consolidated Electrodynamics Corp. 
Models 5-119 
Calibrations Prior to use 

Lasts 2/20/68 

1 



.-^"^ 

f 
g. Oscilloscope 

Tektronics 
Models RM32 
Calibration Intervals 6 months 

Lasts 12/20/67 

h. Waveform Synthesizer 
Exact Electronics 
Models 200 "g" 
Calibration: Before each use 

i. Scope Camera 
A,B. Dumont 
Models 5B52 
Calibrations None required 

j. Isolation Transformer 
Sorenson 
Models MUR 250 
Calibrations None required 

k. Voltage Regulator 
Sola 
Models 5005 
Calibration; None required 

1. Variac 
General Radio 
Models lOOR 
Calibrations None required 

All instrumentation and equipment calibration is conducted 
in accordance with Specification MIL-Q-9858A as further 
defined in MIL-C-45662A "Calibration System Requirements" 
and is traceable to the National Bureau of Standards. 

2 



2.0 TEST SEQUENCE 

2.1 Vibration Test 

2.2 Shock Test 

3 



3.0 TEST PROCEDURE 

3.1 Vibration Test 

This test procedure is identical to Paragraph 

3.2 of OTL Test Report 6B18-2 except that the 

Helium Leak tests were not performed. 

3.2 Shock Test 

This test procedure is identical to Paragraph 

3.3 of OTL Test Report 6B18--2 except that the 

Helium Leak tests were not performed. 

4 



TEST SETUP PHOTOGRAPHS 



VIBRATION AND SHOCK TEST SETUP 

Y AXIS 

Z AXIS 

X AXIS 



m 

% 

SHOCK PULSE PHOTOGRAPHS 



CALIBRATION PULSE WITH DUMMY LOAD 

>:-;4 v< •••'.• •;' -^'.y:.^^\'^^i^^^i^^k^iy^^^:i•i• 

m 

'•'»-s^-.*\ 

-:•• •' '• M $ Direction 

•-••••̂^̂y V;./-; Fey- •'ir'S'%̂  ̂ ?:^-i-f^:-^v^^P 

•.s' • •.<• 

•;• •.;.• ,-,•. CSi'*---;'-^^ 

.... •••;,t.'̂ . •••:,.':- .^^fV; 

•\~.-. /•• v-"':-''\*A::i:i';?,*' 

•^VW:^-":f;-*'5'^,-

+ Direction 

Calibrations Horizontal 2 ms/cm 

Vertical 5g/cm 



X AXIS C+) DIRECTION 

PULSE #1 
m 

w:\-:-: . 

;:»3ftî  
mm 

. . ' i % ^ ^ ^ 

....Wi^ 

,î ,'i\?fi 
^•"',?;Ji 
•>:p^;ji 
^l.^'.j'i^JS 

a . i . " . * ''^- : \ * ^ 

":'v\.;'"i*nV! 

•. :.-. ..y;\--=•'*. 

y:$M 
.;'.'".'?̂ ^^ 

. il;iS\r.i.':^£' 

PULSE #2 

PULSE #3 

•..•'.•f-ba^-^ •:;*' V'; ••-::Vi;̂ -̂ i'?;V̂ '":..---r.-'r.•••';• 

Calibrations 
Horizontals 2 ms/cm 

Verticals 5 g/cm 



X AXIS (") DIRECTION 

PULSE #1 

PULSE #2 

•j ••'.'. 

^ 

PULSE #3 

Calibrations 
Horizontals 2 ms/cm 
Verticals 5 g/cm 

•xSXsSS. 

'.:.'^M^^M^-

'"•'•'•':., ••• ' 'rfM-$'.iS 

.̂ ^ 



Z AXIS ) DIRECTION 

PULSE #1 

PULSE #2 

PULSE #3 
••J- •*.''."-"x-̂ ijK!̂  

Calibrations 
Horizontals 2 ms/cm 
Vertical: 5 g/cm 



Z AXIS (+) DIRECTION 

Pl'LSE #2 

PULSE # 3 

i-'-.'S-' 

Calibration; 

Horizontals 2 ms/cm 
Verticals 5 g/cm 



Y AXIS (+) DIRECTION 

PULSE #1 

PULSE #2 
• ; ^ 3 •S" --v .V •«!} :>• . • 

• I T • • • 

PULSE #3 

Calibration; 
Horizontals 2 ms/cm 

5 g/cm 

j-F.;*-,. ; «,? ;': 

i"'': ••••" •• " •'"• •••••• • 
? i :.,-.• - i , , > • • • •. 
! ?.- i ••.• •' : > • . •!•• 
l ? ' ' - ^ ' • •, • , • • -. 
^fv..- -^ •' ••• 

Pijfcs* ••- -•_- -• • " y f ' -V -•..• 

-'.•^ 



Y AXIS (") DIRECTION 

•• •'. ••"•.1 • •.•>-u"; ••-•',•<"•.•. ,r •'-:«*•• x-,"s'--

PULSE # 1 
•••" •' '-•J;' '• %•• • 

'•"' •.\-'.<H "..' 5 ,•/,'•'' v ' 

PULSE #2 

r'̂ ? J,". 'xI^^N^ioV. ' ' '* ' ' "* 

'•••i 

• / ; ^ > . . , • - • 

PULSE # 3 

•s, 

Calibrations 
Horizontals 2 ms/cm 
Verticals 5 g/cm 
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TEST LOG SHEETS 



^^utn rCCHNOLOGY IhUmiORlES, im. 
DATA SHEETS 

United Aerotest Laboratories, Inc. 

Job Number ;.. ijiM^ Engi meer: 
Tests ./(f^ . Unit Part Nos,. 2>M T. .(A }...... 

Technician: ,/X^/i^^.-^^rF^ J^//-^i. Unit Test 

Date Photo Taken: 

S e r i a l Nos /ObS 

DATE ^ - ^ ^ - ^ ^ , 

#2 AlP.'., i^^^.. / . 6^ .,Ji€«^-y:-^t., 

UH Ir-. .4>«^*>.-. /.CS^-^^^S 

ay.^r, 

ZZil, JfV:i^i^mTP. /H'f-?rd. .^/.r. . 4 ^ ^ / ^ ^ •. .̂ . . ^ .» 

7t>. SI^PY' ^ / ^ X ^ ^ . . /^.'̂ ^ r, j(^4^?/if^£^, .^£^^A/Z ̂ ^Ati/i>. 
^^^OJs. 

i^//68 

« a o « « a « s « a e f l « e % ^-^W a « « « a a/^ e e a e a a e a e s a ^ » a a » ^ e a a 9>% a a a W/^ •^ ® « © o a «>« « e «" a ^ «-«« 

7^/ ^ t^ J/ 

^ ,d>'i^,£x^. . ./# ?.A ...... / % »f. 4/ .... i./. . . . 
/ 

a e e a a a e a ^ a a a a a a TBu** ̂ B^E?^^'*™^^^^ a » ar^r a s a e » » a j » ^ » » « a a e « # % .?7* » » « » « » 

7 Or. r ^ ^ ^ . M<x^Ji4%^^^^^^>*^, .-^'^s^U^y?fn^^*'^^^•. 

UAL/ENG/1 



— ItClli^OLCaV UGo-TORICS I, n.. DATA SHEETS 

United Aerotest Laboratories, Inc. 

Job Number ;.. JfJr.*^^ Engineer % 

. .i/j>^.: ..y..,./ Unit Part Nos.., ̂ ^rilr. I rJ.H 1.. •/•; Test: . 

Test Technicians . ̂ •4<-:'4<;'̂ -.-rf̂ ./̂ yÂ "̂ . Unit Serial Nos ... . J.V i^w . . . . 

Date Photo Taken s ^̂ ^̂ ^ ^ . ; ? / - ^ ^ 

/ f/4?. ^^£'ik>Sf.. ^..... It. Ĵ. 

,^2a^r..^^^&^.//.^'-^^^.. .^./^<C 
^^-^^^ ^^^/i€^.,a ii //. 

^7^.C% £a^S^' .^./... .̂ . u. 

/̂̂ /̂M 

^.^<T..". C??/^:^.^^fj?,,/. ? '.\ ' ; . . 
.^7-rk^i^., .?.̂ ?̂ f.'̂ .«̂ 7n̂ -4>. . i . i 

/« ̂ C 
UAL/ENG/1 



•x; ^ r - ^ , , . . ^ , . D A T A S H E E T S 
-< lcCP,-!nLO:,Y LABORATORiFS f>j 
nited Aerotest Laboratories, Inc. c /*" 

ob Number ; .j^^!:^f'!'^i . Engineer : . , .// 

est: m^fr/f^,-^^. Unit Part No-... ."2 H ". ^YXHl^. 

est Technicians. . iCx.' /f.. //.'fi^hL .. Unit Serial Nos (r.T P.? 

ate Photo Takens 
DATE 

X-TAMX "". .Sf.m 

A-/CA^^ 

^?A-?., .-v.. C3?:^^^7?p.,.. ."̂  .- r r. "̂ 

< ? ^ /p. ../... ^^y^-jd ....... 

.̂̂ "̂1 -. J,, !^f??^, 

.Zr.Z'-.d^M,.. ^ '̂̂ <? :̂'=;̂ T?../ 

!^L/ENG/1 



DATA SHBJJTS 

Ogden Technology Laboratories, Inc. ''/)"' 

Job Number %^ . /^ft A Engineer s 

Tests... W.. .\Y/'Pf^7y^ Unit Part Nos.. .oM-T. ̂ H.V.•(-~̂  

Test Technicians.. Zr.^;//^v;r; Unit Serial Nos 1^7........ 
/ ' / / 

Date Photo Taken s.... Date.. 3C . ̂ ^.3 

ij^ 

/S5D J 

./7:̂ 7.J / 

UAL/ENG/I 



APPENDIX D 

SYSTEM SIODIA ASSEMBLY 

Components and test station equipment were trucked to ORNL. Manufacturing 

personnel performed a prel iminary assembly to check dimensional fit. It was 

determined that al teration of the segmented retaining r ing was necessary 

because it was approximately 1/8-inch too thick. This prevented proper com­

pression by the p res su re vesse l cover and further resul ted in an excessive radiation 

gap between the emit ter plate and the hot frame of the generator. The entire top 

surface of the r ing was machined down 0. 150 inch. This provided the cor rec t 

p ressure vesse l mating interface and the proper radiation gap. The thermal 

transfer surfaces were coated with heat t ransfer grease and the retaining r ing 

placed in the lower assembly which consists of the p res su re vesse l body and the 

insulation system. 

This assembly was then t ransfer red to the hot cell a r ea for fueling (Figure Dl) 

The fueling operation proceeded smoothly and was accomplished within two hours. 

However, ra ther than s ta r t at mid-day, completion of the assembly was deferred 

until the next day. To prevent heat up of the system, a cooling block was attached 

to the emit ter plate. At the s ta r t of assembly the plate tempera ture was about 190°F. 

After coating the mating surfaces with heat t ransfer grease , the generator was bolted 

in place and the Min-K insulation was packed in. This took about three hours . After 

an electr ical checkout of the system the p re s su re vesse l cover was lowered into 

place. When bolting the cover in place, it was found that the bolt hole threads in 

the p ressure vesse l were either tapered or not of full depth and that it was necessa ry 

to place from 5 to 8 washers under the bolt heads to draw the p re s su re vesse l halves 

together. 

Unfortunately, the p res su re vessel holding ring prevented visual observation of the 

pressure vesse l mating joint during tightening. A vinyl hose had to be used as a 

shim to r a i se the interface for viewing. The next ring will be designed to over­

come this deficiency by moving the chamfered support shoulder to the upper par t 

of the r ing. This r ing will a lso have an easy re lease clamp to facilitate removal . 

The assembled system was checked out both before and after the p res su re vesse l 

cover was bolted down; however, after about 16 hours of operation an internal 

short was discovered in the system. The cover was removed and the short located. 

D-1 



a) Lower Assembly Ready for Fueling 

b) Fueled System Showing Thermoelectric Generator in Place 

Figure Dl . Steps in Fueling and Assembly, System SlODlA 
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c) System With Wiring Complete 

d) Lowering P r e s s u r e Vesse l Cover Completing System Integration 

Figure Dl . Steps in Fueling and Assembly, System SlODlA (Continued) 
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It was caused by a protuberance of the power conditioner pressing down on the 

generator te rminal block. This was corrected and the system was put back on 

test . 

All of the tes t instrumentation was check by ORNL upon a r r iva l and found to be in 

calibration. ORNL personnel were instructed by 3M test people on proper data 

taking procedures . They will provide daily pa ramete r s and submit complete data 

forms weekly. Still photography and movie coverage was provided for par t of the 

assembly and fueling operations. Film will be made available to 3M after editing 

by ORNL. System performance and operating charac ter ics a re given in Table 1. 

Table 1. SlODlA System Performance 

Tempera tures (Ave) 

Water 

Cold Frame 

Cold Cap 

Hot Button 

Hot F rame (Internal) 

Fuel Loading 

TEG Power 

Power Conditioner Efficiency 

System Efficiency 

op 

29 

83 

99 

830 

873 

186. 8 watts (Th) 

10. 89 watts 

88. 3% 

5. 15% 
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