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I. PROJECT OBJECTIVES DE82 0117 95 

The objectives of this p r o g r a m a r e to : (1) conduct static and dynamic tes t s 

to demons t ra te or de te rmine the mechanica l performance of ful l-size (cross 

section) F F T F fuel t r ans fe r machine and r eac to r vesse l head sea ls intended for 

use in a sodium vapor - iner t gas environment, (2) demonst ra te that these F F T F 

seals or new seal configuration provide acceptable fission product and cover gas 

retent ion capabil i t ies at LMFBR Clinch River Plant operating environmental 

rfii^iiBinre "^^— *i.-.^ ^^Ai^t^i.^,^ ^-^j i^:i.}^_^^:,...^,A^o.^^.^^^..,^..^^..^^ji_^^^^^^....^^^m^,^^^ t e c h ­

nology for the LMFBR Clinch River Plant to support ^he national objective to 

reduce all a tmospher ic contaminations to low levels . 

The leakage and /o r pe rmea t ion of r eac to r cover gas into the F F T F head 

cavity through e las tomer seals wil l be calculated for each seal . Examination 

of head-reg ion penetra t ions and evaluation of the designs a r e cur ren t ly underway. 

The m a t e r i a l permeat ion m e a s u r e m e n t s and /o r seal permeat ion measu remen t s 

generated on this p r o g r a m will be used for the calculat ions. 

An additional objective will be to conduct a feature tes t on the IVHM inflatable 

sea ls to : (1) verify acceptable operat ional per formance under environmental 

conditions anticipated in F F T F se rv ice , and (2) demonst ra te sat isfactory long-

t e r m operat ion (80,000 l inear feet of t ravel ) for the seals at the anticipated 

Clinch River Plant rotating plug speed. The effects of sodium vapor on seals 

wil l be evaluated, and a feature t e s t to a s s e s s the performance of the F F T F 

Ins t rument T ree inflatable seals will be conducted. 

A special t es t will be conducted by AI and the Hanford Engineering Develop­

ment Labora tory (HEDL), where in the permeat ion of a set of e las tomer seals 
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wil l be m e a s u r e d by AI and the leakage of a meta l l ic seal measu red by HEDL. 

The tes t fixtures and gases will be exchanged between the two facili t ies, and the 

t e s t s repeated, to compare the measu r ing techniques of the two labora tor ies . 

II. MAJOR ACCOMPLISHMENTS DURING FISCAL YEAR 1974 

Reciprocat ing and ro t a ry dynamic test ing of seals generated considerable 

new tes t data concerning the leakage, compress ion set, and wear charac te r i s t i c s 

of var ious seal types and m a t e r i a l s under specific conditions of compression, 

t empera tu re , lubrication, t ravel , and surface finish. Both s h o r t - t e r m (informa­

tion tes t s ) and l o n g e r - t e r m (demonstrat ion tes t s ) a r e being conducted. 

Compress ion set tes t ing of O-ring seals yielded additional long- te rm data 

on Buna N, ure thane , ethylene propylene, and silicone m a t e r i a l s . (These tes t s 

have establ ished some maximum operating temperature- t im.e relat ionships for 

the ma te r i a l s . ) 

Permeabi l i ty -so lub i l i ty test ing has been completed on 20 e las tomer samples . 

This information is now being used as a bas i s for evaluating the leakage p e r ­

formance of seals under the dynamic t e s t p rogram. 

Assembly and checkout of all s tat ic O-ring tes t fixtures were completed, 

and all a r e now on tes t . 

A review of var ious lubr icants was conducted to select a backup lubricant 

for evaluation in the sea l t es t p rog ram. The evaluation included lubr icant-

e las tomer compatibili ty, f r i c t ion - t empera tu re performance , and t e m p e r a t u r e -

t ime stabili ty. 

A comprehensive survey of the gas boundary leakage in the F F T F has been 

completed, and the repor t is being p repared . Test fixtures were designed for 

static inflatable seal and molded- in -me ta l static seal t e s t s . The fabrication of 

the Inst rument T r e e inflatable seal feature t e s t fixture was started, and the Test 

P lan was issued for comments . 

A permeat ion t e s t of the IVHM inflatable seal was completed. Compatibility 

and bond strength t e s t s , to de te rmine the sea l bond failure mode, were s tar ted. 

Development Requi rements Specification, DRS 32.06, for conducting t e s t s on 
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IVHM inflatable seals under Clinch River Plant conditions, was received from 

Westinghouse, the AI Test P l a n was wr i t t en and commented on by Westinghouse. 

A plan for evaluating sodium vapor effects on reciprocat ing sea ls was 

approved; the tes t apparatus was designed, and fabrication for the tes t was 

s ta r ted . The tes t p rocedure for the AI-HEDL Comparative Seal t e s t was 

approved. Fabr ica t ion of the AI-HEDL comparat ive seal tes t fixture was com­

pleted, and the Comparat ive Seal Test was begun using two Buna N O r ings 

(Compound 366Y). 

An in t e r im report , TI-707-810-013, was prepared , summariz ing the sea l 

t es t data generated to date, and recommending seal ma te r i a l s and types, t e m ­

p e r a t u r e l imita t ions , sea l gland s izes , percent compression, etc for use in 

F F T F design and fabrication. 

m . PROGRESS DURING REPORT PERIOD 

A. DYNAMIC TESTING 

Testing is continuing on al l phases of the dynamic sea l t es t p rogram, fol­

lowing the guidelines of the s ta t i s t ica l t e s t m a t r i x which w e r e derived to provide 

meaningful t es t data on a t ime schedule consistent with F F T F and LMFBR p r o ­

g r a m requ i remen t s . Two types of sea l t e s t s a r e being run in the p rogram — 

demonst ra t ion t e s t s and information t e s t s . The demonstrat ion t e s t s a r e evalu­

ating the per formance of var ious sea l types when tes ted under conditions r e p r e ­

sentative of those specified for F F T F seal design conditions. Testing will 

general ly be about 6 months in durat ion for each group of tes t sea l s . Informa­

tion t e s t s a r e measur ing the s h o r t - t e r m performance of various seal types 

under b roader ranges of seal application conditions, to determine appropr ia te 

new guidelines and /o r seal s tandards for use in the design of current or futvire 

r eac to r sys t ems . 

Individual t e s t s which w e r e completed or initiated a r e d iscussed in the fol­

lowing sect ions. 
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1. Reciprocat ing Seal Tes ts 

a. Demonst ra t ion Tes ts No. 3 and 4 

These two rec iprocat ing seal t e s t s , which were s tar ted las t quar ter , con­

taining sea ls as noted in Table 1, a r e continuing without evidence of gross 

leakage. 

b . Information Test No. 9 

Reciprocat ing Test No. 9, containing urethane seals as noted in Table 2, 

has completed ~'10,000 cycles with no evidence of leakage. (Note; Only 2100 ft 

a r e requ i red by the WDTRS 1.25 doc\ament, but the tes t was extended to obtain 

l o n g e r - t e r m leakage data.) 

c. Information Test No. 10 

Reciprocat ing Test No, 10, containing silicone seals as noted in Table 2, 

was set up; but, during the checkout of the system, a leak was observed in one 

of the bellows when the sys tem was evacuated. This leak was confirmed by a 

heal ium leak check. Two additional bellows, ordered ear l i e r , we re received, 

and the defective bellows replaced. The tes t was begun, and has completed 

530 cycles , as shown in Table 2, 

2, Rotating Seal Tests 

a. Demonst ra t ion Tes ts No. 3 and 4 

Rotating Demonstra t ion Tes t s No. 3 and 4, containing Buna N seals as noted 

in Table 3, have completed 6 months of tes t ing ('^31,380 ft of t ravel) with no 

evidence of g ross leakage. The t e s t was stopped. Pos t - t e s t examination r e ­

vealed all sea ls to be in excellent condition. 

b . Demonstra t ion Tes t s No. 5 and No. 6 

Rotating Demonstra t ion Tes ts No. 5 and 6, containing Buna N seals as noted 

in Table 3, have completed '~23,378 of t r ave l with no evidence of g ross leakage. 

c. Demonstra t ion Tes ts No. 7 and 8 

Rotating Demonstra t ion Tes ts No, 7 and 8, containing seals as noted in 

Table 3, w e r e s tar ted, and have completed '^2244 ft of t r ave l with no evidence 

of g ros s leakage. 
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TABLE 1 

RECIPROCATING DEMONSTRATION SEAL TEST 

Tes t 

No. 3 

No. 4 

Seals 

Q r ings (3) 
Buna N 
P a r k e r Seal 

T seals (3) 
Buna N 
P a r k e r Seal 

Quad r ings (3) 
E P R 
Minnesota Rubber 

T sea ls (3) 
EPR 
P a r k e r Seal 

Compress ion 
(%) 

10 

10 

10 

10 

Shaft 
F in ish 
(rms) 

8 

8 

8 

8 

Tempera tu re 

150 

150 

Lubricant 

DC55M 

DC55M 

Seal 
Trave l 

(ft) 

4800 
(3600 
cycles) 

4800 
(3600 
cycles) 



TABLE 2 

RECIPROCATING INFORMATION SEAL TEST 

ô  

Test 

No. 9 

No. 10 

Seals 

T sea l (1) 
Urethane No. 3 79 
Greene Tweed 

Q r ings (2) 
Urethane No. P648 
P a r k e r Seal 

Quad ring (1) 
Urethane No. 522F: 
Minnesota Rubber 

T sea ls (2) 
Urethane No. P648 
P a r k e r Seal 

T seal (1) 
Silicone No. 407 
Greene Tweed 

Q r ings (2) 
Silicone No. S684 
P a r k e r Seal 

Quad r ing (1) 
Silicone No. 71417 
Minnesota Rubber 

T sea ls (2) 
Silicone No. S684 
P a r k e r Seal 

Com­
press ion 

(%) 

5 

5 

20 

20 

5 

5 

20 

20 

Shaft 
F in ish 
(rms) 

16 

16 

16 

16 

16 

16 

16 

16 

T e m p e r ­
a ture 
(°F) 

100 

300 

Lubricant 

DC55M 

DC55M 

Seal 
Trave l 

(ft) 

13,300 
(10,000 cycles) 

706 
(530 cycles) 

Comments 

Required number 
of cycles completed; 
no leakage observed. 



TABLE 3 

ROTATING SEAL DEMONSTRATION TESTS 

Tes t 

No. 3 

No. 4 

No. 5 

No. 6 

No. 7 

No. 8 

Seals 

Quad r ings (4) 
Buna N 
Minnesota Rubber 

O r ings (4) 
Buna N 
P a r k e r Seal 

Q r ings (4) 
Buna N 
P a r k e r Seal 

O r ings (4) 
Buna N 
Minnesota Rubber 

Quad r ings (3) 
E P R 
Minnesota Rubber* 

O r ings (3) 
E P R 
P a r k e r Seal* 

Com­
pres s ion 

(%) 

10 

10 

10 

10 

10 

10 

Shaft 
F in ish 
(rms) 

8 

8 

8 

8 

8 

8 

T e m p e r ­
a ture 
("F) 

150 

150 

150 

150 

150 

150 

Lubricant 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

Seal 
Trave l 
(ft) 

31,380 
(60,000 cycles) 

31,380 
(60,000 cycles) 

23,378 
(44,700 cycles) 

23,378 
(44,700 cycles) 

2,244 
(4,290 cycles) 

2,244 
(4,290 cycles) 

Comments 

Test completed; 
no indication of 
leakage. 

Tes t completed; 
no indication of 
leakage. 

Tes t in p r o g r e s s ; 
no indication of 
leakage. 

Tes t in p r o g r e s s ; 
no indication of 
leakage. 

* P a r k e r Seal Buna N (N741) outer seal to reduce end losses 



d. Information Tes t s No. 14, 15, 16, and 17 

Two of these four t e s t s w e r e stopped — No. 14 because of leakage a c r o s s 

the sea ls , and No. 17 because of high friction forces, as noted in Table 4. Leak­

age m e a s u r e m e n t s w e r e continued on No. 17, even though the ro ta ry action was 

stopped to obtain the additional permeat ion data. The remaining two t e s t s w e r e 

stopped at the end of the planned tes t per iod. No wear was noted in any of the 

t e s t s , except Information Test No. 17. F igure 1 is a c lose-up view of the D 

seal (outer containment seal, u re thane Q-ring). This seal apparently rotated 

in the groove, w^here the re is a min imum of lubrication, and subsequently 

produced a high torque . This wear was not observed in any of the other sea l s . 

e. Information Tests No. 18, 19. 20, and 21 

Four new ure thane seal t e s t s w e r e s tar ted, as shown in Table 4. The 

No. 19 tes t developed high torque forces after severa l hours of running, and 

the cycling was discontinued t e m p o r a r i l y to replace the sheared linkage pin. 

When the tes t was r e s t a r t ed , the linkage pin did not shear , and the tes t is 

operating sat isfactor i ly . 

9006-40167 
F igure 1. Rotary Information Test No. 17, Urethane Q Ring, Showing Wear 

3. Leakage Calculations 

Leakage calculations continue on the t e s t s . Table 5 l i s ts leakage values 
-8 (L„ = std c c / s e c / l i n e a r inch of s e a l / a t m A P of Kr x 10" ) for four ro ta ry 

demonst ra t ion t e s t s and four information t e s t s with Buna N sea l s . 

An es t imat ion of leakage can be calculated, knowing the seal geometry, % 

compress ion , t empera tu re , and m a t e r i a l permeabi l i ty . Table 5 l i s ts the values 
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TABLE 4 

ROTATING SEAL INFORMATION TESTS 

Test 

No 14 

No. 15 

No. 16 

No. 17 

No. 18 

No. 19 

No. 20 

No. 21 

Seals 

O ring (1) 
Silicone 
Minnesota Rubber 

Q rings (2) 
Silicone 
Parker Seal 

Quad ring (11 
Silicone 
Minnesota Rubber 

O rings (2) 
Silicone 
Parker Seal 

O ring (11 
Urethane 
Parker Seal 

Quad rings (21 
Urethane 
Minnesota Rubber 

Q ring (11 
Urethane 
Parker Seal 

O rings (21 
Urethane 
Minnesota Rubber 

O ring (1) 
Urethane 
Minnesota Rubber 

Q rings (2) 
Urethane 
Parker Seal 

Quad ring (11 
Urethane 
Minnesota Rubber 

O rings (21 
Urethane 

1 Parker Seal 

O ring (1) 
Urethane 
Minnesota Rubber 

Q rings (2) 
Urethane 
Parker Seal 

Quad ring (11 
Urethane 
Minnesota Rubber 

O rings (2) 
Urethane 
Parker Seal 

Compression 
(%) 

5 

5 

20 

20 

5 

20 

5 

5 

20 

20 

5 

5 

20 

20 

Shaft 
Finish 
(rms) 

16 

16 

16 

16 

4 

4 

16 

16 

16 

16 

4 

4 

4 

4 

Temperature 
(°F) 

300 

300 

100 

100 

100 

100 

100 

100 

Lubricant 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

WSX-8788 

WSX-8788 

Seal 
Travel 

(ft) 

32,150 
(61,484 cycles) 

16,420 
(31,400 cycles) 

(16,630 cycles) 

(15,130 cycles) 

(16,630 cycles) 

(16,630 cyc les 

Comments 

Test stopped, leakage 
noted across seals 

Test completed 

Test completed 

Test stopped. Friction 
forces too high. 
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calculated for s ta t ic Buna N O-ring sea l s , for comparison with the measu red 

ro t a ry seal values . In m o s t c a se s , the agreement between the two is very good, 

indicating that t hese slowly moving ro t a ry sea ls function basical ly as s tat ic sea l s . 

Tables 6 through 10 l i s t the m e a s u r e d and calculated L^, values for the 

remaining rotat ing and rec iprocat ing sea l t e s t s . All of the measu red values a r e 

p re l iminary , and some values a r e from t e s t s cur rent ly rtinning. In general , 

the leakages of rec iprocat ing sea ls of a given ma te r i a l do not show the same 
* 

good agreement with calculated values as do the leakages of the ro ta ry sea l s . 

This phenomena is not unexpected, s ince the reciprocat ing type of seal should, 

by i t s ve ry na ture , exhibit higher and var iab le leakages, as the seal is continu­

ally exposed to a new surface to seal , and i s , in addition, exposed to al ternating 

l a t e r a l forces which tend to a l te r the sea l shape. 

Tables 5 through 10 include new data, generated this month, and will con­

tinue to be updated, and the L „ values changed, as new tes t data a r e obtained, 

and the data refinement p r o g r e s s e s . As such, these data should only be used, 

at this t ime , as an indication of the extent of seal leakage. 

The m e a s u r e d values of L „ (seal leakage based upon Kr gas) for EPR and 

si l icone a r e , in near ly al l c a se s , much lower than the values calculated from 

pe rmea t ion data. It i s believed that t hese low values a r e caused by unaccoionted 

for t r a c e gas losses through the outer containment seal . The calculational 

method is being reviewed and rev i sed to account for tJiese l o s se s . 

4, Lubricat ion Evaluation 

Three fr ict ion t e s t s w e r e completed on urethane, silicone, and EPR e las to ­

m e r O r ings , lubr icated with one of s eve ra l g r ea se s , as shown in F igures 2 to 4. 

The ure thane sea ls showed low uniform friction forces for both DC-55M and 

WSX-8788 g r e a s e s . 

The Stauffer 295, s i l i cone-base g r e a s e (now dropped from the evaluation 

p rogram) produced high forces with a sil icone O ring, and sheared the safety 

*A11 calculated values a r e based on stat ic O-ring sea ls , and a r e only shown for 
compar ison. Seals of differing geomet ry may ul t imately be found to exhibit 
consistently higher, or consis tent ly lower, leakages than an O-ring seal . 
Likewise, dynamic sea ls should be expected to exhibit higher leakages than 
stat ic s ea l s . 
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TABLE 5 

ROTATING BUNA N SEALS TABULATION OF LKr VALUES FROM 
ELASTOMER SEAL LEAKAGE TESTS 

Seal 
Type 

O 

O 

Quad 

Q 

O 

O 

O 

O 

Quad 

Q 

Q 

Quad 

Elastomer 

Buna N* 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Supplier 

PS 

MR 

MR 

PS 

PS 

MR 

MR 

PS 

MR 

PS 

PS 

MR 

Test 
Type 

RoD-4 

RoD-6 

RoD-3 

RoD-5 

RoI-6 

RoI-7 

RoI-11 

RoI-12 

RoI-6 

RoI-7 

RoI-11 

RoI-12 

Compression 
(%) 

10 

10 

10 

10 

5 

20 

5 

20 

5 

20 

5 

20 

Finish 
(rms) 

8 

8 

8 

8 

4 

4 

16 

16 

4 

4 

16 

16 

Lubricant 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

Leakage 

Measured 

18 

25 

15 

25 

19 

26 

7 

28 

38 

15 

14 

25 

^ K r 

Calculated 

20 

33 

33 

20 

23 

26 

38 

16 

38 

16 

23 

26 

Comments 

Test in progress 

Test in progress 

' 1 1 1 I I I I 1 

*150°F Ro = Rotary L^. = Std cc /sec / l inear inch 
PS = Parker Seal I = Information of seal /a tm AP of Kr 
MR = Minnesota Rubber D = Demonstration x 10"° 
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TABLE 6 

RECIPROCATING BUNA N SEALS TABULATION OF L^^ VALUES FROM 
ELASTOMER SEAL LEAKAGE TESTS 

Seal 
Type 

T 

T 

Qiiad 

Q 

T 

T 

T 

T 

Quad 

Quad 

Q 

Q 

E l a s t o m e r 

Buna N* 

Bvina N 

Bxina N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Supplie r 

G T 

P S 

M R 

PS 

PS 

G T 

G T 

P S 

M R 

M R 

P S 

P S 

Tes t 
Type 

ReD-2 

ReD-3 

ReD-2 

ReD-3 

ReI-5 

ReI-4 

ReI-7 

Re I-7 

Re I-5 

Re I -4 /7 

ReI-7 

Compres s ion 
(%) 

10 

10 

10 

10 

5 

20 

5 

20 

5 

20 

5 

20 

Fin i sh 
(rms) 

8 

8 

8 

8 

4 

4 

16 

16 

4 

16 

16 

4 

Lubricant 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

Leakage 

Measured 

10 

7 

28 

16 

68 

18 

59 

160 

700 r 

3801/38 

98 t 

- -

' ^ K r 

Calculated 

13 

20 

33 

20 

23 

10 

16 

16 

38 

26 

23 

16 

Comments 

Test in p r o g r e s s 

Tes t in p r o g r e s s 

t H - value only 

t H , value only 

t H , value only 

*150°F Re = Reciprocating L.. = Std cc/sec/ l inear inch 
PS = Parker Seal I = Information of seal/atm AP of 
MR = Minnesota Rubber D = Demonstration Kr x 10" 
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TABLE 7 

ROTATING EPR SEALS TABULATION OF L K T VALUES FROM 
ELASTOMER SEAL LEAKAGE TESTS 

Seal 
Type 

O 

O 

Quad 

Q 

O 

O 

O 

O 

Q 

Quad 

Quad 

Q 

Elastomer 

EPR** 

E P R 

EPR 

EPR 

E P R 

E P R 

E P R 

EPR 

EPR 

EPR 

EPR 

EPR 

Supplier 

MR 

PS 

MR 

PS 

MR 

PS 

PS 

MR 

PS 

MR 

MR 

PS 

Test 
Type 

RoD-2* 

RoD-1 

RoI-1 

RoI-5 

RoI-8 

RoI-9 

RoI-1 

RoI-5 

RoI-8 

RoI-9 

Connpression 
(%) 

10 

10 

10 

10 

5 

20 

5 

20 

5 

20 

5 

20 

Finish 
(rms) 

8 

8 

8 

8 

4 

4 

16 

16 

4 

4 

16 

16 

Lubricant 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

Leakage, L̂ ^̂  

Measured 

143 

-

-

78 

70 

50 

42 

28 

75 

51 

62 

26 

Calculated 

170 

130 

170 

130 

190 

96 

150 

130 

150 

130 

190 

96 

Comments 

To be tested 

To be tested 

**EPR = Ethylene Propylene Rubber Ro = Rotary L = Std cc / sec / l inear inch 
*150°F I = Information of seal /atm AP of 

PS = Parker Seal D = Demonstration Kr x 10-8 
MR = Minnesota Rubber 



• • 

TABLE 8 
RECIPROCATING EPR SEALS TABULATION OF LKr VALUES FROM 

ELASTOMER SEAL LEAKAGE TESTS 

Seal 
Type 

T 

T 

Quad 

Q 

T 

T 

T 

T 

Quad 

Quad 

Q 

Q 

E l a s t o m e r 

E P R * * 

E P R 

EPR 

E P R 

E P R 

E P R 

E P R 

E P R 

E P R 

E P R 

E P R 

E P R 

Supplier 

G T 

P S 

M R 

P S 

G T 

P S 

P S 

G T 

M R 

MR 

P S 

P S 

Tes t 
Type 

ReD-1* 

ReD-4 

ReD-4 

ReD-1 

ReI-4 

ReI-5 

ReI-8 

ReI-8 

ReI-8 

Re I-5 

ReI-4 

Re I-8 

Compres s ion 
(%) 

10 

10 

10 

10 

5 

20 

5 

20 

5 

20 

5 

20 

Fin i sh 
(rms) 

8 

8 

8 

8 

4 

4 

16 

16 

16 

4 

4 

16 

Lubr icant 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

DC55M 

Leakage, Lj^^ 

Measured 

135 

11 

59 

168 

172 

14 

20 

42 

12701 

400t 

2441 

230T 

Calculated 

130 

130 

170 

130 

140 

96 

150 

96 

190 

130 

150 

96 

Comments 

Test in p r o g r e s s 

Tes t in p r o g r e s s 

t H , value only 

t H , value only 

tH_ value only 

j H ^ value only 

**EPR = Ethylene Propylene Rubber PS = P a r k e r Seal Re = Reciproca t ion L j . = Std c c / s e c / l i n e a r 
*150°F MR = Minnesota Rubber 1 = Information inch of sea l /a t r t i 

GT = Greene Tweed D = Demons t ra t ion AP of Kr x 10"° 



T A B L E 9 

ROTATING U R E T H A N E AND SILICONE SEALS TABULATION O F L K r V A L U E S F R O M 
E L A S T O M E R SEAL LEAKAGE T E S T S 

S e a l 
T y p e 

O 

O 

o 
o 

Quad 

Q 

Q 

Quad 

O 

O 

O 

O 

Quad 

Q 

Q 

Quad 

E l a s t o m e r 

U r e t h a n e * 

U r e t h a n e 

U f e t h a n e 

U r e t h a n e 

U r e t h a n e 

U r e t h a n e 

U r e t h a n e 

U r e t h a n e 

S i l i c o n e * * 

S i l i cone 

S i l i cone 

S i l i cone 

S i l i cone 

S i l i cone 

Si l ic one 

S i l i cone 

S u p p l i e r 

PS 

MR 

MR 

PS 

MR 

P S 

PS 

MR 

P S 

MR 

MR 

PS 

MR 

P S 

P S 

MR 

T e s t 
Type 

RoI -16 

RoI -16 

RoI -16 

RoI -16 

RoI -16 

RoI -16 

RoI -16 

RoI -16 

RoI -16 

RoI -16 

R o I - 1 4 

RoI -15 

C o m p r e s s i o n 
% 

5 

20 

5 

20 

5 

20 

5 

20 

5 

20 

5 

20 

5 

20 

5 

20 

1 F i n i s h 
RMS 

4 

4 

16 

16 

4 

4 

16 

16 

4 

4 

16 

16 

4 

4 

16 

16 

L u b r i c a n t 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

L e a k a g e , 
M e a s . 

2.3 

5 

400 

5 90 

428 

370 

100 

390 

225 

151 

1 "-K'calc 
2.5 

5 

8 

1.5 

8 

1.5 

2.5 

5 

6800 

6000 

9000 

4600 

9000 

4600 

6800 

6000 

C o m m e n t s 

* 1 0 0 ° F P S = P a r k e r S e a l Ro = R o t a r y I = I n f o r m a t i o n 
* * 3 0 0 ° F MR = M i n n e s o t a R u b b e r Re = R e c i p r o c a t i n g D = D e m o n s t r a t i o n 

GT = G r e e n e T w e e d L ^ = Std c c / s e c / l i n e a r inch 
of s e a l / a t m A P of 
K r X 10-8 



TABLE 10 
RECIPROCATING URETHANE AND SILICONE SEALS TABULATION 

OF L^^ VALUES FROM ELASTOMER SEAL LEAKAGE TESTS 

Seal 
Type 

T 

T 

T 

T 

Quad 

Q 

Q 

Qiiad 

T 

T 

T 

T 

Quad 

Q 

Q 

Quad 

E la s tomer 

Urethane* 

Urethane 

Urethane 

Urethane 

Urethane 

Urethane 

Urethane 

Urethane 

Silicone** 

Silicone 

Silicone 

Silicone 

Silicone 

Silicone 

Silicone 

Silicone 

Supplie r 

PS 

GT 

GT 

P S 

MR 

P S 

PS 

MR 

PS 

GT 

GT 

PS 

MR 

P S 

P S 

MR 

Test 
Type 

ReI-9 

ReI-9 

ReI-9 

ReI-9 

Compress ion 
% 

5 

20 

5 

20 

5 

20 

5 

20 

5 

20 

5 

20 

5 

20 

5 

20 

Fin ish 
RMS 

4 

4 

16 

16 

4 

4 

16 

16 

4 

4 

16 

16 

4 

4 

16 

16 

Lubricant 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

DCSSM 

Leakage 
Meas . 

40 

42 

25 

22 

2.5 

4 .5 

7 

1.5 

8 

1.5 

2.5 

5 

6800 

3100 

4500 

4600 

9000 

4600 

6800 

6000 

; 
Comments 

*100°F PS = P a r k e r Seal Ro = Rotary I = Information 
**300°F MR = Minnesota Rubber Re = Reciprocating D = Demonstra t ion 

GT = Greene Tweed L „ _ Std c c / s e c / l i n e a r 
inch of s e a l / a t m 
A P of Kr X 10-8 
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l inkage which pro tec t s the t r ansduce r . Initially, DC-11 g rease on the silicone 

O r ing produced high forces but these forces dropped off to a low, but var iable , 

value, 

A smal l amount of WSX-8788 was removed from one of the the rmal stability 

t e s t s , and was used to lubr ica te a si l icone O-ring, to de te rmine any change in 

lubr ic i ty . As shown in F igure 3, the pre-condi t ioned g rease showed about 1-lb 

fo rce / l i nea r inch of seal , which w^as the same as the friction force of the a s -

received m a t e r i a l . 

F igu re 5 shows a b a r char t s u m m a r y of all friction t e s t s run. The t e s t s 

with Buna N e l a s tomers w e r e run initially, and resul ted in the elimination of 

the two g r e a s e s , SWS-290 and Super -O-Lube , whose friction force exceeded the 

l imit of the t r ansduce r . Tes ts conducted on silicone e l a s tomers at 220° F e l imi ­

nated the SWS-295 g r e a s e . Tes t s on EPR at 100°F showed excess ive frict ion 

for the DC-11, and long - t e rm tes t s on sil icone at 300°F showed excessive f r i c ­

tion for the re fe rence DC-55M g r e a s e . The EXXON WSX-8788, a po lyes te r -

base g r ea se , showed the best overa l l r e su l t s , and has been selected as the 

a l t e rna te lubricant in the tes t p rog ram, and is recommended specifically for 

the lubricat ion of the si l icone e l a s tomer s ea l s . 

Mate r i a l compatibil i ty t e s t s a r e continuing. Table 11 shows the resu l t s of 

si l icone e l a s tomer s exposed to Dow Corning DC-11, DC-55M, and EXXON WSX-

8788 for 572 and 1200 h r at 200 and 300°F. As expected, the sil icone g r e a s e s , 

DC-11 and DC-55M a r e l ess compatible and resul t in grea te r swelling of the 

si l icone e l a s tomer s than the p o l y e s t e r - b a s e WSX-8788. Most of the react ion or 

swelling occurred during the init ial 72 hr . 

Weight loss of or iginal specimens continuing on tes t is shown in Table 12, 

which expands on data p resen ted las t month. The WSX-8788 at 350°F st i l l shows 

cons iderable weight loss , and has lost a significant degree of lubrici ty. Duplicate 

se ts of t h e r m a l stabil i ty lubricant specimens have been placed on tes t at 300, 350, 

and 400°F, using DC-11, DC-55M, and WSX-8788 g r e a s e s . Visual examination 

of the 400°F specimens shows WSX-8788 has the tendency to evaporate the low 

boiling point e s t e r s , while the DC-55M separa ted into a pool of oil, probably the 

base DC-510 sil icone oil, and the heavier oil and thicker portions of the g rease . 

While the 350 and 400°F t e m p e r a t u r e s exceed the expected use t empera tu re , they 

provide insight into the behavior of the compound. 

20 
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T A B L E 11 

LUBRICANT E F F E C T ON SILICONE SEALS 

P a r a m e t e r V e n d o r 

P a r k e r 
Weight 

Minn , 

P a r k e r 
D i a m e t e r 

M i n n . 

P a r k e r 
H a r d n e s s 

M i n n . 

P a r k e r 
Weight 

M i n n . 

P a r k e r 
H a r d n e s s 

M i n n . 

P a r k e r 
D i a m e t e r 

M i n n . 

% Change T h r o u g h 572 h r * 

200 "F"*" 

D r y 

- 0 . 2 

- 0 . 8 

- 3 . 3 

- 0 . 4 

WSX 

+3.9 

+1.5 

+1.9 

- 1 . 4 

-1 

-7 

D C - l l | 

+7.9 

+7.3 

+1.4 1 

+2.4 

-7 

-4 

55M 

+23.6 

+17.9 

+ 7.1 

+ 5.7 

-14 

-20 

300 °F 

D r y 

- 0 . 5 

- 1 . 5 

- 2 . 4 

- 0 . 4 

+7 

WSX 

+5.8 

+0.1 

+1.4 

>1 

D C - 1 1 

+7.8 

+5.1 

+1.9 

+1.4 

-7 

- 3 

55M 

+26.8 

+18.2 

+ 7.0 

+ 3.2 

-20 

-21 

% Change T h r o u g h 1200 h r 

200 °F^ 

D r y 

-<1 

-<1 

1.0 

-3 .0 

- 3 . 3 

- 2 . 4 

WSX 

3.9 

-Kl 

3.0 

7.0 

- 1 . 4 

- 2 . 3 

D C - 1 1 

9.8 

8.7 

- 9 . 5 

-7 .0 

+2.4 

+2.3 

D C - 5 5 M 

26.6 

16.1 

-15 .6 

-21 .0 

+6.2 

+3.8 

300 "F"*^ 

D r y 

-<1 

- 1 . 3 

1.4 

6.0 

- 1 . 4 

-1 .4 

WSX 

+5.2 

-<1 

2.9 

1.0 

- 1 . 4 

D C - 1 1 

10.0 

6.5 

-9 .7 

1.4 

1.9 

- 1 . 4 

D C - 5 5 M 

28.6 

18.8 

-21 .4 

-20 .7 

5.7 

2.8 

* D C - 1 = 500 h r t i m m e r s e d in t h e t e s t l u b r i c a n t 



TABLE 12 

LUBRICANT THERMAL STABILITY (Weight Loss) TEST 

Temperature 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

350 

350 

350 

350 

350 

350 

350 

350 

350 

400 

400 

400 

400 

Lubricant 

DC-55M(1 

DC-55M{2 

WSX-8788 

SWS-295 

SWS-290 

Super-O 

761 

B645 

MO-40 

DC-44 

DC-11 

DC-55M 

WSX-8788 

SWS-295 

SWS-290 

Super-O 

761 

B645 

MO-40 

DC-11 

DC-55M 

WSX-8788 

SWS-295 

DC-11 

Weight Loss 

Total Time at Temperature 
(hr) 

500 

ND 

20,1 

11.0 

3,2 

3.4 

0,1 

23,0 

10.1 

10,4 

1.5 

1.1 

24.6 

12,4 

3.4 

3.6 

0.1 

32,8 

9,9 

18.1 

1.5 

- 3 0 

27,4 

16.0 

I 2,0 

1000 

32.7 

4.0 

5.3 

1.7 

0.3 

0.1 

37.3 

2.0 

4.6 

12.4 

13,7 

2,1 

0.6 

0,6 

20,0 

1500 

6.2 

1.8 

4.3 

4.3 

0.3 

0.3 

4.1 

0.9 

-

1800 1 

0.8 

3,2 

1.0 

0,2 

0.1 

7.2 

2500 1 

1.3 

0.9 

0,8 

4.9 

3.6 

22.7 

3.5 

3000 

1,1 

0.9 

2.14 

0.2 

2,3 

20.5 

1.9 

Comnnents 

Light skin, darkened 

Light skin 

Darkened 

Light skin 

High friction results 

High friction results 

High friction results 

Very stiff 

Rock hard 

High friction results 

Light skin, darkened 

Black, gummy, best at 1800 hr 

Light skin 

High friction results 

High friction results 

High friction results 

Very stiff 

Rock hard 

Light skin, darkened 

Darkened 

Light skin 

!=Test Termina ted 



B. STATIC TESTING 

1. Static Seal Tes ts 

Table 13 summar i ze s the status of all cu r ren t static seal t e s t s . 

a. Demonstra t ion Tests 

Three stat ic demonstra t ion t e s t s (No. 1, 2, and 3) were assembled with 

pa i r s of Buna N, EPR, and sil icone e las tomer O-r ing sea l s , and static leakage 

test ing begvin at 150, 150, and 300°F, respect ive ly . The pre l iminary leakage 

data for the B\ina N seals appear to be of the same order of magnitude as 

permeat ion- type , calculated for a sea l under 50% compress ion, but the leakage 

values for the EPR and sil icone sea ls appear to be low. These low values have 

been attr ibuted to the high l o s se s through the outer, containment seal . These 

l o s se s a r e not accounted for in the cu r r en t method of calculation, although co r ­

rec t ion for these l o s se s will be made . 

To reduce these lo s ses to a m o r e acceptable level, Demonstrat ion Tests 

No. 2 and 3 were shut down, and Buna N seals installed in the outer , contain­

ment seal gland. These t e s t s a r e continuing. 

b. Information Tests 

Static information t e s t s w e r e set up with P a r k e r Seal Company and 

Minnesota Rubber Company Buna N, EPR, and silicone e las tomer r ings vmder 

10 and 20% compress ion . Static Information Tests No. 2A-D and 3A-D also 

showed lower than anticipated leakage values . Test No. 3 was shut down, and 

the outer , containment removed and replaced with a Buna N seal . Test No. 2 

was not in ter rupted for a seal rep lacement , as d iscussed in the next section. 

As shown in Table 13, the Buna N and EPR tes t s were ended after 3459 and 

2154 hr , respect ive ly . 

2. Leakage Calculations 

As descr ibed in the preceding section, the leakage values can be calculated, 

knowing the seal geometry , % compress ion , t empera tu re , and m a t e r i a l p e r ­

meabil i ty . Table 14 compares these calculated values with current ly running 

seal t e s t s , where sufficient data exis t , to es tabl ish the measu red leakage value. 

Reasonably good agreement i s seen only with the Buna N sea ls . 

24 



TABLE 13 
STATIC SEAL TESTS 

(O r ings only) 

Test 

Demonstration No. 1 

Demonstration No. 2 

Demonstration No. 3 

Information lA 

Information IB 

Information IC 

Information ID 

Information 2A 

Information 2B 

Information 2C 

Information 2D 

Information 3A 

Information 3B 

Information 3C 

Information 3D 

Seals 

Buna N (N741-75) 
Parker Seal Co. 

EPR (E692) 
Parker Seal Co. 

Si l icone (S684) 
Parker Seal Co. 

Buna N (366Y) 
Minnesota Rubber Co. 

Buna N (N741-75) 
Parker Seal Co. 

Buna N (N741-75) 
Parker Seal Co. 

Buna N (366Y) 
Minnesota Rubber Co. 

EPR (E692) 
Parker Seal Co. 

EPR (559N) 
Minnesota Rubber Co. 

EPR (559N) 
Minnesota Rubber Co. 

EPR (E692) 
Parker Seal Co. 

Si l icone (71417) 
Minnesota Rubber Co. 

Si l icone (S684) 
Parker Seal Co. 

Si l icone (S684) 
Parker Seal Co. 

Si l icone (71417) 
Minnesota Rubber Co. 

Compress ion 
(%) 

50 

50 

50 

10 

10 

20 

20 

10 

10 

20 

20 

10 

10 

20 

20 

Gland 
Finish 
(rms) 

16 

16 

16 

8 

32 

8 

32 

8 

32 

8 

32 

8 

32 

8 

32 

Temperature 
i'F) 

150 

150 

300 

150 

150 

150 

150 

150 

150 

150 

150 

300 

300 

300 

300 

Lubricant 

DCS 5M 

T 

DC55M 

Time 
(hr) 

1637 

1637 

3459 

3459 

3459 

3459 

2154 

2154 

2154 

2154 

1073 

1073 

1073 

1073 

Comments 

Test completed 

1 

4 

• 

^ 

y Test completed 

^ Test completed 

Test completed 



TABLE 14 

STATIC O-RESfG SEAL TESTS - TABULATION OF Lj^j. VALUES 
FROM ELASTOMER SEAL LEAKAGE TESTS 

S e a l 
Type 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

E l a s t o m e r 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

Buna N 

E P R 

E P R 

E P R 

E P R 

E P R 

E P R 

S i l i c o n e 

S i l i c o n e 

S i l i c o n e 

S i l i c o n e 

S i l i c o n e 

S i l i c o n e 

S u p p l i e r 

PS 

MR 

MR 

P S 

PS 

MR 

P S 

MR 

P S 

MR 

MR 

PS 

P S 

MR 

MR 

PS 

P S 

MR 

T e s t 
Type 

S T A - D - 1 

S T A - l - l A 

S T A - l - l B 

S T A - l - l C 

S T A - l - l D 

S T A - D - 2 

S T A - 1 - 2 A 

STA-1-2B 

S T A - 1 - 2 C 

S T A - 1 - 2 D 

S T A - D - 3 

S T A - 1 - 3 A 

S T A - 1 - 3 B 

S T A - 1 - 3 C 

S T A - 1 - 3 D 

C o m p r e s s i o n 
(%) 

50 

50 

10 

10 

20 

20 

50 

50 

10 

10 

20 

20 

50 

50 

10 

10 

20 

20 

F i n i s h 
( r m s ) 

16 

16 

8 

32 

8 

32 

16 

16 

8 

32 

8 

32 

16 

16 

8 

32 

8 

32 

Lubr icant 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

W S X - 8 7 8 8 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

L e a k a g e 

M e a s u r e d 

6 

25 

10 

12 

8 

14 

29 

48 

62 

4 3 

227 

575 

365 

250 

355 

' l^Kr 

C a l c u l a t e d 

6 

10 

33 

20 

16 

26 

38 

48 

130 

170 

130 

96 

1700 

2400 

8000 

6000 

4500 

6 0 0 0 

E P R = E t h y l e n e p r o p y l e n e r u b b e r 
P S = P a r k e r S e a l 
MR = M i n n e s o t a R u b b e r 
S T A = S t a t i c 
I = I n f o r m a t i o n 
D = D e m o n s t r a t i o n 
LRr = Std c c / s e c / l i n e a r i n . of s e a l / a t m P of Kr x 10"° 
• L i s t e d v a l u e s not y e t c o r r e c t e d f o r p e r m e a t i o n l e a k a g e t h r o u g h o u t e r f i x t u r e s e a l 



As may be seen in Table 14, the L ,̂ values for the EPR seals are only 

1/2 to 1/4 of the calculated values, and the L ,̂ values(calculated from the H^ 
' is.r c 

data point only, the L ,̂ value calculated from the Kr data point is even lower) 

for the silicone seals are 1/15 to 1/25 of the calculated value. It had been 

recognized, early in the test program, that the loss of gas by permeation 

through the outer, containment O-ring seal would produce a low L„ value, 

but that this loss would be corrected to produce a more accurate L,, value. 

Kr 

To reduce the size of the correction, an attempt is being made first to 

reduce the loss through the outer seal by replacing the outer silicone and EPR 

O rings with Buna N O rings. (Although B\ina N is not normally used at 300°F, 

it is believed that, in this static application, it will provide a satisfactory "one­

time" seal. ) The calculated L. for the Buna N O ring at 300°F is ^2 x lO" 

Std cc/sec/linear in. of seal/atm AP, compared to an L„ of 1.7 x 10 for the 

silicone O ring at the same temperature (i. e. , ~ 1/8 as much Kr should perm­

eate through the Buna N as with the silicone seal). 

On the basis of the first few chromatograph readings, with the Buna N con­

tainment seal, the L̂ ^ for the silicone O ring in Static Demonstration Test 
' Kr _8 

No. 3 increased from 82 to 227 x 10 Std cc/sec/linear in. of seal/atm AP, 
-8 

compared to the calculated value of 1700 x 10 . Additional mathematical cor­
rections for the loss through the less permeable Buna N seal are now expected 
to give a very realistic L„ value for the silicone seals at 300° F and 50% com­
pression. 

The outer containment seal in Static Demonstration Test No. 2 (EPR O 

rings, 150°F, 50% compression) was also replaced with a Buna N seal. No 

significant change in the L^ for EPR has been seen in these early readings, 

since the difference between the L„ 's of EPR and Buna N is much less than 
iS.T 

the difference between the L ,̂ 's of silicone and Buna N. 
3. Special Observations 

When Static Demonstration Test No. 3 was disassembled to remove the 

Silicone O rings, it was found that the plates were tightly stuck together, and 

a wedge had to be used to force the plates apart. It was found that the silicone 

O rings were firmly attached to the stainless steel plates, causing small pieces 
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of sea l to t e a r off as the plates w e r e separated. The seal was stuck more 

f i r m l y to the top plate than to the seal gland. As the seal was pulled from the 

top plate , the seal tore par t ia l ly in s eve ra l p laces , and, at one place, tore 

completely a c r o s s the c ro s s section. A pos t - t e s t photograph of the seals i s 

shown in F igure 6. P ieces of sea l , stuck to and remaining in the seal glands, 

a r e evident in the photo of the f ixture, F igure 7. 

The fixture plates were cleaned, and new seals instal led (two Pa rke r 

silicone t e s t O r ings , one Minnesota Rubber B\ina N containment O ring). It 

was decided not to use the DC-55M lubr icant on these sea l s , but to use the 

WSX-8788 lubr icant . The tes t was r ea s sembled , and the leakage m e a s u r e ­

ments begun. 

When Static Information Tests No. 3A-D was d isassembled to replace the 

outer s ea l s , the silicone O r ings were fovind to be adhering to the s teel plates 

in the same manner as when Static Demonstra t ion Test No. 3 was d isassembled. 

The inner t es t silicone sea ls w e r e not found to be stuck to the pla tes , p rob ­

ably because these seals were compressed only 10 and 20%. All seals were 

removed, measu red , e tc . The compress ion set of these sea ls was calculated, 

and the data a re presented in the following section. 

4. Compress ion Set 

Compress ion set tes t ing continues on seve ra l e las tomer O r ings , and i s 

into the las t 16 weeks of the 32-week tes t (readings a re taken at 1, 2, 4, 8, 16, 

and 3 2 weeks) . 

The P a r k e r Seal Buna N seal after 16 weeks at 100°F shows no damage, 

and has experienced only 20.1% set. 

Testing was begun on a new e la s tomer m a t e r i a l (Parker Seal EPR Com­

pound E529). Table 15 s u m m a r i z e s the cu r r en t data on this compound. The 

percent compress ion set is much g rea t e r for the softer, Compound E529 (Hard­

nes s Shore 65) than for the previously tes ted Pa rke r Seal EPR (Compound E692, 

Hardness 80). 

The 300° F compress ion set values for the 12 silicone seals removed from 

Static Information Tests No. 3A-D were determined from the seal dimensions. 

Table 16 shows the compress ion set va lues , and the p r e - and pos t - t es t hardness 
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• ^ «(f»*J«i%f»f 

9006-40155 
F igure 6. Silicone Test Seals , Static Demonstra t ion Test No. 3 

(Park Seal silicone O ring, Dow Corning 55M, 
3 months, 300° F) 

9006-40153 
F igure 7. Seal Pa r t i c l e s Torn F r o m Test Seals, 

Static Demonst ra t ion Test No. 3 
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TABLE 15 

COMPRESSION SET AND HARDNESS OF 
PARKER SEAL EPR O RING 

(Compound E529) 

Time 
(hr) 

0 

168 

336 

672 

Tempera tu re 
(°F) 

Ambient 

250 

250 

250 

Compress ion 
Set 
(%) 

54.3 

62.3 

72.0 

Hardne s s 
(Shore A) 

62-63 

63-64 

63-65 

68-70 

TABLE 16 

COMPRESSION SET AND HARDNESS OF SILICONE 
O RINGS FROM STATIC INFORMATION TEST 

NO. 3 
(1386 hr - 300 °F) 

Vendor 

Minnesota 
Rubbe r 
Compound 
71417 

P a r k e r 
Seal 
Compoxond 
S684 

Seal 
Diamete r 

(in.) 

2 
4 
8 

2 
4 
8 

2 
4 
8 

2 
4 
8 

Compress ion 
(%) 

10 
10 
45 

20 
20 
45 

10 
10 
45 

20 
20 
45 

Compress ion 
Set 
(%) 

36.4 
31.6 
91.5 

20.9 
37.3 
98 

61.5 
68.5 
100 

74.4 
83.8 
99 

Hardness 

P r e 

72 
71 
72 

65 
70 
75 

75 
75 
75 

76 
74 
74 

Post 

65 
65 
59 

59 
54 
52 

66 
68 
70 

65 
65 
69 
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values . It can be seen that the P a r k e r Seal silicone O rings exhibited signifi­

cantly g rea t e r se t than the Minnesota Rubber silicone O r ings . These data 

confirm the observat ions at 200 and 250°F, which also showed the Minnesota 

Rubber Silicone compound to exhibit l e s s set . It also is seen that the seals 

compres sed at only 10 and 20% exhibited much l e s s set than those seals com­

p r e s s e d 45%. E a r l i e r tes t data had shown that no difference in % set could be 

seen between seals compressed 35 and 50%. It i s possible that the amount of 

set i s roughly proport ioned to the % compress ion at lower compress ion, but 

is not propor t ional to the % compress ion after a cer ta in level is reached. 

F igure 8 shows the 300°F data point for the silicone e las tomer (Compound 

S684) in re la t ion to the % compress ion sets observed for other t empe ra tu r e s . 

Even though the observed se t was ~100%, no leakage was observed ac ros s the 

tes t seal . The fact that the sea l was well adhered to the s teel would contribute 

to the nonleak observat ion. 

The 150°F compress ion set values for the 12 EPR seals removed from 

Static Information Tes ts No. 2A-D were determined from the seal d imensions . 

Table 17 shows these compress ion set values and the p r e - and pos t - t es t ha rd ­

n e s s e s . No significant difference was observed, in this case , between the % 

se t a t 10 and 20% compress ion and the % set a t 45% compress ion . This i s dif­

ferent from the data on si l icone, where l ess set accompanied less compress ion . 

F igure 9 adds the 150°F data point to the EPR compress ion se t curve. 

C. PERMEABILITY TESTS 

Permeab i l i ty t e s t s w e r e continued on slab samples of e las tomer compounds 

from which the t e s t sea ls w e r e fabricated, or which might have application for 

sea l fabricat ion. F igu re s 10 to 12 show the permeabi l i ty , P , values for three 

e l a s t o m e r s : P a r k e r Seal Butyl (B318), P a r k e r Seal EPR (E529), and Minnesota 

Rubber Buna N (366Y, Los No. 2). The P values for the butyl rubber a re not 

significantly different than the Bxina N P values , confirming the ea r l i e r r e c o m ­

mendation that Buna N seals could rep lace butyl sea ls with no inc rease in gas 

permeabi l i ty . 
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45% COMPRESSION 
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WHERE 

t^ = ORIGINAL THICKNESS 

t| = RECOVERED THICKNESS 

t = COMPRESSED THICKNESS 
AT 50% COMPRESSION 

J I I I I I I I J ' I I I I I I 
10^ 10-̂  10^ 10^ 

TIME (hr) 

9006^098 A 

Figure 8. Compress ion Set of P a r k e r Seal Silicone O Rings (Compound S684) 



TABLE 17 

COMPRESSION SET AND HARDNESS OF EPR O RINGS 
FROM STATIC INFORMATION TEST 

NO. 2 
(2154 h r , 150°F) 

Vendor 

P a r k e r 
Seal 
Compound 
E692 

Minne s ota 
Rubber 
Compound 
559N 

Seal 
Diameter 

(in.) 

2 
4 
8 

2 
4 
8 

2 
4 
8 

2 
4 
8 

Compress ion 
(%) 

10 
10 
45 

20 
20 
45 

10 
10 
45 

20 
20 
45 

Compress ion 
Set 
(%) 

11.8 
33.3 
18.3 

16.7 
17.8 
20.2 

20.0 
31.8 
15.8 

28.0 
20.0 
11.3 

Hardness 

P r e 

74 
76 
65 

76 
74 
65 

68 
73 
70 

68 
71 
68 

Post 

75 
75 
61 

76 
74 
63 

69 
72 
70 

69 
73 
70 
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Figure 9. Compress ion Set of P a r k e r Seal EPR O Rings (Compound E692) 



^n^ ^9^ 
Temperature *F 

200 150 

2.7 
1000/T(»K) 

Figure 10. Log P vs 1/T (°K) for Hz, Ar, Kr, and Xe for 
Parker Seal Butyl Rubber (B318-70) 
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Figure 11. Log P vs 1/T (°K) for H2, Ar, Kr, and Xe for 
P a r k e r Seal EPR (E529) 
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Temperature "F 
p-n 1^ 

Figure 12. Log P vs 1/T ("K) for Hz, Ar, Kr , and Xe for 
Minnesota Buna N (366Y, Batch 982, 2nd Lot) 
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The P values for the second lot of Bxana N obtained from Minnesota Rubber 

(Figure 12) is not significantly different than the P from the f i r s t lot, but does 

indicate the type of data var ia t ion which can be expected between lots of the 

same e la s tomer from one vendor. 

The solubil i t ies of the t e s t gases , H-,, Ar, Kr, and Xe a r e obtained from 

the P tes t , and these data a r e presen ted in Table 18 for the three e l a s tomer s . 

D. GAS BOUNDARY LEAKAGE CALCULATIONS 

The p re l imina ry leakage calcxilations for the L M F B R - F F T F reac to r cover 

gas containment sys tem w e r e completed, and the r epor t i s in prepara t ion . The 

calculated leakages a r e shown in Table 19. 

These leakages a r e for r e a c t o r subassembl ies exposed d i rec t ly to cover 

gas during normal r eac to r operation, and assume 1.0% fuel fai lure. Not 

included a r e r e a c t o r serv ice un i t s , such as the CLEM, grapple adap te rs , and 

in t e r im decay s to rage . Also not included a r e the inflation seal p ressur i za t ion 

sys t ems , bxiffer gas s y s t e m s , and purge sys t ems . There a re no plans to ca l ­

culate the leak r a t e s of these sys tems at this t ime . No at tempt was made to 

a s s e s s the effect of holdup t ime on leak r a t e s . Fo r neon, with a half-life of 

38 sec , the effect would be significant. 

The calculated krypton leak ra te exceeds the allowable by a factor of 1.4, 

and hydrogen exceeds the allowable for neon by a factor of 840. Hydrogen was 

used in lieu of neon, per the seal t es t plan. (The s imi lar i ty of the ionization 

potentials of neon and hel ium, the gas analyzer c a r r i e r gas , precluded the 

m e a s u r e m e n t of neon. ) Limited information shows hydrogen to have twice 

the permeat ion ra t e of neon, through sil icone rubber at O'C. 

The outstanding sources of leakage in the sys tem occur through a set of 

EPR sea ls , operat ing at 167°F in the a r m support subassembly of the IVHM, 

and through a set of sil icone s ea l s , operating at 300°F in the ma te r i a l s open 

t e s t a ssembly . 

*AI-AEC-13113 (Figure 19) 
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TABLE 18 

SOLUBILITY OF Hz, Ar, Kr, AND Xe GASES IN BUTYL RUBBER (B318), 
BUNA N RUBBER (366X), AND ETHYLENE PROPYLENE RUBBER (E529) 

Butyl Rubber 

P a r k e r Seal Company 
No. B 318-70 

Tempera tu re Range, 95-255°F 

G a s 

« 2 
Ar 

Kr 

Xe 

Solubility 
(cm-^ g a s / c m ^ e las tomer) 

0.29-0.69 

0.08-0.12 

0.14-0.23 

0.11-0.21 

Buna N (Nitrile) Rubber 

Minnesota Rubber Company 
No. 366Y, Batch 982, 2nd Lot 

Tem.perature Range, 101-244°F 

G a s 

^ 2 
Ar 

Kr 

Xe 

Solubility 
(cm-^ g a s / c m ^ e las tomer) 

0.40-4.19 

0.04-0.11 

0.18-0.22 

0.29-0.33 

Ethylene Propylene Rubber 

P a r k e r Seal Company 
No. E 529 

Tempera tu re Range, 104-311°F 

G a s 

^ 2 
Ar 

Kr 

Xe 

Solubility 
(cm^ g a s / c m ^ elas tomer) 

0.60-0.85 

0.11-0.19 

0.07-0.43 

0.27-0.64 



TABLE 19 

PRELIMINARY LEAKAGE CALCULATION- L M F B R - F F T F REACTOR COVER GAS 

1. 

2. 

3. 

4 . 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Reactor Subassembly 

IVHM Assembly 

IVHM Arm Support 

IVHM Orientation System 

IVHM Chain Hoist 

Fuel Transfer Point 
Instrument Tree 

Fuels Open Test Assembly 

Control Rod Drive Mechanism 
Assembly 
Temperature and Liquid Level 
Port Plug and Instrumentation 
Closed Loop in Reactor 
Assembly 
Proximity Test Plug 

Low-Level Flux Monitor 

Closure Head Assembly 

MumDer ot seals 
per Unit 

Elastomer 

Z 

63 

14 

30 

4 

20 

4 

0 

0 

0 

0 

0 

0 

Metal 

0 

0 

0 

0 

0 

8 

2 

4 

4 

1 

2 

1 

2 

Number 
of Units 

per FFTF 

3 

3 

3 

3 

3 

3 

3(1) 

18 

3 

3(1) 

3(1) 

3 

1 

Kr 

0.467-7* 3> 

0.976-13 

250.9-13 

5.6-13 

9.4-13 

0.17-13 

36.7-13 
0.1-13 

487.0-13 
0.1 -1 3 
„ 

17.7-13 
_ 
0.06-13 
_ 
0.03-13 
_ 
0.002-13 
_ 
0.05-13 

45.5-13 

85 3.8-13 
or 

8.5-11 

6.0-11 

Leakage 
(STP cc/sec)(^' 

Hz Xe 

Partial P ressures 
(atm) 

0.0025-7 

0.102-13 

4.00-13 

0.11-13 

0.22-13 

0.002-13 
0.90-13 
0.0004-13 
4.96-13 
0.0003-13 

_ 
0.09-13 

_ 
0.0003-13 

_ 
0.0002-13 

_ 
0.00001-13 

_ 
0.0003-13 

0.24-13 

10.38-13 
or 
1.0-12 

Ne = 8.4-14 

2.54-7 

30.2-15 

2133.6-15 

35.8-15 

41.1-15 

0.91-15 
239.2-15 

0.414-15 
2910.8-15 

0.36-15 
. 
96.0-15 
_ 
0.34-15 

. 
0.16-15 

_ 
0.01-15 

. 
0.30-15 

248.0-15 

5753.2-15 
o r 
5.8-10 

9.6-10 

Ar 

0.086-10 

0.59-16 

36.9-16 

0.7-16 

2.01-16 

0.008-16 
5.9-16 
0.01-16 

32.3-16 
0.01-16 

. 
3.25-16 
_ 

0.011-16 
. 

0.005-16 
_ 

0.0004-16 
. 

0.01-16 

8.4-16 

84.3-16 
or 

8.4-15 

2.4-4 

Allowable leakage for reactor head compartment per Table I of ARD Memo FD 545, Roderick, 3-28-72'^ ' 
NOTES: 

(1) The OTA, CLIRA, and proximity Test Plug ports total 9 
(2) STP is 1 atm pressure and 0°C 
(3) 0.467-7 means 0.467 x 10"'' 
(4) H2 was used for permeation measurements, because of test equipment limitations. Part ial p ressure is for neon. 
(5) The leak rate values in the referenced Table I are in units of (sec)/(sec, in . ) . The allowable values listed above are 

leak rates per 1000 ft of seal which is the length assumed for the reactor in paragraph 4 of the reference memo. 



The la rge sil icone shaped sea l on the a r m support sys tem, and the inflat­

able seals on both the a r m support sys tem and ins t rument t r ee a re pa r t of a 

sys t em of sea ls in pa ra l l e l and s e r i e s during normal r eac to r operation. As 

a resu l t , the i r re la t ively high leak r a t e s a r e reduced by other seals in the 

same leak paths . Consequently, the total effective leakage of these seals i s 

low. 

E. INSTRUMENT TREE INFLATABLE SEALS TEST 

The t e s t fixture fabricat ion is completed, except for the par t containing 

the sea l cavi t ies , which is being chromium plated. The Buna N and silicone 

sea ls w e r e scheduled for del ivery in ear ly Apri l , but the del ivery is now inde­

finite, pending se t t lement of a labor dispute in the suppl ier ' s plant. The tes t 

plan was i ssued , and sent to Westinghouse for comment. 

F . COMPARATIVE LEAK TEST 

The compara t ive leak t e s t on Buna N O rings (Minnesota Rubber Co. , 

Compound 366Y) has completed ~ 9 weeks at 70 ± 5°F. Table 20 shows the 

m e a s u r e d concentrat ions of t r a c e gases in the tes t fixture and the pre l iminary 

calculation of the leakage va lues . 

TABLE 20 

LEAKAGE VALUES FOR BUNA N O RINGS IN THE 
COMPARATIVE LEAK TEST FIXTURE 

(Compound 366Y, 70 ± 5°F) 
(50% Compress ion , 16 r m s Finish) 

Hours 

147 

582 

823 

977 

1175 

cc 

^ 2 

0.0035 

0.0109 

0.0164 

0.0197 

0.0235 

K r 

0 

0 

0 

0 

0 

L 

^ 2 

13.8 

10.7 

11.27 

11.57 

11.34 

K r 

0 

0 

0 

0 

0 

^Kr 

Measured 

2.1 

1.6 

1.7 

1.7 

1.7 

Calculated 

0.9 

0.9 

0.9 

0.9 

0.9 

L = std c c / s e c / l i n e a r in. of s e a l / a t m AP x 10"° 
LT, = std c c / s e c / l i n e a r in. of s e a l / a t m AP of Kr x 10"° 

(conversion of gases to their equivalent Kr leakage using 
m e a s u r e d values of permeabi l i ty , etc . ) 
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The values of 0.0035 and 0.0109 cc of H_ a re equivalent to ~ 1 4 and 40 ppm 

of H-,, respect ive ly . The lower l imi t of detection of the gases is ~ 1 0 ppm, 

using the Trace Gas Analyzer in i ts cu r ren t , derated condition, which pe rmi t s 

readings up to ~ 1 % (10,000 ppm). 

The calculated L „ , obtained in the same manner as descr ibed in Sec­

tion I I I -A-3 , for the Buna N O ring at 50% compress ion and 70°F is as shown 
-8 in Table 20, 0.9 x 10" Std c c / s e c / l i n e a r in. of s e a l / a t m AP of Kr, whereas 

-8 the m e a s u r e d values a r e ~ 1 . 7 x 10" . This is exceptionally good agreement , 

considering that the values were obtained on two completely different text fix­

t u r e s , one using an uncompressed sheet specimen and the other an O ring com­

p r e s s e d 50%. 

It i s in te res t ing to note that, at this low tempera tu re (70°F), no krypton 

has been detected at g r ea t e r than 10 ppm. The tes t will be ended at the end 

of March 1974, and the fixture and t e s t gas shipped to HEDL. The meta l O-ring 

tes t fixture has been received from HEDL. 
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G. SEALS IN SODIUM VAPOR 

The Test P l an was approved by Westinghouse; the tes t fixture was designed, 

detailed, and re l eased to the shop; and shop planning and ma te r i a l p rocurement 

was s ta r ted . 

H. IVHM INFLATABLE SEAL TEST 

The IVHM pos t - t e s t m e a s u r e m e n t of permeat ion through the inflatable seals 

was conducted, using 1% H» and i% Xe t r a c e gases in argon. The inflation 

p r e s s u r e was 15 psig, the differential p r e s s u r e was 2,5 psi , the t empera tu re 

was 150° F, and the tes t durat ion was 384 hr . A gas chromatograph was used 

to m e a s u r e the permea t ion of the t r a c e gases through the sea l s . 

P e r m e a t i o n leakage through the e l a s tomer seal can be expressed by 

R = P X K j ^ / ^ X L X AP . . . ( 1 ) 

where 

R = pe rmea t ion r a t e ( cc / sec ) 

P = pe rmea t ion coefficient of the e las tomer ( c c - c m / s e c - c m -atom) 

K T T / _ = c r o s s sect ion coefficient of the seal (cm/cm) 

L = length of seal (cm) 

AP = differential pa r t i a l p r e s s u r e of the gas (atm) 

The K T T / _ value was determined, using the R and AP observed during this tes t , 

along with the m e a s u r e d seal length (L) and the permeat ion coefficient m e a s u r e d 

previous ly (AI-AEC-13110, page 144, for B .F .Goodr i ch Nitr i le No. 139-PC-12). 

With the KTJ , ^ determined, pe rmea t ion of the various reac tor cover gas species 

can be determined, using the gas specie pa r t i a l p r e s s u r e and P . The values of 

KTJ ,_ de termined a r e : 

K - j , „ = 1.42, hydrogen bas is 

KTT/rp = 2.30, xenon basis 

While, ideally, these values should be identical, the agreement is good, and 

wel l within the expected exper i raental e r r o r . 
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Following the completion of the formal IVHM Rotating Plug Seal Test, a 

special test , reques ted by Westinghouse personnel , was conducted to support 

t roubleshooting of some IVHM prob lems at HEDL. The sea l was operated at 

no rma l conditions of 100°F, 2 f t /min, with 8 psig inflation p r e s s u r e . The torque 

r e c o r d e r showed chat ter ; and, after 1.5 revolut ions, the inflation p r e s s u r e of 

the l a r g e r - d i a m e t e r sea l dropped to ze ro . The torque was within the normal 

range of 32 to 42 lb/ft . Examination of the seal revealed that the rubber was 

to rn at the s tem, due to movement of the seal with respec t to the seal housing 

(Figure 13). This movement occur red because of a breakdown in the adhesive 

bond between the seal and seal gland. F a i l u r e Report No, 309 was issued. The 

mode of fai lure was ve ry s imi l a r to the fai lure of the sma l l e r -d i ame te r seal, as 

noted in F a i l u r e Report No. 280, dated Apri l 9, 1973, in which MEK solvent 

used in a rubber sealant for the tes t appara tus was suspected of degrading the 

effectiveness of the cement used to bond the sea l to the steel housing. 

A review of the m a t e r i a l s involved in the sea ls instal lat ion and test ing was 

conducted. The following l is t ing s u m m a r i z e s the review: 

1) The seal m a t e r i a l is B. F . Goodrich Nitr i le No. 139-PC-12. 

2) The seal was insta l led per AI specification ST0620NA0087, which 

cal ls for cleaning the seal with methyl ethyl ketone (MEK) and the 

gland with denatured alcohol, Dow Silastic 140 RTV, a s i l icone-

base adhesive, was used to cement the seal in the gland, Dow 705 

si l icone oil was used as original lubricant, but was absorbed by the 

rubber after 1 week, and Dow Corning 55M g rease was applied, per 

the "A" change of the specification. 

3) A leaky gasket in the tes t appara tus was plugged, using a l i te r of 

liquid rubber sealant with 50% MEK solvent, 

4) The gasket was l a te r removed and replaced with P e r m a t i x 2F which 

is a sea lan t / adhes ive with 5% isopropyl alcohol in it. 

A se r i e s of compatibil i ty and adhesive-bond strength t e s t s were s tar ted, to 

evaluate m a t e r i a l s in the t e s t setup and m a t e r i a l s that a r e backup candidates. 

Reference m a t e r i a l s a r e B. F , Goodrich Buna N No, 139-PC-12 rubber, 140 RTV 

adhesive, and DC-55M lubr icant . Backup ma te r i a l s a r e Chemlock 304 adhesive 
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9006-40145 
F igure 13. IVHM Development Test Inflatable Seal —Adhesive Condition 



and EXXON WSX-8788 lubricant . The effect of P e r m a t e x 2F sealant and MEK 

used in the t e s t r ig is a lso being evaluated. 

Str ips of rubber and each adhesive w e r e smeared with each lubricant and 

soaked at 165°F. Per iod ica l ly , samples w e r e removed, wiped clean of l ub r i ­

cant, and weighed. Table 22 shows the t e s t m a t r i x of resu l t s to date, and future 

data points . The DC-55M sil icone g r e a s e is seen to have undergone a cons ider ­

able absorpt ion by the 140 RTV s i l i cone-base adhesive. The epoxy-base Chem­

lock 304 adhesive absorbs l i t t le of ei ther g r ea se . The rubber i s shown to lose 

considerable weight, if left dry. It apparent ly either loses l e s s when covered 

with lubricant , or absorbs lubricant and thereby counterbalances the weight 

loss of i ts own const i tuents . The absorpt ion or drying effects appear to be 

leveling out, 

A s e r i e s of pull or shear t e s t s i s a lso being conducted, to de termine 

whether t h e r e a r e in te rac t ions of the m a t e r i a l s . Samples with a section of the 

seal bonded to a plate of s ta in less s teel with 140 RTV and the backup cement, 

Chemlock 304 w e r e p r e p a r e d (Figure 14), Some w e r e left "as p repa red" ; some 

w e r e smea red with lubr icant ; and some w e r e put in a can with ei ther MEK or 

P e r m a t e x 2F . All w e r e heated to 165° F in an oven, and samples were removed 

at in te rva ls and pulled in a shear mode (Figure 15), Table 23 shows the r e s u l ­

tant shear s t rengths noted to date. The Chemlock 304 appears unaffected by the 

g r e a s e s , and was g r e a t e r than the rubber strength, so that the rubber t o r e in 

all c a s e s . While the 140 RTV bond s t rengths a r e considerably lower, none 

w e r e nea r the 2 to 4 ps i shear calculated to have been on the bond of the IVHM 

seals at the t i m e of fai lure. E a r l i e r t r ends in r e su l t s have not continued, and 

the shear s t rengths of a l l bonds would be wel l in excess of that required to hold 

the IVHM seal , 

I. CRBRP ROTATING PLUG SEAL FEATURE TEST 

Information rea l ized from the adhes ive -e l a s tomer lubricant studies d i s ­

cussed in the previous section and the r e su l t s of seal lubricat ion studies 

repor ted in Section III-A-4, have d i rec t application to the select ion of adhesives 

and lubr icants for the CRBRP inflatable seal . Tes ts in specific support of this 

p r o g r a m a r e now in p r o g r e s s on the mos t promis ing g reases selected from 
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TABLE 22 

RESULTS OF WEIGHT CHANGE TESTS 
ON SEAL ASSEMBLY MATERIALS 

Specimen 

140 RTV 

140 RTV 

140 RTV 

Chemlock 304 

Chemlock 304 

Chemlock 304 

B. F . G. Rubber 

B. F . G. Rubber 

B. F . G. Rubber 

Lubricant 

DC-55M 

WSX 8788 

None 

DC-55M 

WSX 8788 

None 

DC-55M 

WSX 8788 

None 

Soak Time 
(days) 

10 20 60 90 ] 180 

Weight Change 
(%) 

+8.1 

+2.0 

-0.4 

+ 1.5 

1.3 

-0.03 

-4.6 

-8.5 

-11.0 

+32.0 

+2.0 

-0.5 

+3.2 

1.8 

-0.03 

-6.8 

-9.1 

-12.0 

+29.0 

-1.5 

-0.5 

+3.6 

2.2 

-0.02 

-10.0 

-9.0 

-13.2 

St r ips of adhesive (140 TRV or Chemlock 304) or rubber were 
s m e a r e d with lubricant and held at 165°F in an a i r oven for t ime 
indicated. 
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9006-40163 
F igure 14. Pul l Test Coupon (Section of IVHM inflatable 

seal , cemented to Type 304 s ta in less steel with Dow 
Corning Silast ic 140 RTV adhesive) 

Figure 15. Pull Test Apparatus 

9006-40162 
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TABLE 23 
RESULTS OF PULL TESTS ON IVHM SEAL-ADHESIVE-METAL BOND 

(All specimens soaked at 165°F and pulled at room temiperature) 
(Specimens smeared with lubricant as indicated) 

Adhes ive 

140 RTV 

140 RTV 

Chemlock 
304 

Chemlock 
304 

Lubricant 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

WSX 8788 

WSX 8788 

WSX 8788 

None 

None 

None 

D C - 5 5 M 

D C - 5 5 M 

D C - 5 5 M 

WSX 8788 

WSX 8788 

WSX 8788 

None 

None 

None 

140 RTV in can with 
1 cup P e r m a t e x 2F 

140 RTV in can with 
2 oz MEK 

T e s t Resu l t s 

S p e c i m e n No. 

Soak T i m e (weeks) 

Shear S t r e s s (psi) 

S p e c i m e n No. 

T i m e (weeks) 

S t r e s s (psi) 

S p e c i m e n No. 

T i m e (weeks) 

S t r e s s (psi) 

S p e c i m e n No. 

T i m e (weeks) 

S t r e s s (psi) 

S p e c i m e n No. 

T ime (weeks) 

S t r e s s (psi) 

S p e c i m e n No. 

T i m e (weeks) 

S t r e s s (psi) 

S p e c i m e n No. 

T ime (weeks) 

S t r e s s (psi) 

S p e c i m e n No. 

T i m e (weeks) 

S t r e s s (psi) 

1 

2 

25 

35 

2 

70 

20* 

2 

60 

5 

3 

80 

10 

3 

>113 

7 

1 day 

>50 

3 

2 

14 

32 

12* 

2 

44 

8 

3 

17 

30 

2 

14* 

3 

>109 

18* 

3 

>90 

22* 

3 

>105 

28 

2 

15 

24 

2 

63 

16* 

3 

49 

31 

4 

6 

9 

>73 

11 

8 

124 

23* 

12 

29 

4 

33 

2 

59 

36 

4 

21* 

6 

55 

15* 

12 

19* 

12 

4 

6 

44 

34 

2 

62 

9 

8 

18 

X 

t 
42 

2 

6 

28 

17* 

12 

13* 

5 

34 

25 

5 

26* 

3 

20 

27* 

6 

MEK had fully evaporated and diffused out of can 
through cover 

>xx Rubber tore before adhes ive sheared Samples prepared in groups at three t i m e s : 
X No s p e c i m e n number a s s i g n e d Group I, S p e c i m e n s 1 to 1 1 

*No c leaning with MEK during insta l la t ion Group II, S p e c i m e n s 12 to 23 
tSet 4 months at r o o m t e m p e r a t u r e with no lubricat ion Group III, S p e c i m e n s 24 to 36 

49 



those previous t e s t s . Fr ic t ion studies have been completed on DC-55M with 5% 

M0S2, WSX 8788 with 5% MoS-, a "d ry" MoS- surface (created by spray coating 

a "bonded" layer of MoS- on metal ) , glycerin, and WSX 8788. The tes t apparatus 

i s the same as used for the studies in Section III-A-4. The tes t conditions a r e 

m o r e s e v e r e than for inflatable sea l s , in that the sea l -me ta l interface p r e s s u r e 

is 200 psi , while the comparable p r e s s u r e in the inflatable seal is equal to the 

inflation p r e s s u r e . The t e s t does give a bas i s for comparison of lubr icants , 

however. Table 24 is a summary of the r e s u l t s . All lubricants had an accep­

table drag, initially. When WSX 8788 with 5% MoS- was used, the drag was 

<4 lb / in . , up to 60,000 ft of t r ave l ; in the next 6,000 ft, the drag r o s e to cause 

shear of the pin. A t r ave l of 103,000 ft was completed with DC-55M with 5% 

M0S2. 

The MoS- bonded film was evaluated dry to determine whether it could be 

used to extend sea l life in the event a g r e a s e evaporated, or to reduce s tar t ing 

friction. It produced a low friction for 1025 ft, and then the friction increased 

rapidly. A re tes t , in conjunction with a g rease , is being planned. 

Glycerin -was a good lubricant during steady running, but had excessive 

s tar t ing friction. 

P la in WSX-8788 was run to 87,000 ft of t r ave l . The drag at 68° F was 3,8 

lb / in . , but was below 2 lb / in , at 150°F. 

The use of a mechanica l holddow^n scheme to back up the adhesive has been 

suggested, and the sketches , F igu re s 16a, b, and c, show th ree approaches . 

The manufacturing and instal la t ion ramif icat ions of these designs need further 

investigation. 

The Test P lan for tes t ing the IVHM sea ls to CRBRP reac tor seal conditions, 

as outlined in Westinghouse Development Requirements Specification DRS 32.06, 

was r e l eased and sent to Westinghouse for review and comments . 

IV, IMPACT ON LMFBR PROGRAMS 

While the init ial phase of this t e s t p r o g r a m is being scheduled to specifically 

support sea l selection for all F F T F applications, this f irst phase and the la te r 

p r o g r a m s wil l d i rec t ly support the LMFBR industry, advance the s ta te of the ar t , 

and lead to the generat ion of RDT seal s tandards for use by the industry. 
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TABLE 24 
CRBRP LUBRICANT WEAR EVALUATION FOR INFLATABLE SEALS 
(Nitri le O r ings , 4 in. ID by 0.210 in. c r o s s section, 50 fpm at 150°F, 

10% squeeze on O r ings , 80, 000-ft life t r ave l maximum) 

Lubricant 

WSX 8788 with 5% M0S2 

DC-55M with 5% M0S2 

M0S2, Bonded Dry Lube 
( P e r m a Slick) 0.007 in. 

Glycerin 

Test 1 

Tes t 2 

WSX 8788 

Trave l 
(ft) 

60,000 

103,000 

1,025 

10,300 

86,355 

87,000 

Drag 
(lb/in.) 

<4 

<2.5 

2 to shear 
of pin* 

<2.0t 

2 to 3.5 

<2.0** 

Weight 
Change 

(%) 

+0.7 

Negligible 

+0.02 

Negligible 

Negligible 

+0.5 

0 Ring 

Radial A D 
(in.) 

Negligible 

+0.002 

Negligible 

+0.001 

-0.001 

Negligible 

Longitudinal A D 
(in.) 

+0.006 

+0.002 

Negligible 

+0.002 

+0.001 

+0.001 

*A pin shea r s at >8 lb/ in . d rag 
tStopped over weekend. Pin sheared at 70° F on Monday 
§Stopped for 2.5 h r . Pin sheared at 80° F 

**Left at room t e m p e r a t u r e overnight. Pin sheared when r e s t a r t e d . 



THREE CLAMPING RINGS - SEGMENTED 

RUBBER COMPRESSED AT LIP 
KNURL OR ROUGHEN METAL SURFACES 
USE WITH ADHESIVE AS PRIMARY HOLDDOWN 

9006-40174 

1/2 in. DIAMETER STUBS OF RUBBER AND MATCHING HOLES 
IN BASE AT 6 in. INTERVALS 
USE WITH ADHESIVE AS PRIMARY HOLDDOWN 

9006-40176 

a. Approach No. 1 

CLAMPINCi RINGS SEGMENTED 

MOLD BOTH SEALS INTEGRALLY OR VULCANIZE A 
CONNECTING STRIP TO BOTH SEALS AFTER EACH 
IS MADE 
USE WITH ADHESIVE AS PRIMARY HOLDDOWN 

9006-40175 

b. Approach No. 2 

c. Approach No. 3 

F igure 16. Mechanical Holddown for Inflatable Seals 
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The IVHM inflatable seal feature tes t is intended to prove the seal s e l ec ­

tion, or to recognize problenas ea r ly in the p rogram. Information gained will 

be of d i rec t benefit to future LMFBR's employing the inflatable seal concept. 

V. NEXT REPORT PERIOD ACTIVITIES 

Evaluation of the var ious sea l types and ma te r i a l s will be continued in the 

on-going stat ic and dynamic sea l t e s t s . The remaining permeat ion t e s t s will be 

completed, and the s u m m a r y r epo r t p repa red . The gas boundary leakage r e ­

por t will be completed. P r e p a r a t i o n of the Seal Design Guide and Seal Ordering 

Data wil l be s tar ted . 

The ins t rument t r e e inflatable sea ls of sil icone and ni t r i le will be received, 

the compara t ive leak tes t wil l be completed, the IVHM inflatable seal repor t 

wil l be issued, and tes t ing of the IVHM seals to CRBRP requi rements will be 

s ta r ted . 
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VI. SCHEDULE 

A schedule showing the anticipated progrann activit ies and miles tones is 

shown in F igu re 17. 

Descr ip t ion 

Proposed Activities 

FY 1972 

1 

FY 1973 FY 1974 FY 1975 

1 

RRD Standard and Ordering 
Inst ruct ions 

Gas Boundary Leakage 

Sodium Vapor Effects (Re­
scheduled by HEDL and RRD) 

Static Seal Tes ts 

Dynamic Seal Tes t s 

Ins t rument T ree Seal Test 

Compara t ive Test 

Top Shield Dip Seal 
P a r a m e t r i c Test 

Seal Development — Rotating 
Plug Seal F e a t u r e Test 

IVHM 

CRBRP 

w 
^ 

s 
w 

-S. 
SLV 

-SXZ. 

S SZ 

S 

5^ 

a 

1. Final Report 
2. F inal Calculations 
3. Reciprocat ing Data Report 
4. Initial Static Seal Data 

5. Begin Test 
6. Complete IVHM Seal Test 
7. Start Long-Term Fea tu re Test 
A Denotes completion 

F igure 17. Schedule and Miles tones , F F T F - L M F B R Seal Test P r o g r a m 
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