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SEALS M)R IiEMOTE INSTALLATION IN A V-BMTD 
TYPE CLAWED FLANGE 

A, A, Abbatiel lo ,  A. P. Fraas, 
and R ,  L. S c o t t  

Various s e a l s  fo r  remote i n s t a l l a t i o n  i n  t h e  KFIR 33-1 
beam hole f l ange  were t e s t e d .  The o r i g i n a l  seal  (an an- 
nealed aluminum Conoseal gaskek) developed a leak owing t o  
unusual circumstances and needed replacement. 
around t h e  beam hole  precluded any changes t o  t h e  f l ange  
ha lves  a l r e a d y  i n s t a l l e d  on t h e  r e a c t o r  v e s s e l  o r  t o  the  
beam tube, thus l i m i t i n g  mod i f i ca t ion  t o  t h e  gaske t  m a t e -  
r i a l s  and geometry. 

The a c t i v i t y  

Seve ra l  gaske t  f o r m  were t e s t e d  wi th  demineral ized 
water  a t  1000 t o  1500 p s i  ( t he  noma1 opera t ing  p res su re  
i s  650 p s i ) .  Various flaws weye s imulated on t h e  gaske t  
o r  f l a n g e  su r faces  and t h e  s e a l i n g  a b i l i t y  of each gaske t  
w a s  eva lua ted .  AppLicable gasket types  f o r  t h i s  s e r v i c e  
a r e  recommended based on the t e s t  r e s u l t s .  

INTRODIJCTION 

The HB-1 beam ho le  (a h o r i z o n t a l  access  h o l e )  i n  HFIR i s  sea l ed  w i t h  

a two-bolt V-band clamp t o  confine 650 p s i  r e a c t o r  water  p re s su re  ( see  

Pig.  1). 

ge the r  was found broken i n  t h e  bottom of t h e  pool.  The fa i lure  w a s  i n i -  

t i a l l y  a t t r i b u t e d  t o  t h e  poor l o c a t i o n  of Kie 7/32-in. -diam Yetaining p i n  

i n  t h e  threaded s e c t i o n  of  t h e  bolt where it cont r ibu ted  t o  t h e  h igh  

stress concen t r a t ion  and f m t h e r  reduced t h e  area. %owever, it was la ter  

learned  from metal1ographl.c exmina.i ; ion t h a t  stress cor ros ion  of t h e  416 

s t a i n l e s s  s teel  had taken  place.  The immediate c o r r e c t i v e  a c t i o n  taken 

was t.he f a b r i c a t i o n  and f . n s t&l l a t ion  0.f a s p e c i a l  y-oke clamp t h a t  was 

f i t t e d  over t h e  e x i s t i n g  clamp t o  main ta in  t h e  sea l  pressure .  The r e p a i r  

w a s  m a d e  i n  March 1970 and t h e  jo in t '  appeared t o  be l e a k t i g h t  a t  t h a t  

t i m e .  The f irst  evidence oI" leakage was de tec t ed  i n  August 1970, and by 

November t h e  leak r a t e  had increased  t,o approximatel;r 1 gpm and l eve led  

I n  February 1970 one of .the two bolts Chat holds  t h e  '$-band to- 
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o f f ,  

pool  i s  t o l e r a b l e ) ,  it i s  p o t e n t i a l l y  se r ious ;  t hus  a solut ion.  i s  needed. 

Although t h e  l e a k  ra te  of 1 gpm (from t h e  primal-y system i n t o  t h e  

An i n v e s t i g a t i o n  revea led  that; t h e  fo l lowing  problems e x i s t e d  w i t h  

t h i s  j o i n t :  

1. Some e r o s i o n  o r  water c u t t i n g  has t aken  place.  This w i l l  be 

checked when t h e  f l a n g e  i s  opened by making sea l  s u r f a c e  impressions.  

2. Tolerance bui ldup  and o t h e r  minor e r r o r s  have cont r ibu ted  to in- 

adequate  sea l  r i n g  compression. The V-band gage dimensions were repor ted  

t o  be 0.015 in .  undersized,  causing t h e  h e e l s  of the clamp t o  d i g  i n t o  t h e  

back of t h e  aluminum f lange ,  t he reoy  yeduzing t h e  clamp e f f ec t iveness .  

3. High s l i d i n g  f r i c t i o n  under pool  water coi idi t ions makes 7.t  d i f f i -  

c u l t  t o  g e t  h igh  clamping f o r c e s  at t h e  j c i n t  f ace .  

A t e s t  progr-m was i n i t i a t e d  t o  o b t a i n  addi tFona1 informat ion  and t o  
provide guidance i n  t h e  c o r r e c t i v e  measures t o  be taken, as fo l lows:  

1. The clamp r i n g  was redesigned t o  use two b o l t s  a t  each s i d e  i n -  

s t e a d  o f  one, f o r  a t o t a l  of four .  These were loca ted  c l o s e r  t o  t h e  een- 

t r o i d  of t h e  s e c t i o n  ( t o  avoid t h e  bending moment t h a t  exists i n  t h e  t w o -  

b o l t  des ign )  ( s e e  Fig. 1). 

2. A t h i n  coa t ing  of water r e s i s t a n t  s i l i c o n e  l u b r i c a n t  i s  t o  be 

app l i ed  t o  t h e  clamp surf"a,c;es t h 3 t  are r equ i r ed  t o  s l i d e .  ( A  shor t - te rm 

bes t  of the l u b r i c a n t s  and metals i n  con tac t  was made that showed adequate  

compa t ib i l i t y .  ,l 
3, Inc rease  t h e  wid.t;h of t h e  Conoseal gaske t  seal  r i n g  f r o m  the 

p resen t  0,523 t o  0.530 in .  T ' h i s  change inc reases  t h e  seal- r i n g  ou t s ide  

diameter  on ly  from t h e  present.  7.888 t o  7.900 i n .  
mains a t  i t s  p re sen t  6.937 i n ,  This  gaske t  w i l l  s t i l l  assemble i n  t h e  

p re sen t  f l a n g e  biit w i l l  undepgo g r e a t e r  s t m i n  deformation as clamping 

t a k e s  place, and thus  will have a be t te r  chance t o  seal  t h e  i r r e g u l a r  

areas where water c u t t i n g  may have destroyed t h e  su r face ,  

%he i n s i d e  diameter  r e -  

Lke A l t e r n a t e  gaske t  forms, such as thin d i s c s  d k f o m e d  by t h e  f l anges  

i.nto t h e  spaces  between t h e  p re sen t  l i p s , ?  were t e s t e d .  F l a t  type composite 

gaske ts  (such as t h e  Flexftal l - fc)  were bui l t ;  t o  f i t  between t h e  flange 
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f aces  outsri.de of t h e  p re sen t  s e a l i n g  su r faces .  Soft, 1100 a l m i n u i i  wire 

O-ring gaske ts  of 0.064-, O.OSl-, and 0.093-in. - d i m  w i r e  were a l s o  b u i l t  

t o  f i t  t h e  p re sen t  groove diameter  (7.930 i n .  OD).  

5 .  A t e s t  f a c i - l i t y  was cons t ruc ted  from a v a i l h b l e  p a r t s  so  t h a t  

s e v e r a l  gaske t  configurati .ons could be  evaluated under derni.neralized water 

condi t ions  a t  ope ra t ing  p res su re  and beyond ( see  Fig. 2 ) .  

IIISUWSSION OF SEALIW PEINCIPLES 

To ob-taiil a t i g h t  s e a l  between two mating f l anges  it i s  necessary t o  
provide a gaske t  m a t e r i a l  t h a t  "gi.ves" s o  i t  can y i e l d  and f i l l  t h e  i r r e g -  

u l a r i t i e s  between the  main f a c e s  and a l s o  have some re s i . l i ency  s o  t h a t  i.t 

w i l l  keep t h e  voids f i l l e d .  i n  t he  case of t h e  HB-I f lange ,  t h e  mating 

f aces  are s t a i -n l e s s  s t e e l  f o r  t h e  r e a c t o r  s i d e  and 60614% a lminum on t h e  

beam tube  si.de. I n  the  normal i n s t a l l - a t i o n ,  .z Conoseal gaske t  made of 

6061-TO aluminua i s  deformed froin a 112" included angle -truncated cone t o  

a 160" cone. The i n i t i a l  l eng th  of  s e c t i o n  t h a t  foms t h e  sea1 i s  about 

0,521 i n .  wide X 0,050 i n .  t h i ck ,  which when compressed i n t o  t h e  f l a t t e r  

cone, i s  reduced t o  a wldth of about 0.511 i n .  ( see  Fig. 1). Thus, t h e  

s e a l i n g  :;a,kes p l ace  because o f  columnar compi-ession on t h e  0.050-in. - 
t h i c k  ends of t h e  r i n g  o u t e r  edges. But t h e  to t a l .  deformation i s  on1.y of 

0 .521 - o*5'1), which means t h a t  t h e  su r faces  must rneet 0 .521 t h e  o rde r  of 276 ( 
with good px-ecision, otherwise inadequate  def omati.on w i 1 . l  t a k e  pl.ace t o  

f i l l  t h e  voids  and l eaks  w i l d  occur .  

It i s  apparent ,  t h e r e f o r e ,  t h a t  we m a s t  have s u f f i c i e n t  deformation 

of t h e  s o f t  gaske t  m a t e r i a l  t o  fi1.1. t h e  voids ,  and the  t o t a l  ?.oad I-equired 

t o  cause t h i s  deformation must be less  than  t h e  f o r c e  t h a t  can be  exer ted  

by t h e  clamping system. Pool water condi t ions  and  a poor i .n i . t i a l  f i t  of 
t h e  clamps i n  t h i s  case  l i m i t e d  t h e  a v a i l a b l e  f o r c e  Tor deforming t h e  gas- 

k e t  niatei-ial. Consequently, t h e  compressive loads  were d i s s i p a t e d  over 

t h e  r a t h e r  l a r g e  area o f  t h e  con ica l  s u r f a c e  of t h e  Conoseal gasket, 

(12 i n e 2 )  a f t e r  t h e  i n i t i . a l  end compression reached i t s  l i m i t ,  t h a t  i s ,  

t h e  2% y i e l d .  Because o f  Lhe low u n i t  loading  on t h e  l a r g e  area of t h e  

Conoseal gasket ,  ha rd ly  any compression of t h e  s i d e s  could be  achieved by 

t h e  f l ange  f aces ,  gj..ving the n e t  e f f e c t  of a con t ro l l ed  l e a k  o r  d i f fused  
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Fig. 2 HB-1 Flange Tes t  F a c i l i t y  Near HFIR Mockup 
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o r i f i c e .  I n  t h i s  d e s c r i p t i o n  we a r e  using t h e  l i t e r a l  meaning of a 

d i f f u s e d  o r i f i c e  as t h e  cond i t ion  when two p l a t e s  a r e  pressed  t o g e t h e r  

t h a t  are not  smooth enough t o  s e a l  and a r e  not  pressed  t o g e t h e r  w i th  

s u f f i c i e n t  f o r c e  t o  deform them i n t o  compliance. 

I n  t h e  case  of t h e  aluminum O-ring gaske ts ,  we have achieved t h e  two 

d e s i r a b l e  c h a r a c t e r i s t i c s ,  t h a t  is ,  

pressed  i s  low, about  on ly  1 . 2  i n .  2, s o  t h e  clamping f o r c e  can deform t h e  

O-ring w e l l  w i t h i n  i t s  load  c a p a b i l i t y ,  and ( 2 )  t h e  change i n  width be-  

tween t h e  i n s t a l l e d  p o s i t i o n  (0.093 i n .  diam) and t h e  compressed p o s i t i o n  

(0.030 i n . )  i s  s u f f i c i e n t l y  g r e a t  (over 60%) t o  g ive  e x c e l l e n t  p l a s t i c  

flow, This f a c t ,  combined wi th  t h e  medium s o f t n e s s  of t h e  gaske t  m a t e r i a l ,  

causes  t h e  p l a s t i c  flow t h a t  becomes t h e  e f f e c t i v e  sealant between t h e  

two faces ,  A f u r t h e r  advantage of t h i s  p l a s t i c  deformation i s  t h a t  t h e  

m a t e r i a l  i s  extruded around b o t h  edges of t h e  male f l a n g e  s e a l i n g  l i p  ( s e e  

Fig. 3 a )  t hus  forming two new s e a l i n g  s u r f a c e s .  

(1) t h e  r i n g  con tac t  a r e a  t o  be com- 

CLtAMF RING DESIGN 

A major f a c t o r  i n f l u e n c i n g  bo th  t h e  magnitude of t h e  a x i a l  f o r c e  

drawing t h e  two ha lves  of t h e  f l a n g e  t o g e t h e r  a g a i n s t  t h e  gaske t  and t h e  

uni formi ty  of  t h e  load  around t h e  per imeter  of t h e  f l anges  i s  t h e  d e t a i l  

des ign  of t h e  r i n g  employed t o  clamp t h e  two f l anges  toge the r .  

O r i g i n a l  Clamp Design 

The des ign  of t h e  o r i g i n a l  clamp r i n g  i s  i n d i c a t e d  i n  Fig. 3a. When 

t h e  b o l t s  drawing t h e  two ha lves  of t h i s  clamp r i n g  t o g e t h e r  were t i g h t -  

ened, t h e  clamp tended t o  d i s t o r t  from i t s  f r e e  shape as i n d i c a t e d  i n  

Fig. 3b, and t h i s  tended t o  g i v e  h igh  loads  a t  t h e  f l a n g e  p a r t i n g  p lane  

wi th  l i t t l e  or no load  a t  t h e  45' p o i n t s .  

va ted  because t h e  o r i g i n a l  clamp r i n g s  a s  f a b r i c a t e d  were undersized by 

0.015 i n .  on t h e  diameter ,  t h u s  causing t h e  h e e l s  of thts clamp r i n g  t o  

d i g  i n t o  t h e  f l a n g e  near  t h e  p a r t i n g  p lane  whi le  t h e  r e s t  of t h e  f l a n g e  

was s c a r c e l y  contac ted  by t h e  clamp r ing .  This  e f f e c t  w a s  ev iden t  bo th  

from seve re  scu f f  marks on t h e  f l anges  a f t e r  t h e  clamp r i n g s  were d i s -  

assembled and from t e s t s  made wi th  b l u i n g  compound t o  i n v e s t i g a t e  t h e  

The s i t u a t i o n  has  been aggra- 
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e x t e n t  t o  which -the clamp r i n g  su r faces  were con tac t ing  t h e  f l a n g e s  i n  t h e  

manner envision.ed i n  -the design,  Tn t h e  o r i g i n a l  assembly of t h e  BFIR, 

the  f l anges  could be made l e a k t i g h t  only by b e a t i n g  on t h e  clamp r i n g s  

.with a s l edge  harmer w h . i l e  to rque ing  t h e  bolts, thus f o r c i n g  t h e  clamp 

r i n g s  t o  conform t o  t h e  f langes .  Even i f  the clamp r i n g s  had riot been a 

b i t  undersized, however, d i s t o r t i o n  of t h e  clamp 8s a consequence of t h e  

bending moment i n d i c a t e d  i n  Fig. 3c would have given a tendency f o r  t h e  

l ieels of t h e  clamp r i n g  t o  d i g  i n t o  t h e  f l anges  and. t hus  result  i n  non- 

uniform d i s t r i b u t i o n  of clamping f o r c e  around t h e  per imeter .  

T h e  s i t u a t i o n  i s  aggravated by  t h e  high c o e f f i c i e n t  of f r i c t i o n  t h a t  

p r e v a i l s  bet.creen a l iminm and. s t a i n l e s s  s t ee l .  i n  deninera , l ized water, 

R.evi sed Clamp & s i g n  

The clamp r i n g  d i s t o r t i o n  induced by t i g h t e n i n g  of bhe clamp belts as 

indicated.  i n  Fig. 3b can be avoj-ded i f  t h e  b o l t  eerrterl j-nes are moved 

r a d i a l l y  inward s o  t h a t  t hey  &re i n  the plane of t h e  cen t ro id  of' t h e  cI.amp 

r i n g  as shown i n  Fig. 3d. To accomplish t h i s  it was necessary  t o  make use 

of two b o l t s  i n s t e a d  of one and p l ace  them on ears a t  ei.ther s i d e  of t h e  

clamp r i n g  r a t h e r  t han  on a. sing1.e ear p r o j e c t t n g  rad.ically outward. The  

o r i g i n a l  and r ev i sed  arrangementis a7-e shown i n  Figs .  I and .3. With t h e  

r ev i sed  arrangement; t h e r e  should be  no d i s t o r t i o n  i n  the clamp r i n g  when 

the b o l t s  are tigh:tened provided, of course,  that t h e  fou r  bolts r equ i r ed  

a r e  t i gh tened  uniformly, i, e,  each b o l t  i s  .tight;ened on1.y a little b i t  

a t  a t ime aid a uniform 1;orgae i s  malntained on each b o l t  in t h e  c o w s e  of 

t h e  t i g h t e n i n g  opera t ion .  If t h i s  i s  not  done, the f l a n g e  m y  tend t o  
twist, and this i n  t a r n  wi.l.1. l e a d  t o  flange d i s t o y t i o n  and. nonu.nifom con- 
t a c t  around t h e  per imeter .  

Forces in t h e  Cl.amping Ring and Flanges 
_I- --I 

The fo rces  a c t i n g  t o  @omp:r.css the  gaske t  are a func t ion  of t h e  geane- 

t r y  of t he  clamp riing and t h e  fl.ange. These f o r c e s  can be es t imated  

readi.ly if o-ce f i rs t  assumes that no fri .ct i .on81 f o r c e s  a c t  t o  reduce t h e  

e f f e c t  of  t h e  f o r c e  app l i ed  to the to rque  wrench used t o  t i g h t e n  t h e  'oolts 
i n  t h e  clamp, 
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a. Ou t l ine  of h a l f  of o r j g j n a l  f l angc  clamp 
showing l i n e s  of a c t i o n  of bolt fo rces .  

Regions of poo t i o n s  from 
c o n t a c t  between h e e l s  d igging  i n t o  
f l a n g e  and clamp f l anges  

b.  Exaggeratcd o u t l i n e  of f l a n g e  clamp having 
an  ove r s i ze  bore .  The s o l i d  o u t l i n e  shows 
t h e  f r e e  cond i t ion  and t h e  d o t t e d  o u t l i n e  
t h e  deformed cond i t ion  under load. 

C .  

c l a m  

Exayyrrated o u t l i n e  of f l a n g e  clamp with 
an unders ize  bore.  The s o l i d  o u t l i n e  
shows t h e  f r e e  cond i t ion  and t h e  do t t ed  
outli-ne the deformed cond i t ion  under load .  

d .  Ou t l ine  of h a l f  of nev & b o l t  f l a n g e  
clamp showing l i n e s  of a c t i o n  of b o l t  
fo rces .  

F i g .  3 O u t l i n e s  of O r i g i n a l  2 - B o l t  and New 4-Bol t  F l a n g e  Clamps 
Showing t h e  Forces  1.nvolved and 'The i r  T e n d e n c i e s  t o  
D i s t o r t  t h e  Clamp 
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Forces Neglect ing F r i c t i s  

I f  t h e  fou r -bo l t  f l ange  of Fig.  1 i s  employed and each of t h e  f o u r  

bolts i s  torqued t o  125 f t - l b ,  t h e  t e n s i l e  f o r c e  a c t i n g  c i r cumfc ren t i a l ly  

i n  t h e  clamp r i n g  can be est imated rcadiljr i f  one ignores  f r i c t i o n .  Inas -  

much as t h e  b o l t s  have eight th reads  p e r  inch, t h e  t e n s i o n  i n  each bolt 

wi th  a 125 P t - l b  torque i s  : 

Bolt  t e n s i l e  fo rce ,  lb = (Torque) 2T8 = l67r (Torque, f t - l b )  

= 1 6  17- X 125 = 6280 l b /bo l t  

The r a d i a l  f o r c e  oi l  the clamp Ping acting on -the wedge-shaped su r face  

or" t h e  f l a n g e  t o  b r i n g  the f l anges  toge ther  axi.al.ly may be calcula-Led by 

t r e a t i n g  t h i s  f o r c e  as i f  i t  weye a pressure  a c t i n g  outward. on a hoop un- 

d.er t ens ion .  Thus t h e  to-t;al foi-ce a c t i n g  i n  t e n s i o n  on t h e  fou r -bo l t  

clamp r i n g  can be  equated t o  a psei-do-presswe as fo l lows:  

d (Clamp ring t e n s i l e  force ,  I b )  = (Radial  fo rce ,  l b / i n , )  5 

(Eiad-fal force ,  l b / in .  ) = (Torque, l b - f t )  d 

The a x i a l  forces tending t o  push t h e  flange faces t.ogetb.er are pro-  

duced by t h e  rEdLal  loads  on .the wedge-sha,ped s i r f a c e s  of  the  flange o u t e r  

r i m s .  If fx- ic t ion e f f e c t s  are neglec ted  t h i s  axl.81 f o r c e  i s  giver1 by: 

(A.xial f o r c e  on f langes ,  l b )  = ( radial .  fo rce ,  l b / i n * )  ~d 

Rom t h e  above, f o r  t h e  f r i c t i o n . l e s s  case, t h e  a x i a l  Poree on the f l ange  

can be es t imated  f o r  a t;org.ue of 125 f t - l b ,  i . e .  , : 

Axial f o r c e  on the i ' langcs = x 125 295,000 yo 
t a n  15" 



Forces Al-lowing f o r  F r i c t i o n  

There a r e  two important  reg ions  i n  which f r i c t i o n  r e s i s t s  t h e  mJve- 
ment of t h e  su r faces  i-nvolved i n  t h e  clainping ac.f;ion. The f i r s t  of t hese  

i s  i n  t h e  threads  between t h e  clamp b o l t s  and t h e  c1am.p r ing .  The second 

a r e a  i n  which f r i c t l o n  reduces the  clamping Forces i s  t h e  wedgelike s u r -  

f a c e  between t h e  clarnp r i n g  and 'Lhe f langes .  The expressions involved 

above f o r  t h e  p r i n c i p a l  fo rces  wi'ihout f r i_ .c t ion can be rnodifted t o  inc lude  

f r i c t i o n a l  e f f e c t s  by t ak ing  the  coe f f i - c i en t s  of f r i c t i o n  f o r  t h e  bolt ,  

th reads  as $.,- and t h a t  for t h e  wedge surface of th .e  f l ange  as d,. t o  gi.ve: 

Bol t  t ens ion  f o r c e  = 16T (Torque, ?.b-ft) (l*t) 

Axial f o r c e  on t h e  f l ange  --- 647T2 (Torque, Ib - f f , )  (14% 1 (i-$ t a n  1.5 O w 

The c o e f f i c i e n t  of f r i c t i o n  be-Lweeii s t a h l e s s  s t e e l  and s t a i -n l e s s  

s t e e l  and. t h a t  between s t a i n l e s s  s t e e l  and 6061.-T6 alujliin~m were measured 

and repor ted  i n  Rei', I, These va lues  were found i o  be about 0,50 and 

0.66, r e spec t ive ly .  Tnese a r e  sui-prisi i igly high numbers, 'nut t hey  a r e  

consi .s tent  w i th  o t h e r  measurements of s t a t i c  f r i c t i o i i  i.n deminera1.i zed 

water ,  Using t h e s e  va lues  ai?d t h e  expre:;r;ion given immedi.ately above, t h e  

a x i a l  f o r c e  actLng on t h e  f l anges  .to br ing  them toge ther  wi th  no I-uhricant 

t hus  becomes : 

Axial f o r c e  on t h e  Ylanges -= 295,000 (1-0.50)(1-0.66) = 50,000 3-b 

The l a r g e  r educ t ion  i n  effect ; -ve clamping f o r c e  on t h e  gaske t  of t he  

f l a n g e  as a consequence of t h e  high c o e f f i c i e n t  of f r i . c t i on  i n  deminer- 

a l i z e d  water  imp]-ies t h a t  some s o r t  of lubyican-L ought t o  be  employed. It 

appears  that such a l u b r i c a n t  can be used without  seri.ousl.y a f f e e t i n g  t h e  

pool.. water  if t h e  I.ii.bi-i.cant i s appli.ed spar ingly .  'Ynis should red-uce t h e  

c o e f f i c i e n t  of f r i c t i o n  t o  perhaps 0.1 -to 0.2, and t h i s  i n  t u r n  shoiild 

y i e l d  60 t o  80% of t h e  f u l l  f o r c e  a v a i l a b l e  for t h e  f r i c t lon l . e s s  case.  



Pressu re  Test-  Forces 

It should. be noted t h a t  i n  pressure t e s t i n g  the  f l ange  j o i n t s  a l a r g e  

a x i a l  fo rce  tendFng t o  sepa ra t e  t h e  f langes  i s  b u i l t  up. The magnitude of 
t h i s  f o r c e  i s  given by t h e  product of the .test pres su re  and t h e  c ross -  

s e c t i o n a l  a r e a  inside the  OD of t h e  gasket ,  i. e., : 

= 74,300 Ib 

Note that t'nis fo rce  is greater t han  t h e  50,000 lis ca lcu la ted  above 

f o r  the  f o r c e  a c t i n g  t o  hold t h e  flange together i f  there  i s  no Luicorica- 

Lion. T'hus the f langes  would tend t o  sepa ra t e  iutj-1 t hey  had def l ee t ed  

s u f f i c i e n t l y  so  t h a t  t h e  f r i c t i o n a l  forces  w w e  reversed.  This could lead 

t o  leakage. 
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The t e s t s  prev ious ly  ou’cllned were made i n  ’ch-r-ce separa’ie groups: 

1. The Y i r r s t  group of 12 t e s t s  was made a t  the RFIR mockup. All 

t e s t s  made at, 1000 p s i  except f o r  the f i r s t  t e s t ,  which w a s  done a t  1500 

p s i  t o  check the mechanical i n t e g r i t y  of  t h e  s y s t e m  Fro:m these t es t s  

c e r t a i n  ga,sk.et types were considered. s a t i s f a c t o r y  at, 1000 p s i ,  

2. A second gmup of tests was made i n  t h e  ERR shop ir ,  conjunct ion 

wi th  t h z  p re s su re  t;esting a t  1500 p s i  of a new s t a i n l e s s  s t e e l  adap te r  

t h a t  had been built ;  and 7 ~ 7 8 s  t o  be prepared. for  i x e  i n  t h e  r e a c t o r ,  Tliis 

provided an oppor tuni ty  t o  re-tes’c some of t h e  alrmiawn O-rings more exten-  

s i v e l y  a t  1500 psi. It was found tha’i a l though I;he l eak t igh tness  a t  1000 
psi_ was s a t i s f a c t o r y ,  i t  ims not, a,dequste f o r  1500 p s i  (the react,or oper- 

a tes  a t  650 p s i ) .  

3. The thi .rd set  of Lea ts  was made a.t 1500 psT. These -tes-Ls were 

c a r r i e d  out  on t h e  HFIR rmckup.P whi.ch had previously- been. used f o r  t h e  

f i m t  group of tests. The adcyuacy cf chaiiges i n  O--i.ing n a t c r i a l  and. size 

were confirmed during these tests ~ 

The results are  tabul.ated according t o  the  groups not,ed above and 

a r e  l i s t e d  i n  Tables 1, 2, and 3 as I.i,st,ed. above. 

I n  genera l ,  t h e  t e s t i n g  iii Groiip I., Table 1, showed t h m t  s a t i s f a c t o r y  

s e a l s  could be made wi th  severai  types of  gasket  ai; 1000 psi, b u t  many of 

these  we:-e sh.own t o  be inadequaLe und a. 1.500 psi. t ,est  ( see  t e s t s  l i s t e d  

under Group 2, Table 2), More tes ts  were made at t h e  EETX mockup a t  1500 

psi t o  fi.nd combinaLioiis Df fl-anges, clamps, and. O-rings -Lha’- ir would pro- 

duce t i g h t  seals. These a , ~  l i s t e d  i n  Group 3, ‘Cable 3, 

An efforrt  t o  f i n d  a s l i g h t l y  morz resiLi.ent. biit, s t i . l l  reasonably soft 

al.iminum wire was successful :  al thougn wc1 had -to g o  t o  0.093-in.  -diam w i r e .  

O-rings made from t h i s  m a t e r i a l  meet t h e  reqiui.rements and are recanuleiided 

for thi.s s e rv i ce .  



Table l. Simrmary of BB-1 Flange Test a t  1GOO ps i  

Tes t  
No. Description 

Torcue Le& S t r a i n  
Used Tightness Defoxmtioa 

( f t - l b )  (dross/sec) (5 1 
C cmne nt 

1 Standard Conoseal 0.523 125 0 
i n . ,  6061-Al 

2 Extra wide Conoseal 125 0 

3 Aluruinm r i n g  9.964 in .  190 0 

0.530 in . ,  606l-Al 

diam x ?.93'7 i n .  OD 

2 Good s e a l ,  bu t  small (2$) s t r a i n  de- 
fo rna t ion  may be i n s u f f i c i e n t  t o  fill 
voids. 

4 Adequate s e a l  and g r e a t e r  s t r a i n  nay 
be enough t o  f'lll TJoids. 

53 Excellent gasket e x t r m i o n  i n  f ace  
plane and around rim. 

4 Flat alminum 0.025 in .  100 Gross l eak  20 Draw-cuptype shear  f a i l u r e .  Kat sat- 
i s f a c t o r y  unless f u r t h e r  developnent 
i s  done. 

diam X 9 1/4 i n .  00 

5 F l e x i t a l l i c  with 0.1-in. 153 Leaks a t  20 Excessive f lange  deformation due t3 
backur, r i ng  85G p s i  poor clamp f i t .  

6 Almiinui r i n g  3.981 In. 150 
dim x 7.937 in .  OD 

0 

7 0.081 aluminum r i n g  w i t h  150 2 
0.06 i n .  deep 90" nctch 250 1 

63 F s i r  concea t r ic i ty ,  good ext rus ion  
Considered q u i t e  s a t i s f a c t o r y ,  

3 Flexitellie with 0.1-in. 15  3 Large l eak  2c Flanges not properly centered. Bad 
kackip r lng  and f i t t e d  213 Small l e a k  20 pliysical i n t e r f e rence ,  Discard t h i s  
clamp r ings  t e s t .  

9 F l e x i t a l l i c  without 
bacliu? ring 

63 c 30 t o  40 Could be used f o r  s e a l i n g  on a "new" 
lac; 0 30 t o  43 surface outs ide  the  present  gasket 

a rea ,  bu t  requi res  more care  t o  a l ign ,  
which would >e d i f f i c x i t  t o  do re- 
motely. Consrder this as a second 
backdg i f  ncthing e lse  works. 

10 3. 08;. ~ l m i n i n x  ',lire with 50 0 

11 Conoseal a l m i n m  0.520 15 0 2 

0 . X C  in.  X 25" nctch 

ii?. vide with 0.033 in. 
x 25" notch 

63 Wctcc'n was put  on back s ide ,  Beaiing 
occxrred a t  cu te r  rim. See Fig. 6 s .  

i Leaked badly a t  f i r s t ,  gradually re- 
ducing tc approximately 2 ilrops/sec 
a t  high torq:Je, 150 P t - l k .  Limited 
by i t s  10-d s t r a i n  defornatioii.  

i-1 w 
63 N u t  completely t , ight ,  bu t  a p r a c t i c a l  
63 demonstration of t h e  flaw. This type 

r i n g  could sea l .  

1 2  3c tch  across Icale blind 60 11 63 k l m i n m  r i n g  ex t rc6es  i n t c  a re3  out- 
f lap *m ce s i d e  of nctch and makes adeq.mte 

sea:. Held 10311 psi  overnight. 



Table 2. Suca2ry of KE-1 Flange Tes ts  85, 1500 psl a t  XFiEi Shop 

21 

22 A 

22 B 

23 A 

23 3 

Helim leak t e s t  o f  new 
s ta indess  s z e e l  adap- 
t e r  

New ioLr-bol t  "ange ('73-2) 
sta3idsi-ti Co:ioseal No. 2 
p l u g  ('<rown t o  be marred 
5ut  use.. as a tesz) 

Same as f o r  21 

H e l l u n  leas  a t  Conoseal Leaked a t  Conosea:t :oirAc bLt wher. 
"bsgged o f f "  r e s t  of u n i t  was leak- 
t i g h t .  

First hydros ta t ic  tesz Keld a t  1000 p s l ,  13 
di-ops/sec leag a t  
1533 p s i  

k & e d  a t  125 ft-15 

Unajle t o  meet 1500 psi requirement. 

Second hydros ta t ic  
t e s t  

S m e  as f o r  22 A except 
t h a t  a new stancisrc. Zono- 
s e a l  was ilsed 

Same as f o r  21 except f o r  
a n e w  0,081 O-ring ( s t i l l  
using I;O. 2 aar red  p 1 . a )  

Torqueu t o  153 f t - l b  ard held at 1505 
psi f o r  6 min and tker, s t a r t e d  leak-  
i ng . 
riAx was 0.054 t o  C.057 irr. th ick,  
tncricating r i n g  was not f u l l y  corn- 
pressed. (D-Lscard t e s t )  

Ring thickness  of 0.032 t o  0.045 ic .  
ind ica ted  b e t t e r  compression but  
still ;lot enough. Remove. 

3emoved - f o m d  bmr on plGg. Also, To t e s t  0.081 en. z l m -  
in.m O-ring a t  1500 
psi 

At 125 fc-l'b leaked a t  
700 p s i  

Repeat 23 A with a new 
G-rlng using more t o r -  
que f o r  full conpres- 
s i o n  

Recheck w i - t h  two-bolt 
f lange,  another p l w  
( ~ $ 3 .  1, which xas used 
f o r  t e s t s  1 t o  L2 bvt  
was notcned) 

To compare f lange and 
p l w  f i - t  ?or No. I 
plw 

Same as for 23 A except 
rAew O-ring 

LeaKed a f t e r  6 rnin a: 
-530 p s i  

2L EGCR two-bolt f lange,  r?ew 
O-ring ailti No, 1 p l u g  

Held 1500 p s i  hydros ta t ic  pressure 
overnlght ,  Considered a gaod check 
out  of t h e  s t a i n l e s s  s t e e l  adapter  
with KO. 1 plug. F i r s t  i i idlcat ion 
tka-i 1\10. 2 p i u g  may be FaLLty. 

Apiezon CheCK shoved a6eqLLti-te f i t  be- 
tween t h e  ne-d four -bol t  f lange  m d  
pl%, 3.035 i n .  squeeze space for 
0 - r i n g  . 
space was about C.050 in . ,  acd shows 
p l x s  Bos. 1 and 2 a r e  not t h e  s m e  
s i z e .  

Retorqued t o  maximm (300 f t - l b )  but  
s t i l l  leaked I drap/scc a t  :t500 p s i .  
A t  1000 p s i  s t i l l  leake? 1 drop/ 
30 see.  'This conclLdes shop t e s t s .  
Further  tes ts  will be m d e  32 the  
H F S  mockup (see Ta3le 3 ) .  

Good Apiezon check oc t  Sxt  gasket 

25 hew f o x - b o l t  f-snge, No. L 
(notchec plcg). PTo O-ring 
or Conoseal 

Not pressLrized 

25 No-t press x i z  ed To compare f lange and 
p l u g  f i t  for m. 2 
P l u g  

Same as 25 except UJo. 2 
plug 

27 A t  150 f-t-1-b torque 
vas  l e a k t i g h t  t o  1300 
pi, s t a r t e d  t o  l e a k  
a t  1kOO p s i  

To recheck f o w - b o l t  
I lange (70-2) with 
?To. 1 p1G.g 

Fo-w-bolt f lange,  No. 1 
p l a  ar.d new 0.381 In .  
O-ring 
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23 

29 

29 A 

30 

31 

32 

33 

? 4 

34 

'3 6 

37 

38 

A 

10 Same as 37, mce?t 0 . W 3 - i n .  
O-i.io:<, used E-44 1uhri.ciln-i 

Steady leak a t  900 psi. 

Halii 1 5 K  pi fo r  ? O  T i n .  

He13 1500 gsi for 30 l i n .  
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DESCIITPT~ION OF Pmrs USED IN TESTS 

T e s t  Fa. ct1.i t i es 
_*_--.- 

Mockup 

This  i s  a h y d r o s t a t i c  pressure  containment s e t  up. It i s  shown i n  

Fig. 2 near  t'ne HmR mockup i n  t h e  reactor ba,y, Tt, simulates t h e  s t a i n -  

less steel. companion f l ange  on the r e a c t o r  adapter .  

S t a i r , l e s?  S t e e l  Adapter and Pressure  Vessel -.. l_____ -___-.------ 

z r ~ l s  was a pi-essili-e containment 1-ig b u i l t  t o  t e s t  the new s t a i n l e s s  

s t ;ez l  adaptel. ta nee t  reactoi-  requirements.  It, was a v a i l a b l e ,  and s i n c e  

it a l s o  had L O  be pi-essure t e s t e d ,  it provided a convenient v e h i c l e  i n  

which t o  perform a d d i t i o n a l  gasket  t e s t s  a t  Lhe same t ime .that khe s t a i n -  

l e s s  s t e e l  adap te r  was being t e s t e d .  It should be noted t h a t  i n i t i a l l y  a 

1000 psi. t e s t  r.equj.rement was establ. ished as -the c r i t e r i a  f o r  a l l  gaske t  

tests ( t h e  r e a c t o r  operakes a t  650 p s i ) .  

had been completed, i t  was found t h a i  a1.1. gaske ts  d id  not meet t'ne 1500 

p s i  p r e s s w e  t e s t  s p e c i f i c a t i o n  f o r  r e a c t o r  weldments. It was then  agreed 

t h a t  it would be good p r a c t i c e  t o  i .ncrense t h e  t e s t  requirements f o r  gas-  

kets to  1500 psi. Accordingly, the t e s t s  i n  TaSle 2 and 3 were then  

c a r r i  ed out .  

Af te r  t h e  t e s t s  l i s t e d .  i n  Table 1 

Gaskets 

Conoseals - Aluminum-6061-TO, a v a i l a b l e  i n  two s i z e s ,  Lhe s-Landard, 

0 .521 i n .  wide, and e x t m  wide, 0.510 i n .  wide (shown i n  Fig. l.), 

0-ri-ngs - Made from 1100 s o f t  abumiiium wire weliied i n t o  a ring. 

Fi r s t .  t e s t s  were made wi th  1/1.6-i:~1. -diam wire ,  l a t e r  0.081-in. -diam wire  

was used, followed by wires s i m i l a r  b u t  harder  drawn of l / l 6  i n .  d i m  

and of 0.93 in .  di.am i.n an  e f f o r t  t o  i-ncrease t h e  r e s i l i e n c y .  The t e s t  

resu l - t s  f avor  spec i fy ing  3/32-in. -c?iam wire ,  ASTM B-285, Chss  EH 1100, 

No. 5 Oxweld 1400 or equal,  TJCNC Sto res  ca t a log  07-564-0571, 36 i n .  long. 

kLex i t a1 l i c  - These a r e  composition gaske ts  intended t o  s e a l  0u t s id . e  

. - - ~  

of t h e  normal gasket  area on. t h e  f l a t  f a c e  of t h e  f lange .  
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F l a t  - This  was an  e f f o r t  to use  a f l a t  s h e e t  of 0.025-in. - t h i c k  

aluminum i n  shea r  and compression. It w a s  used only i n  Tes t  A and was 

not  szlccessful.  

Flange Clamps (used for clamping t h e  two halves  of t h e  connector and com- 
p-ressing t h e  g a s k e t )  

7340-bolt - LIot, suitable f o r  u s e  i n  t h e  r e a c t o r  (because of the  mate- 

r i a l ) ,  but used for t e s t i n g  gaske ts  before  t h e  fou r -bo l t  f l anges  were 

available j( 

Four-bol t  (70-1) - A  new design of f l ange  t o  p l ace  the  b o l t s  c l o s e r  

t o  t h e  cent ro id ,  intended f o r  r e a c t o r  use. 

Four-bolt  (70-2) - A second o r  spa re  flacge clamp intended fcr rpac- 

t o r  use. 

Plugs 

DTo. l - A 6061 aluminum blind. f l ange  made to t h e  con.tour of the beam 

l;iJbe f l ange  and. int,ended t o  s i .mu la t e  it. This one was badly  seamed  b u t  

s t i l l  worked wi th  t h e  O-rings,  a l though it d i d  not  s e a l  wi th  t h e  Conoseal 

gaske ts .  It was used because the poor cond i t ion  of i t s  s e a l i n g  su r face  

a t  t h e  gaske t  f a c e  r e p r e s e n t s  one of t h e  most s e v e r e l y  d-amaged condi t ions  

l i k e l y  t o  be encourkered in the  beam tube  f lange .  Therefore ,  t o  sea l  t h i s  

p lug  in t e s t  impl ies  i t s  a b i l i t y  t.0 seal under very  d i f f i c u l t  cond.itions 

i n  the  r e a c t o r .  

No. 2 - This plug was a l s o  used f o r  t e s t i n g  purposes,  It was in t en -  

t i o n a l l y  notched for o r e  t e s t  (Test 12), w a s  somewhat marred, and known. 

to be overly t h i c k  (from as-compressed gaske t  dimensions >, and th ix  rep- 

r e s e n t s  a more seve re  than  normal s e a l i n g  condi t ion.  

No. 3 - This plug was new u n t i l  i t  was i x e d  f o r  Tests 30 and 31, 
w a s  b u i l t  t o  CorTeCt f l a n g e  dim-ensions, and thus r ep resen t s  t h e  best  con- 

d i t i o n s  likely t o  be encountered, 



Group : -- Tests  

The fo l lowing  group of t v e i v e  t e s t s  werc c a r r i e d  out  i n  t h e  f a c i l i t y  

next  t o  t h c  IIETR mockup. The rpesu l t s  are  smxaarized i n  Table 1 and below. 

1. Standard Coizoseal Gasket (0.523 in .  wide)  - 6061-TO-Aluminum _____---- 
---."~I-- --.I. ~ ._.-. ".P ..-_I__ 

A standard b l i n d  f l ange  wi th  a, 0.523-in.  -wide Conoseal gasket  

( s e e  Fig, 1 ? w a s  i n s t a l l e d  i n  t h e  test r i g ;  t h e  r i g  was T i l l e d  wi th  de- 

mine-ralized water,  arid was pressur ized  -to 1500 p s i g  f o r  a few minutes t o  

check ou t  the system. The p:=sss~~-i:? was t ,kr i?educed bo about 7..000 psi 

and held f o r  30 min. XO leaks were detected,, and the  s l i g h t  dxmp i n  pres -  

s u r e  t h a t  occurred wa:? a t t r i b u t e d  -tc tYie 'bemperature equa l i za t ion  of an  

unavoida'i1.e vol.ime of a i r  t rapped i.n t h e  system. A toyque of 1.25 f t - 1 5  

had been appl ied  t o  t h e  clamping b o 1 . t ~ .  The clamp was of  t h e  s tandard  

two-bolt  cons t ruc t ion  mt'ner than  t h e  redesigned four-bol_t, type  (which 

was s t i l l  be ing  f a b r i c a t e d  a,S t h e  Lime). 

been modified t o  o b t a i n  .t;hz ccrrec-t gage di-mension a t  the clampi.ng SUP- 

face, The edges of t h e  cl.a.nip had been l i g h t l y  i u b r i c a t e d  wi th  D-i+i+, a 

s i l i c o n e  base  I.l;brlcartt. The fit u f  the  c1zro.p and f langes  had been 

checked wi th  ijykcm (a h!i.iing s o l u t ~ _ o n  tc show contae- t ) .  

t o  assemble t1ii.s flmge, t h e  c learance  i n  the gasket reg ion  where t h e  

f l ange  f aces  ccrfle t oge the r  was checked and feurd t o  b? about 0,030 i n .  

when. t h e  outer diametei-s ! e r e  i n  contac t ,  -thus ass:rrirg t h a t  t h e  gasket 

would be  we]-3.. clamped. 

c 01 mnar c ompre s s i on loading  

f i o ~ e v e r ,  t h e  two-bolt clamp had 

Before s t a r t i n g  

l 'h is  gasket. mdergoes  about 2% deformation -in 

A si.mi.lar t e s t  was  c a r r i e d  o;?;; with the  0.530-in. -wide Conoseal 

ga.sket ( s ee  Fig,  

1.000 p s i .  'l'he t c ~ q ~ ~ i e  requi red  yas e s s e n i i a l l y  Lhe same. :Impressions on 

.the g a s k t  face showed a l i t - t l e  more col.ixnnar deforna t ion ,  which w a s  i n  

the desired d i r e c t i o n  .Lo o'u-bain gasket  matei-ial deforma.tion into the 

poss ib ly  eroded a reas  of t,he r c a c t o r  f lange .  This gaske t  a l s o  may be 

1 >, which 'was a . lso subjected tc the fill1 . t e s t  p ressure ,  



considered s a t i s € a c t o r y .  The gasket deformation was about 4$, a id ,  a l -  
though t h i s  i s  twice  t h a t  of t h e  pr&cedi.ng t e s t ,  even 1ncn-e defo-rmation 

was l a k e r  found deserable, 

3 ,  Aluminum 0-Ring 1_/16-in. - D i a m  Wire 

An 1100-93 aluni.i.nm r i n g  prepared from ii 0.044-i.n. - d i m  wire, 

r o l l e d  t n t o  a c i r c l e  7.930 j.n- OD, and welded was placed between the s t an -  

dard flanges and clamped. w i th  a bo1.t torque 
Figs, 4 and 5a)- The p res su re  was r a i s e d  t o  1000 psi and. held over t h e  

weekend. The system was considered t i g h t  after a,llowing f o r  t h e  s l i g h t  

pressure  drop stemming from temperature  equa l i za t ion .  O-bsematAcn of the 

gaske t  when removed shomed t h a t  i t  had deformed. in- to  an "L" shaped sec-  

t i o n  and had wrapped around t h e  f1.ang.e edge i n  a manner that  would provide 

e x c e l l e n t  sea l ing  i f  i t  had t o  fi.13. eroded spots i n  t he  o u t e r  per imeter  

of t h e  p re sen t  gasket  a r e a  (see Fig,  !?a,). The torque required w a s  sur -  

p r i s i n g l y  low - about 60 to 100 ft-1b was used. This  gaske t  form i s  ccn- 

s ide red  quite a t t r a c t i v e  because of the high  s t r a i n  del"ommti!3rir about 

5 0%. 

of  a'n0u.t 100 f t - l b  ( see  

4. F l a t  Aluminvn Gasket- 

A f l a t  a l u m i n u m  gaske t  of 6061-T'O a l l o y  0,025 i n .  t h i ck  X 8 l / 4  

OD x 4 - 9 L 5  in .  ID vas placed c)n the f l ange  and clamped so that when com- 
pressed the  gasket; Tdoi1l.d 'oe def0rm.t.d i n t x  a "z" secti.on. T ~ Z  i - r l t t ~ t ,  was 

t o  deYcm t h e  0.025-Fn., gaske t  thi.clrness i n t o  a r a d i a l  space of about 

0.020 in" th.:is producing a sea l  ( see  ~1.g.  5b). when t o rqu ing  t,h?.s seal 

an audible  "snap" WBS h.eurd. 

gaske t  started to leak a$ abc);xL 450 ps i .  lJpon diassernbly t he  leak was 

P o w d  t o  have been caused by a shear f a i l l i r e  through one s-ide o f  !;be gas- 

k e t  f o r  a l e n g t h  of a'oout; % i r i ,  7Th.i.s type of f a i lu re  might b o  described. 

as sinil-ar t o  a f a i l w e  5.n a draw d i e  with irrsufficierit r:lea,ra,nce. To 

make t h i s  type of gaske t  wo.rk if; 7 , r . J . l  be necessary t o  i nc rease  the radi.us 

and smoothr;ess of each flange around. which the  gasket must def'31m, Si.nce 

p a r t  cf t h i s  work would have t o  he doni? to the reactor  f lange ,  the design 

i s  not consideyed p r a c t i c a l  for this  case. 

When pressure  was app l i ed  to the  system .the 
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5 .  F l e x i t a l l i c  Gasket (0.100 i n .  t h i c k )  

To  i n v e s t i g a t e  a means f o r  s e a l i n g  i f  t h e  p re sen t  s e a l i n g  s u r -  

f aces  a r e  beyond recovery,  a F l e x i t a l l i c  gaske t  t h a t  had been trimmed t o  

f i t  i n  t h e  f l a t  space between t h e  f l anges  o u t s i d e  t h e  p re sen t  Conoseal 

area (as shown i n  Fig. 6 a )  w a s  i n s t a l l e d  and pressur ized  t o  1000 ps i .  It 
a l s o  s tar ted t o  l e a k  a t  about 850 p s i ,  b u t  a f t e r  t h e  p re s su re  had dropped 

t o  800 p s i  it he ld  without  any f u r t h e r  loss  i n  pressure .  This  a c t i o n  i s  

a t t r i b v k e d  t o  the t h i ckness  of t h e  gaske t  (l/S i n . )  t h a t  he ld  t h e  f l anges  

a p a r t  t o  t h e  ex ten t  t h a t  t h e  f l anges  were a c t i n g  l i k e  an  o rd ina ry  two- 

b o l t  f a c e  f l a n g e  - t h e  excess ive  span caused f l ange  deformation and leak-  

age a t  h igh  pressure ,  which, when r e l eased  t o  a lower l e v e l ,  could t h e n  

main ta in  t h e  seal. I f  necessary,  t h i s  type  of  gaske t  would work i f  t h e  

gage dimension between t h e  angled f aces  of  t he  clamp were increased  t o  

compensate f o r  t h e  t h i c k e r  gasket .  Although t h i s  des ign  might provide a n  

a l t e r n a t e  method, it does not  appear as a t t r a c t i v e  as t h e  aluminum r ing .  

Based on t h e  ease of  placement and t h e  e x c e l l e n t  sea l  produced 

by t h e  0.064-in. 1100 annealed aluminum wire  gasket ,  a f u r t h e r  t e s t  of 

t h i s  type  was warranted using a wire of l a r g e r  diameter.  A gaske t  was 
made from 0.081-in.-diam w i r e  because it would have more c ross  s e c t i o n  

t o  provide added material f o r  p l a s t i c  flow t o  f i l l  su r f ace  i r r e g u l a r i t i e s .  

The added f o r c e  requi red  t o  compress t h i s  gaske t  t h i ckness  i n t o  t h e  a v a i l -  

a b l e  space (0.030 i n .  ) would be h igher ,  b u t  t h e  ease wi th  which t h i s  load 

can be appl ied  wi th  w e l l  f i t t e d  and l u b r i c a t e d  clamps makes it appear  a t -  

t r a c t i v e .  

6. Aluminum Ring (0.081 i n .  diam) 

An 1100 a l l o y  aluminum r i n g  made from O.O%l-in.-diam w i r e  x 
7.930 i n .  OD w a s  p laced between t h e  f langes ,  t i gh tened  t o  100 f t - l b  and 

p res su r i zed  t o  about 1000 ps i .  

it was torqued some more t o  150 f t - l b  a t  which po in t  t h e  l e a k  stopped. 

The p res su re  w a s  he ld  adequate ly  a t  about 1000 p s i  except f o r  t h e  usua l  

drop-off due t o  temperature  equa l i za t ion .  When removed, t h i s  gaske t  had 

deformed i n t o  a n  "L" shaped s e c t i o n  so t h a t  it e f f e c t i v e l y  made a s e a l  

bo th  a t  t h e  f a c e  s i d e  and around t h e  o u t e r  per iphery  of  t h e  s e a l i n g  edge 

(see Fig. 5a). 

It leaked about two drops pe r  second, so  

Although t h e  gaske t  had not  deformed uniformly a l l  around, 
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incl icat i  ng t h a t  t he  f l ange  had not been concentr i .cal ly  pos i t ioned ,  good 

e x t r u s i o n  a long  Yne e n t i r e  circumference vas apparent .  This  gaske t  under- 

goes approximately 60% s t r a i n  deformation and can be  c l a s s s d  with the  sat-- 

i s f a c t o r y  and workable types.  

7. Aluminum Ring (0.081 in .  diam wi th  0.060-in. -deep- 90" n o t d ,  

Another tes t  was made wi th  one of t h e  0.081-in.-diam wire alum- 

inum gaskeks t o  determtne t h e  amount of i n i t i a l  darnage such a gasket could 

accommodate, as f o r  example, t o  fill. g-u-tters i n  t'ne f l ange  l i k e l y  t o  have 

been produced by water  erosfon.  A sj-rnillated d e f e c t  was produced by us ing  

the corner  of a p i ece  of 7/16-ine-square hardened s t e e l .  

s i d e  of t h e  ping w a s  made, which wzs about; two-thirds  through i t s  t h i c k -  

ness  - t h e  remaining materia,l was i n t e n t i o a a l i y  l e f t  t h i n n e r  tWm the 

f i n a l  compressed th i ckness  of t h e  gaske t  ( s e e  Fig. 6b)  s o  t h a t  a measure 
of t h e  p l a s t i c  flow p r o p e r t i e s  could he  obtained.  

A ni.ck i n  t h e  

The f l a n g e  w a s  torqued t o  150 f t - l b  and p res su r i zed  t o  the  usiral. 

1000 ps ig .  A l e a k  of  about  two drops pe r  second was observed, so t h e  

f l ange  was f u r t h e r  torqued t o  t h e  niaxi.!niu?i wi.t'n t h e  available wrench, 250 

f t - l b ,  and -the leak. dropped o f f  t o  one drop pe r  second, 'out; it d id  not  

s t o p  completely.  

it would not  be  accep tab le  for OUT test c r i t e r i a ,  It i.s probable  t h a t  we 

made t h i s  i n i t i a l  notch t o o  severe .  It i s  no t  l i k e l y  bhat a notch of tha t .  

s i z e  would be  encountered i n  the IiB-l flange, and a s l i g h t l y  lesser depth  

would appear  t o  have a good poss ib i l j . t ,y  of  s ea l ing .  Tt should be made 

c l e a r  t h a t  on these alrirni-num rin.gs t h e  seal  a e t u a l l y  takes  place where t h e  

gaske t  i s  extruded i n t x  the r eg ion  be1;ween the s e a l l n g  Lips, bo th  at; t h e  

contact; f aces  and. a t  t h e  c i r cumfe ren t i a l  annuliis perpendicular  t o  t h e  

face .  

Although t h i s  amount of leakage would. b e  fzi.rJ-y small, 

8 #  F l e x i t a l l i c  Gasket; wi th  l___l- 0. LOO-in. -Tnick Backup Ring 

I n  t h e  event  tha- t  none of t h e  descrFbed gaske ts  are considered 

adequate  f o r  t h e  HB-l. fl.ange, a flat deformable gasket; w a s  considered 

Lhat wou1.d occupy t h e  area o u t s i d e  o f  that s ' thjeeted t o  water  e ros ion ,  

t hus  s ta rb t r ig  v i t h  new s u r f a c e s ,  A s  mentioned i n  case  5, one su.ch gaske t  

t e s t e d  w a s  no t  l e a k t i g h t ,  b u t  t h i s  was a t t r i b u t e d  t o  th .e  poor fit of the 
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clamps because of t h e  e x t r a  th i ckness  of t h e  F l e x i t a l l i c .  Accordingly, 

ano the r  p a i r  of  f l a n g e  clamps was machined on t h e  i n n e r  s u r f a c e  t o  produce 

t h e  c o r r e c t  f i t -up .  Using t h i s  gaske t  (see Fig. 6a) t h e  sys.t;e.m was t o r -  

qued t o  150 f t - l b .  It leaked., so a 210 f t - l b  torque  w a s  app l i ed  'out t h e  

l e a k  continued. The system was opened. and t h e  gaske t  removed f o r  examina- 

t i o n .  it was found tha-t  i t ;  had not  been a l igned  concen t r i ca l ly .  This 

happened because t h e x  was i n su f f t c i - en t  depth of r eces s  to make t h e  f l anges  

s e l f - a l l g n i n g .  Also,  s i n c e  t h i s  gaske t  used tize 0.100-in. - t h i ck  backup 

r ing ,  we felt; t h i s  might be l i m i t i n g  -the deformation and thus  con t r ibu t ing  

t o  t h e  lack of gasket flow, t h e r e f o r e  a gaske t  wi.thout a backup r i n g  was 

obta ined  f o r  the next  test,. 

9 e F l e x i t a l l i c  Gasket, Wi-thout hcckiip Ring 

This  t e s t  i s  e s s e n t i a l l y  a r e p e a t  of 'ihe previous t e s t  except  

that no backup r i n g  was used ( see  Fig. 6 a )  and more ca re  w a s  t aken  t o  

a l i g n  t h e  f l anges  c o n c e n t r i c a l l y  be fo re  t h e  clamp p r e s s w e  was appl ied .  

The system w a s  torqued t o  only  60 f t - l b  and checked. It seemed t o  be 

t i g h t  so  w e  s e t  t h e  pressilrre a'i 1000 p s i  and %llo~eCi it t o  s t and  overnight, 

The p res su re  had dropped somewhat b u t  t h i s  was a t t r i b u t e d  to th.e usual 

temperature  equa l i za t ion .  Mcasurements of t he  remaining space between 

t h e  f l ange  f aces  showed 0.075 t o  0,080 i n .  t h i ckness  would be adequate 

f o r  a backup r ing .  

10. A l m i r i u r r i  Ring (0.080 i n .  d i m  wi th  s imulated defeL&&S notch 25" x 
0.040 i n ,  d e e d  

~ I 

~ ~- 
This r i n g  was i n s t a l l e d  wi th  t h e  notch toward t h e  b l i n d  f l a n g e  

(see Fig. '/a). 

1000 p s i .  The system held. p ressure  except. f o r  t h e  usual temperature  

equalj .zation drop. When t h e  seal. %79s remcved it  showed t h a t ,  a l though t h e  

notch had not been completely f i l l e d ,  t h e  aluminum wire had extruded out, 

i n t o  t h e  c y l i n d r i c a l  space ou t s ide  the r i n g  a r e a  and thus  c rea t ed  a seal. 

Accordingly, a high percentage (60%) of e x t r u s i o n  o r  defomatriorr i s  a de- 

s i r a b l e  c o r d i t t o n  f o r  g e t t i n g  adequate  s e a l i n g  around i.rregu.1a.r sur faces .  

The b o l t s  wepe torqued to 60 f t - l b  and p res su r i zed  .to 
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11. Conoseal Aluminum Ring, 0.530 i n ,  Wide, With a 2.5" Notch X 0.030 i n .  
&ep Cut I n t o  t h e  Outsri.de Edge t o  Simulate 1_- a Flaw 

This  type  of s e a l  w i th  t h e  s imulated d e f e c t  ( s ee  Fig. 7 b )  leaked 

badly a t  f irst  ( e s t i n a t e d  a t  10 drops 

was reduced g radua l ly  as t h e  torque  w a s  increased  t o  150 f t - l b .  It con- 

t i nued  t o  l e a k  a t  two drops p e r  second, u n t i l  a f t e r  one h r  t h e  p r e s s w e  

had dropped from t h e  i n i t i a l  1080 t o  180 p s i ,  It was apparent; t h a t  t h i s  

type  of  gaske t  i s  l i m i t e d  i n  i t s  a b i l i t y  t o  f i l l  a gross  d e f e c t  because 

o f  i t s  low (4%) s t r a i n  deformation. 

p e r  second) but t h e  leakage ;-ate 

l Z 0  Notch Across t h e  Male Blind -- Flange 

I n  o rde r  t o  t e s %  Yne a b i l i t y  of t'ne 0.081-in. - d i m  aluminum r i n g  

t o  s e a l  a d e f e c t  i n  t h e  f l a n g e  we c u t  a notch 25" X 0.020 i n .  deep ac ross  

t h e  o u t e r  corner  of t h e  b l i n d  t e s t  f l a n g e  as shown i n  Fig. 7c. A new 

O.O8l-in.-diam r i n g  w a s  used and toz-yuzd t o  60 ft-173 ( the  usua l  conserva- 

t i v e  va lue ) .  

l e a k t i g h t  s o  i - t  w a s  allowed %o s tand  overn ight  and then disassembled. f o r  

examination. The s o f t  alun.inijm of t h e  gaske t  material  f i l l e d  t h e  notch 

and flowed around both  en.ds to give  a t i g h t  seal. En genera l ,  t h e  aluminum 

r i n g  type o f  gaske t  seems t o  f i l l  a l l  of' t h e  requirements.  

Tne system w a s  pressull ized t o  1000 p s i  and appeared t o  be 

Group 2 Tes ts  (Nos. 2 1  through I. 28) 

Tile t e s t s  pe r fomed  i n  Group 2 ar,d l i s t e d  i n  Table 2 were requi red  

when ,the t e s t  pressure  s p e c i f i c a t i o n  w a s  r a i s e d  from 1000 to 1500 psig.  

'These t e s t s  w i l l  not be descr ibed  i n  d e t a i l  here  because they  are similar 

t o  those  i n  Group 1 (except t h a t  a d i f f e r e n t  f a c i l i t y  was employed) and 

a r e  adequately documented i n  Table 2. One comment a t  t h i s  p o i n t  i s  t h a t  

t h i s  group of t e s t s  pointed out  the importar,ee of slright v a r i a t i o n s  i n  

t h e  i n d i v i d u a l  components, a-cd a l s o  t h e  s m a l l  margin of l e a k t i g h t n e s s  t h a t  

exLsted above t h e  or ig ina l -  1000 p s i g  tes t  requirsment.  In most o f  t h e s e  

tes ts  l eaks  began t o  appear  a t  1.200 t o  1400 psig.  
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Group 3 Tests (Nos. - 29 through 401 

The t h i r d  group of' t e s t s  l i s t e d  i n  Table 3, a r e ,  i.n p a r t ,  re runs  of 

t h e  t es t s  made i n i t i a l l y  ~t 1000 p s i g  a t  t h e  IEFIR mockup, except t h a t  t h e  

h ighe r  t e s t  p ressure  requirement (1500 p s i g )  w a s  used, an.d fur ther  refi-ne- 

ments were made t o  ge t  acceptab le  results. 

This s e t  of ' ies ts  demons-ti-ated t h a t  a s l i g h t  i nc rease  i n  t h e  O-ring 

crass sec'iion (from 0,081 i.n. diam t o  0.093 i.n. di.am) and a slight3.y 

haider m a . t e r i a l  was a.dequate 'Lo provide a sea l  t h a t  would be capable  o f  

meeting the leakti-ghtness requi.re-ment ai; 1.500 ps ig .  This  l eak t igh tness  

~ 2 ; s  maintained i n  a number orf cases  even when t h e  f l a n g e  mating su r faces  

we%? seve re ly  scar red .  

A success fu l  t e s t  was a l s o  made f o r  a, bench t e s t  demonstration t h a t  

an  O-ring need not  be welded at, a l l  i f  t h e  j o i n t  i s  cut  square ly  and 

bui;l;ed toge ther .  Although t h i s  may not  be of immediate va1u.e i.t opens the 

possi .bi . l i ty o f  7 -ns ta l l ing  a new O-ring without  t h e  need t o  remove t h e  beam 

t iib e c omple-t; e l y  . 
-. Comments on Vibra t ion ,  F r e t t i n g ,  Etc.  

All t h e  t e s t s  performed would b e  consi.dered s h o r t  term and none were 

made Lo invest i .gate  t h e  e f f e c t s  of v i b r a t i o n  and y i e l d i n g  a l thcugh one 

k e s t ,  KO. 37, was cycled 'Len t i m e s .  However, we can re fer  t o  work t h a t  

was done i n  connection wi th  t h e  HSST Program (Heavy Seeti-on Steel. Technol- 

ogy) t h a t  would have a bear ing  on t h e s e  f a c t o r s .  

requi.red t h a t  a machined notch i n  a l a r g e  t e n s i l e  speci.:men be  sharpened 

using hydraul ic  p re s su re  cyc l ing  to produce a f a t i g u e  crack. A s e a l  a t  

t h e  f l a t  su r f ace  o f  t h e  t e n s i l e  specimen was required t o  m i - n t a i n  pre.,., - ui-e 

i n  t h e  machined notch for thousands of cycles .  Although t h e  gaske t  event- 

uaI.1.y used f o r  t h i s  work turned ou t  t o  be  an elastomer O-ring because it 
w a s  more convenient t o  use, a s o f t  aluminum w i r e  type  was t e s t e d .  The 

aluminum wire gasket  was made from 0.125-i.n. - d i m  soft wi-re, foniied i-nto 

a 9- in , - long  e l l i p s e  with a 3/4 in .  rni.nor diameter.  

k7ithri.n t h e  r e t a i n i n g  p l a t e ,  whi.ch had t h e  same contour s o  t h a t  i'i. would 

confine t h e  gasket ,  b u t  w a s  only 0.093 i n .  t h i ck .  In t h i s  manner t h e  

al.umlnum O-ring w a s  l i m i t e d  in t h e  amoiint o f  deformation it would und-ergo, 

I n  t h e  HSST work i t  w a s  

This was placed 



about 24%. 

used i n  t h e  H B - 1  O-ring.)  

t o  the system an? cycled from zero t o  ma.ximwa pressire a t  Potup t o  e i g h t  

cyc les  per mini i te .  After 10,000 cyc les  the a l w n i r i m  gasket begsn. to leak. 

In this application the 'ienslPle specl.mea defamation, which resulted from 

t h e  pressur-e cycl ing,  ca.used the gaske t  t o  "fret" o r  slide i n  a crosswise 

manner abo11-L 0.0001. in., asd thhrls movement was evidei?'r,ly the d L r e e t  cause 

of leakage. 

(Note t h a t  this i s  apprec i ab ly  less  than  th.e 60% deformation 

Fresswes of  16,000 to l9,OOO p s i g  were appl ied  

Using t h i s  i c . d i r e e t  'out appl%cable i n f o m a t i o n ,  it i s  expected that  
lr the  los .~er  pressures  and. rmch less severe s l id i . ng  or fx-etti,iigf' ;e,c:tion t h a t  

take p lace  i n  the BS-l f lange :mild p e ~ n i t  the O-ring t,i3 serve a long w e -  
f u l  life.. IS, w - i l l  be reca , l ied  that; t h e  B3-1 O-ri~g d e f o m s  aroimd the 

male flange sealing l i p  (see ~ i g .  5%) and. 'ctierefore is not exposed to ex- 

C ~ S S ~ T J ~  sll.d.ing I"orces. 'Tenperatwe diPfePences a re  lzlso rnild for the 

BB-1 flange. 

%sed on the resal ts  obtalined in t h e s e  t ~ s t s  the fallowing flznge 

gaskets are recormended f o r  use i n  t h e  BB-l V-band clamp a p p l i c a t i o n ,  A 
cons ide ra t ion  of the p-robab3.e condition of the s e a l i n g  surYa,a,ces i n d i c a t e s  

that it may be wise t o  provi.de a l a r g e  degree of gasket  i"!!ow defo:mm,tiori 
and a lso give the gaskei; rnaterial the o p p o ~ t u a l t ~ y  to i t l 0 : h i  i n t o  seal are9s  

where newg undisduzhed ~ u r f a c e s   re availalA.e, For these reasons, and 

c,onsl.dering t h e  gasket, pia,cernmt epez*ai;i.c;;i €or unt3wwei;er conditions the 

gaskets are reccjrruaended axid a,rxmgetl in tat; preferred order as follows : 

1. U s e  t h e  0.0'33-in. -d-Eam s o f t  almlriuli wire r i n g  gask.et beca,usc of 

i t s  h-igh s t r a i n  d e f o m a l b n ,  exeel-lent f 7 . 0 ~  properties,  '-lase of i r t s ta , l l a -  

t i o n ,  axid the f a c t  tha t  i t  can seal i~ndanraged sirfa.ilcs e i t h e r  on i t s  od;er 

periphery ox" on t h e  ini;j.de face. 

2. Use l;hc-: 0. 075-in. -t'nie'-. A F l e x i t a i l i c  gasket as a backup:> to be 

used iI' i n s p e c t i o n  shows ,i;'n.at the ris,t5.~.g s ~ r f a c e s  a , re  beyorid. sealFng w i t h  

the  s ttzndasd Corioseal a,Im?~:i~.im. r ing .  .Although this gasket  shouJ-d be asra,il.- 

a b l e  for use9 ti; pro?%bly ~ i l i  not  be ~ e q ~ . & r e d ,  It should not be used 
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u.nless a b s o l u t e l y  necessary,  and i f  used, p rov i s ion  i s  needed f o r  ade- 

qua te  concentr-ic alignment,  and a s e t  of clamp r i n g s  of t h e  proper  width 

must be  obtained.  

3. The s tandard  Conoseal aluminum r i n g  hiit b u i l t  t o  a n  e x t r a  wide 

wi.dth of 0.530 i n .  should be oil hand. On t h e  assumption t h a t  t h i s  gaske t  

could b e  used, i-t shoiild be noted t h a t  it bas a low percentage y i e l d  (4%) 

and it  may no t  seal  rough sur faces .  Accordingly, 1 and 2 above a re  pre-  

f e r r e d  gaske ts .  

Although t h e  new four -bo l t  clal-np provides Yne added f e a t u r e  of re- 

ducing t h e  bending moment t h a t  e x i s t s  i n  t h e  twn-bolt  destgn,  t h e  two- 

b o l t  clamp w i l l  meet t h e  s e r v i c e  requirements when b u i l t  t o  t h e  c o r r e c t  

gage dimensions. Tinis had been done f o r  t h e  two-bolt clamp used i n  t e s t -  

i n g  only  (but  t h a t  m a t e r i a l  be ing  304 stainless does no-t; meet t h e  r e a c t o r  

material  requirement,  which must be 17-4 IJH). The fou r -bo l t  f l ange  is 

prefer red  because of t h e  e x t r a  b o l t s  and t h e  reduced tendency of clamp 

hee l s  t o  "dig i n "  -to t h e  f langes .  

A water  r e s i s t a n f ,  l u b r i c a n t  (S i l i cone  D-44) shoul..d be app l i ed  J-ightly 

t o  t h e  i n n e r  su r faces  of t h e  clamps and t o  t h e  5 o l t  th reads  before  assem- 

b ly .  

Torqueing all. t h e  b o l t s  t o  200 ft-Lb 3,s adequate  t o  b r i n g  t h e  clamps 

toge the r ,  b u t  up t o  250 f t - l b  may b e  w e d  wi.thout o v e r s t r e s s i n g  them. 
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