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@  An  improved  compliant  section  for  circuit  board  contact  elements. 

®  The  present  invention  relates  to  compliant  sections  (10) 
utilized  on  contact  elements  which  are  mounted  in  plated-through 
holes  (12)  in  printed  circuit  boards  (14),  generally  in  conjunction 
with  card  edge  and  other  electrical  connectors.  More  particularly, 
the  invention  disclosed  includes  two  elongated  spring  members 
(16)  having  generally  centrally  located,  load-receiving  segments 
(24)  so  that  forces  exerted  against  the  spring  members  (16)  are 
more  uniformly  distributed  along  the  lengths  thereof. 



U.S.   Pa ten t   3,  634,819  d i sc loses   a  con tac t   e lement   having   a 

compliant   sect ion  which  may  be  i n s e r t e d   in  a  p l a t e d - t h r o u g h   h o l e  

in  a  c i rcu i t   b o a r d .   The  compl ian t   sect ion  inc ludes   two  r e s i l i e n t  

or  sp r ing   m e m b e r s ,   located  i n t e r m e d i a t e   the  e n d s ,   having   a n  

a r c u a t e   c o n f i g u r a t i o n ,   forming  a  shape   similar  to  an  eye  of  a 

needle .   The  p e r i p h e r y   of  the  compl iant   sect ion  is  g r e a t e r   t h a n  

the  p l a t e d - t h r o u g h   hole  which  r ece ives   it  so  that   the  sect ion  is  

c o m p r e s s e d   upon  being  i n s e r t e d   t h e r e i n t o .   The  s p r i n g   m e m b e r s  

will  maintain  the  c o n t a c t   e lement   in  posi t ion  and  f u r t h e r   will  a l s o  

p rov ide   an  e x c e l l e n t   e l ec t r i ca l   c o n n e c t i o n .  

The  p r e s e n t   i nven t ion   is  i n t e n d e d   to  p rov ide   a  c o n t a c t  

e lement   of  the  above  kind  which  is  s u b s t a n t i a l l y   improved   t o  

yield  b e t t e r   r e t e n t i o n   and  e lec t r i ca l   c o n n e c t i o n .  

A  con tac t   e lement   as  de f ined   in  the  f i rs t   p a r a g r a p h   of  t h i s  

spec i f i ca t ion   is,  a c c o r d i n g   to  the  p r e s e n t   inven t ion   t h e r e f o r e ,  

c h a r a c t e r i z e d   in  tha t   the  compl ian t   sect ion  is  p r o v i d e d   with  a 

pair  of  spaced   a p a r t ,   s p r i ng   members   with  each  member  h a v i n g  

two  ver t ica l   s e g m e n t s ,   one  spaced   below  and  inward ly   of  t h e  

o t h e r ,   and  joined  to  each  o the r   and  to  the  u p p e r   and  l o w e r  

sec t ions   of  the  con tac t   e lement   by  ob l ique ly   e x t e n d i n g   s e g m e n t s .  

For  a  b e t t e r   u n d e r s t a n d i n g   of  the  i n v e n t i o n ,   r e f e r e n c e   will 

now  be  made,  by  way  of  example ,   to  the  a c c o m p a n y i n g   d r a w i n g s ,  

in  w h i c h :  



FIGURE  1  is  an  isometr ic   view  of  the  compliant   sect ion  of  a 

contac t   element  i n c o r p o r a t i n g   the  f e a t u r e s   of  the  p r e s e n t  

i n v e n t i o n ;  

FIGURE  2  is  a  view  of  the  compl iant   sect ion  of  F igure   1 

pos i t ioned   fully  in  a  p l a t e d - t h r o u g h   hole  in  a  c i rcu i t   b o a r d ;  

FIGURE  3  is  a  view  of  the  compliant   sect ion  of  F igure   1 

pos i t ioned   pa r t i a l ly   in  a  p l a t e d - t h r o u g h   hole  having  a  min imum 

d i a m e t e r ;  

FIGURE  4  is  a  view  taken  along  line  4-4  of  F igure   2;  a n d  

FIGURE  5  is  a  view  taken  along  line  5-5  of  F igure   3.  

Compliant   sect ion  10,  shown  in  the  severa l   d r a w i n g s ,   m a y  
be  inc luded   into  any  one  of  severa l   d i f f e r e n t   con tac t   e l emen t s   o r  

pins  which  are  mounted   in  p l a t e d - t h r o u g h   holes  12  ( F i g u r e s   2 - 5 )  

in  p r i n t ed   c i r cu i t   board   14  or  the  like.  The  compliant   sect ion  is 

that   par t   of  an  e lement   or  pin  which  is  d r iven   into  t h e  

p l a t e d - t h r o u g h   hole  and  r e t a ined   t h e r e i n   by  the  r e s i l i e n t  

c h a r a c t e r i s t i c s   of  the  sec t ion .   Two  most  impor t an t   a s p e c t s   of  a 

compliant   sect ion  is  the  force  r e q u i r e d   to  i n se r t   it  into  the  h o l e  

and  the  force  r e q u i r e d   to  w i t h d r a w   it  from  the  hole.  A l t h o u g h  

the  two  are  re la ted   t h r o u g h   a  g iven  r ange   for  a  p a r t i c u l a r  

des ign   and  metal  u s e d ,   the  re la t ion  may  not  hold  at  the  h i g h e r  

e x t r e m e s .   For  example ,   it  was  found  tha t   one  des ign   r e q u i r e d  

such  a  high  i n se r t i on   force  tha t   the  r e s i l i en t   or  sp r i ng   m e m b e r s  

were  deformed  and  the  r e s u l t i n g   c o n f i g u r a t i o n   r e s u l t e d   in  g i v i n g  

the  sect ion  a  t ape r   pin  e f fec t ;   i . e . ,   the  con tac t   e lement   could  b e  

w i t h d r a w n   wi thout   e f fo r t   a f te r   only  a  s l ight   d i s lodg ing   m o t i o n .  

Other   p rob lems   noted  inc luded   the  f inding  tha t   c e r t a i n  

d e s i g n s   had  no  compl iancy   b e c a u s e   the  sp r i ng   members   could  n o t  

bend  or  flex  as  the  sect ion  was  being  d r iven   into  the  h o l e .  

C o n t r a ,   h ighly  r e s i l i en t   sp r ing   members   f lexed  so  readi ly   t h a t  

the  ' con tac t   e l ement ,   mounted   in  the  b o a r d ,   could  be  moved  o r  

rocked  back  and  for th   qui te   easily  t h e r e b y   caus ing   e l e c t r i c a l  

d i s c o n t i n u i t i e s .  

The  compliant   sect ion  of  the  p r e s e n t   inven t ion   o v e r c o m e s  

the  above  and  o the r   p rob l ems .   The  major  s t r u c t u r a l   f e a t u r e s   o f  



compliant   sect ion  10  inc ludes   two  sp r ing   members   16,  p o s i t i o n e d  

between  a  tail  sect ion  18  (no te ,   h o w e v e r ,   that   the  c o m p l i a n t  

sect ion  could  be  the  lowest  par t   of  the  con tac t   e lement )   and  a n  

uppe r   con tac t   sect ion  20.  As  these   s ec t ions   can  be  of  any  s h a p e  

and  are  not  d i r e c t l y   impor t an t   to  the  p r e s e n t   i n v e n t i o n ,   they  a r e  

not  s h o w n .  

As  the  d r awing   i n d i c a t e s ,   the  members   are  i d e n t i c a l l y  

shaped   and  inc lude   five  s e g m e n t s .   The  u p p e r m o s t   s e g m e n t s ,  
ind ica ted   by  r e f e r e n c e   numeral   22,  are  a t t a c h e d   to  sect ion  20 

and  e x t e n d   d o w n w a r d l y   ( t o w a r d s   tail  sect ion  18)  and  o b l i q u e l y  

o u t w a r d l y   t h e r e f r o m .   E longa ted   s e g m e n t s   24  e x t e n d   s t r a i g h t  

axially  d o w n w a r d l y   from  the i r   a t t a c h m e n t   to  the  f i r s t   s e g m e n t s  

22.  Th i rd   s e g m e n t s   26,  e x t e n d i n g   d o w n w a r d l y   and  o b l i q u e l y  

inward ly ;   i . e . ,   t o w a r d s   each  o t h e r ,   c o n n e c t   the  e l o n g a t e d   s e c o n d  

s egmen t s   24  with  a  second  but   s h o r t e r   axially  e x t e n d i n g  

s egmen t s   28.  Segmen t s   26  posi t ion  s e g m e n t s   28  i nward ly   r e l a t i v e  

to  s e g m e n t s   24.  The  fifth  and  last  s e g m e n t s   30  e x t e n d  

d o w n w a r d l y   and  ob l ique ly   i nward ly   to  the i r   a t t a c h m e n t   with  t a i l  

section  18. 

The  o u t w a r d l y   facing  s u r f a c e s   32  of  the  sp r ing   members   a r e  

p r e f e r a b l y   n o n - s y m m e t r i c a l l y   c u r v e d   from  side  to  s ide;   i . e . ,  

t r a v e r s e   to  the  axis  of  the  con t ac t   e lement .   The  c r o s s - s e c t i o n a l  

d r a w i n g s   in  F igu re s   4  and  5  show  this  c u r v a t u r e .  

The  overal l   c o n f i g u r a t i o n   of  the  two  sp r ing   members   16  a r e  

such  as  to  def ine   an  a n g u l a r   bowed  compl iant   sec t ion   with  a 

d i s r u p t i o n   t h e r e i n   occas ioned   by  the  second  and  s h o r t e r   v e r t i c a l  

s egmen t s   28.  

F igure   2  is  a  c r o s s - s e c t i o n a l   view  showing  compl ian t   s e c t i o n  

10  fully  i n s e r t e d   into  p l a t e d - t h r o u g h   hole  12  in  board   14.  T h e  

o u t w a r d l y   facing  s u r f a c e s   32  on  s e g m e n t s   24  are  a b u t t i n g   t h e  

wall  de f in ing   the  hole.  The  sp r i ng   members   are  in  c o m p r e s s i o n ,  

having  been  i n s e r t e d   into  a  hole  of  less  d iamete r   than  t h e  

d i s t a n c e   be tween   s u r f a c e s   32  on  oppos ing   s e g m e n t s   24.  

A c c o r d i n g l y ,   t he re   is  e x c e l l e n t   e lec t r i ca l   con tac t   t h e r e b e t w e e n .  



Figure   4  is  a  c r o s s - s e c t i o n a l   view  taken  along  line  4-4  in 

t-igure  2.  This  view  shows  second  s e g m e n t s   24  p r e s s i n g   a g a i n s t  
the  wall  of  p l a t e d - t h r o u g h   hole  12.  

The  i n s e r t i o n   of  compl iant   sect ion  10  is  in  effect   a  two  

s tage  o p e r a t i o n .   F igure   3  shows  the  f i r s t   s tage  which  is 

i n se r t i ng   the  sec t ion   up  to  the  th i rd   s egmen t   26.  F igure   5  is  a 
c r o s s - s e c t i o n a l   view  taken  along  line  5-5  in  F igure   3. 

The  s i g n i f i c a n c e   of  the  two  s t age   i n se r t ion   o p e r a t i o n   is  t h a t  

it  permi ts   beam  loading  n e a r e r   to  the  axial  c en t e r   of  each  s p r i n g  
member .   A c c o r d i n g l y ,   the  s p r i n g   member s ,   which  are  b e a m s  

s e c u r e d   at  each  end ,   are  able  to  enjoy  maximum  r e s i l i e n c y  

because   the  s t r e s s e s   impar t ed   to  them  from  the  loading  are  m o r e  

evenly   d i s t r i b u t e d   along  the i r   l eng th .   Cent ra l   loading  o c c u r s  

w h e t h e r   the  p l a t e d - t h r o u g h   hole  is  of  maximum,  minimum  o r  

i n t e r m e d i a t e   d i a m e t e r .   In  a  maximum  d iamete r   c o n d i t i o n ,   the  two  

lower  s e g m e n t s   28  and  30  will  en te r   the  hole  u n d e r   s u b s t a n t i a l l y  

no  i n s e r t i o n   force .   Load ing ,   i . e . ,   p r e s s u r e   e x e r t e d   by  the  w a l l ,  

beg ins   a g a i n s t   the  ob l ique   s u r f a c e s   on  s egmen t s   26  as  t h e y  

engage   the  wall  of  hole  12.  In  a  minimum  d iamete r   hole,  l o a d i n g  
still  beg ins   with  s e g m e n t s   26  but  some  very   little  i n s e r t i o n   f o r c e  

may  be  r e q u i r e d   to  d r ive   the  compl iant   sect ion  in  tha t   f a r ,  

p a r t i c u l a r l y   if  m a n u f a c t u r i n g   t o l e r a n c e s   are  too  l oose .  

A n o t h e r   a d v a n t a g e   ga ined   t h r o u g h   the  novel  c o m p l i a n t  

sect ion  s t r u c t u r e   d i s c losed   here in   is  that   k inking   of  the  s p r i n g  

members   are  avo ided   such  as  may  occur   when  the  loading  p o i n t  

is  a d j a c e n t   one  s e c u r e d   e n d .  

Yet  a n o t h e r   bene f i t   is  ga ined   u n d e r   the  two  s tage   i n s e r t i o n  

o p e r a t i o n .   I h e   compl ian t   sect ion  is  fair ly  well  into  t h e  

p l a t e d - t h r o u g h   hole  be fo re   the  i n se r t i on   forces   b e c o m e  

s u b s t a n t i a l .   Thus   the  f i r s t   s tage   i n se r t i on   p r o v i d e s   p a r t i a l  

sea t ing   in  the  p r o p e r   a l i gnmen t   and  r e g i s t r a t i o n   and  a f te r   f i na l  

i n s e r t i o n ,   the  c o n t a c t   e lement   will  be  c o r r e c t l y   mounted   on  t h e  

b o a r d .  

Maximum  r e s i l i e n c y   is  a ch i eved   from  cent ra l   loading  as  n o t e d  

above .   F u r t h e r ,   r e s i l i e n c y   is  maximized  by  the  long,   o v e r a l l  



length  of  the  sp r ing   members .   Such  l eng th ,   h o w e v e r ,   does  n o t  

d i s t r a c t   from  the  abil i ty  of  the  compliant   sect ion  to  have  h i g h  

r e t en t ion   in  the  hole.  The  obl ique  s e g m e n t s   22  and  30  p rov ide   a 

s t i f f ne s s   to  the  members   r e q u i r e d   for  such  r e t e n t i o n   w i t h o u t  

d e g r a d i n g   the  a f o r e m e n t i o n e d   r e s i l i e n c y .  

In  add i t ion   to  the  a d v a n t a g e s   noted  above ,   the  c o m p l i a n t  

sect ion  of  the  p r e s e n t   i nven t ion   e x e r t s   a  s t r ong   force  a g a i n s t  

the  wall  so  that   with  the  high  r e t en t ion   c h a r a c t e r i s t i c s ,   t h e  

con tac t   e lement   cannot   be  easily  rocked  la tera l ly   by  a  f o r c e  

d i r e c t e d   a g a i n s t   the  s ec t ions   of  the  e lement   e x t e n d i n g   above  o r  

below  the  b o a r d .  

The  fo rego ing   de ta i led   d e s c r i p t i o n   has  been  g iven   f o r  

c l e a r n e s s   of  u n d e r s t a n d i n g   only ,   and  no  u n n e c e s s a r y   l i m i t a t i o n s  

should  be  u n d e r s t o o d   t h e r e f r o m ,   as  some  modi f i ca t ions   will  b e  

obvious   to  those  skil led  in  the  a r t .  



1.  A  compl iant   sect ion  (10)  for  c i rcu i t   board   c o n t a c t  

e lements   and  the  like,  compr i s ing   two  sp r ing   members   ( 1 6 ) ,  

a t t ached   at  the i r   ends   to  u p p e r   and  lower  sec t ions   (20,  18)  o f  

the  con tac t   e lement   and  being  formed  to  g e n e r a l l y   bow  o u t w a r d l y  

in  oppos i te   d i r e c t i o n s ,   c h a r a c t e r i z e d   in  that   the  s p r i n g   m e m b e r s  

(16)  are  p r o v i d e d   with  a  d o w n w a r d l y   and  inward ly   e x t e n d i n g ,  

load  rece iv ing   obl ique  s egmen t s   (26)  a t t a c h e d   to  and  p o s i t i o n e d  

immediately  below  e l o n g a t e d ,   axially  e x t e n d i n g   s e g m e n t s   ( 2 4 ) .  

2.  The  compl iant   sect ion  (10)  a c c o r d i n g   to  claim  1 

c h a r a c t e r i z e d   in  that   the  sp r ing   members   (16)  are  f u r t h e r  

p rov ided   with  u p w a r d l y   and  inward ly   e x t e n d i n g   obl ique   s e g m e n t s  

(22)  a t t a c h e d   to  and  pos i t ioned   above  the  axially  e x t e n d i n g  

segmen t s   ( 2 4 ) .  

3.  The  compl ian t   sect ion  (10)  a c c o r d i n g   to  claim  2 

c h a r a c t e r i z e d   in  tha t   the  sp r ing   members   (16)  are  f u r t h e r  

p rov ided   with  s e c o n d ,   axially  e x t e n d i n g   s egmen t s   (30)  a t t a c h e d  

to  and  pos i t ioned   below  the  l o a d - r e c e i v i n g   obl ique   s e g m e n t s   ( 2 6 ) .  

4.  The  compl iant   sect ion  (10)  a c c o r d i n g   to  claim  3 

c h a r a c t e r i z e d   in  that   the  sp r ing   members   (16)  are  f u r t h e r  

p rov ided   with  d o w n w a r d l y   and  inward ly   e x t e n d i n g   s e g m e n t s   (30)  

a t t ached   to  and  pos i t ioned   below  the  second  axial ly  e x t e n d i n g  

segmen t s   ( 2 8 ) .  
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