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There a re  several  o the r  mechanical means kndwn t o r  p u t t l n g  compresslve 
s t resses  I n  the  sur face - the most well-known belng c o l d  work ing by 
sur face r o l l l n g ,  abras ive  b a r r e l  tumbl lng, and shot peening. Heat 
t r e a t i n g  operatlons, carbur lz ing ,  n i t r l d l n g  may a l s o  in t roduce some 
b e n e f l c l a l  s t resses  I n t o  the  surface. Fu r the r  processlng o f  t h e  
metal  part ,  such as m c h l n l n g  o r  g r l n d l n g  unbalances these I n t e r n a l  
s t resses  and can r e s u l t  I n  harmful t e n s l l e  stresses, s e r i o u s l y  reduclng 
f a t l g u e  s t rength .  Resldual  stress, there fore ,  i s  seen as an agent 
whlch can work t o r  you o r  aga ins t  you. 

COMPARISON TESTS IN COINING OF MONOBLOC AND SIMPLE JOINTS: 

F lgu re  I I l l u s t r a t e s  t h e  appearance of 4 t y p i c a l  co lned hole. Note t h a t  
when t h e  f a i l u r e  even tua l l y  occurred It was a t  a s i t e  some d i s tance  away 
f rom the  hole. To show t h e  s l g n l f l c a n t  Increase i n  f a t  lgue 1 l f e  from 
ho le  colnlng, S/N curves o f  co ined holes, uncolned ho les  and p l a l n  specimens 
o f  f l a t  monobloc t ype  a r e  compared I n  F lgu re  2. The co lned ho les  are  
comparable t o  p l a i n  specimens I n  respect  t o  f a t l g u e  I l f e .  T h l s  v l r t u a l l y  
e l l m l n a t e s  t h e  s t r e s s  concentration f a c t o r  a t  t h e  hole. 

The c r l t l c a l  r e l a t l o n s h l p s  between t h e  many v a r i a b l e s  whlch enable co ln ihg  
t o  induce b e n e f l c l a l  r e s i d u a l  compresslve s t r e s s  a t  t h e  ho le  edge were 
der ived e m p i r i c a l l y ,  lee., by many f a t l g u e  t e s t s  and p h o t o e l a s t l c  s tudies.  
Fo r  each range o f  m a t e r i a l  th ickness,  t he re  I s  a c o r r e c t  range o f  vs lues  
f o r  t h e  following va r lab les ,  

I. Co ln ing  depth 
2. Groove r a d l u s  
3. Distance between colned groove and ho le  edge 
4. Spaclng between two colned holes, as w e l l  as co lned t o  uncoined 

holes, r e l a t i v e  t o  t h e  major load d i r e c t l o n .  

It cannot be t o o  s t r o n g l y  emphasized t h a t  I f  these v a r i a b l e s  a r e  no t  
e x a c t i n g l y  observed, t h e  expected f a t i g u e  l i f e  lmprovement w l l l  not  be 
obtained. For  example, I f  the  c o l n l n g  grocve I s  made t o o  deep f o r  a t h i n  
member, the  member may be suscep t i b le  t o  I n t e r n a l  shear c rack ing  under the  
groove area as shown I n  F igu re  3. Tool misalignment cou ld  aggravate t h i s  
c o n d i t i o n  even f u r t h e r .  I n  turn, groove depths t o o  sha l low w i l l  show no 
wor thwhi le  lmprovement I n  fa t i gue  I l f e .  The amount o f  compressive res idua l  
s t r e s s  t h a t  can be obta ined f o r  a g iven groove depth I s  dependent upon 
groove radlus.  The g r e a t e r  the radius,  t he  greater  w i l l  be t h e  compresslve 
s t ress .  There I s  d e f i n i t e l y  an optimum range o f  groove depth I n  r e l a t i o n  
t o  ma te r l a l  th lckness.  



HOLE COINING TO PREVENT FATlGUE FAILURES 

I NTRODUCT I ON: 

Funct iona l  needs o f  modern a i r c r a f t  and m i s s i l e  components demand 
t h a t  meta ls  work harder and more e f f e c t i v e l y  t han  ever before.  
Meta ls  reac t  t o  s t resses  imposed upon them whether by manufactur ing 
processes o r  by serv ice,  and when t h e  s t resses  are  repeated ly  appl led,  
t he  metal may reach I t s  f a t i g u e  I l m l t  and f a l l .  

How cun'we g i ve  metals  a  bC1lt'-In res i s tance  t o  f a t l g u e ?  The Douglas 
Company has used f o r  many years a  process designated as ncolnlng." 
Very simply, i t  i s  t he  impressing o f  a  groove around an opening such 
as a  b o l t  hole, s l o t ,  o r  window frame. 

E s s e n t l a l i y ,  c o i n i n g  produces compressive r e s i d u a l  s t r e s s  adjacent  
t o  these h igh  s t r e s s  po in t s .  It i s  known t h a t  se r i ous  f a t i g u e  t r o u b l e s  
have genera l l y  been the r e s u l t  o f  unusua l ly  h igh  s t r e s s  concen t ra t i on  
f a c t o r s  e x i s t i n g  I n  s i g n i f i c a n t  s t r u c t u r a l  members. One o f  t h e  pr imary  
o r i g i n s  o f  f a t  lgue f a i l u r e  i n  s t r u c t u r e  i s  assoc ia ted  w i t h  ho les  and 
cut-outs. These holes may be b o l t  and r i v e t  attachment holes; passage 
holes f o r  c o n t r o l  l ine ,  plumbing o r  o the r  equipment; o r  access doors 
and windows. These l oca t i ons  represent  a  s t r e s s  concen t ra t i on  and t h e  
e f f e c t  o f  t h e  concen t ra t i on  can be severe. A major s tep  toward irnprovlng 
the  o v e r a l l  f a t l g u e  I i f e  o f  any s t ruc tu re ,  there fore ,  can be achieved by 
improving the  d e t a l i e d  f a t i g u e  r e s i s t a n c e  o f  the  ho le  i t s e l f .  Co in ing  
i s  o f f e r e d  as a  means o f  s i g n i f i c a n t l y  improving f a t l g u e  l i f e  w i thou t  
adding a d d i t i o n a l  weight and w i t h o u t  n e c e s s i t a t i n g  major design changes. 
F a i l u r e s  may no t  occur a t  t he  same l o c a t i o n s  i n  co ined s t r u c t u r a l  specimens 
as i n  comparable uncoined specimens, s ince  c o i n i n g  o f t e n  st rengthens the  
v i t a l  areas so success fu i l y  t h a t  f a i l u r e s  are u l t i m a t e l y  found i n  reg ions  
o f  lower s t r e s s .  Co in lng  I s  t h e  a d d l t l o n  o f  an Impressed groove around 
a  ho le  o r  o the r  open c o n f i g u r a t i o n .  A d i e  o r  r o l l i n g  wheel i s  used under 
pressure t o  form the groove. The format ion o f  t he  groove causes d lsp lace-  
ment o f  t h e  metal toward t h e  c e n t e r  o f  t he  opening. The metal adjacent  
t o  t he  opening i s  s imply fo rced Inwardly  so t h a t  it i s  u s u a l l y  necessary 
t o  ream ou t  t h e  ho le  t o  i t s  o r i g i n a l  diameter i f  a  fas tener  i s  t o  be 
inser ted.  

Both p h o t o e l a s t i c  and x-ray d i f f r a c t i o n  s tud ies  have v e r i f i e d  t h a t  a  
f svo rab le  compressive r e s i d u a l  s t r e s s  a t  the  ho le  edge i s  t h e  f a c t o r  i n  
c o i n i n g  which i s  respons ib le  f o r  t h e  fa t i gue  I i f e  improvement. Under 
c y c l i c  t e n s i o n  load ing  o f  s t r u c t u r e  i t  i s  a  we l l  recognized f a c t  t h a t  
c o n t r o l  o f  r e s i d u a l  s t r e s s  i s  an important  f a c t o r  I n  t he  c o n t r o l  o f  f a t i g u e  
st rength,  i.e., a  r e s i d u a l  compressive s t r e s s  lowers t h e  a p p l i e d  mean s t ress  
and hence t h e  f a t i g u e  l i f e  i s  improved. Designers a re  becoming i nc reas ing l y  
aware t h a t  r e s i d u a l  t e n s i l e  s t resses  sometimes r o b  them o f  some o f  t he  
p o t e n t i a l  s t r e n g t h  o f  load-carry ing members. 



The d i r e c t i o n s  o f  t h e  p r i n c i p a l  s t resses  induced by c o i n l n g  a r e  
c i r c u m f e r e n t i a l  and r a d i a l  w l t h  respec t  t o  the hole.  I n s i d e  t h e  
c o i n i n g  c i r c l e ,  bo th  p r i n c i p a l  s t resses  are  compressive. Outs ide  the  
c o l n l n g  c l r c l e ,  t he  c i r c u m f e r e n t i a l  s t r e s s  i s  t ens ion  and t h e  r a d i a l  
s t r e s s  i s  compressive. The magnitude o f  t he  sur face  s t resses  are  
graphed I n  F l g u r e  4 and 1 l ' l u s t r a t e  t h i s  r e l a t l o n s h i p .  

Fa t i gue  t e s t s  show t h a t  c o l n l n g  s u b s t a n t i a l l y  Improves t h e  f a t i g u e  
I f fe ,  bu t  when t h e  ho le  spaclng o r  t h e  edge c learance I s  small, c o l n l n g  
can decrease l i f e  r a t h e r  than increase it. It was shown I n  t h e  preceding 
f i g u r e  t h a t  t e n s i l e  r e s i d u a l  s t resses  are  produced i n  t h e  t a n g e n t i a l  
d i r e c t i o n  I n  the  f i e l d  ou ts ide  t h e  co lned c i r c l e .  Therefore,  a  minimum 
spaclng must be observed between co ined ho les  and a l s o  between co ined 
and ad jacent  uncolned holes. 

Because o f  p o s s l b l e  r e l a x a t i o n  e f f ec%s  which may decrease t h e  f a t i g u e  
l i f e  lmprovement o f  co lned hole specimens, f a t l g u e  t e s t s  were performed 
on some specimens lmmedlately a f t e r  ho le  processing and on o t h e r s  a f t e r  
a  delay o f  approx imate ly  one year.  S/N curves were de r i ved  f o r  alumlnum 
s l  loy  materials 7079-T6, 2014-T6 a i c l ad ,  2014-T6 bare, 2024-T4 bare, and 
7075T6.  Tests were conducted on b o t h  t h e  co lned and uncolned c o n d i t i o n s  
f o r  comparison purposes. The f a t i g u e  t e s t  r e s u l t s  are shown i n  F igu res  
5 th rough 9. The comparat lve f a t i g u e  t e s t  r e s u l t s  on co ined ho le  specimens 
showed t h a t  a  delay I n  t e s t i n g  d i d  no t  decrease the  f a t i g u e  I l f e  lmprovement 
f o r  any o f  t h e  m a t e r i a l s  i nves t i ga ted .  It was found t h a t  c o i n  g roov ing  
o f  bo th  sur faces  o f  m a t e r i a l  .050t1 I n  th ickness  tended t o  induce shear 
c rack ing .  Grooving on one s ide  only,  however, o f  1/411 ho les  i n  7075-T6 
sheet, .05O1' t o  .06711 thickness, s ign1 f i c a n t l y  Increased f a t l g u e  l I fe  over 
t h a t  o f  uncoined specimens wh i l e  reduc ing  the  p ropens l t y  t o  c rack ing .  
S/N curves a re  presented i n  F igu re  10. 

Recent f a t i g u e  t e s t s  conducted on t i t a n i u m  a l l o y  6  A1 - 4 V us ing  s imple 
c e n t r a l  ho le  monobloc specimens showed a  cons iderab le  increase i n  l i f e  f o r  
t h e  co lned holes versus t h e  uncoined holes.  The f o i l o w l n g  f a t l g u e  t e s t  
r e s u l t s  were obta ined.  

Max. Cycles t o  
S t ress  A x i a l  Hole Fa i  i ure, 
K.S. 1 .  Tens I on Size - Unto i ned 

Cycles t o  
Fa i I ure, 
Co i ned 



Comparat ive f a t i g u e  t e s t s  were conducted on specimens which were V- 
notched  and edge - ro l l  co i ned  versus  uncoined, and t h e  former showed 
s i g n i f i c a n t  inc reases  i n  f a t i g u e  l i f e .  The r e s u l t s  and a  pho tograph  
o f  t h e  specimen a re  p resen ted  i n  F i g u r e  1 1 .  

The Douglas Company has conducted numerous co  i ned -Jo ln t  f a t  lgue t e s t s ,  
b o t h  s imp le  and complex. A few examples a re  desc r i bed  here.  

I n  t h e  underwater f u l l  s ca le  fuse lage t e s t s  on t h e  DC-8, machined aluminum 
window s u p p o r t i n g  p l a t e s  were i n s t a l l e d  b o t h  w i t h  and w l t h o u t  c o i n e d  edges 
and holes,  f o r  comparison purposes. D u r l n g  t e s t i n g ,  c r a c k s  originated a t  
t h e  uncoined window a t t a c h  ho les  b e g i n n i n g  between 30,000 and 40,000 
cyc l es .  Such a  c r a c k  progressed comp le te l y  t h rough  t h e  p l a t e s  and I n t o  
the s k l n  areas, n e c e s s i t a t i n g  r e p a i r  a f t e r  60,000 c y c l e s .  The f i r s t  c r a c k  
i n  t h e  f u l  i y  co i ned  wlndow p lebes  was d e t e c t e d  (underwate r )  a t  113,079 c y c l e s  
and had p rogressed  t o  a l e n g t h  o f  o n l y  7/16" a t  140,405 c y c l e s  when t h e  
t e s t  was t e rm ina ted .  

It i s  e s t i m a t e d  t h a t  140,000 c y c l e s  I s  t h e  e q u i v a l e n t  o f  approx imate ly  4 0  
t o  120 yea rs  o f  o r d i n a r y  s e r v i c e .  The c o i n i n g  had s u b s t a n t i a l l y  s lowed up 

e  us :we! I as f o r e s t a l  I i n g  any c r a c k l n g  f o r  a  l o n g  t h e  c r a c k  growth r a t  
i n i t i a l  pe r i od .  The 
by t h e  h i Q h  compress 

A t y p i c a l  c o i n e d  and 

F a t i g u e  t e s t s  o f  p l a  

r e t a r d a t i o n  o f  t h e  c r a c k  growth r a t e  can be e x p l a i n e d  
ve f i e l d  produced by c o i n i n g .  

r o l l e d  groove edged DM-8 wlndow i s  shown I n  F i g u r e  12. 

n, steel-bushed, and c o l n e d  p in - loaded  ho les  i n  a  7075-T6 
a l l o y  were conducted. The s tee l -bushed h o l e  c o n t a i n e d  an average i n t e r f e r e n c e  
f l t  o f  .0026". The specimen c o n s i s t e d  o f  a 0.875" t h i c k  p l a t e  loaded a t  each 
end by a  7/8" d iameter  p i n  ( b o l t ) .  These t e s t s  were under taken  t o  improve 
t h e  f a t i g u e  s t r e n g t h  o f  t h e  DC-8 f l a p  suppo r t .  The f a t  igue t e s t  l o a d i n g  
range was a  ne t  t e n s i o n  s t r e s s  o f  14,350 p s i  maximum t o  2870 p s i  minimum and 
a b e a r i n g  s t r e s s  o f  34,400 p s i  maximum t o  6,880 p s i  minimum. The r e s u l t s  
and t h e  specimen c o n f l g u r a t i o n  a r e  shown i n  F i g u r e  13. I t  i s  i n t e r e s t i n g  
t o  no te  t h a t  a l l  t h e  p l a i n  and bushed specimens underwent complete f a i l u r e  
by f r a c t u r i n g  a t  t h e  d iameter  o f  t h e  h o l e  normal t o  t h e  appl  l e d  load, where- 
as t h e  c o l n e d  specimens developed c r a c k s  because o f  b o l t  breakage a t  225,770 
c y c l e s .  These c facks ,  which extended from t h e  ho le  edge t o  t h e  v i c i n i t y  o f  
t h e  bo t tom o f  t h e  c o i n e d  groove, were found by v i s u a l  examinat i on  t o  have 
undergone l i t t l e  o r  no p ropaga t i on  a t  c o n c i u s i o n  o f  t e s t i n g .  

Dou$le s t r a p  Jo ' in t  f a t i g u e  t e s t s  were conduc ted  on 7075-T6 bare  m a t e r i a l ,  
unco lned versus  c o i n e d  specimens; t h e  f a t i g u e  r e s u l t s  a r e  shown I n  F i g u r e s  
14 and 15. Spectrum loaded f a t i g u e  t e s t  r e s u l t s  o f  t h e  double s t r a p  j o i n t  
a re  p resen ted  i n  F i g u r e  16; a s u b s t a n t i a l  i nc rease  i n  f a t i g u e  l i f e  was re -  
co rded  f o r  t h e  c o i n e d  specimens. 



Riveted t h i n  sheet J o i n t  s p e c i r v n c  o f f ~ r  r r)irp::t cn ry ; l r t r n r i  ( 1  f r o l n ? r l  
vs. uncoined r i v e t e d  j o i n t s  i n  t h i n  sk in .  Tlrc c o l n i ~ i q  o n  tile s k i n  was 
on the  i n s i d e  only  (oppos i te  the counters ink  f o r  the  upset r i v e t  head). 
The f a i l u r e s  I n  a l l  cases (co ined and uncoined) o r i g i n a t e d  I n  t h e  r l v e t  
holes i n  t h e  s k i n  a t  t h e  f i r s t  row o f  r i v e t s  I n  the  s t r i n g e r .  Improve- 
ment I n  average l i f e  of  the  coined j o i n t s  was over t h ree  t imes t h a t  o f  
t he  uncolned, A photograph o f  t h e  j o i n t  I s  presented i n  F i g u r e  17 wi 
the  r e s u l t s  o f  the  f a t i g u e  t e s t s .  

Consider t h e  f a t i g u e  t e s t s  o f  an extruded Y-sect ion s t r i n g e r  J o i n t .  
Co ln ing  I n  t h l s  j o in f  as i n  most o the rs  i n v o l v i n g  complex b o l t e d  and 
l o c k b o l t e d  J o i n t s  shows displacement o f  the  f a l l u r e  from the o r l g i n a  
area (edge o f  l o c k b o l t  ho le )  t o  some o the r  p a r t  o f  the  J o i n t ,  o r  t h e  
l a y  o f  t he  f a i l u r e  u n t i l  a  g rea ter  l i f e  has been reg i s te red .  The f a i l u r e  
from the  l o c k b o l t  ho le  i s  d lsp laced I n  the  coined assembly t o  a  f r e t t i n g  
f a i l u r e  which s t a r t s  ou ts ide  the ho le  a t  a  h igher  I l f e ,  A photograph 
o f  t h i s  j o i n t  i s  presented i n  F igu re  18 w i t h  f a t i g u e  t e s t  r e s u l t s ,  

t h  

de- 

T e s t i n g  o f  a  ser f  es o f  double shear f a t i g u e  specimens, made from an X 
2020 aluminum a l l o y  w i t h  3/8" diameter holes, which were bo th  co lned and 
uncoined f o r  comparison purposes, proved the  b e n e f i t  o f  us ing  t h e  c o i n i n g  
process. At a  low l e v e l  o f  s t ress,  33,000 P.S.I., an Increase i n  f a t i g u e  
l l f e  o f  10 t imes was obta ined on a  s i n g l e  load l eve l  bas i s  f o r  l o n g i t u d i n a l  
speclmens. Tests conducted on specin~ens which had been sub jec ted  t o  temp- 
e r a t u r e s  up t o  300•‹F. f o r  t imes up t o  100 hours i nd i ca ted  t h a t  t he  b e n e f i c i a l  
r e s u l t s  o f  c o i n i n g  w e r e  on i y  s l i g h t ! y  reduced by these temperatures o r  by 
t ime-at-temperature. 

S/N f a t i g u e  curves o f  these t e s t s  a re  shown i n  F i g u r e  19. 

Co in ing  I n  complex j o i n t s  normal ly  does not  show the  great  increases i n  
f a t i g u e  l i f e  associated w i t h  c o i n i n g  o f  simple u n f i l l e d  loaded holes. A 
v a r l e t y  o f  reasons may be g iven f o r  the  d i f f e r e n c e .  For example, I n t e r -  
ference f i t  attachments such as huckbo l ts  normal ly  have a  h igh  f a t i g u e  
l i f e  and normal ly  f a l l  ou ts ide  the  hole from f r e t t i n g ,  so c o i n i n g  may o r  
may not  improve the  fa t i gue  l i f e  o f  such an attachment hole.  I n  add i t ion ,  
many o the r  f a c t o r s  are .normal l y  present  i n  j o i n t s  t o  obscure the  e f f e c t s  
o f  co in ing .  I n  general, i f  an uncoined j o i n t  i s  f a i l i n g  from an attachment 
ho le  which on subsequent t e s t  specimens i s  coined, the  l i f e  w l l l  be a t  l eas t  
equal to,  and normal ly  somewhat g reater  than, before c o i n t n g  and t h e  f a i l u r e  
w i l l  i n  most cases o r i g i n a t e  a t  a  d i f f e r e n t  l o c a t i o n  i n  t he  j o i n t .  

Summlng t h l s  up, t he  use o f  c o i n i n g  i n  complex j o i n t s  tends t o  p r o t e c t  the 
p a r t i c u l a r  ho le  which has been co ined and t o  throw t h e  f a i l u r e  onto the  next 
weakest l i n k  "fat igue-wise" i n  the  j o i n t  w i t h  increases i n  f a t i g u e  1 i f e  de- 
pendent on the  r e l a t i v e  d i f f e rence  between f a t i e ~ l s  concen t ra t i on  f a c t o r s  
w i t h i n  the  j o i n t .  Obviously, a w e l l  designed j o i n t  w i t h  h igh  f a t i g u e  l i f e  
cannot be improved as much as one where the  attachment hole represents  a h igh 
s t r e s s  concen t ra t i on  compared t o  a l l  o ther  concent ra t ions  I n  the  j o i n t .  



To determine whether c o i n i n g  has any e f f e c t  on t h e  r e s i s t a n c e  o f  t h e  
h i g h - s t r e n g t h  aluminum a l l o y s  t o  s t r e s s  c o r r o s i o n  c rack i ng ,  a  s e r i e s  o f  
c o i n e d  specimens were exposed t o  a l t e r n a t i n g  immersion I n  s a l t  water .  
C o i n i n g  showed no tendency t o  induce s t r e s s  c o r r o s i o n  c r a c k i n g  d u r i n g  a  
6  months exposure, a f t e r  which t i m e  these  t e s t s  were d i scon t i nued .  

The t e s t s  desc r i bed  above a re  bu t  a  few examples f rom t h e  t o t a l  number 
o f  t e s t s  conducted over  a  p e r i o d  o f  seve ra l  years .  C o i n i n g  has been 
i nco rpo ra ted  I n  p roduc t  i on i n  t h e  p a s t  on t h e  DC-6/7, and c u r r e n t  l y  on 
t h e  DC-8. The c o l n i n g  i s  per formed a t  room tempera tu re  a f t e r  heat  t r e a t -  
ment and s t r a l g h t e n l n g  o f  t h e  p a r t .  The equipment used f o r  c o i n i n g  I s  
e l t h e r  t h e  s t a t i o n a r y  squeezer o r  t h e  p o r t a b l e  squeezer t ype .  P a r t s  w i t h  
t a p e r s  o f  as g rea t  as lo0 a re  r e a d i l y  co l ned  w i t h  s w i v e l  t y p e  c o i n i n g  d l es .  
F i g u r e d  20 t o  22 show examples o f  s t a t i o n a r y  and p o r t a b l e  types '  o f  t o o l i n g .  

To sum up, then, c o i n i n g  can markedly  inc rease  t h e  f a t i g u e  l i f e  o f  s t r u c t -  
u r a l  members i f  c e r t a i n  e s t a b l i s h e d  optimum c o n d i t i o n s  a r e  observed w i t h  
r espec t  t o  t h e  f o l  l ow ing  va r i ab l es :  

A. R e l a t i o n s h i p  o f  groove depth t o  m a t e r i a l  t h i c k n e s s  

B. R e l a t i o n s h i p  o f  groove r a d i u s  t o  m a t e r i a l  t h i c k n e s s  

C.  D i s t a n c e  between groove and h o l e  edge 

D. Minimum spac ing  o f  co i ned  h o l e s  and co ined- to-uncoined h o l e s  

Ex tens i ve  t e s t s  by t h e  Douglas Company have e s t a b l i s h e d  an optimum range 
o f  t o l e r a n c 6 s  and p e r m i s s i b l e  v a r i a t i o n s  f o r  each o f  t h e  above r e l a t i o n s h i p s  
as  a p p l i e d  f o r  p r o d u c t i o n  c o i n i n g .  I f  t hese  v a r i a b l e s  a r e  n o t  c o r r e c t l y  
c o n t r o l l e d ,  t h e  r e s u l t  may be no improvement i n  f a t i g u e  l i f e  o r  even a 
damaging e f f e c t .  

The c o i n i n g  p rocess  o u t l i n e d  above i s  a p r o p r i e t a r y  development o f  Douglas 
A i r c r a f t  Company, i nc .  



FIGURE I. AXIAL tATIGUE SPECIMEN 
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FIGURE 5. EFFECT ON FATIGUE LIFE OF A ONE YEAR DELAY IN TESTING 

OF COINED HOLE SPECIMENS. 
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FIGURE 6. EFFECT ON FATIGUE LIFE OF A ONE YEAR DELAY IN TESTlNG 
OF COINED HOLE SPECIMENS. 
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FIGURE 8. EFFECT ON FATIGUE LIFE OF A ONE YEAR DELAY IN TESTING 

OF COINED HOLE SPECIMENS. 

lo4 10' 10' 

CYCLES TO FAILURE 



5 0  

45 

40 

MAXIMUM 
35 

STRESS 

(KSI) 30 

2 5 

20 

to3 

FIGURE 9. EFFECT ON FATIGUE LIFE OF A ONE YEAR DELAY IN TESTING 

OF COINED HOLE SPECIMENS. 
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FIGURE 13. SPECIMEN DIAGRAM AND FATIGUE TEST RESULTS. 

END PLATES 

I 
L UNANODIZED BARE PLATE 

FATIGUE TEST RESULTS, CYCLES TO FAILURE 

PLAIN, UNCOINED HOLE BUSHED HOLE COlNED HOLE 

1. 18,100 1 14,970 532,170* 

2. 22,810 124, 000 862,950* 

3. 14,680 95.400 575,750 N. F. 



FIGURE 14. COINED FATIGUE SPECIMEN 
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FIGURE 6. RESULTS OF FATIGUE TESTS OF DOUBLE STRAP JOINTS 

SPECIMENS WITH TWO BOLTS LOADED TO YIELD LOAD PRIOR TO CYCLING 
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FIGURE c!~* RESULTS OF TESTS TO FATIGUE SPECTRUM 

SPECTRUM USED (VALUES FOR ONE BLOCK) 

f MAX. 

NO. OF BLOCKS TO FAILURE 

I SPECIMENS WITH 
SINGLE BOLT I COINED 

NOTE: FATIGUE TESTS CONDUCTED BY CHANCE 
VOUGHT A l  RCRAFT INC. DALLAS, TEXAS 

I. FA1 LED 
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FIGURE 17 LON r!llJDlNAL i=USELAGE SKIN Spl-lCE . %  
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FIGURE18 Y SECTION STRINGER JOINT 

-- -- 

PART DESCRIPTION 
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FIGURE d. STATIONARY SQUEEZER USED FOR 

COIN1 NG F U E L  T R A N S F E R  SLOTS 


