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(5)  A  method  for  providing  strong  wife. 

A  process  for  improving  the  strength  characteristics  of  a 
wire  composed  on  an  austenitic  metal  alloy  selected  from  the 
group  consisting  of  stainless  steel  alloys  of  the  AISI  200  and 
300  series  and  non-stainless  steel  alloys  containing  iron, 
manganese,  chromium,  and  carbon,  said  alloy  having  an  Md 
temper ature  of  no  higher  than  about  100°C  and  an  Ms 
temperature  of  no  higher  than  about  minus  100°C,  compris- 
ing  the  following  steps: 

(a)  deforming  the  wire  at  a  strain  of  at  least  about  10 
percent  and  at  a  temperature  in  the  range  of  about  Md  minus 
50°C  to  about  Md  plus  50°C,  said  Md  temperature  being  that 
of  the  alloy  undergoing  deformation,  in  such  a  manner  that 
the  wire  has  a  martensite  phase  of  no  greater  than  about  10 
percent  by  volume  and  an  austenite  phase  of  at  least  about 
90  percent  by  volume  and  a  yield  strength  in  the  range  of 
about  130,000  psi  to  about  230.000  psi; 

(b)  cooling  the  wire  to  a  temperature  no  higher  than 
about  minus  75°C;  and 

(c)  drawing  the  cooled  wire  through  a  die  under 
backtension  (i)  wherein  the  back-tension  on  said  wire  just 
prior  to  the  entry  of  the  wire  into  the  die  is  at  least  about 
75,000  psi  and  (ii)  whereby  the  cross-sectional  area  of  the 
wire  is  reduced  by  a  percentage  in  the  range  of  about  7 
percent  to  about  25  percent, 

in  such  a  manner  that  the  wire  has  a  martensite  phase  of 
at  least  about  50  percent  by  volume  and  an  austenite  phase 
of  at  least  about  10  percent  by  volume. 





This  invention  r e l a t e s   to  a  process  for  improving 

the  s t rength  of  wire,  and,  more  p a r t i c u l a r l y ,   to  improving 

the  t ens i l e   s t rength   and  t h e  t o r s i o n a l   yield  s t r e n g t h  

c h a r a c t e r i s t i c s   of  ce r ta in   w i r e .  

Descr ip t ion  of  the  Prior  Ar t  

The  chemical  compositions  of  the  metal  alloys  to  

which  this  invention  is  d i rected  are  well  known  and  i nc lude  

those  alloys  l i s t ed   in  the  "Steel  Products  Manual: 

S ta in less   and  Heat  Resist ing  Steels"   published  by  the  

American  Iron  and  Steel  I n s t i t u t e   (AISI)  now  of  Washington, 

D.C.  in  1974  and  designated  as  a u s t e n i t i c   with  the  f u r t h e r  

proviso  that  these  alloys  at  leas t   i n i t i a l l y   have  an  Md 

temperature  of  no  higher  than  about  100°C  ( i . e . ,   p lus  

100°C)  and  an  Ms  temperature  no  higher  than  minus  100°C. 

It  will   be  apparent  that  the  AISI  Series  Designation  200 

and  300  are  of  i n t e r e s t   here.  Other  al loys  contempla ted  

here,  again,  must  be  au s t en i t i c   and  have  the  s tated  Md 

and  Ms  temperatures.   These  alloys  include  ce r t a in   manganese- 

subs t i t u t ed   non - s t a in l e s s   alloys  containing  iron,  manganese, 

chromium,  and  carbon  exemplified  by  those  designated  by 

DIN  (Deutsche  Indus t r i e   Norme)  s p e c i f i c a t i o n s   X40  Mn  Cr  18 

and  X40  Mn  Cr  22  and  described  on  pages  655  and  656  o f  

the  Metall ic  Mater ials   Spec i f i ca t ion   Handbook  pub l i shed  

by  E  &  FN  Spon  Ltd. ,   London  1972. 



The  term  " a u s t e n i t i c "   involves  the  c r y s t a l l i n e  

mic ros t ruc tu r e   of  the  a l loy,   which  is  r e f e r r e d   to  as 

a u s t e n i t i c   or  aus t en i t e   when  at  l eas t   about  95  p e r c e n t  

by  volume  of  the  mic ros t ruc tu re   has  a  f a c e - c e n t e r e d  

cubic  s t r u c t u r e .   Such  alloys  can. be  r e f e r r e d   to  as  be ing  

e s s e n t i a l l y   or  s u b s t a n t i a l l y   in  the  a u s t e n i t i c   phase .  

It  is  understood  that  the  alloys  of  concern  here  a r e  

e s s e n t i a l l y   in  the  a u s t e n i t i c   or  a u s t e n i t e   phase  at  t he  

temperature  at  which  the  f i r s t   deformation  step  is  c a r r i e d  

out  r ega rd le s s   oi  the  work  or  temperature  p r e v i o u s l y  

appl ied,   e .g . ,   the  metal  or  alloy  subjected  to  the  f i r s t  

deformation  step  may  have  been  previously   annealed  y e t  

i t   is  e s s e n t i a l l y   a u s t e n i t i c   when  the  f i r s t   step  i s  

a p p l i e d .  

The  other  mic ros t ruc tu re   with  which  we  are  concerned 

here  is  a  body-centered  cubic  s t r u c t u r e   and  is  r e f e r r e d  

to  as  ma r t ens i t i c   or  mar tens i te .   When  at  l eas t   about  95 

percent  by  volume  of  the  s t ruc tu re   is  m a r t e n s i t i c ,   t h e  

al loy  is  considered  to  be  e s s e n t i a l l y   or  s u b s t a n t i a l l y  

in  the  mar tens i t e   phase .  

The  mic ros t ruc tu re   can,  of  course,  contain  both  

an  a u s t e n i t e   phase  and  a  mar tens i te   phase  and  t h e  

processing  to  be  discussed  here  both  in  terms  of  t h e  

pr ior   art   and  the  present  i n v e n t i o n  i s   one  of  t r a n s f o r m a t i o n  

of  at  l e a s t   part   of  the  aus ten i t e   to  mar t ens i t e   thus 

changing  the  m ic ros t ruc tu r e   of  the  a l loy  t r e a t e d .  



The  Md  temperature  is  defined  as  the  t e m p e r a t u r e  

above  which  no  mar tens i t i c   t ransformat ion   wi l l   take  p l a c e  

rega rd less   of  the  amount  of  mechanical  deformation  which 

is  applied  to  the  metal  or  alloy  and  can  be  de te rmined  

by  a  simple  and  conventional   t ens i l e   tes t   ca r r i ed   out  a t  

var ious  t empera tu re s .  

The  Ms  temperature  is  defined  as  the  t empe ra tu r e  

at  which  mar tens i t i c   t ransformat ion   begins  to  take  p l a c e  

spontaneously,   i . e . ,   without  the  app l i ca t i on   of  mechanica l  

deformation.   The  Ms  temperature  can  also  be  de te rmined  

by  conventional   t e s t s .  

Some  examples  of  Md  temperatures  are  as  f o l l o w s :  

The  301,  302,  304  and  304L  s teels   have  Ms  t empera tu res  

below  minus  196°C. 

As  noted,  the  deformation  re fe r red   to  is  a  mechanica l  

deformation  and  takes  place  in  the  range  of  p l a s t i c  

deformation,  which  follows  the  range  of  e l a s t i c   de fo rmat ion .  

It  is  caused  by  subject ing  the  mater ia l   to  a  s t r e s s  

beyond  its  e las t ic   l imit   s u f f i c i e n t   to  change  the  shape 

of  a l l   or  part  of  the  workpiece .  



In  United  States  patent   4,042,421  issued  August  16, 

1977  to  Van  den  Sype  et  al  for  "A  Method  For  Provid ing  

Strong  Tough  Metal  Alloys",   high  s t reng th   and  toughness 

as  well  as  high  t o r s i ona l   y ie ld   s t reng ths   in wire  a r e  

achieved  by  deformation  at  ambient  temperatures  and 

u n i a x i a l   s t r e t ch ing   at  cryogenic  t e m p e r a t u r e s .  

The  s t rength   property  can  r e a d i l y   be  determined  from 

a  s i m p l e  u n i a x i a l   t e n s i l e   t es t   as  described  in  ASTM 

standard  method  E-8:  This  method  appears  in  part  10  o f  

the  1975  Annual  Book  of  ASTM  Standards  published  by  t he  

American  Society  for  Testing  and  Mate r i a l s ,   P h i l a d e l p h i a ,  

Pa.  The  r e s u l t s   of  this  t e s t   on  a  ma te r ia l   can  be 

summarized  by  s t a t i ng   the  yie ld   s t r eng th ,   t ens i l e   s t r e n g t h ,  

and  to t a l   e longat ion  of  the  m a t e r i a l :   (a)  the  y i e l d  

s t rength   is  the  s t r e s s   at  which  the  mater ia l   exhibits   a 

spec i f ied   l imi t ing   devia t ion   from  the  p r o p o r t i o n a l i t y   o f  

s t ress   to  s t r a i n .   In  this  s p e c i f i c a t i o n ,   the  l i m i t i n g  

devia t ion   is  determined  by  the  o f f s e t   method  with  a 

spec i f i ed   0.2  percent   s t r a i n ;   (b)  the  t e n s i l e - s t r e n g t h  

is  the  maximum  t e n s i l e   s t r e s s   which  the  mater ial   i s  

capable  of  sus ta in ing   ( t e n s i l e   s t reng th   is  the  ra t io   o f  

the  maximum  load  during  a  tension  tes t   carr ied  to  f r a c t u r e  

to  the  o r i g i n a l   cross  s e c t i o n a l   area  of  the  specimen);  and 

(c)  the  t o t a l   e longat ion  is  the  increase   in  gauge  l e n g t h  

of  a  tension  tes t   specimen  t e s ted   to  f rac tu re ,   expressed 

as  a  percentage  of  the  o r i g i n a l   gauge  length.  It  i s  



genera l ly   observed  that  when  the  yield  and  t e n s i l e   s t r e n g t h s  

of  meta l l ic   mater ia l s   are  increased  through  m e t a l l u r g i c a l  

processes ,   the  to ta l   elongation  d e c r e a s e s .  

In  order  for  wire  to  be  s a t i s f a c t o r y   for  use  i n  

highly  s t ressed   s t r u c t u r e s ,   it  is  also  important  that  the  

wire  have  adequate  r e s i s t ance   to  b r i t t l e   f a i l u r e   ( toughness ) .  

In  this  regard,  me ta l l u rg i ca l   i n v e s t i g a t i o n s   have  shown 

that  sharp  crocks  can  concentrate   the  applied  s t r e s s e s  

to  a  mater ia l   manyfold  and  it  was  found  that  the  behav ior  

of  the  mater ia l   under  such  s t ress   concen t ra t ions   at  c rack  

tips  determine  to  a  large  degree  whether  the  mater ia l   i s  

of  a  duc t i l e   or  b r i t t l e   nature.   Fracture   toughness  of  a 

mater ia l   is  a  measure  of  its  r e s i s t a n c e   to  b r i t t l e  

f a i l u r e   in  the  presence  of  sharp  c r a c k s .  

The  to r s iona l   yield  s trength  of  wire  can  be  determined 

by  twis t ing  a  f i n i t e   length  of  wire  over  increas ing  ang les  

and  observing  when  a  f i r s t   permanent  angular  d i s t o r t i o n  

occurs.  A  two  percent  to rs iona l   yield  s t rength   is  de f ined  

as  the  shear  s t ress   occurring  at  the  surface  of  the  wi re  

when  twisted  over  an  angle  s u f f i c i e n t   to  give  r i se   to  a 

two  percent  permanent  angular  o f f se t .   A  s imilar   d e f i n i t i o n  

holds  for  a  five  percent  to rs iona l   yield  s t rength .   I t  

is  des i r ab le   that  the  to r s iona l   yield  s t rength   of  a  w i re  

used  for  spring  app l ica t ions   be  as  high  as  possible   i n  

r e l a t i o n   to  the  t ens i l e   s trength  of  the  w i r e .  

Wire  app l ica t ions   in  which  the  high  s t r e n g t h -  

t oughness - to r s iona l   yield  s t rength  combination  is  a 



p r e r e q u i s i t e   are  exemplified  by  coi l   springs  such  as  

compression  or  extension  s p r i n g s .  

I t   was  noted  in  United  States  patent   4 , 0 4 2 , 4 2 1 ,  

mentioned  above,  that  the  process  combining  p r e s t r a i n   and 

low  temperature  deformation  is  an  improvement  over  

s t r e t c h i n g   wire  at  low  temperatures ,   which,  in  i ts   own 

r i g h t ,   has  the  advantages  of  (i)  providing  a  h i g h e r  

t e n s i l e   s t reng th ,   independent  from  wire  diameter ,   than  

drawing  at  low  temperatures  where  the  t e n s i l e   s t r e n g t h  

is  i n t ima te ly   re la ted   to  the  diameter ,   i . e . ,   the  g r e a t e r  

the  diameter ,   the  lower  the  t e n s i l e   s t r eng th ;   ( i i )   improved 

t o r s i o n a l   yield  s t rength;   and  ( i i i )   e l imina t ing   the  need 

for  l u b r i c a n t s .  

S t re tch ing   is  defined  as  a  deformation  of  workpieces  

in  which  one  dimension,  cal led  the  l o n g i t u d i n a l   d i r e c t i o n ,  

is  much  larger   than  the  two  other  dimensions,  e .g . ,   w i r e .  

This  deformation  comprises  applying  forces  in  the  long i tud ina l   . 
d i r e c t i o n   so  that  e s s e n t i a l l y   the  en t i r e   c r o s s - s e c t i o n   o f  

the  workpiece  is  under  uniform  un iax ia l   t e n s i l e   s t r e s s  

during  the  deformation.  The  t e n s i l e   s t r e s se s   are  o f  

s u f f i c i e n t   magnitude  to  induce  permanent  p l a s t i c   deformat ion  

in  the  workpiece,  the  app l i ca t ion   of  s t ress   being  de sc r ibed  

in  terms  of  percent  s t r a in .   Since  the  term  " s t r e t c h i n g "  

as  used  herein  is  in  c o n t r a d i s t i n c t i o n   to  other  deformat ion  

processes   such  as  drawing  which  involves  m u l t i a x i a l  

s t a t e s   of  s t r e s s ,   the  term  " s t r e t c h i n g . . . u n i a x i a l l y "   has  



been  used  to  fu r ther   accentua te   the  d i f ference   for  as  

those  sk i l l ed   in  the  art  will   recognize  the  l o n g i t u d i n a l  

e longat ion  of  a  wire  during  drawing  through  a  die  occurs  

under  the  inf luence   of  compressive  s t resses   in  d i r e c t i o n s  

t r ansverse   to  the  d ra f t ing   d i r ec t i on   in  addit ion  to  t h e  

t ens i l e   s t r e s se s   in  the  d ra f t ing   or  longi tudina l   d i r e c t i o n .  

The  second  step  prescr ibed  in  a  preferred  embodiment 

of  the  prior   art  may  be  considered  a  non-drawing  step  t o  

emphasize  the  importance  of  un iax ia l   s t re tching   and  exc lude  

the  techniques  whereby  the  workpiece  is  not  uni formly  

s t rengthened ,   i . e . ,   where  the  skin  portion  is  h i g h l y  

s t rengthened  while  the  core  port ion  is  strengthened  to  a 

much  l esse r   degree,  thus  l imi t ing   the  tens i le   s t rength  o f  

the  drawn  wire  to  that  at  which  the  skin  portion  cracks  o r  

rup tures .   This  def ic iency  in  drawn  wire  leads  to  f u r t h e r  

problems  in  a  spec i f ic   a p p l i c a t i o n ,   i . e . ,   that  of  c o i l  

spr ings ,   where  fo rmabi l i ty   is  of  special   i n t e r e s t .   I n  

this  case,  the  skin  port ion  has  to  be  s u f f i c i e n t l y   d u c t i l e  

to  withstand  wrapping  without  f rac ture   about  an  arbor  w i t h  

a  diameter  at  l eas t   equal  to  the  diameter  of  the  w i r e ,  

but,  un fo r tuna t e ly   the  p r e f e r e n t i a l   work-hardening  of  t h e  

skin  during  drawing  causes  the  skin  to  become  more  b r i t t l e  

and  less  duc t i l e   thus  reducing  f o r m a b i l i t y .  

The  low  temperature  s t r e t ch ing   process  is  shown 

to  have  improved  t e n s i l e   s t rength  and  formabi l i ty   as 

well  as  t o r s i o n a l   and  fat igue  p rope r t i e s .   The  p r e s t r a i n  '  



step  improves  even  fur ther   on  the  t e n s i l e   s t rength   and 

toughness  of  the  wire  thus  fu r the r   upgrading  t h e s e  

mater ia l s   for  commercial  u s e .  

It  has  been  found,  however,  that  cryogenic  s t r e t c h i n g  

has  several   p r a c t i c a l   l i m i t a t i o n s .  

For  example,  in  order  to  produce  wire  with  a  2 

percent  t o r s iona l   yield  s t rength   of  145,000  psi  (1000  Mpa), 

it  is  necessary  to  s t re tch   the  wire  at  cryogenic  t empera tures  

by  a  s u f f i c i e n t   amount  so  as  to  obtain  a  wire  with  an 

ambient  temperature  t ens i l e   s t reng th   before  aging  o f  

250,000  psi  (1,723  Mpa)  or  higher .   For  AISI  302  s t a i n l e s s  

s tee l   this  requires   a  s t ress   on  the  wire  during  t h e  

s t r e t ch ing   operat ion  equal  to  about  90  percent  of  the  

breaking  s t rength   of  the  wire.  This  s t r e s s   imbues  t h e  

s t r e t ch ing   process  with  the  following  d i s a d v a n t a g e s :  

(i)  Frequent  f r ac tu res   occur  at  surface   i m p e r f e c t i o n s  

and  inc lus ions .   Scrap  rates  are  high  unless  s t r i c t  

controls   are  maintained  over  surface  qua l i ty   and  c l e a n l i n e s s  

of  s t a r t i n g   ma te r i a l .   ( i i)   S t r i c t   cont ro l   must  also  be 

exercised  over  s t a r t i n g   mater ia l   chemistry  and  g r a i n  

size  in  order  to  optimize  the  uniform  s t r a i n   c a p a b i l i t y  

of  the  mater ia l   in  tension.  ( i i i )   Welds  cannot  general ly  be 

s t re tched .   (iv)  The  diameter  of  the  wire  produced  by 

cryogenic  s t r e t ch ing   is  not  s u f f i c i e n t l y   constant   to  be 

used  d i r e c t l y   in  spring  a p p l i c a t i o n s .   In  order  to  produce 

lubr i ca ted   wire  of  constant  diameter  for  spring  a p p l i c a t i o n s ,  



the  c ryos t re tched   mater ia l   must  be  subsequent ly   s i z e d  

through  a  die  at  room  temperature  with  a  reduct ion   i n  

area  between  4  and  10  percent.   Although  this  drawing 

step  increases  the  t ens i l e   s t rength   of  the  wire,  i t   does 

not  improve  the  to rs iona l   yield  s t r e n g t h .  

The  above-enumerated  disadvantages  lead  to  h igh  

production  costs  for  spring  wire  made  by  p r e s t r a i n   and 

cryogenic  s t r e t c h i n g .  

It  is  clear  from  the  foregoing  that  there  is  a  need 

for  a  process  which  can  provide  wire  for  spring  a p p l i c a t i o n s  

having  the  s t r e n g t h - t o u g h n e s s - t o r s i o n a l   yield  s t r e n g t h  

combination  provided  by  the  known  two  step  p r e s t r a i n   and 

c r y o s t r e t c h i n g   process  and  yet  e s s e n t i a l l y   e l i m i n a t e s  

the  disadvantages  of  c r y o s t r e t c h i n g .  

Summary  of  the  I n v e n t i o n  

An  object  of  this  invent ion ,   t he re fo re ,   is  to  p rov ide  

an  improvement  in  known  wire  cryodeformation  p roces se s  

whereby  high  s t rength ,   toughness,  and  t o r s iona l   y i e l d  

s t reng th   are  a t ta ined  while  minimizing  f r a c t u r e ,   op t imiz ing  

uniform  s t ra in   capab i l i t y ,   producing  constant   d i ame te r  

wires,   and  e l iminat ing  s i z i n g .  

Other  objects  and  advantages  will   become  a p p a r e n t  

h e r e i n a f t e r .  

According  to  the  present  invent ion ,   a  process  has  

been  discovered  by  which  the  desired  high  s t r e n g t h - t o u g h n e s s -  

t o r s i ona l   yield  s trength  combination  is  achieved  with  t h e  



a t t endan t   e l imina t ion   of  the  disadvantages  inherent   i n  

pr ior   art   c ryos t r e t ch ing   and  cryodrawing  of  wire.  I n  

this  process ,   a  wire  composed  of  an  a u s t e n i t i c   m e t a l  

al loy  se lec ted   from  the  group  cons i s t ing   of  s t a i n l e s s  

s t ee l   a l loys  of  the  AISI  200  and  300  ser ies   and  non-  

s t a i n l e s s   s t ee l   alloys  containing  iron,  manganese,  chromium, 

and  carbon,  said  alloy  having  an  Md  temperature  of  no 

higher  than  about  100°C  and  an  Ms  temperature  of  no 

higher  than  about  minus  100°C,  undergoes  the  f o l l owing  

s t e p s :  

(a)  deforming  the  wire  at  a  s t r a in   of  at  l e a s t  

about  10  percent  and  at  a  temperature  in  the  range  of  about  

Md  minus  50*C  to  about  Md  plus  50°C,  said  Md  t empera tu re  

being  that  of  the  alloy  undergoing  deformation,   in  such  a  

manner  that  the  wire  has  a  mar tens i te   phase  of  no  g r e a t e r  

than  about  10  percent  by  volume  and  an  aus t en i t e   phase 

of  at  l eas t   about  90  percent  by  volume  and  a  yield  s t r e n g t h  

in  the  range  of  about  130,000  psi  to  about  230,000  p s i ;  

(b)  cooling  the  wire   to  a  temperature  no  h i g h e r  

than  about  minus  75*C;  and 

(c)  drawing  the  cooled  wire  through  a  d i e  

under  back- tens ion   (i)  wherein  the  back- tens ion   on  s a i d  

wire  jus t   pr ior   to  the  entry  of  the  wire  into  the  die  i s  

at  l eas t   about  75,000  psi  and  ( i i )   whereby  the  c r o s s - s e c t i o n a l  

area  of  the  wire  is  reduced  by  a  percentage  in  the  r ange  

of  about  7  percent  to  about  25  p e r c e n t ;  



in  such  a  manner  that  the  wire  has  a  m a r t e n s i t e  
phase  of  at  leas t   about  50  percent  by  volume  and  an 
aus t en i t e   phase  of  at  least   about  10  percent  by  volume. 

The  s t ra in   applied  in  step  (a)  will   on  occasion  be 
r e f e r r ed   to  in  this  s p e c i f i c a t i o n   as  " p r e s t r a i n " .  

Final  op t imiza t ion   of  the  s t r e n g t h  p r o p e r t i e s   i s  
achieved  by  subject ing  the  wire  to  conventional   ag ing  
at  a  temperature  in  the  range  of  about  350°C  to  about  
450°C. 

Brief  Descr ipt ion  of  the  Drawing 

The  sole  f igure  of  the  drawing  is  a  schemat ic  

diagram  i l l u s t r a t i n g   the  side  view  of  apparatus ,   which  can 

be  used  to  carry  out  the  drawing  step  r e fe r red   to  above.  

Descr ip t ion  of  the  Preferred  Embodiment 

The  alloys  to  which  the  process  is  applied  a r e  

described  above  and,  as  noted,  are  convent ional .   The 

only  p r e r e q u i s i t e s   are  that  when  the  f i r s t   de fo rma t ion  

step  is  applied  they  meet  the  d e f i n i t i o n   of  a u s t e n i t i c ,  

and  their   Md  temperatures  are  no  higher  than  about  100°C 

and  the i r   Ms  temperatures  are  no  higher  than  about  minus 

1 0 0 ° C .  

AISI  series  300  alloys  are  p re fe r red ,   p a r t i c u l a r l y  

AISI  302  containing  C,Ni,  Cr,  and  Mn.  For  spring  w i r e  

a p p l i c a t i o n s ,   it  is  suggested  that  302  alloy  be  used  and 

that   ce r t a in   components  of  the  302  alloy  f a l l   within  t h e  

following  ranges  (in  weight  percent) :   nickel   8.0  to  9 . 0 ;  

chromium  17.5  to  19.0;  carbon  0.085  to  0.115;  manganese 



less  than  1;  s i l i con   0.2  to  0.5;  n i t rogen  0.02  t o  0 . 0 8  

molybdenum,  less  than  0.6;  sulphur,   less  than  0.01;  and 

phosphorous,  less  than  0.035.  I t   is  des i rab le   to  m i n i -  

mize  i n c l u s i o n s .  

The  deformation  is  mechanical  and  takes  place  i n  

that   region  known  as  the  region  of  p l a s t i c ' d e f o r m a t i o n .  

The  mechanical  deformation  techniques  which  can  be  

used  both  in  the  f i r s t   and  second  deformation  s t e p s ,  

steps  (a)  and  (c),  again  are  conventional   as  well  t h e  

apparatus  availed  of  to  carry  out  these  t e c h n i q u e s .  

The  deformations  must,  of  course,  be  s u f f i c i e n t  

to  provide  the  s tated  percentages  of  mar tens i te   and 

a u s t e n i t e ,   which  are  f i r s t   determined  by  c o n v e n t i o n a l  

a n a l y t i c a l   techniques  such  as  X-ray  d i f f r a c t i o n   or  magnet ic  

measurements  and  then  on  the  basis  of  the  experience  o f  

the  operator   with  the  various  alloys  on  deformation  i n  

the  noted  temperature  ranges.  To  more  accura te ly   d e f i n e  

the  deformation  in  step  (a),  i t   has  been  set  forth  i n  

terms  of  s t r a in .   Although  the  s t r a in   occurring  du r ing  

process  deformation  is  usual ly   more  complex  than  t h o s e  

occurr ing  during  a  simple  tension  t es t ,   i t   is  found  t h a t  

for  the  mater ia ls   to  which  the  invention  appl ies ,   t h e  

s t r eng then ing   e f fec ts   that   occur  during  complex  de fo rmat ions  

can  be  evaluated  from  the  observed  s t rengthening   e f f e c t s  

during  a  simple  tension  t e s t   using  the  p r i n c i p l e   o f  

"equ iva len t   un iaxia l"   s t r a in   or  " e f f ec t i ve"   s t r a i n   as 

set  for th ,   e .g . ,   in  "Mechanical  Metallurgy"  By  G.  E. 

Die ter ,   J r . ,   published  by  McGraw-Hill  Book  Company  (1961) ,  

on  page  66. 



Where  a  deformation  step  is  performed  by  drawing 

through  a  die,  the  amount  of  deformation  is  c o n v e n t i o n a l l y  

described  by  the  reduct ion  in  c r o s s - s e c t i o n a l   area  of  the  

wire  a f te r   it  passes  through  the  die.  This  area  r e d u c t i o n  

(RA)  is  r e l a t ed   to  the  equivalent   un iax ia l   s t r a i n   (E)  by 

the  formula :  

The  minimum  s t ra in   in  step  (a)  deformation  is  a t  

l eas t   about  10  percent.   There  is  no  upper  l imi t   f o r  

percent  s t r a in   except  that  of  p r a c t i c a l i t y   in  that  at  a 

c e r t a i n   point  the  change  in  m ic ros t ruc tu r e   and  s t r e n g t h -  

toughness  proper t ies   become  minimal  and,  of  course,   t h e r e  

is  a  l imit   as  to  f rac ture   of  the  ma te r i a l .   In  any  case  

the  suggested  s t ra in   range  in  this  f i r s t   step  is  from 

about  10  to  about  80  percent  and,  p r e f e rab ly ,   about  20 

to  about  60  p e r c e n t .  

As  pointed  out,  the  i n i t i a l   alloy  u t i l i z e d   in  the  

process  is  at  leas t   about  95  percent  by  volume  a u s t e n i t e ,  

the  balance  being  mar tens i te .   Under  deformation  i n  

step  (a)  (or  p r e s t r a i n ) ,   the  alloy  may  be  changed  s l i g h t l y  

from  a  m i c r o s t r u c t u r a l   point  of  view  so  that  0  to  about  

10  percent  by  volume  is  in  the  mar tens i t e   phase  and  about  

90  to  about  100  percent  by  volume  is  in  the  a u s t e n i t e  

phase,  and  there  is,  p re fe rab ly ,   0  to  about  5  percent  by 

volume  mar tens i te   and  about  95  to  about  100  percent  by 

volume  a u s t e n i t e .  



The  p r e s t r a i n   step  is  conducted  at  a  t empe ra tu r e  

in  the  range  of  about  Md  minus  50°C  to  about  Md  p l u s  

50°C,  p re fe rab ly   about  Md  minus  10°C  to  about  Md  plus  10°C, 

said  Md  temperature  being  that  of  the  a l loy  undergoing  

deformation,  e .g . ,   where  the  Md  temperature  is  43°C,  Md 

minus  50°C  will   equal  minus  7°C  and  Md  plus  50°C  w i l l  

equal  93°C.  The  alloys  under  c o n s i d e r a t i o n   here  a r e  

considered  s t ab le ,   i . e . ,   a u s t e n i t i c a l l y   s t ab le ,   at  t he se  

f i r s t   step  temperatures  even  though  they  undergo  t he  

changes  set  forth  above  when  subjected  to  deformat ion .  

In  addi t ion  to  providing  a  s t r a in   in  step  (a)  which 

wil l   give  the  r e q u i s i t e   m a r t e n s i t e - a u s t e n i t e   c o n t e n t ,  

the  s t r a in   is  fur ther   adjus ted  to  provide  yield  s t r e n g t h s  

in  the  range  of  about  130,000  to  about  230,000  psi.  These 

p a r t i c u l a r   yield  s t rengths   are  obtained  f i r s t   by  t e s t i n g  

samples  of  the  wire  and  then  through  the  experience  o f  

the  operator   with  the  p a r t i c u l a r   wire  undergoing  t r e a t m e n t ,  

the  temperature  at  which  the  step  (a)  deformation  i s  

undertaken,   and  the  amount  of  s t r a i n   used,  the  l a t t e r  

amount  of  s t r a in   usual ly   being  adjusted  to  accommodate 

the  p a r t i c u l a r   wire  and  temperature .   Prefer red   y i e l d  

s t rengths   obtained  by  p r e s t r a i n   are  in  the  range  o f  

about  130,000  psi  to  about  180,000  psi.   It  is  sugges ted  

that  pr ior   processing  such  as  annealing  and  p r e s t r a in   be  

optimized  to  achieve  a  small  grain  s i z e .  

In  step  (b),  the  wire  is  cooled  to  a  temperature  no 

higher  than  about  minus  75°C  and,  p r e f e r ab ly ,   less  than  about  

minus  100°C.  These  temperatures  can  be  achieved  by 



immersing  the  wire  in  l iquid  n i t rogen  (B.P.  minus  196°C); 

l iquid  oxygen  (B.P.  minus  183°C);  l iquid  argon  (B.P. 

minus  186°C);  l iquid  neon  (B.P.  minus  246°C);  l i q u i d  

hydrogen  (B.P.  minus  252°C);  or  l iquid  helium  (B.P.  minus 

269°C).  Liquid  n i t rogen   is  p re fe r red .   A  mixture  o f  

dry  ice  and  methanol,  e thanol ,   or  acetone  has  a  b o i l i n g  

point  of  about  minus  79°C  and  can  also  be  used;  however,  

the  lower  temperatures  are  prefer red   since,  as  is  w e l l  

known,  the  lower  the  temperature ,   the  lower  the  amount 
of  s t r a in   needed  for  each  percent  of  improvement  i n  

t ens i l e   s t reng th .   As  will   be  seen  h e r e i n a f t e r ,   t he  

cooling  step,  step  (b),  must  take  place  prior  to  drawing 

step  (c)  provided  that   the  wire  enters  the  die  a t  

s u b s t a n t i a l l y   the  temperature  to  which  it  has  been  coo led  

in  step  (b).  This  means  that  steps  (b)  and  (c)  should 

be  so  coordinated  that  the  time  in te rva l   between  the  two 

steps  is  short  enough  to  s u b s t a n t i a l l y   avoid  any  t empe ra tu r e  

r ise   above  the  cooling  temperature  of  step  (b ) .  

Step  (c)  is  s imi la r   to  step  (a)  insofar  as  de fo rmat ion  

or  s t r a i n   is  concerned,  however,  the  deformation  is  d e f i n e d  

in  d i f f e r e n t   terms.  In  any  case,  s u f f i c i e n t   s t r a in   must 

be  applied  to  provide  the  s tated  percentages  of  m a r t e n s i t e  

and  a u s t e n i t e ,   f i r s t   determined  by  conventional  a n a l y s i s  

and  then  by  r e l i ance   on  operator   experience.  The  minimum 

s t r a in   applied  in  the  second  deformation  is  at  l e a s t  

about  10  percent .   Here,  also,  there  is  no  upper  l i m i t  

for  percent  s t r a in   except  the  bounds  of  p r a c t i c a l i t y   i n  



that  change  in  m i c r o s t r u c t u r e   and  s t r e n g t h - t o u g h n e s s  

p rope r t i e s   tend  to  become  minimal  and  there  is  a  l i m i t  

due  to  f r ac tu re   of  the  ma te r i a l .   The  suggested  s t r a i n  

range  is  about  10  to  about  60  percent  and  is ,   p r e f e r a b l y ,  

about  20  to  about  40  p e r c e n t .  

In  step  (c),  the  required   s t r a in   is  provided  by 

drawing  the  cooled  wire  through  a  die  under  b a c k - t e n s i o n  

(i)  wherein  the  back- tens ion   on  said  wire  jus t   pr ior   t o  

the  entry  of  the  wire  into  the  die  is  at  leas t   about  75,000 

psi  and  (ii).  whereby  the  c r o s s - s e c t i o n a l   area  of  the  w i r e  

is  reduced  by  a  percentage  in  the  range  of  about  7  p e r c e n t  

to  about  25  percent .   Again,  conventional   analysis   can  

be  used  to  determine  that  the  cor rec t   m a r t e n s i t e -  

a u s t e n i t e   values  are  a ch i eved .  

The  dies  which  may  be  used  in  this  step  are  c o n v e n t i o n a l ,  

e . g . ,   tungsten  carbide  drawing  dies.  The  cone  angle  o f  

the  carbide  nib  is  found  to  be  optimally  about  12  d e g r e e s .  

Larger  die  angles  give  r i se   to  an  excessive  amount  o f  

redundant  work  of  deformation  r e s u l t i n g   in  less  t han  

optimum  p r o p e r t i e s .   Die  angles  smaller  than  12  degrees  

have  too  large  a  bearing  length  and  the  increased  f r i c t i o n  

between  die  and  metal  is  also  found  to  provide  less  t han  

optimum  p rope r t i e s   p a r t i c u l a r l y   with  respect   to  t o r s i o n a l  

y i e l d .  

The  l ub r i can t s   used  for  the  wire  and  which  a r e  

applied  prior   to  drawing  are  also  conventional .   T y p i c a l l y ,  

pr ior   to  step  (b),  the  wire  is  precoated  with  l u b r i c a n t .  

This  precoat   is  applied  by  dipping  the  coils   in  s t a n d a r d  



precoat   so lu t ions .   These  so lu t ions   may  contain  lime  o r  

oxala te .   P r io r   to  enter ing  the  die  in  step  (c),  and 

a f t e r   step  (b),  the  wire  passes  through  a  box  f i l l e d  

with  a  dry  soap  such  as  calcium  s t ea r a t e   soap.  To  enhance,  

i t s   passage  through  the  die,  the  wire  may  also  be  coppe r -  

c o a t e d .  

The  drawing  speed  is  fast   enough  to-move  the  coo led  

wire  through  the  l ub r i can t   and  to  the  entrance  of  t h e  

die  aper ture   before  the  temperature  of  the  wire  r i s e s  

s u b s t a n t i a l l y   above  the  cooling  temperature  o f  s t e p   ( b ) .  

It  will   be  understood  that  once  the  wire  is  in  t h e  

die,  the  work  of  deformation,   the  exothermic  r eac t ion   o f  

t ransforming  aus ten i te   to  mar t ens i t e ,   and  the  f r i c t i o n  

may  ra ise   the  temperature  of  the  wire  as  much  as  abou t  

200°C  where  the  wire  was  i n i t i a l l y   at  l iquid  n i t r o g e n  

temperature.   This  ad iaba t i c   heating  ef fec t   aids  t h e  

performance  of  the  convent ional   l ub r i can t s .   G e n e r a l l y ,  

the  drawing  speed  is  about  100  to  about  800  feet  pe r  

minute  for  wire  diameters  of  about  0.04  inch  to  about  

0.2  inch.  The  s ta ted  drawing  speeds  refer   to  the  ou tgoing  

wire  diameter,  i . e . ,   the  diameter  of  the  wire  as  i t  

leaves  the  die.  The  drawing  speed  will  be  slower  f o r  

l a rger   diameter  wire  and  f a s t e r   for  wire  of  t h i n n e r  

diameter,   the  most  des i rab le   speed  being  de termined  

by  the  experience  of  the  ope ra to r  wi th   the  p a r t i c u l a r  

w i r e .  



The  term  "back- t ens ion"   is  defined  as  the  s t ress   i n  

the  l o n g i t u d i n a l   d i r e c t i o n   on  the  wire  pr ior   to  e n t e r i n g  

t h e  d i e  S t a t e d   back- tens ions   re fer   to  the  incoming  w i r e  

diameter,   i . e . ,   the  diameter  of  the  wire  as  i t   e n t e r s  

the  die.  I t   is  also  r e f e r r e d   to  as  "back-pu l l . "   Back- 

pull   wire  drawing  is  well-known  and  is  discussed  i n  

the  Journal   of  the  Iron  and  Steel  I n s t i t u t e ,   November, 

1947,  at  pages  417  to  428  and  in  the  Steel   Wire  Handbook, 

Volume  1,  published  by  the  Wire  Associa t ion ,   I n c . ,  

Stamford,  Connect icut ,   1965,  at  pages  245  to  250.  The 

p re fe r red   amount  of  back- tens ion   is  in  the  range  o f  

about  75,000  psi  (517  Mpa)  to  about  150,000  psi  (1 ,034  

Mpa).  The  smoothest  opera t ion   occurs  with  higher  back-  

t e n s i o n .  

The  p re fe r red   reduc t ion   in  c r o s s - s e c t i o n a l   a r e a  

of  the  wire  is  in  the  range  of  about  15  to  about  25 

p e r c e n t .  

Again,  de te rmina t ion   of  the  m a r t e n s i t e - a u s t e n i t e  

content  is  f i r s t   made  by  conventional   a n a l y t i c a l   t e c h -  

niques  with  adjustment  of  parameters  and  then  by  op- 

e ra tor   experience  with  the  same  m a t e r i a l s .  



In  step  (c),  the  m i c r o s t r u c t u r e   of  the  metal  or  a l l o y  

is  changed  appreciably  so  that  at  l eas t   50  percent  by 

volume  is  in  the  mar tens i t e   phase  and  at  l eas t   10  p e r c e n t  

by  volume  is  in  the  aus t en i t e   phase.  The  p refer red   range  

l ies  in  the  area  of  about  60  to  about  90  percent   by 

volume  mar tens i te   and  about  10  to  about  40  percent  by 

volume  aus t en i t e .   It  is  bel ieved  that  the  high  a u s t e n i t e  

content  con t r ibu tes   to  the  toughness  of  the  p rocessed  

m a t e r i a l .  

At  al l   times  in  this  s p e c i f i c a t i o n   the  m i c r o s t r u c t u r e  

of  the  i n i t i a l   alloy  and  of  the  products  of  the  p r e s t r a i n ,  

cryodrawing,  and  aging  is  considered  to  cons is t   e s s e n t i a l l y  

of  aus t en i t e   and/or  mar tens i te   in  the  percentages  p r ev ious ly  

s ta ted .   Any  other  phases  present   are  not  of  i n t e r e s t  

here  since  such  phases,  if  they  are  present   at  a l l ,   a r e  

less  than  about  one  percent  by  volume  and  have  l i t t l e   o r  

no  ef fec t   on  the  p roper t i es   of  the  a l l o y .  

It  is  noted  that  the  ranges,  in  which  the  s t r a i n  

percentages  for  step  (a)  and  step  (c)  l i e ,   ove r l ap .  

Although  the  percentages  can  be  the  same,  it  is  p r e f e r r e d  

that  the  ra t io   of  p r e s t r a i n   to  drawing  s t r a i n   is  in  the  

range  of  about  1:1  to  about  3 : 1 .  

After  step  (c),  the  alloy  is  p re fe rab ly   sub jec t ed  

to  aging  to  optimize  s t rength .   Aging  is  car r ied   out  i n  

a  conventional   manner  at  a  temperature  in  the  range  o f  

about  350°C  to  about  450°C  and,  p re fe rab ly ,   in  the  range  
of  about  375°C  to  about  425°C.  Aging  time  can  range  from 



about  30  minutes  to  about  10  hours  and  is  p re fe rab ly   i n  

the  range  of  about  30  minutes  to  about  2.5  h o u r s .  

Conventional  t e s t i ng   is  used  here  to  determine  t h e  

temperature  and  time,  which  give  the  highest   s t r e n g t h  

p r o p e r t i e s .  

It  will   be  noted,  that  aging  tends  to improve  y i e l d  

s t rength  even  more  than  t e n s i l e   s t r e n g t h ,  a n d ,   for  the  a l l o y  

to  reach  the  h ighes t   s t rength   l eve l s , can   be  car r ied   to  a 

point  where  yield  s t reng th   approximates  the  t e n s i l e  

s t r e n g t h .  

Ratios  of  t o r s i o n a l   yield  s t rength  to  t e n s i l e  

s t r eng th ,   a f te r   aging,  are  found  to  be  in  the  range  o f  

about  0.45  to  about  0.49  when  subject   process  is  c a r r i e d  

out  in  the  p re fe r red   manner.  

The  following  examples  i l l u s t r a t e   the  i n v e n t i o n :  

Examples  1  to  3 

The  wire  in  al l   examples  contains  at  l eas t   95  p e r c e n t  

by  volume  a u s t e n i t e   pr ior   to  the  f i r s t   deformation  and 

at  l eas t   90  percent   by  volume  aus ten i te   prior   to  t h e  

drawing  step.  After  the  drawing  s t e p , , t h e   wire  c o n t a i n s  

at  leas t   50  percent   by  volume  mar tens i te   and  at  l e a s t  

10  percent  by  volume  a u s t e n i t e .   Percent  by  volume 

mar tens i t e   is  determined  by  q u a n t i t a t i v e   X-ray  d i f f r a c t i o n  

technique;   The  balance  (to  make  up  a  to ta l   of  100 

percent)   is  considered  to  be  aus t en i t e .   other  phases  

are  not  more  than  one  percent  by  volume  and  are  n o t  

considered  h e r e .  



Annealed  AISI  type  302  s t a i n l e s s   s teel   wire  is  u sed .  

The  anneal ing  is  accomplished  with  conventional   t e c h n i q u e s  

by  heat ing  the  wire  between  980°C  and  1150°C  fol lowed 

by  rapid  c o o l i n g .  

The  examples  are  carr ied   out  by  following  the  s t e p s  

described  above,  the  cooling  and  drawing  steps,   steps  (b) 

and  (c),  being  carr ied   out  in  the  apparatus  shown  in  t h e  

sole  f igure  of  the  drawing.  Yield  s t rength ,   t e n s i l e  

s t r eng th ,   and  t o r s iona l   yield  s t rength   are  determined  as  

described  above  in  the  body  of  the  s p e c i f i c a t i o n .  

Refer r ing   to  the  drawing,  the  wire  1,  having  been 

coated  with  a  conventional  l ub r i can t   precoat,   is  wound 

off  spool  2  into  double  capstan  cooler  3  (an  i n s u l a t e d  

metal  dewar)  containing  l iquid  n i t rogen  4  where  it  f i r s t  

passes  around  capstan  4  and  then  around  capstan  5,  moving 

in  the  d i r e c t i o n   of  the  arrows.  Each  capstan  c o n t a i n s  

twenty  grooves  and  wire  1  is  wrapped  around  both  c a p s t a n s  

twenty  times,  the  wire,  of  course,  being  in  the  g rooves .  

This  procedure  cools  wire  1  to  minus  196°C.  Back- t ens ion  

is  applied  by  means  of  brake  6  connected  to  capstan  5 

(back- tens ion   is  not  applied  to  welds  made  af ter   t h e  

f i r s t   deformat ion) .   The  wire  then  passes  from  capstan  5 

to  s ingle  grooved  r o l l e r   7  where  back- tens ion  is  measured 

by  means  of  a  s t r a in   gauge  (not  shown)  af ter   which  t h e  

wire  exi ts   cooler  3.  Moisture  build-up  on  the  cooled 

wire  is  avoided  by  use  of  a  ni t rogen  shroud.  A f t e r  

leaving  cooler  3,  wire  1  enters  die  box  8  (a  p r e s s u r e  

die  is  p re fe rab ly   used  here  to  enhance  l u b r i c a t i o n ) ,   which 

is  f i l l e d   with  soap  (a  conventional   lubr icant )   and  i s  

drawn  through  die  9  having  an  approach  angle  of  12 

degrees.   The  drawing  force  is  generated  by  means  o f  

convent ional   bu l l -b lock   10.  Die  9  and  die-box  8  are  n o t  

immersed  in  l iquid  n i t rogen,   but  the  t ravel   time  between 



cooler   3  and  die  9  is  s u f f i c i e n t l y   short   that  no  appre-  

c iab le   heating  occurs .  

The  t ens i l e   s t rength  is  determined  a f te r   the  drawing 

step  and  then  the  wire  is  aged  in  a  convent ional   manner 

at  400°C  for  1/2  hour  in  a  Lindberg  Model  59744  f u rnace  

in  a i r .   The  surface  oxidat ion  of  the  wire  o c c u r r i n g  

during  ageing  is  assumed  not  to  a f f e c t   the  r e s u l t i n g  

mechanical  p roper t i e s .   The  temperature   along  the  l eng th  

of  al l   specimens  does  not  vary  more  than +  10°C  from  the  

preset   t empera tu re .  

The  wire  of  all   of  the  examples  shows  adequa te  

formabi l i ty   in  that  it  can  be  wrapped  around  an  a rbo r  

equal  to  the  f inal   wire  diameter  without   f r a c t u r e .  

After  ageing,  the  t o r s i o n a l   y ie ld   s t rength   i s  

de termined .  
The  chemical  composition  of  the  alloys  used  in  t h e  

examples  is  as  f o l lows :  

Other  var iables   and  r e s u l t s   are  in  the  Table .  





1.  A  process  for  improving  the  s t rength   c h a r a c t e r -  

i s t i c s   of  a  wire  composed  of  an  a u s t e n i t i c   metal  a l l o y  

se lec ted   from  the  group  cons i s t ing   of  s t a i n l e s s   s t e e l  

al loys  of  the  AISI  200  and  300  ser ies   and  n o n - s t a i n l e s s  

s tee l   a l loys  conta ining  iron,  manganese,  chromium,  and 

carbon,  said  alloy  having  an  Md  temperature  of no  h i g h e r  

than  about  100°C  and  an  Ms  temperature  of  no  higher  than  

about  minus  100°C,comprising  the  following  s t e p s :  

(a)  deforming  the  wire  at  a  s t r a in   of  at  l e a s t  

about  10  percent  and  at  a  temperature  in  the  range  o f  

about  Md  minus  50°C  to  about  Md  plus  50°C,  said  Md 

temperature  being  that  of  the  al loy  undergoing  deformation,   i n  

such  a  manner  that  the  wire  has  a  mar tens i te   phase  of  no 

g rea te r   than  about  10  percent  by  volume  and  an  a u s t e n i t e  

phase  of  at  l eas t   about  90  percent  by  volume  and  a  y i e l d  

s t rength   in  the  range  of  about  130,000  psi  to  about  230,000 

p s i ;  

(b)  cooling  the  wire  to  a  temperature  no  h i g h e r  

than  about  minus  75°C;  and 

(c)  drawing  the  cooled  wire  through  a  die  under  

back- tens ion   (i)  wherein  the  back- tens ion   on  said  w i r e  

jus t   pr ior   to  the  entry  of  the  wire  into  the  die  is  a t  

l eas t   about  75,000  psi;  and  ( i i )   whereby  the  c r o s s - s e c t i o n a l  

area  of  the  wire  is  reduced  by  a  percentage  in  the  r ange  

of  about  7  percent  to  about  25  p e r c e n t ;  

in  such  a  manner  that  the  wire  has  a  m a r t e n s i t e  



phase  of  at  l eas t   about  50  percent  by  volume  and  an 

a u s t e n i t e   phase  o f  a t   l eas t   about  10  percent  by  volume. 

2.  The  process  defined  in  claim  1  comprising  t h e  

following  a d d i t i o n a l   s t e p :  

(d)  ageing  the  mater ia l   produced  in  step  ( c )  

at  a  temperature   in  the  range  of  about  350°C  to  about  

450°C. 

3.  The  process  defined  in  claim  2  wherein,  in  step  ( a ) ,  

the  s t r a i n   is  about  10  to  about  80  percent  and  the  y i e l d  

s t reng th   is  in  the  range  of  about  130,000  psi  to  abou t  

180,000  psi  and,  in  step  (c),  the  back-tension  is  in  t h e  

range  of  about  75,000  psi  to  about  150,000  psi  and  t h e  

c r o s s - s e c t i o n a l   area  of  the  wi re  i s   reduced  by  a  p e r c e n t a g e  

in  the. range  of  about  15  percent  to  about  25 

p e r c e n t .  

4.  The  process  defined  in  claim  3  wherein  the  s t r a i n  

in  step  (a)  is  provided  by  s t r e t c h i n g .  

5.  The  process  defined  in  claim  3  wherein  t h e  

s t r a in   in  step  (a)  is  provided  by  drawing. 

6.  The  process  defined  in  claim  2  wherein  t h e  

ma te r i a l   is  a  s t a i n l e s s   s teel   alloy  of  the  AISI  300  s e r i e s .  

7.  The  process  defined  in  claim  3  wherein  t h e  

ma te r i a l   is  a  s t a i n l e s s   s tee l   alloy  of  the  AISI  300 

s e r i e s .  



8.  The  process  defined  in  claim  4  wherein  t h e  

mate r ia l   is  a  s t a i n l e s s   s t ee l   alloy  of  the  AISI  300 

s e r i e s .  

9.  The  process  defined  in  claim  5  wherein  t h e  

ma te r i a l   is  a  s t a i n l e s s   s t ee l   alloy  of  the  AISI  300 

s e r i e s .  
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