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DISCLAIMER

The findings in this report are not to be construed as an official

Department of the Army position unless so designated by other

authorized documents.

The use of trade name(s) and/or manufacturer(s) in this report does

not constitute an official indorsement or approval.

D ISPOSIT ION

Destroy this report when it is no longer needed. Do not return it to

the originator.
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I N T R O  DUCT ION

H e a t  t r e a t i n g  of  a l l o y  s t e e l s  h a s  l o n g  b e e n  p r a c t i c e d

using qualitativ e as well as some quantitative rules. An

increasin gly important aspect of heat treating is econo r ica l

a t t a i n m e n t  o f  d e s i r e .~ r e s u l t s .  R e w o r k , w h i l e  n e v e r  p o p u ia r ,

c a r r i e s  i n c r e a s i n g l y  h e a v y  p e n a l t i e s  in  t e r m s  of w a s t e d

e n e r g y  and l a b o r .  In  s c h e d u l i n g  o f  w o r k , i t  w o u l d , t h e r -

fo re , be desirable to more precisel y define expected re sults

as a consequence of a l t e r i n g  a p r o c e d u r e .

While some d a t a  f o r  A I S I  43~~7 modified exists i n  hand-

book form 1 , and v a r i o u s  r e p o r t s  i n  b o t h  t h e  open  and  pro-

p r i e t a r y  l i t e r a t u r e , v e r y  l i t t l e  d a t a  is  f o u n d  t o  c o v e r  a

w i d e  r a n g e  of commercially desirable tempering conditions.

Use of ex isting data was also limited since values for the

range of in terest are spread over a number of tables and

f i gures  in v a r i o u s  r e p o r t s .  The u s u a l  p r o c e d u r e  i n  pre-

s e n t i n g  the effects of tempering is to plot or tahularize

mechanical properties as a function of either temperature

or time . It is necessary then , to try to determine the

optimum tempering conditions , by interpreting and mentally

in te r r e l a ti ng the  s e p a r a t e d ata .

1. Aerospace Structural Metals Handbook, Ed . by .1. Wol f ,
Mech . Prop. Data Center , B , Jf our Stulen , Inc., Traverse
City, Mic h . 197S .

- .



To p r o m o t e  a more  u s e ab l e  s y s t e m , a n  in t e r a c t i v e  graphics

s y s t e m 2 was  chosen r ,5  t h e  v e h i c l e  f o r  d a t a  p r e s e n t a t i o n .

By m a p p i n g  l e v e l s  of  m e c h a n i c a l  p r o p e r t i e s , a n d  c o m p a r i n g

e x p e c t e d  r e s u l t s  t o  t h o s e  r e q u i r e d  ~ y s p e c i f i c a ! i C n  or  a

p r o d u c t i o n  o r d e r , t i m e  a t  t e m p e  r a t  i r e  a n d  r e c e s s i n g  t e m p e r -

a t u r e  c a n  be a r r i v e d  a t  e a s i l y .

The  k e y  t o  t h i s  n p ~~r o a ch  is  t o  f i r s t  IL ’.p l a y  t s e  l h r e e

d i m e n s i o n a l  p l ot  of  t h e  d a t a  S t  t b e l  n~ _ O n s j d - r L d .  Tb j a

o r i e n t s  t he  u s e r  to  r a p i d l y  l o c a t e “ g e o g r a ph i c ” f e a tu r e s

s u c h  as p e a k s , v a l l e y s , a n d  p l a t e a u s  w h i c h  r e p r e s e n t  m a x i m a

and  m i n i m a  in  t h e  d a t a .  A g o o d  v i s u a l i z a t i o n  of  r u e  t opo-

g r a p h y  of t h e  s u r f a c e  w i l l  be  an  a i d  i n  i n t c r p r L - t i n t ;  t h e

w o r k i n g  d i a g r a m  - t h e  c o n t o u r  m a p .

C o n t o u r  maps  of  m e c h a n i c a l  p r o p e r t i e s  c a n  be r e a d  i n

t h e  same  w a y  as g e o g r a p h i c  c o n t o u r  m a p s . E a c h  c o n t o u r

l i n e  d e f i n e s  a p a r t i c u l a r  v a l u e  f o r  t h e  p a r a m e t e r  b e i n g

c o n s i d e r e d .  For  e x a m p l e , a co n t o u r  l i n e  max ’  i n d i c a t e  a

s p e c i f i c  y i e l d  s t r e n g t h  or i m p a c t  e n e r g y  l e v e l .  i v c r y  t i m e -

t e m p e r a t u r e  t e m p e r i n g  c y c l e  i n d i c a t e d  b y  t h e  l i n e  w i l l

d e v e l o p  t h e  s p e c i f i e d  m e c h a n i c a l  p r o p e r t y .  l i n e s  s p a c e d

c l o s e l y  t o g e t h e r  i n d i c a t e  a r a p i d  c h a n g e  ( i . e . ,  a s t e e p

s l o p e ) ,  w h i l e  a large spacing indicates l i t t l e  diff e rence

2 .  L o r e n s e n , W .  “ A n  I n t e r a c t i v e  G r a p h i c s  } i n i t e  L i e m e n t
S y s t e m ” , S t r u c t u r a l_ M e c h a n i c s  C o mp u t e r  ~~~~~~~~~~~ i d .
by W .  P 1  i k e y ,  U n i v e r s i t y  P r e s s , V i  r g i n i . t  , pp  ~ 9 l  11 1 01
1 9 7 4 .  

-P.-- 
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iii values , or a plateau . Saddle points (whose topograp hic

analogy would be ridge lines or valley s) are typ i f ied by

“U” or “V” s h a p e d  b u l ges i n co nt our  l in e s .

This report deals with the graphical techniques developed.

The specific use of the data for application to gun tube

heat treatment will be separately reported.

E X P E R I M E N T A L  P R O C E D U R E

Material used in generating the data set was taken from

an 18” diameter hollow rotary forging which was air cooled after

the forging operation. The composition of the material wh i c h  was

p roduced  b y the vacuum degassing techni que , given below :

C Mn Si Ni Cr Mo V P S

.33 .62 .15 2.69 1.08 .53 .10 .009 . 0 0 7

Discs , approxima tely 25mm thick and p e r p e n d i c u l a r  to  the

long itudinal axis of the forg ing, were cut into blanks

which were then heat treated. All blanks to be tempered

at a particular temperature were austenitized together.

Specimens were soaked at the austenitizing temperature for

one hour. Times at tempera ture were measured after the

furnace recovered its set point. B l a n k s  were  wa ter q u e n c h e d

after austenitization and after tempering.

Two 8.75mm (0.350 in.) diameter tensile specimens and

two Charpy impac t specimens machined per ASTM standards

were cut from each blank after heat treatment. Hardness

CRc) measuremen ts reported were the average of five readings

3 
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t a k e n  on t he  u n b r o k e n  e n d s  of  t h e  C h a r p y  b a r s  a f t e r  t e s t 1 n g .

R e p o r t e d  t e s t  r e s u l t s  w e r e  c o n v e r t e d  t o  SI  v a l u e s  u s i n g  c~~n-

v e r s i o n  f a c t o r s  ~ 
;cn by  -\~~~ ~~~~~S ) T i  -

R E S U L T S  A N E )  D I S C U S S I O N

T e s t  d a t a  c o l l e c t e d  f r  sp e ~~1 ” e ns  a u s t e n i t i z e d  a t  84 . ; ° 1:

a r e  p r e s e n te~I i n  T a b l e  1. P l o t s  o f  t h e  d a t a  s e t  f o r  84 5 ° C

a u s t e n i t i z a t i o n  a re  sh o w ~ n r i g s .  l u - - 6 a , w i t h  t h e  c o r r e s -

p o n d i n g  c o n t o u r  p l o t s  s h o w n  i n  1 - i g s .  lb  ( 1 ’ . L i m i t s o i  t h e

a x e s  a re  g i v e n  in t h e  l e g e n d  at th e left of t h e  co r r e s -

p o n d i n g  n iot. Contour levels are niotted in ascending order .

The p e r sp e c t i v e  p l o t s  i F i g s .  l a - 6 a )  a re  t h r e e  d i m e n s i o n a l

a n a l y s e s  s h o w i n g  t h e  e f f e c t  o f  t e w n e r i n g  t e m p e r a t u r e  a n d

t i m e s  on a s p e c i f i c  m e c h a n i c a l  p r o p e r t y . The l e g e n d  t o  t h e

right provides dire ctions to the computer for plotting the

data. The legend to the left deals with the limits of the

p a r a m e t e r s  p l o t t e d  and  s h o w s  the r- rientation of the plot

fro m the v i ewer ’s vantage p o int. The vantage point was

selected to allow easy v i s u a l i z a t i o n  of t h e  p l o t .  Tn these

fi gu res , X represen ts the te m p erature , Y represents t h e  time

and Z represents t h e  me - h a n i c a l  propert y . The l i n e s  i n  the

Y-d irection represent constant temperatures , w h i l e  t h o s e  in

the X-direction represent constant times.

The contour plots (Fi s ~s. l b - o h )  a r e  two dimensional

- _ _ _ _ _ _ _ _ _ _ _
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p l o t s  of  t i m e  v s .  t e m p e r a t u r e  f o r  c o n s t a n t  v a lu e s  of t h e

m e c h a n i c a l  p r o p e r t y .  Th e ~- a re  d e r i v e d  f r o m  t h e  p e r s p ec t i v e

p l o t s .  A g a i n , t h e  l e g e n d  to  t h e  r i g h t  s h o w s  i n s t r u c t i o n s  t o

the computer. The legend to the left shows the value of

the various levels plotted. These grap hs can be used to

determine time -temperature relations to achieve a certain

p r o p e r t y .  For  e x a m p l e , f r o m  F i g u r e  Sb , e a c h  c o m b i n a t i o n

of  t i m e  and  t e m p e r a t u r e  d e t e r m i n e d  f r o m  t h e  l i n e  f o r  l e v e l

3 w i l l  d e v e l op  2 5 . 0  J o u l e s  ( 1 8 .4  f t - l b s )  i n  imn a ct enev~ y , The Plots

can a l s o  be u s e d  t o  d e t e r m i n e  t h e  m e c h a n i c a l  p r o p e r t y  w h i c h

can be e x p e c t e d  f r o m  a s pe c i f i c  c o m b i n a t i o n  of t i m e  and

t e m p e r a t u r e .  F o r  e x a m p l e , f r o m  F i g u r e  5b , t e m p e r i n g  at

560 ° C f o r  6000  seconds will develop approximately 30.0

Joules (22.1 ft-lb s ) ( l e v e l  4 ) .

For  choos in g p r o c e s si n g cond iti ons , an ove rlay can be

constructed by tracin g a default level onto a transparent

med ium such as an a ce t a te shee t . By placing this sheet on

top of a map of a second property, re gi ons of h e a t  t r e a t i n g

parame ter c o m b i n a t i o n s  c an be f o u n d  w h i c h  w i l l  g ive t h e

desired tempering times and temperatu res r e s u l t i n g  in values

of properties required in the product. The advantage of

s u ch a d i s p l a y  is that contours of a desired level can be

easily specified and located. Once a particular combination

is chosen , estimates of a complete range of ;n ccha n ica l

proper ties can be made.

5 
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properties will be required.

CONCLUSIONS

C o n t o u r  m a p p i n g  of m e c h a n i c a l  p r o p e r t i e s  is a v i a b l e  w a y

of c h o o s i n g  t e m p e r i n g  p a r a m e t e r s  i f  t h e  r e s t r i c t i o n s  of t h e

g r a p h i c s  s y s t e m  a re  k e p t  i n  m i n d .

F u r t h e r  w o r k  on m a s s  and  c o n s t i t u t i o n a l  e f f e c t s  on

mechanical properties are required before general use of

such a grap h ics system by untrained p e r s o n n e l wo u ld  b e com e

common .
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