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INTRODUCT ION

Heat treating of alloy steels has long been practiced
using qualitative as well as some quantitative rules. An
increasingly important aspect of heat treating is cconomical
attainment of desired results. Rework, while never popular,
carries increasingly heavy penalties in terms of wasted

energy and labor. In scheduling of work, it would, there-

fore, be desirable to more precisely define expected results
as a consequence of altering a procedure.

While some data for AISI 4337 modified exists in hand-
book forml, and various reports in both the open and pro-
prietary literature, very little data is found to cover a
wide range of commercially desirable tempering conditions.
Use of existing data was also limited since values for the
range of interest are spread over a number of tables and
figures in various reports. The usual procedure in pre-
senting the effects of tempering is to plot or tabularize
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

interrelating the separate data.

1. Aerospace Structural Metals Handbook, Ed, by J. Wolf,
Mech. Prop. Data Center, B~jfour Stulen, Inc., Traverse
City, Mich. 1975.
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To promote a more useable system, an interactive graphics

2

system“ was chosen as the vehicle for data presentation.

By mapping levels of mechanical properties, and comparing
expected results to those required by specification or a
production order, time at temperature and processing temper-
ature can be arrived at easily.

The key to this approach is to first display the three
dimensional plot of the data set being considered. This
orients the user to rapidly locate 'geographic'" features
such as peaks, valleys, and plateaus which represent maxima
and minima in the data. A good visualization of the topo-
graphy of the surface will be an aid in interpreting the
working diagram - the contour map.

Contour maps of mechanical properties can be read in
the same way as geographic contour maps. Each contour
line defines a particular value for the parameter being
considered. For example, a contour line may indicate a
specific yield strength or impact energy level. Every time-
temperature tempering cycle indicated by the line will
develop the specified mechanical property. Lines spaced
closely together indicate a rapid change (i.e., a steep

slope), while a large spacing indicates little difference

2. Lorensen, W. "An Interactive Graphics Finite Element
System'", Structural Mechanics Computer Programs, Ed.
by W. Pilkey, University Press, Virginia, pp 991-1001,
1974.
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i values, or a plateau. Saddle points (whose topographic
analogy would be ridge lines or valleys) are typified by

"U" or "V" shaped bulges in contour lines.

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.

EXPERIMENTAL PROCEDURE

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 which was
produced by the vacuum degassing technique, given below:

C Mn Si Ni Cr Mo \ P S

<33 .62 15 2.69 1.08 «53 .10 .009 .007
Discs, approximately 25mm thick and perpendicular to the
longitudinal axis of the forging, 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 temperature were measured after the
furnace recovered its set point. Blanks were water quenched
after austenitization and after tempering.

Two 8.75mm (0.350 in.) diameter tensile specimens and
two Charpy impact specimens machined per ASTM standards
were cut from each blank after heat treatment. Hardness

(Rc) measurements reported were the average of five readings




taken on the unbroken ends of the Charpy bars after testing.

Reported test results were converted to SI values using con-
version factors given by ASTM E380-74.

RESULTS AND DISCUSSTON

Test data collected for specimens austenitized at 845°C
are presented in Table 1. Plots of the data set for 845°C
austenitization are shown in Figs. la-6a, with the corres-
ponding contour plots shown in Figs. 1b-6b. Limits of the
axes are given in the legend at the left of the corres-
ponding nlot. Contour levels are plotted in ascending order.

The perspective plots (Figs. la-6a) are three dimensional
analyses showing the effect of tempering temperature and
times on a specific mechanical property. The legend to the
right provides directions to the computer for plotting the
data. The legend to the left deals with the limits of the

parameters plotted and shows the orientation of the plot

from the viewer's vantage point. The vantage point was

selected to allow easy visualization of the plot. 1In these
figures, X represents the temperature, Y represents the time
and Z represents the mechanical property. The lines in the
Y-direction represent constant temperatures, while those in
the X-direction represent constant times.

The contour plots (Figs. lb-6b) are two dimensional




plots of time vs. temperature for constant values of the

mechanical property. They are derived from the perspective
plots. Again, the legend to the right shows instructions to
the computer. The legend to the left shows the value of
the various levels plotted. These graphs can be used to
determine time-temperature relations to achieve a certain
property. For example, from Figure 5b, each combination
of time and temperature determined from the line for level
3 will develop 25.0 Joules (18.4 ft-1bs) in impact energy. The Dlots
can also be used to determine the mechanical property which
can be expected from a specific combination of time and
temperature. For example, from Figure 5b, tempering at
560°C for 6000 seconds will develop approximately 30.0
Joules (22.1 ft-1lbs) (level 4).

For choosing processing conditions, an overlay can be
constructed by tracing a default level onto a transparent
medium such as an acetate sheet. By placing this sheet on
top of a map of a second property, regions of heat treating
parameter combinations can be found which will give the
desired tempering times and temperatures resulting in values
of properties required in the product. The advantage of
such a display 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 mechanical

properties can be made.
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. - . ! ‘ . ik g .\ - » ® L .
. . P CRREE | e ] . “r * ayq . ¢ "ty ' =
0= dO JRTEED YLy 9591 i) T Sy . v§ 0y 145
() e e o {8t CNLDE * GG . ¢ &g Ay e
(k- . o A cue9g x L 32
L ol I 20 Fuwmidd 1*2% { D ] *yg e T 4
G2 $*91 10 a1 4 *¢ %8 T 5CKC
Zvan 151 1. oy e Sy
g°1% £l AL g 15058
2% 9 v 1 1=n *t Yt 1719
(0750 R L°51 [*u %0 30021°0 5 99y “EvL LR
54y {51 {°0 Y0 IRLTTCC i 1 ‘i C “fuu A
€S 1°G1 V8 %D IHRIT*0 * 1 “HES “EYH
9°uY A | L0 90 e 1 “rr G “£%8 A
20 6L tZ 0 2°06 R | 16 %0 = 1 U g V2 B *f ey Tau
¢l Actiz0 y°QY €~ O INRETC0 Toakot « *JN e g '
cO 36122°0 H*GH € 'h1 H 1) 01 o *Ofag ey ¥
20 A162°0) 9y 0°61 %0 10 *OuGe < SOGe *¢ 49 > 20
20 39L4%2°0 R ) S0 (i & SO G *orug 4 i ]
2N 1GH%2°0 PN (¢ |t ¢ SCO S ok e “gxh 2 LYy
cO 3chtdc( b it e*h 1 120 Sl S | & 00 *E% Lap
20 IvyIs6i*L 2°0¢ 1°41 50 10 R L 24 B 01, 9¢ . O N
20 3uirecp el RN | %0 1°0 > SO0 9 i 1
20 IHNC0 ] e &S L L4 1°0 ® = %3 c il
20 3G%%2°0 0°*al 40 i . = ®ir) *¥ o 147
Y0 3691740 =p neel 40 F 100 . =0 *f oy 4
20 By h2e PREL 9 Ee v 0 1 : 3 % 1
L 0 3226241 ey R°21 %) 1 Wiy 0 ~¢ S{ T 7
*O% 70 3 T Vi £ (e y0 176 *Uyfg i3 GE N4 1
0% 20 3%Y 020 G"nYy #H*Z1 50 20 bl o LS RERTTE *y &R a
0y~ <o ANAC0 A1t 1eZt () b i ¢ L2 *00¢ *8Ly Sl " 44 i
K= ¢ 3T 0 DTy 97¢l Lo A G 0 Gy SCRY Sutig bt
Qo 20 34631°0 CARR) Ll | vl i 48 G0 . o) *neyel b4 *uovg W I
"% 29 LT Holy ®*21 iv9f 1 90 *u0set *le% MERTRLT 4 R 2
S 0% 20 JHOWl” F e GEET 2L 10 LG9l l . i " 9 ISo
“0Y= 2C 3v6fL( £ U | e1°0 *can0l > AT *{sa o
ol A ¢ SEOHLE ¢ €T 19EC TS0 90 C09,01 . . i$ *C i T &
el ¢0 3%t G2°0 « G511 Y910 %0 < * D04 =S "t
Sh 4 F2y 70 2 3 oy B TR (e %10 2 = t o Ixe
Q- 9 { 1°0 R°6E g*Z1 Ut s I 2 = » = i) r
S E = (A 0 Gt i LA} JEE 10 %0 = * N v
P *0 3 =Yy Qe X %0 ATes 10 %0 . *novt *t >4 Ty
- 0 "N Yoy Lo Jd 8 | SN A2LEL1°D Y0 7Ry ae 1840 ] 1 ‘EuR 1 4
J =2 Y0 FSRET°G %0 et el ) AL
0% = ¢0 J1fF22 e oy SIERELS0C 0 >R G a9 i 18
Sy 2G St9L1 - Sl 80 166 1°0 Y0 *Jay *UA9s "t %R ? g
09~ €0 LT *0 g2kl 4 | 90 FNCH1°D Y0 */2n% C009% L Toit,
0% 20 F54591°0 A § ¢ 192%1°0 40 *Z2uy AR 1 - 2i6
A 20 34691°0 g2 10 &0 ) *2HY Tulhug Y T
*09-~ 20 32291°0 15 Y0 I62ST120 %O 41921°0 *78h S OQvYE bl % 74t
09= 20 369120 Lt ¢ 0 W Z251°%0 %0 Airllcu *luy R ARA £ 7 *{eR T4t
(P23 2] 2 S (Vdw) {Yeda) 8 | (93S) (e} IR AON
5G3NGHYH dh3 L AunIN viav N1 N H1ONINLS HIONL241S Aall Junilvyldmad w il N VEIansl  Mlalses
1541 i NOTEDINAIY TSNS UYJTA «1°0 ONlY3dwil ONTeddadl 9917 10INGISAV ONIZ2TR1%31Saw
1dvanl hoevi) HUYala N

UOTILZTITUDISNY DHSpg - Soar13xdadoad [edTueyddW dJTSUSL "1 8[qel

AOD TigvA g .




1S31 i
1Jvas]

{
e
£
L
¢ {
N
Y
§ )
‘
gt
o
i
Byt
1t
1l
1Y
147, 7
3 1¢
+T1¢
Intls

L
JC 256
()
Ou3IN 4
VARl

AGUYH)

o
1 '
; H ' J .
ko A o % ) .
. w1l § 1%
. “ul p ' .
J ‘el f9 ' »
. T4 § VR Ll
s e | $ R o
S *HY D 4 14,
v *ut [
“ e 6ot 50 I ‘e
) <4 0 A &
\ iy H 193 3
3% 6 LA . ]
» 1*41 . 11
i1t 1 R o 1 1y
v 1 Ot 1.
Ol 1 (1=
L LG} L L2
g % g1 0 cLPe
L | R | o VR 7t U
e 26 £ *%i 5 guelle
G E G 6 v w0 17y e
- ot b0 AEPLL "
205 LS b } Cadl
kb ] 1 UX el et IR
5o ) % 5G] 0 A U
6y LG 1 il 1
tS 5 2 20 A% fis
LV "4 %0 14 N
RS Heq 0 pOg T
") P | %O 11t
0O%L% $* 910 L 20T F ok {5 (ld
Hely R | DY T € R
e, @Y L H B
“ihy (el 2 | ( 2is1°
{ ) Y el s
2 * 5% *H1 L34 ] (R O
1 “cq W) (IR
il 0% I %] o ¥ 80 2
1 =¢y g1
7 A e | v AZ0%
=41 ; 15 -
ity 061 20 a0 A
.26 | Y0 IWIeq e
ety LR b Lt g™
6§°26 %*91 b0 A%CEL*

i 2 (Vaw)
vIEV NI NUTIVONUTZ  HLGLA4¥ELS

INGIY 3115031
JLVALL D

4

RPN

¢ .
3 e
g /
v 4}
¢ \
0Ll
b {Ns 4k
' ( 15t
A i1 19¢
§ ( T
(Y bt
%0 L2790
w0 348 01
)
. v i
+ Wail
Y sl
U9} ¢ f
] XS I §
() OV

(4] LR |
r (RR
o ( el
9 uitl
Y e 91

Y b Gl
7 LR |
YL EAE TR
Ul TV B
:, el
y ut L1
Y A0S
5 1,911

(Van)

HL N 4H]
AIIIA &1

(3uo)

amll

Gelunsdwiy

°9T1q®e]

NS
i %y
T
ol |

2 ¢ i
4
LYy
*HY
YR
L hY
*1LHY
* 69
. q ot
il (R4
*HnY
gy

oo
L
.
AR
WA
*fuh
e 7]
hE SN
hbG
‘%
ftes
Y 6HG
L |
e
WS
Y
v
S
0021t
*H%S
2
LT

FHUNLV e 4dn il
Uhlvidadl

.
T
94
“Euy
*¢eu
R
¢ -
P Y
t 5
s
.
5
5y
e
+ 3
3 {
SE e
¢ O
sCup
.y
ecyu




CLAT PRRGHE TE 8RS
Gf PCINT

-4
=
“

ey

i
A i
'
'
1 i
1 1
i ) 4
S UERSER LBL  Z S s v a1 A
¥\ X
X ¥
s S A B ! i
I lx r\a
¥\ X
1 1
X
\
1
v i
X
1

’ S

FIG. la. Persnective nlot of vield strength.

PERSPV MENU

CENTREE SOINT
ICHENGE X L im)T
[CHBNGE T L ImtT
ICHENGE 2 LIMiTe
eLOTTING STEPS

UON'T FICL CUBE

TOONLY vISIBLE



AUSTENITIZING TEMP o

IGFES-CONTOUR

WATEAVLIET SRASENAL

MATERJAL : QIS{ 4337 MORIFIED
AUSTENITIZING TIME 4 60 MIN
STRENGTH

A3

YIELD

OZz—2Mm XM~

EUN-QUBNDINE Wh—
I

wozGO™MY |

| N~
’L
~ \\\ \

e e

'\ ST

e

T T T
§1 S§2 §3
TEMPERING

T T

§5 S6
TEMPEARTURE

X10wwi

Contour plot of yield strength

~-CENTIGRADE -

CONTOUR  MENU

ENTER LEVEL & DRK
DEF INE USER WINDD

© |DRAW RN AX1S

ERRSE THE SCAEEN
CHANGE STEPS! 2t
ICHANGE CELL S!Zf
DEBUG ON/OFF
ExIT




DISFLG

VRNTAG
*

i
XHIN
MY
TAIN
THEX
MiN
IMhx
NEX
NP
NSx
KNS
SKME S

SEE8D

LGEES—FPERSEELCTLVE OISPLAY
NRTERVLIET ARSENAL O9-JUN-78
MATERIRL: &IS! 4337 MOCIFIED

RUSTENITIZING TEMP o 543 ( — AUSTENITIZING TIME o G0 MIN
U TENS!ILE STRENGTH

- |
L
s S PERSPY  MEND
T PRBGME TERS ¥ -
8 o e VANTRGE PRINT
€ SCINT | A Sl CHANGE X (IMITS
<l S CHANGE T LIMITS
= i CIUHANGE & LimITS
<4 a PLBTTING STEPS
| e ORen
i ~e DEF AU T
~< < b
ATy SURFRCE LINES
@ IDON'T F1it Cust
PLOT RLL LINES
PLOT BOTTOM ONLY
40 PLOT SIDEBAAS
§0
A i X171
13
3 | o
i |~
\ . |
S . |
- . |
|
S |
= !
"
S 4
./
,/'
-
o =

FIG. 2a - Perspective plot of ultimate tensile strength

10




JLYI;QYY VE’NSIL[

ARSENRL G- JUN-76

QiS! 4337 melIfiEr
- QUSGIENIT
STAENGTH (MPAI

1ZING T

5-CONTOUR DTSPLAY

EUN~CRBEDNE D" -

' m X

PwozZERAMY

FIG. 2b

OZ—=D2Mm VI M~

\
/

S5 S8 S7
EMNPERRTURE
X1 0uw

T

59 60

~CENT !

T T
51 62

GRADE -

Contour plot of ultimate tensile strength

CONTOUR  MENU
ENTER _EVEL & DRA

- [DEF INE USER WINDD

ORAR AN AXTS
ERASE THE SCREEN
CHANGE STEPSIZE
[(HANGE TELL STZt
DEBUG ON/BFF
EXIT




GISPURT PRERME TERS
YHNTHGE POINT

X 4.oon

Y 5.000

2 §. oo
AMIN 480. U
XMRX A40. 0
TMIN 100C.0
TMEX 1 MNODE (4
IMIN  ©.00CT
{MRX 100.00

NCA 40
NET 40
NGX 3
NS 13
SHME 5 ¥
CHKY ] T
SEE10 T
SEFs0 4

RUSTENLTIZ )N

FIG. 3a

WRTERVL (€

Pt

CTIVE
HEGENGL ar

§337 MOOIFIEL

Persnective nlot of

DISPLRAY

> TIME o 50 WIN

PERSPV MENU
VANTAGE POINT
e ICHANGE X LIM)TS
CHANGYE T LIMITS
ICHRNGE 7 LIM[TS
IPLOTTING STEPS
OREN

f DEF RUL @
- 3 SURFACE ( INES

& JOON'T FIiL CuBt
. IPLOT ALL LINES

SR PLOT BOTTON ONCT

*LOT SIDEBRRS
P lexit

% reduction in area




iGFES—-CONTOUR DISPLAY
WRTEARVLIET RASENHL 03-1UN-26
MARTERIAL: AIS! 4332 MODIFIEC
RUSTENITIZING TEMP o 943 [ -~  HUSTENITIZING TIME o S0 MIN
7 REODUCTION [N RRER

N i ———

1
€
"
G
€
LEVEL  VALUE 8
. ! CONTOUR  CWU
2 3;:83 G ENTER LEVEL & ORR
3 .00 DEF INE USER WiNDO
4 w4.0C T DRAN AN AX
s 46.00 ERRSE THC SCREEN
5 ¥9.00 ! CHANGE STEPS] 2
7 50.00 X1 0wm3 ™ CHAMGE CELL S1Z¢
] $2.00 £ IDEBUG ON/OFF
9 S4.0C jExi T
10 $6.0C

'

o zZamrmy

Y T T
49 50 51 S2 S3 SY4 55 S 57 SM 59 60 61 62 63 BN

TEMPERING TENMPERATURE ~CENTIGRAOL
XiUwe)
e Bl S L b RO e e NS S b ]
FIG. 3b Contour nlot of % reduction in area




HI9#LAT PRARMETERS |
VANTAGE PTINT
x 4. (00
r

7
XMIN
AMKX
THIN
e
InIN
ZMRX
NPX
NeT
NSX
NS T
JEME S
LKyl
SEE (D
>t eg

&x

e R =15

IGFES-FPERSPECT]VE

HASENGL 08

DISPLAY
WhTESYL LT JUN~76
MATER.HL: =151 4332 mOSIFIEC
RUSTENITIZRTION TEMP , 543 C = AUSTENITIZRTION TIME 5 5D MIN
% ELONGRTION

e

Perspective plot of % elongation

PEASPY MENU
VANTAGE PTINT
CHANGE X LIMITS
CHANGE T L imMITS
CHANGE 2 LiniTs
PLOTTING STEFS
ORAW

DEF AULT
SURFACE LINES
DON'T FiLL CUBE
PLOT ONLY ViSTBLE

ExiT




IGFES--CONTQUR DISPLAY

WATEBYL [ FT GECFNA( OR. JiuN-75

METERIOL: &1S! 4337 moul
RUSTENITIZING TEMP o 333 ( ~~  RUSTEN!
©  ELONGRTION

-
{
{ {
\© !
! |
. i
E |
=S ]
il i
3
A i
LEVEL VALUE y ’ lconTeuR  MENU
N -
] e b ENTER LEVEL & DR
2 1l QerINE UsEn winor
I"..I RAN AN BX]S
¢ 12 EARSE THE SCAEEN
3 i1 { CHANGE STEPS! 2t
g (2 AN ICHRNGE (Ll S12¢
7 . un3 GESUC ON,DF F
9 5 il
S « |
10 i5.
) 16, 0! 2 ! '
12 16. 3
13 17, (' \ |
L} 1?7 {
15 19,1 g \ |
N |
N ~
\] ( \\\
e ) |
[
|
~i2 f
} - ‘—-I/VA }
| ) f .
| /
G G s
M M s !
i ’ , - 57 53 s3 &0 61 |
| TEMPERING TEMPERRTIUPE CENTICRRDE |
| N Dww) 1
3
FIG. 4b Contour nlot of % elongation

15




CISPLRT PRSRMETERS

vANTRGE ©BINT

X

Y

2
XMIN
XMRX
THMIN
TMax
InIN
ZMKX
NEX
NPT
NOX
NST
SEME
Ry
SEFTO
SCERo

-4.000
S. 000
3.000
48C. 0
540,

1000.C
| 4400t
0.0000
100. 0

o

{GEES=PERSPECT I VE

WRATERY|

MRTEAIAL :

RUSTENITIZING TEnP

LU RASENRAL

34 O —
CHRRE T MR T ENE

FIG. 5a

16

N33/ NOCIFIED

OISPLRAY

07~ 4UN-75

AUSTENITIZING Time 50 mIN
RCT (OULES) =

: \\\\\\\\
gt
/4'/ 3
¢ N
; f
8 ; "
S
B‘\ .\\ b
!\. = \
> \
X
S XN
ﬁ\\' " O
\ ~\\

Persnective nlot of Charny immact energy

PERSPY

VANTAGE POINT
CHANGE X LIWITS
(HANGE ¥ LImMITS
CHANGE 2 LIMITS
PLOTTING STEPS
OARN

DEY RULT

SURFACE LINES
OON'T FILL CuBt
PLOT ALL LINES
PLOT BOTION ONLY
IPLOT SIDEBRAS

X1y

HENU




FWN~OOD NPNE Wi~

Thanonoan:
30GANGaAAd

Qa

I
e

o

F

O Z MY E M-

IGFES=CONTQUR DISPLRAY

WRTERVL (£ 1 a5k Na 03~ 6
MATERIRL: 8151 @337 €OCIF 0
TEMP o 993 L — RUSTENITIZING TIME . 50 MIN
CHRAPT [MPRCT FNEALT  iMult
7 i (SRR e wE e L e
| \ 3 \ N\ ('\
\ \ s \
3 \\ N \ \ \
\ b | ]

——

\ oy

\ ffﬂh’an “ENU

/ | \
/ N '\ \ IENTER LEVEL € (AR

e
e

el OFF INE USER WINDT
\ \

CHANGE (ELL 502t
UEBUC ON/OFF
(SN

17

|
! A
> \ l // { | '
\ \ [ (S {
\ \ { { \ \ |
\ \ \
\\ \ \ ol ;
\ =3 |
{
\ ' ' : = :’> i
3 s $? .. 4 5 [ % 6 ‘N [
TEMPERING EMPERATURE CENTIGRADY |
LRRU T !
Contour plot of Charpy immact cnergy




UISPLAY PRRQM TERS \

VANTRGE POINT

X

-4
-8.000
6.000
480, C
640 U

.0oc

IGFES—=PERSPECTIV¥E OI5PLBY

WRTFAV [T RRSENG ) 2= JUN- 1S
MRTERIAL . w33/ MOl i
HUSTENITIZING TER® o B43 C HUSTENTT T " . "N
HERONESS  (AC)

&

i
|
|

I\
!
|

|

[PEASPY  mENU

VRNTAGE POINT

JeHRNGE x CImiTS
CHANGE T LIMITS
[CHRNGE 2 CimITS

| PLOTTING STEPS

| [oRHN

| g OEFAUL T

! SUAFACE L INES

" DON'T FILL Cust

| PLOT RLL LINES

| PLOT BOTTOM ONLY

| FLOT S10EBARS
‘lll!

FIG. 6a Persnective nlot of Hardness (R¢)




LEVEL

W= QODNDNE who—

VRLUE

X1 0mn3

Al T

fvwazaomy |

OZ=TMVEM

IGFES<=CONTOUR DISPLAY
HRTERVL ET GROENGL B-JUN- 7
MATERIAL: QIS
AUSTENITIZING TEM® o 343 ( ne “
HARONESS  (f
S S L S O
g g N EGaERiTd
¢ R AR { U
Yo i
FS / \ \ I L 1R
/ - \ \ iy
: \ \ VA
e \ \ \ \ (
12 e 5 MR
{ (R WSS
| \ \ §
L1 B | - B — } | { \ \
9 § \ BEL
| ! Vv aag
10 4 : et R
\ ! {
\ | ‘\ 1 ‘
9 \ { f [
° 1. e i N
| { i
2 ] 1 SR ‘.
| ! '
, e / e
7 ///,——/ —— \ \ {
it
\
s 2 P
\ /
(
v \
§ ) \
| \
fes ) \
oL § y \
\ NI £ — \
\ \
% R )
b s / /
b M ¥ 3. | W <
(e e e e e e o
49 SO St 52 S S 55 56 S7 S8 59 60
TEMPERING TEMPEAGTURE -~CENTIGRADE

FIG. 6b

X1 0wmi

Contour »nlot of Hardness (R;)

19

CONTEUR

IENTER LEVEL & DRW
OEF INE USER WiNDO
IDRAN AN AX1S
ERASE THE SCAEEN
ICHANGE STEPS!Z2t
CHANGE CELL SIZE
UEBUG ON/OFF

ExiT

MENU




An expected difficulty with this type of system is that
it is useful for a particular specimen composition and thick-
ness range. While good results (within approximately 3% of
predicted values) have been obtained for other alloy com-
positions bordering on that used in this present investigation,
it must be stated that recise effects of variations in com-
positions are unknown. It would be advantageous to conduct
1 series of tests using high and low ranges of each element,
and use a regression technique to formulate a relationship
useful for a range of composition and tempering parameters.

A user-oriented computer program could then be used to
generate the perspective and contour plots of mechanical
properties expected for that particular composition. These
plots could then be used to schedule furnace loads or
determine possible savings in energy use by processing at

a lower temperature.

A second caveat with the present work is the consider-
ation of mass effects in heat treating. Specimens used to
generate the base data were essentially flat plates 25mm
thick. Commercial forgings are generally not only thicker
but also of varied shape. For products such as these, a
more extensive data base would be necessary to take mass

effecc into account, or an algorithm for estimation of




properties will be required.

CONCLUSIONS

Contour mapping of mechanical properties is a viable way
of choosing tempering parameters if the restrictions of the
graphics system are kept in mind.

Further work on mass and constitutional effects on
mechanical properties are required before general use of
such a graphics system by untrained personnel would become

common.
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