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Mechanical Properties of Head Plates Formed at (a +7) Phase Temperature Range
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Synopsis:

The effects of hot-forming at a+7 temperature range and subsequent heat treatments of steel plates on their

mechanical properties have been investigated. ASTM-A516-70, A387-12 and A387-22 steel plates were used for

laboratory studies and for actual head plate forming experiments. The results obtained are as follows.

(1) The hot-press forming process which consists of a heating at a temperature in 7 range and a press forming

at temperatures in a+7 range during cooling gives good tensile and impact properties to all steels after only

stress-relieving heat treatment. This suggests a possibility of elimination of normalizing treatment which is usual-

ly conducted after press-forming.

(2) The hot-spinning forming process which consists of a heating and a spinning forming at temperatures in

approximately mid-range of o+7 gives good tensile and impact properties for A516-70 and A387-12 steels after

only stress-relieving heat treatment. For A387-22 steel in this process, however, normalizing treatment after

spinning forming should not be omitted to give an optimum yield and tensile strengths.

The foregoing properties of head plates have been endorsed by metallographic observations.
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Table 1 Chemical compositions of experimental steel plates™
o {wt %]
778;71 _C_ i 5i M"n-w P 5 Cu Ni Cr Mo v Al
__A 516-70 0.!7" V 0 247 V 1.19 0.016 0.003 0.14 (] 44 0.10 0.049 | 0. 036_ 0.0317 -
A387-12 Cl 2 0.15 0.25 057—— ‘0:605 0.002 (;04 i 0 21 1.07 0.555 0 014
A387-22 ClL2 - 6.14 0.24 i 051 -70 006 V 0,0d3 | 0.12 0.16 243 0.969 ] 0 OI;-&
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Table 2 Mechanical properties of experimental steel plates [} ¢, transverse]

e Tensde test * . Charpy impact test
ih]'(:k Heﬂt ———— - - — — o = —— R .
Steel nless ‘| treatment ‘t v T.S. P KL " \E*J;' CES P Te
(mm kgf/mm? Y (kgf/mm?)| (%)) Tkgf-m) \kgf m] ‘. 'Cl
Spec. | 2268 law3-615 =21
i L St i S . ——
A516-70 ! [ N 333 53 8 30 11 7 - 25
45 C T T a T h oo R I T " o
N SR“'—‘ 340 530 33 1 78 13 s 17
- - [ I P —— p—
":pec. 2282 457598 =22 1 - -
A387-12 ClL2 N@-T® 365 525 36 14.2 327 -39
45 - - - [T E— A S 4 c e
N T SR“” 36.0 52.1 33 92 355 —28
N | Spec #317 |528-704 z18
T 1 . - " T o Y S 2
A387-23 CL2 NET® 564 , 710 25 139 24 —34
! 45 - — . J— B
; N@_TW.gRr® |ose 3 66.6 25 121 2l 9 —31
(1) 900°Cx64min—A.C. (Zy 930°C X 64min +A.C. 3 690 CX145mln >A(J
@ 615°Cx 8h—F.C. & 650°Cx 15h—F.C. & 690°Cx 15h—~F.C.

+ Specimen : JIS 14A [10mmg}
“* Average for two specimens
+*++ Average for three specimens

Thickness Inside dia. Crown rad. Knuckle rad.
Forming method . .
t (mm) D (mm} R imm! r (mm)
Press forming 45 2430 2 156 420
Spinning forming 45 3 000 2714 518
H= ? Crown part {C.P.}

Intermediate part (1.P.}

t 200
100 [
Knuckle part (K.P.)
X & /
/ i ” L/Flange part (F.P.)
i D ¥ 4—i §.
{mm)

R
Fig.1 Dimensions of 2 . t ellipsoidal head plate tested
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Fig.2 Forming and heat treatment procedures of head plate

L
{Knuckle & Flange!
(1 (2
Spinning
925°C
. & ¥
@ f
Ar
. Y
> [&] aty
@
t .00
= Wi, Mt
L Surface
Heating 1m a
furnace Press
Fig.3 Temperature range aimed for press
P2, B ASMmEY AL R TR L oS, Ar AR

CEUY AR KA - (e
RRZaFixY

) 45 L 00N LD
fp=the #‘JSOCT B A, ML EW R BIE
;"_uiul AL, L Arht AT, L 2 LG
mué;minuﬁET&;tt$U,ﬁ%%

HUGER S LT (et ) 20& T8 LA FT
HI XD, wBEBRERT £ Tk sz“u’)fﬂ,
Tid, 80 C Rt Lo, 7L AT i
i-",;mmlikﬁe-::.t. IR A AT (e BT )

BA oA RAHEEE L L E B
AR SR 2 s — B R B T

ER ’(:'
AL b B A 7on g bz s,

13

Wb L orlg e |s(7)hm# -CAEE )H’ L,
AL A 7RI L AEREHRERESER LD
M, 35 L ORE ﬁxp‘l ahim 0’)1*&»}_ ATtz &4

HOEEFY R Fig 410, ZORIZE AL
ALl 7 kD EBRIEORER Y,

ARYVER 2 AT 85 X OSHOR I ST & A E R KR
RPN L (=Bl T b, R AT

900[-A-38%- 22 Second press formix;g. -

|

. ——— ¥1,%¢ Dummy plate
1 Surface Dummy plate
800+ N | © 7 i Thermoviewer
- Ar, P * _|.__Pyroscope
Lo ’ f\
o !
3 700
o
1~
£
B Bs- -
L7
[—1
600}
{knuckle}  {flange)

L. a1 . PR
e N S S S B S T TR

Time after taking plates out of o furnace (min.)

Fig.4 Change of material temperature measured during
hot press forming



132

QO CiRi
.: ;‘f’;t”,!;’f}“fg'mq{ L

BRI VWS o I i 1

75,
HoE T s

f}(_:d 124 Z.) IR F iR [ 7y il [

it ena

’rr
L.ui

¥

NE

B8k

T AMNLATT G T A L e, K
BRI A s L or il otk
“59*—m«Mwam&r%mwmw#u
b

[ AR

h.ilﬁ?ffé@ﬂl& FA20s LUN & e BIFEIETAL 5 3

Fr1 T A DR
Sk oo LT L S

AL,

j% % Table 3129057,

4Ry A1)
| EE /AN
e #:20° CFEJR

‘:}_!j,’y

7.

I
+ 42,

2-3-2 #EAEZ-YINT

Bl 2 2= i

Fig. 2 1251579

ENE TSR
2 TIIL AN & 4

.rr— d-

T kv ok

AR T

& i A 3
i, WG 2T = TN
AR
L b,
TV EED S 7T

UL iTH T
4\&1\}5&1
AR A i 7 1Y%

e

£

Ea

2L

T AN U Hil
Pordi L, KA 27
b A e B
T, =M R TR 7,

LT
Bix

S T
TR T

“ R RN Heen

At

B

A

gy

Ikt
T H *M i

L/l2, %7

LR 7,

Bea il L

Hi
x..?:’f

TFere T

TELIZTEL LI,
iRy U il

By Ty A

‘ﬁll fL |_ .

I N L

by
fkmim
s

1480

mﬁw“F?

f’M‘-U”;‘m‘j l— TKJ'JU

e i]UJ' S ,

ALFEFLOSFE T Ay 1~ Acy i,
Cal 2, odizperx |7,
BRI CABAL N T
TTF T
I G T G A
FrimlE oy Ay ol o 5:*),
R RN
L5 4] 4 Table 4 (-

Mg ivhen
i) lf&tﬁi DR
BoLAoig, ot

o :,[,w)}\ IR L S|

AL A A T
A |
hn ks Lo 2
o kL,

'ﬁ

Lol

W IR AL A TG S & TR I3~ 4min T

&1

O IRIEIL FIE60--T0°C T d » 72

MR P Gr A UU’J'&%: rE T, iRk

HiHTEE L
KA

(¥ Table 4::
o T d R ERIN BRSO i)

VA R 4'Jﬂ S S A/ LN

|
'1\"1'
LR R
1 e S

A T T L AT R BRI

e EAE

10-20°CTd » 72,

Table 3 Hot press forming temperatures
- First press Second press forming
Ar. Ar; By forming{Crown)
Steel 3 s Position | __ Knuekle Flange B
) (") - Start Finish Start Finish ‘Start Finish
("C} ecy o e ch {"C) ¢l
1 _ N —
Surface 746 696 700 696 674 660
AS516-70 725 621 — —— e :
/ Wt 794 740 742 733 696 682
"Surface 721 697 719 715 697 688
AlB7-12 785 674 635 - - -
/ /i 765 733 760 756 735 720
burface 698 640 708 700 676 650
A 38722 FEL T B 646 - ——— - : B
| /d- /t 752 G84 | 764 754 725 655
Table 4 Formi‘ng conditions for hot spinning
Aiming temperature Results of measurements
A, jAGQ|—mrririonii— e — ——— — —————— ——— —
Steel i Heating temp. |Local heating Heating temp. * Formmg
("C11(°C)| in a furnace & forming temp.| in a furnace | & forming temp time
("C} (C) (°'c) °C) {min }
AS16-70 | 719 | 827 790 + 10 790+25 79¢ 735 --78b EYiRi]
A3B7-12 | 749 | 850 810410 810 * 25 815 780 810 365
A387-22 | 785 | 860 83010 820+25 830 765 813 ] 375

* Crown part, using C.A. thermoelectric couple
++ Knuckle part, using optical pyrometer
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Table 5 Heat treatmenti conditions of head plates
and mechanical properties tested
Forming Steel ]Heat treatment | Type of
methad lof head plates | tests*
B : [SEVAN
A516-70 p-———r e
SRW STN
AJB7-12 o T _ —
Hot press _ NT=-SRY 0~
forming ~oa
- L FAAN
A387-22 SR O oA e
NTLSRD o A
— PN
A516-70
qu oA
A387-12 I I
Hot spinning _’SR QL
forming ; - o A
I
A387 22! SRY¥ RN
} i N )
I N® .5R% |0 o e
A

1y A516 70:615°Cx8h -F.C., A387-12:650°Cx15h—F.C,,

A387-22:690"C X 15h—F.C.
(2) 925°C X 53min, cooling on a furnace car
J = Tensile tests at R.T.
*{ @ Tensile tests at 400°C
EA Charpy impact tests
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Materials treatment Position {kgf/mm?){ (kgf/mm?) (9
Head plate 1.P. | Inside 40 4 517 0 18

SR . R
(press forming! F P 1 " 40 .4 51.0 19
Head plate 1. " 36.7 47.8 19
N SR f o e : —

{spinning forming! F ‘L " 39.2 49 7 18
Base plate N-T-5R gt 35.9 48 5 i 22

« Average for two specimens
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