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T:able 2. Quenching temperature
M1 o M2 M 3 N 1 N 2 N 3
T.P.No. |2 1Q. tenp.| Ac; Q. temp.| Ac; |Q temp. Ac, |Q temp.| Ac, |Q.temaq. Ac; |Q.temp.
(°C) | (°C) [(°C) | (°C) [ (°C) | (°C) | (°C) | (°C) [ (°C) | (°C) | (°C) | (°C)

-10°C 725 775
-12°C 725 775

730 | 780 690
- 690 | - 740 650

740 705 755 685 735 | 670 720.
700 675 725 660

710 . 645 695
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Fig. 1. Relation between
.carbon content on the
surface -and the Mn or
Ni content in steel.
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Fig. 2. Relation between
total case depth and
the Mn or Ni content
in steel. ‘
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Fig. 3. Effect of the Mn
or Ni content on Ac;
temperatnre.

LR Mn £HEO &b
(2) BRHADH K

g Ni&FESENTS &
HBH—RURTF v wds Co DF,

CHTEH—HETF LY v
FEbIhb.

R

Co; RERITH T HH—
R RF Lyl
Cr=Cp—0°025% s+ererearsas

7L Ces %% Nigg
CHTEh—HoEF Y
¥ JV :

Co; IRESITA T 20—
RURF v vl

Fig. 2. WRKBDES
R 3 Mn EFERV
Ni &% &2 OBRGRERT.

| BRBAKO E Xtz Mn

EHRERC NI §FEIC X

Ly —ETHBEIHB.
Fig. 3. RRHFD Acy

LREEDBIEERTACL ZE

RERIX Mn &, Ni ERU

CEZ k»TZLLTw
%. Fig 3. ORI HE
AiBEE% Table 2. OFRIT
BO, T ORESDBEAR

- Tl TE HLIREKREBEE

I BRATBE < &% K
DHrc. :
Iv. % &

EEEERE BN TIIER
DI T B

(1) BERAZADH—F
YRF LY e VEEREN
Lo TIEEZRAE.

RF v v VIIRRKEND
RELLD. RFRMTHT
x% Ni 228
v Cr IR ORI FEHRIT

Cy=C,—0°025%

(3) 42BEREZ, ZOEXBROFEETIMnEHE,
Ni RO&HEREBHELS —ETh 5.
(4) BEHMO Ac ZREAN, Mn &£FE, Ni &
BHERVCEMSHEMT S LETT 5.
' X - K
1) $2AK: ge4m, 46 (1960) 10, p.1291

(137) (FRMOTEH—TTRA T v VBN
1AM & BMAMNE S OB

C =EEEM TEOR L &R

4 b IEJE f0ost

| - .M R

Relation between as-Slack-Quenched

.Heterogeneous Structure and Mecha-
nical Properties of Spring. Steel.
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Table 1. Conditions ‘of specimens.
! |
No. of lKinds of | Type of Hardness (Hv)
Heat treatment { T
specimens[ steel specimen * | s?xri'ftalcl:z iéntttg
1 S40C Quenched developing the pro-eutec- A B. C. D 339~418 339~418
2 SCr4 toid ferrite & tempered TR 340~-415 340~415
3 SUP4 i 402~427 400~418
4 SUPs 410~428 378~398
5 sups | Quenched & tempered E, F 394~424 | 362~387
6 S35C t 392~428 300~320
7 SUP4 400~422 212~232
8 SUPs C s 400~420 280~294
9 SUPS Induction-hardened & tempered E 400~424 504~314
10 S35C 400~420 304~320
11 S35C 386~424 220~240
12 S45C . . 390~420 244~.269
13 3550 Carburized, quenched & tempered E, F 386416 268~.282
14 SCr21 - 396~430 206~220
Remarks: A =10¢X80mm (parallel part), for torsion test
B =10¢ x45mm ( 4 ), for rotary-bending- fatigue test
C=10¢x35mm ( . # ), for tensile test
D =4X10x126mm, for beng test
E =25¢ X 190mm(parallel part), for torsion test
F =25¢ x 100mm ( 4 ) .for torsional fatigue test
Table 2. Effect of the pro-eutectoid ferrite on the tensile properties.
No. of Hardness after | Pro-eutectoid ” Tensile . Elongation - Red. of area
tempering ferrite strength .
specimens (Hv(30)) - (%) (kg /mm?) (%) (%)
404 0 1256 15°4 496
406 35 128*6 10°0 252
402 0 1248 154 51°0
1 400 35 126°0 76 24-°3
387 0 1210 168 521
389 40 123°5 11*1 294
385 0 1235 131 51°0
383 40 1222 G+7 . 243
Table 3. Effect of the pro-éutectoid ferrite on the rotary-bending fatigue strength.
No. of Hardness after Pro-eutectoid Fatigue strength (kg/mm?2) at
spec{mens tempering ferrite .
(Hv(30)) (%) N=10° ] N =108 N =107
] 400~415 0 | 7000 +2 59.0 42 565 40°5
¢ 400~415 30~35 ' 650 43 555 2 50°0 +1
1 ! 379~396 35~40 | 60°0 +3 500 +3 45°0 £2
| 360~375 40~45 i 560 +3 46°0 43 42°0 £2
: 339~-355 45~-50 [ 520 £3 45°0 +3 40°0 +2
Table 4. Effect of the pro-eutectoid ferrite on the repeated impact strength
No. of Hardness after ‘h Pro-eutectoid Repeated number of impact (N) at
| tempering H ferrite |
specimers E (Hv(30)) v (%) ! 50kg cm 30kg cm 10kg cm
. 375~385 ! 0 0°8~1"5X10% * 4°0~7°0X10% | 1*3~2°1X10°
373~-385 40 142~2*5X 108 4°0~8*0X 10*

2°5~5°0x 10? !
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Table 5. Torsionl properties of spring steels affected by mass effect.’

Proportional Ratio to the . .
No. of Pl . Relationship between the tolerable stress curve
specimens lu?i{tg(}fmtr%rgmn standazg/(z)value and the theoretically applied stress curve
3 70 100 Uniform hardness::---+--+.--(Standard)
4 69°5 99°5 Separating completely
5 68 97 7
6 71°5 102 4
7 54 77°5 Crossing
8 64 91°S Crossing slightly
9 72 103 Separating completely
10 70 10O ‘ 4
11 36 51 Crossing deeply
12 425 61 4 '
13 455 65 ”
14 39°5 565 7

Remarks: Values exceeding 100%, in the above table, are resulted from the calculating
procedure setting 60~80kg / mm? of stress range to 70kg/mm? (100%).
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Fig. 2. Comparison of the authors’ results
with the other experimenters’ result
for reversed torsion fatigue test.
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