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~ Relation between Slack-Quenched Hornogeneous Structure
and Mechanical Properties of Spring Steel.

Michira- UcHIYAMA, Fujio SEKI and Kazunori KAMISHOHARA

Synopsis:

Effects of microstructure on mechanical properties of C (SUP 3 ), Si-Mn (SUP6) and Mn-

Cr (SUP9) spring steels were investigated.

Specimens prepared from each spring steel were first heat-treated to produce various as-
quenched structures: namely, martensite, fine pearlite or bainite. '

These specimens were then tempered to the spring hardness Hg 300~5C0 before testing.

Specimens heat-treated as above were subject to twisting, bending, fatigue or repeated

impact tests.

Results obtaxned were summerized as follows.

1. The proportmnal limit of twisting or bendmg for sorbxte spemmens was the same

without regard to the kind of steel.

2. The ratio of proportional limit of sorbitic structure to that of fine pearlitic or ba1n1t1c
structure for the alloy spring steels was slightly higher than that for the carbon spring steel.

3. The results indicated also that the endurance limit or repeated impact value of each
steel were nearly the same for sorbitic, fine pearlitic and bainitic structures.

4. Spring properties of steel with sorbitic structure were not always superior to that of a

steel having fine pearlitic or bainitic structure.
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Table 1. Chemical con‘iposition of samples. FThbbEIBRREDLPBRSL &, BEA - ;}cﬁﬁpi;}a
) . S RVER CREABOERBEICHTHED € —
Samble Chemical composition (%) ) . . . .
Nf - 1 A2 POERFILCT, BEOHESDE ARV, Hx
' C | St IMn | P |.S | Cr i 3CHOMHK/ A~ 14 MEARE OED 8 %iT &L
1 0°86 | 0°30 | 0°47 | 0*023] 0*0l5| — 7% B5DIX L C Si-Mn il XX Mn-Cr @THRELD
2 061 | 1°70 | 0°84'| 0*021} O*Ol1| — N DA E I
3 055 | 0*28 | 077 | 0°024| 0°017| 0°79 EVBDONILOBERIE2L. ’
' ' o LIRS OV THEW: B E— 2 b —
13 053 | 0°28 | 0°80 ] 0°018] 0°019| 079
I i T I
Table 2. Heat treatment of fine pearlitic —-—x—— Point to cavse 0.3% permanent shear stwain. (7s)
test pieces —-—- — Apparent proportional limit of shear. (Tp)
pieces. 1500 ,
Sample . . Heating
No. Quenchlng medium conditions

Quching oil Coal-tar I

! 7 90%-+ # 109% | 780°C X 10mn
2 v 459+ 7 559 | 800°C X 10mn
3 v 35%-+ 7 65% | 800°C X 10mn

* Tempering : cf. Table 3.

‘Table 3. Heat treatment of sorbitic test pieces.

Sample | Quenching Heating Tempering
No. medium conditions conditions
~600°
I Water(40°C) | 760°C x 10mn|{3/ iOrr?gO c
: . o
2 & 3 |Quenching oil] 850°C X 10mn Air cool

1000

Torgue (kg-cm)

pe

b .
68 W0 17 46
Angle of twist (deg)

500

=)

Fig. 1. Examples of twisting test for C spring
steel as tempered after quenching to fine
pearlitic structure.

Table 4. Hardness of test pieces as quenched to fine pearlitic structure.

C steel (C) Si-Mn steel (S) Mn-Cr steel (M)
telig ) p?gce Hardness I:fa}czégness Hardness I:;Ifilgness Hardness ;—Ifiggness
as (qﬁlf)n ched | tempering as(gfi(;n‘:he‘l tempering |*° q?ﬁsghed ! tempering
(Hv) | (Hv) Hv)
1 406 315 389 299 402. 312
2 398 325 385 311 411 317
3 398 346 400 317 413 329
4 400 346 377 339 406 337
5 402 349 387 344 406 344
6 393 - 362 409 370 406 346
7 389 364 409 391 396 355
8 400 366 415 400 385 . 357
9 398 366 411 400 409 i 366
10 385 375 406 404 385 ’ 366
11 393 375 420 406 411 : 370
12 400 377 418 409 396 371
13 398 385 425 418 400 i 371
14 406 385 434 420 ’ 402 377
15 406 393 436 432 387 . 396
16 411 396 — — - 406 i 400
.17 404 404 — — 420 : 400
18 411 404 — — 411 402
19 411 406 — — 425 409
20 413 406 — — 425 411
21 406 - 406 — — 439 , 434
22 - 420 411 — — 444 ! 436
23 441 - 436 — — 444 : 436
24 439 436 —_ —_ 449 ' 436
25 444 436 — — — ‘ —
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Table 5. Hardness of test pieces as quenched to martensitic structure.

C steel (OC) Si-Mn steel (S) Mn-Cr steel (M)
No. of ‘
test piece Hardness glfe'ltzgness Hardness ;—Ifz}cle'(:ness Hardnesils ;—Ifa;g;lness
as ?ﬁi?Ched tempering as (Ic%ﬁ,e)nched tempering as %I‘f‘lf;;c ed tempering
(Hv) (Hv) (Hv)
51 775 318 725 305 725 308
52 741 321 705 326 746 321
53 725 326 752 341 730 326
54 769 339 730 346 715 341
55 715 355 710 353 769 355
56 700 360 710 360 715 355
57 720 366 725 368 700. © 368
58 730 370 757 373 720 377
59 705 371 720 379 763 - 383
" 60 736 373 730 385 700 - . 39
61 - 705 389 741 398 757 . 396
62 746 396 715 413 705 398
63 710 402 720 420 757 409
64 715 409 769 422 705 " 418
85 730 413 710 425 725 429
66 ;715 413 720 432 " 700 439
67 . 741 420 705 439 775 454
68 © 700 420 730 446 715 (484)
69 695 422 741 446 705 (496)
70 741 441 725 451 690 (508)
71 710 444 720 - 457 — —
72 736 449 715 459 — —
73 715 449 720 467 — —
74 730 459 730 470 — —
75 700 473 715 476 — —
76 700 496 741 481 — —
77 695 537 705 484 — —_—
2500 , | stk e LCiz Table | WRLER
Sl _ SO No. 1~3 ZEEIREDHE & &
o Tempersd efter querchig © ’QD ) L Ex 4
g C  spring . steel // 14:&( m 10mm - }; mm - Eé
Si-Mn spri teel Vs x > LI N
[©)] Mn-CI':- ;‘:({,;rqy‘.sreel ,Q/ M 120mm b“ﬁ:-hbj’ 7’;45 DEX ()\[ﬂﬁth D
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$ s’ F4 AT ET H5E 60mm X
Ve
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Fig. 2. Relation between hardness and 0°3% vyielding torque
for spring steels. ‘
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Table 6. Hardness of test pieces as quenched
to bainitic structure.

T T N
—-—x——Point to cause 08mm permanent bending Strain (03)

——————— Apparent proportiona! limit of bending @)

yi
4

!

-

200
Hardness Hardness
No. of after No. of after
test pieces tem(;ﬁa\x;;ng test pieces | tem(pﬁe‘l;;ng
3
B201 337 B211 321 ~ 150
B202 330 B212 341 -
B203 310 B213 352 .S
B204 323 B214 380 ~
B205 368 B2is 295
B206 390 B2ls ’ 310 }00-
B 207 403 B217 321
B208 385 ° B218 398 ’
B209 366 B219 410
B2i1o 360 . B220 345
Oil quenching: cf. Table 3. °

* Tempering: cf. Table 3.
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Fig. 3. Example of bending test for Si-Mn

spring steel as tempered after quenching
to martensitic structure.
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Fig. 4. Relation between hardness and proportional limit
of bending for spring steels.
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Fig. 5. Logarithmic S-N curves for sorbitic
structure of spring steels.
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Fig. 6. Logarithmic S-N curvés for fine
pearlitic structure of spring steels.
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~ Effect of N and B on Properties of 18Cr-12Ni Stainless Sfeel.

Synopsis:

Ryuichi NAKAGAWA and Yasuo OTOGURO

In previous reports (Tetsu-to-Hagane 45, 11, 1276; 46, 5, 566; 46, 14, 1758), the authors
reported the effect of Nb, Ti, W and Mo on properties of 18Cr-12Ni austenitic stainless steels.

This report concerned the effect of N and B on aging_be-havior, microstructure, precipitates,
tensile properties at various temperatures and creep-rupture strength of the same steel. -

The following results were obtained:

1) The specimen with N was scarecely hardened during aging. The specimen with B

was hardened when the C content was higher.

2) In the specimen with N, precipitates of CryCe and CreN were observed. In the speci-
men with B, CrB;, Fe;B and B4,C remained after solution treatment for one hour at 1100°C

and CrqCs precipitated during aging.

3) Tensile strength was increased linearly with the increase of N content at all testing
temperatures, but that of the specimen coutaining B was raised with the increase of B

content below 600°C.
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