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The Effect of Strength and Work Hardening Characteristics on the
Headability of Austenitic Stainless Steel Wires

Yoshinori KAWABATA, Tsuyoshi NISHIMURA,

Tatsuya WAKAMIYA, and Yukio YAMAOKA

Synopsis:

There have been studied the effects of volume fraction of martensite, stacking fault energy, austenite
grain size and solid solution hardening on the strength, work hardening behavior and other mechanical
properties of austenitic stainless steel wires. We tried to evaluate systematically the headability of the
relationship between the mechanical and physical properties and the headability.

The main results are as follows:

(1) The work hardening behavior (n-value) is mainly decided by volume fraction of martensite and
stacking fault energy, that is, steel KSS 70 containing 3% Cu (18Cr-9Ni-3Cu) and SUS 384 (16Cr-
18Ni) show lower n-value than SUS305J 1 (18Cr-13Ni) as a result of high stacking fault energy
even in the presence of strain induced martensite.

(2) The yield strength becomes higher with the increase of solution elements such as C, N, and Mo
and with the decrease of austenite grain size following the Petch relationship.

(3) In SUS304-7 (18Cr-8Ni), the n-value and elongation decrease slightly with the increase of
austenite grain size. On the other hand, a contrary tendency is seen in the stable alloys such as SUS
384, 385, 305J 1 and etc. In the tensile test, the reduction of area gradually decreases with the incre—
ment of grain size.

(4) There can be seen an obvious relationship between the headability of each specimen ranked
from Ist to 8th and the hardening factor H. F., defined as yield strength times r-value, that is, the
low hardening factor results in an excellent headability.

(5) Factors affecting headability can be classified to two groups such as; (i) strain induced
martensite, stacking fault energy, and grain size which affect headability as a result of the change in

yield strength and n-value, (ii) inclusion, surface scratch, and heading technique which affect headability
without change in yield strength or n-value.
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Photo. 1. Typical mode of cracks generated in
austenitic stainless steel fastener by
heading.
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Table 1. Chemical composition, Nigq, andMgs, of the alloys.
Alloy Nominql. %«i):l Chemical composition (wt%) Nigg.* M oo **
composition l(mm)| «C | Mn | i cr | Mo |cu | N | () | (C)
sus201 | V7Cr=43Ni- [5.06 1 0-12 | 0:47 | 6:63| 4'34| 17-50| — |0°05|0°12| 2561 | —1672
6Mn-N
SUS 304-7| 18Cr-8Ni 5-06 | 0-06 | 0-36 | 0-82| s05| 1860 — |013| — | 21-84| 447
SUS 304-8| 18Cr-11Ni | 5-03 | 0-05 | 0-50 | 167 | 11-04| 1862 — |0°29| — | 25-70 267
SUS 305]1 | 18Cr-13Ni | 500 | 0-05 | 0-42 | 0-96 | 12-75| 17:38 | — jo0-15| — | 25:92| 1696
SUS 316 lgggﬁfﬁ“ 5-60 | 0-04 | 061 ]1-79 | 12:81| 1658|236 | 021 | — | 2850 | —27-16
SUS 384 | 16Cr-18Ni | 5-01 | 0-04 | 0-46 | 1-61 | 1812 | 15:12| — |0°13| — | 3031 | —11-28
SUS 385 | 12Cr-15Ni | 4-98 | 0-02 | 044 ] 0-77 | 14:84| 1150 — |o0-17| — | 2353 | 8573
KSS 70%* | 18Cr-9Ni-3Cy| 4-97 | 0-02 | 0-30 | 0-82| 909| 17271 | — |3-21| — | 21-87| 5509

* Ni equivalent (HHIRAYAMA!?))
** Mgag (ANGELLS)
*** Shinko Wire trade name.

Nigg.=Ni+0°65Cr+0°98Mo+1-05Mn+0-35Si+12°6C (%)
Mazo=413— 459(04\1) —9°2Si—8 IMn—13:7Cr—9'5Ni—18-5Mo  (°C)
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Fig. 1. Stress-strain curves for several austenitic stainless steel wires.
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Table 2. Stacking fault energy.

Determined in this study

J Other study

\ -F -
Alloy . ‘ Nominal composition (esrg /chl;l) Nominal composition (esrg' /F;;nl;“)
13-8
SUS 201 17Cr-4-5Ni-6Mn-N 13-3 18Cr-5Ni-8Mn 16° 020
16-2
12-5
SUS 304-7 18Cr-8Ni- 13-5 18Cr-8Ni 11-022
13-7
22-8
SUS 305]1 . 18Cr-13Ni 29-5 18-7Cr-15"9Ni 23-628
31-3
SUS 385 12Cr-15Ni 22-4 13Cr-14Ni 33-1m
255
KSS 70 18Cr-9Ni-3Cu 29-6 17-8Cr-10Ni-5-2Cu 25~.3020
306
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Fig. 9. Relationship”between tensile strength and
hardening factor defined as Y-S X n-value.
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Fig. 10. Relationship between relative headability
and hardening factor H-F defined as Y-
S X n-value.
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Fig. 11. Relationship between compression limit
Heris, and hardening factor H-F obtained
by using experimental results of other
investigators.
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Table 3. Classification of many factors affect
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Factor B
(not depend on H-F)

Factor A
(depend on H-F)
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Stacking fault energy Wire surface (scratch)

Austenite grain size Lubrication

Solid solution hardening | Heading technique

Heading temperature
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