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Improvement of Sensitivity to Delayed Fracture from Pitting Corrosion of Spring Steels for Automobile by Alloying

Tatsuo FukuzuMl, Kazuya KOBAYASHI, Shin-ichi KomazaK1 and Toshihei MISAWA

Synopsis : In order to strengthen the spring steels of suspension for automobile, it is necessary to reduce sensitivity to delayed fracture caused by the hy-

drogen from corrosion environment. In this research, influence of the pitting corrosion resistance on the sensitivity to delayed fracture caused

by wet—dry cyclic corrosion in 5 mass% NaCl solution at 308K, was investigated with SSRT test, thermal hydrogen analysis and silver deco-

ration method. The results of this research are as follows.

(1) The spring steel containing Ni, Mo and small quantity of B has superior pitting corrosion resistance (V’cql00) to the spring steel

containing Ni and Mo.

(2) Normalized maximum load and time to failure calculated from SSRT test results representing the sensitivity to delayed fracture, were

improved as the V’cq100 was increased with addition of the effective alloying elements.

(3) The thermal hydrogen analysis to the test piece with rust and without rust showed the unique hydrogen peak between 673K and 773K.

(4) It was found the hydrogen of this peak was the hydrogen generated and condensed at rust/steel interface during corrosion reaction, by

the silver decoration method.

(5) The normalized time to failure was decreased with increasing of the condensed hydrogen at the rust/steel interface.

(6) It was concluded the enhancement of V’cql100 by addition of the effective alloying elements, was effective to reduce the sensitivity to

delayed fracture of the high strength spring steel through decreasing of the hydrogen generated in the wet—dry cyclic corrosion reaction.

Key words: low alloy steel; spring steel; pitting corrosion resistance; delayed fracture; thermal hydrogen analysis; alloying element.
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Table 1. Chemical compositions of spring steels used (mass%).

Steel No. C Si Mn P S Ni Cr Cu Mo v Ti B
Jis sup12| 0.59 | 1.44 | 0.75 | 0.017|0.004 | 0.04 | 0.75 | 0.09 | 0.01 - — -
HDS13 0.49 | 1.47 | 0.61 [ 0.013|0.003) 1.46 | 0.98 | 0.10 | 0.77 | 0.1 - -
HDS13M-1 | 0.50 | 1.57 | 0.40 [ 0.007 [ 0.004 | 0.49 | 1.49 | 0.26 | 0.35 | 0.08 | 0.027 | 0.0027
HDS13M-2 | 0.48 | 1.58 | 0.40 | 0.009 | 0.008 | 0.52 | 1.55 | 0.23 | 0.34 | 0.09 | 0.035 | 0.0022
HDS13M-3 | 0.46 | 1.57 | 0.41 | 0.009 | 0.006 | 0.53 | 1.61 | 0.22 | 0.36 | 0.10 | 0.036 | 0.0029
HDS13M-4 | 0.44 | 1.46 | 0.40 | 0.009 | 0.003 | 0.50 | 1.51 | 0.27 | 0.37 | 0.08 j0.028 | 0.0025
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Table 2. Heat treatment conditions and hardness of test pieces.

Steel No. Quenching Tempering Hardness, HV20
JIS SUP12 648K X1800s — A.C. 617
HDS13 173K 8005 ~ 0.0. §23KX 18005 — A.C. 625
HDS13M-1 623K X1800s — A.C. 627
HDS 13M-2 T23KX3600s — A.C. 548
HDS13M-3 173K 1800s 0.Q. 673K X 3600s — A.C. 592
HDS13M-4 673K X 3600s — A.C. 600
[“_ 99.99
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Fig. 1. Shape and size of SSRT test piece. z 5F
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Fig. 2. Comparison of the quasi-pitting potential
(V’cq100) of tested spring steels in 5 mass% NaCl
solution at 308K.
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Fig. 3. Typical load—displacement curves of SSRT test before corrosion (0 cycle) and after 20 wet—dry cyclic corrosion treatments
in 5 mass% NaCl solution at 308K (20 cycles). (a) SUP12, (b) HDS13.
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Fig. 4. Scanning electron micrographs of the corroded sur-
face and optical micrographs of cross section of
SSRT test piece after 20 wet—dry cyclic corrosion
treatments. (a) SUP12, (b) HDS13, (¢) HDS13M-1,
(d) HDS13M-3.
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Fig. 5. Distribution of the depth and radius of the corro-
sion pits observed in the micrographs of cross sec-
tion of test piece. (a) SUP12, (b) HDSI13, (c)
HDS13M-1, (d) HDS13M-3.
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Fig. 6. Profiles of thermal hydrogen analysis for the speci-
mens with rust after 20 wet—dry cyclic corrosion
treatments.
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Fig. 7. Influence of the quasi-pitting potential (V’cql00)
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after 20 wet—dry cyclic corrosion treatments.
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after 20 wet—dry cyclic corrosion treatments.
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. Influence of the quasi-pitting potential (V’cql00)
on the mean radius and depth of corrosion pits ob-
served on test piece, after 20 wet—dry cyclic corro-
sion treatments.

Table 3. Analysis of typical influencing factors on sensitivity of delayed fracture.

Sensitivity of delayed L , e
fracture Typical influencing factors to sensitivity of delayed fracture
Hydrogen Maximum Maximum Aspect ratio
Steel No. I Normalized| Normalized V'eq100 released from depth of diameter of | calculated Stress
time to maximum v v: SCé the steel with | corrosion pit | corrosion pit | from maximum |concentration|
failure load ) rust at RT.~ | observed, observed, depth and coefficient*
573K,massppm um Um diameter
SUP12 0.338 0.691 -0.65 0.4498 93.08 283.3 0.66 262
HDS13 0.560 0.968 -0.62 0.7812 52.31 136.9 0.76 2.74
HDS13M-1] 0.580 0.879 -0.63 1.451 41.54 41.5 0.78 277
HDS13M-3] 0.748 0.967 -0.57 1.639 38.46 91.5 0.84 2.83

*Stress concentration coefficient( @ )=1+2 X (aspect ratio)'”>
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63 I



I 64

$% &4 Tetsu-to-Hagané Vol. 92 (2006) No. 2

Table 4. Assessment of influencing factors to sensitivity of delayed fracture.

Normalized time to failure Normalized maximum load
Influencing factor : :
Corelation | Reliabilty | orieaion | Reliabilty
V'cq100 457 093 2.90 0.76
Hydrogen content
at RT.~523K 027 0.89 0.15 0.65
Maximum depth -6.23 0.93 -4.64 0.90
Maximum diameter -1.32 0.82 -0.97 0.77
Stress
concentration 1.03 0.88 1.89 0.99
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Fig. 11. Superimposed profile of thermal hydrogen analy-
sis of HDS13M-1 test piece with rust, without
rust and the intact rust peeled mechanically by
emery paper.
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Fig. 12. Result of X-ray micro-analysis to the cross section
of the test piece (HDS13M-1) corroded by 20
wet—dry cyclic corrosion treatments and then
treated by silver decoration treatment.

FHZgEIh, 72, FAROBR MO O KZE S
WRIZBOWTEBRIN-ZLNS, ZOFE28— 135
Jog & i & DRIBICTFEL T AREOBRHICHIEL 728 D
S 7,

22T, DEISRBA RN #8, #Rg/HF AT EE

I IZHNIR DO KR DIEIEARAEE R B 72D ERT I L —
Y YEICKD AL L T L2, Fig12id, 2044 2
L DRZIRAGE D R LIS R BRI L /- HDS13M-1 123 LT3
fEL 78R a1 — 2 3 VIO EPMAT 7 EETH
%, ERBEHE/RmEREIZE TS, Ag Fe, OD(f{E %
NTREXRBERY RETBTH S, AgRTCODKM
KA 6, KENGFEL T SHEEIT, EEEKEHE
&/ SRMEEOEP THB I enbr b, Fiz, #HE/

FIREIEE T, BRARICHANKRENEFELTED

REAMD L KFEEMY A M ->TWBEHRENS,
oI, HRIE»D T AL, [ERFZHIC & KELEE
LTWaBZENns, ILRIEISOERRATIRIC IO TKHED
FNEBIZARAL TWBZ EHMA S, Th b DIRBEFHTHRE
RED ., HiiCD673~TI3K DR TR S h 7= KFRIE,
ZO8EkE,/ fRmIZ B AHANCRIL L 72 KETH B L
EEND, ZLT, {LARSORMEMERE 2, BREOTMF
EFT, BERIIZEK>TERL, #PIZZA - TLELL %
KFIZ &k B KREMEMTH 5 L HES L RO B RS ER
IZRLTE, ZoERB /SR mOMAIIZFET 2 KEORE
WIIEHBABK AR OLELS, €3, BRRIDIC
Lo THEAETZKRERN, ZOLIIH#EBEHHORmIZERL
TAHHHIC OV, RETOMEREBOFESL, ke

HOKRKREDFATHEEREGE, 8t 7 o 7% 4 PO,

Ni, SiOELB O FTE % E12 & B NI~ D KFEOPLEE
BN THAHELENEILNSD, BELERDITIH
W7 —2idhl, SHOFBLELS,

DEIZ, ZO6T3~TBKOBMEEMEIZ TR X kE

13

AETLHRRIN L2 A8 E AT RSO LA RN BIEEZ M OSGE

1.0
OSUP12

- a OHDS13
£ 08 —5& — AHDS13M-1
= o
Ll
&
2 06 ™~ Py XD
[]
E o
> 04 \
° .
& ler}
S
E 02
[~}
-4

0.0

00 05 1.0 15 20 25

Hydrogen content,Cy/mass ppm

Fig. 13. Influence of hydrogen content released at temper-
ature region of 573-773K on the normalized time
to failure in SSRT test.
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Fig. 14. Change in load—displacement curve of SSRT test
carried out with test pieces before and after re-
heat treatment to release absorbed hydrogen. (a)
SUP12, (b) HDS13.
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