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The committee report on the results of a preliminary investigation to
standardize delayed fracture tests for springs

Committee for Preparatory Standardization Survey on
Delayed Fracture Testing of Spring Steel
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In recent years, the automotive industry has emphasized not only improving fuel efficiency but also re-
ducing overall environmental impact, aligning with the Sustainable Development Goals (SDGs). Concur-
rently, the electrification of vehicles has progressed, leading to an increase in vehicle weight. Suspension
coil springs that make up the undercarriage of automobiles are required to be even lighter, more dura-
ble, and safer. To meet these needs, the stress level acting on the spring must be increased. On the oth-
er hand, as the applied stress and material strength increase, the risk of delayed fracture increases.
Therefore, it is extremely important to accurately evaluate the delayed fracture characteristics of
springs. Regarding delayed fracture evaluation methods, a survey conducted by our society’ s “Delayed
Fracture Test Methods Research Committee” revealed that there is a strong desire in the industry to
unify and standardize test methods. Delayed fracture tests using springs have issues in terms of safety
and convenience, so the “Research Committee on Delayed Fracture of Springs (Phases I and II)” con-
ducted evaluations by replacing springs with test pieces. To this end, the committee has been consider-
ing establishing evaluation methods such as test piece design, hydrogen addition method, and loading
method. Based on the results of previous committees, this committee conducted confirmation tests and
verified remaining issues regarding test pieces, loading methods, hydrogen addition methods, etc. nec-
essary for standardization of delayed fracture tests. Although not covered in this report, we also investi-
gated the organizations and processes necessary for standardization. These results will be passed on to
the Spring Delayed Fracture Test Standardization Committee, which aims to standardize spring delayed
fracture tests.

Key Words : Environmental impact, Sustainable Development Goals (SDGs), Suspension coil springs,
Weight reduction, Delayed failure, Standardization
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Fig. 1 CCT test method. (JASO M609)
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Fig. 3 Relationship between CCT cycles and diffusive hy-
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Fig. 4 Relationship between CCT cycles and diffusive hy-
drogen content. (TS1950 MPa test sample)
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Fig. 5 Relationship between CCT cycles and diffusive hy-
drogen content. (TS1800 MPa test sample)
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Table 1 Test sample.
Tensile .
Diameter Shot Dull .
(P | o | peming | ok
1 2100 8 With With | Without
2 2100 8 With | Without | Without
3 2100 14 With | Without | Without
4 1800 8 With | Without | Without
5 1800 14 With | Without | Without
==T52100MPa-p8mm-drill hole === T52100MPa-p8mm
-8-TS52100MPa-¢14mm -2-TS1800MPa-p8mm
=== TS1800MPa-p14mm
200
0
g -200
g -a00
Z 600
[}
-'é -800 ¢
2 -1000
-1200
0.00 0.10 0.20 0.30 0.40 0.50
Denpth from surface (mm)

Fig. 8 Residual stress distribution. (Bending test sample)
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Fig. 9 Test.rriethod of four point bending.
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Table 2 Condition of bending stress.

Tensile stress of test sample Bending stress
(MPa) (MPa)
2100 1000, 1500, 2000, 3000
1800 1000, 1500, 1700

O Dirill hole sample_fracture origin drill hole bottom
ODrill hole sample_fracture origin parallel part"
A Non Drill hole sample_fracture origin parallel part"
500 o
000 O M

3

3
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2
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-
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Maximum principal stress (MPa)
L
S
S

0 20 40 60 80 100 120
CCT cycle number (cycle)
Fig. 10 The relationship between max. principal stress and
CCT cycle number. (TS2100 MPa, ¢8 mm test
sample with drill hole and without drill hole)
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Fig. 11 Maximum principal stress FEM analysis under

2000 MPa bending stress.

Table 3 Maximum principal stress FEM analysis.

Bending Stress | Analysis value of bottomhole Stress
(MPa) (MPa)
1000 2080
1500 2400 (expected value)
2000 2720
3000 3360
Wr X COREM ZRCER L 7.
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Fig. 12 The relationship between max. principal stress and
CCT cycle number. (¢8 mm test sample without
drill hole)
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Fig. 13 The relationship between max. principal stress and
CCT cycle number. (¢14 mm test sample without

drill hole)
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3500 Bending | Average CCT cycles
= 3000 o0 stress to fracture.
g MPa @Bmm pldmm
& 2500 1000 | 337 | 392
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Fig. 14 The relationship between max. principal stress and
CCT cycle number. (TS2100 MPa test sample with-
out drill hole)
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Fig. 15 The relationship between max. principal stress and
CCT cycle number. (TS1800 MPa test sample with-
out drill hole)
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Fig. 16 Relationship between CCT cycles and diffusive hy-
drogen content.
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TS (MPa) i Drill hole Appearance Fracture Surface
(mm) I
“.Drill hole 75
Drill hole '
2100 8 with 4|
/ = .'._-:\
2100 8 with 1
= e
Fracture other than the drill hole. "
h 8 - - -
B 14 N -
Corrosion pit
1800 8 without
1800 14 without R

Fig. 17 Fracture investigation result of four-point bending.

HBLTWAZD, THOIThOWBIEEZFEHTETn5
LEZOND.
44 AEEED

4 Bl X B NIRRT L 7oA R, PR
BOREBRTIX, FUNLVRIKERESE L CHEMT 2546
AN E T2HEDH Y, IR ONT DX H K
Edosz. ZORERRIE Y VRINIOMEERLOFEL T
HMENB720, SHRIIIMTHELEDTHRET S

—77, RO VRO SER MR 0 1E 5 D & A3 Ll
BN, BRI E % 212 R 25K < % 5
A d -7z, F 72, DIRE S AT T ERERTRE R 2558 <
RERF OFPATERIRDR S WIT &, R AE L, b
DFERITHIFROBABAE R L AL T 5. BB O R,
R VREDOSE LAY Y METEEZRESE L TR
WL Cn5D, DEXY, ZNREBEREIEONTYD
728, RUIVREEORE I TS OISR ORERE % 53

TETWAEEILND.
5. B U ENBURGER

5.1 B®

T RES (20 2) o TIlE, Yay hE—=v
THBEDZEMET FYIVARANG L7zl FATE ¢ 6 mm (2,
ALY %ML, CCTEREICCENET 2050
FEEREAT o 72868, a4 VTR Y 0IGH TR % £
BIIZFATERAND Y 3y PE—=Z U FHPRLETH Y, 3Bk
TOWPEIERE L & Tl L 45 MO E— F 1 T
B2 Eehs, a4 VIThAEHERALNR, ALY
CCT & = A )VidAa & B 2 W] RE 70 J2 AURE I GUER & F I &
nrz.

KEGH 4 ZTO 4 JITIC X 5 BAIERERE RS,
SATHERIC KU OVRIETORERIE, 44 CTOBBI O/ NS
VFXDPNSIWZEDIREINTZD, BATRASTORLEY



94

140
(35) B-TTEEE X0 35
23) _l_w n
; S & |
(25.6) | R37 ERYEEB6 8 =

Fig. 18 ¢8 mm Torsion specimen
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Fig. 19 Residual stress distribution (Torsion test sample).

Residual stress (MPa)

Fig. 20 Test apparatus for delayed fracture under torsional
load.
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Fig. 22 Relationship between CCT cycles and diffusive hy-
drogen content.
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Fig. 23 Fracture investigation result of torsion sample.
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