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Failure Analysis of Fractured 30CrMnSiNi2 A Stud Bolt

HAN Lu LIU Chunli WANG Ying XIE Guojun LU Kefei
(Aerospace Research Institute of Materials & Processing Technonlogy ,Beijing 100076 )

Abstract Seven stud bolts bending two cabins were found fractured after the separation device being static test-
ed. The surface of bolts was done by Dacromet treatment. Observation on fracture surface and analysis of experiment
all indicate property of delayed brittle fracture caused by hydrogen embrittlement. Besides the bolt material’ s high
susceptibility to hydrogen embrittlement, the long time wet coating on bolt during testing largely led to the fracture. A-
nalysis indicates that high tensile steel-made item after Dacromet coating treatment is still subject to hydrogen embrit-
tlement fracture that causes serious consequence under tensile stress in circumstance where water and corrosive medi-
um such as Cl, S exists although Dacromet coating treatment effectively prevent the item from hydrogen embrittlement
in surface processing period. This conclusion may serve as precaution to those who design and use high tensile steel
under similar circumstance.
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Fig. 1  Stud bolt static tested and its fracture marco view (upper end)
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Tab.1 Measurement results of the intergranular region

R A T i R T i X TR o7 B A T L 151
i /mm /mm? /%
TI-11-1 2.28 6.57 23
TI-11-2 2.16 4.93 17
TI-11-3 0.89 2.00 7
1I-11-4 1.65 3.54 12
1-1v-5 1.68 4.06 14
1-1v-1 2.95 10.00 33
1-1v-11 3.22 10.22 33
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Fig. 2 Typical micro view of fracture surface
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Fig.3 Near dacromet coating of fracture
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Fig. 4 Profile microcrack of upper end
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Tab.2 Measurement results of hydrogen content
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Fig.5 Mechanics test curve
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Tab.4 Test results of step loading

K RE AN R L Ay BB S0 1 3 A %o 1O Y YRR B pifh
Y5 377 i £F 5 E] / min 2 ]/ min /KN Bk 1144 XN 1/ MPa Hfii/ kN R/ MPa
4 7 45 405 44.084 2142 50.551 2456
50.978 2476
5* 6" 8 61 661 43.274 2108
50. 980 2479
7* 7 122 842 37.530 1831 50.892 2483
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Tab.5 Test results of two level loading

e AEOH AR R AL B A LA AL A= A X7 11 B T 2 P RERALE

E TR O 1 B4 i [E]/min A 1]/ min HAT/kN B 11 44 SR J)/MPa A/ kN 5B/ MPa
13* 7 225 285 43.988 2142 50.346 2452
14* 7 138 198 43.935 2142 50. 622 2468
15* 7 152 212 43.872 2138 50.874 2479
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Tab.6 Test results of tension fracture
BV WA LA kN SR SR S)/ MPa
16* 59.912 1637
17* 61.221 1673
18* 61.293 1675

XT3 — R o3 i W IR AR TE 45 kN 2 T 7 B8 f
i3 h 5 HEERMRE (167 ~ 187184 LK 8) |45
e ETAL e WK Ry N NI R S WAL 6 AL [ R 1 W
A I 22 5 O B BT 2R A T SOUR IR ER TR X 4 R X 34
R+ DR EIE A W 2R DX R UL S S
ZUREE . RINZIRE AT, R A EAR A5

1.4.3 HI#r Aikie

XoF TR A P A BT MR 1 5 4 [ 0 T A fulf FH R
R AT S (R 7) , MAZSE R 7 IR
UL EE 22 AN K, HIARF G B K (BORPTHLR
FEAR/NT 1500 MPa)

XF 3R 7 AR I A TR SOULER T S AR
A3 B BT — IR SURES ( MOEHTBGOR) |
DX — 0 T, 3 A4 U 11 359 S 30 + /0 i v o B
A, AL 6, DL LW HJE S AE R B 7 14
FL I 77 g MR A %) W 2L 1 T 34 S SR M

®7 HEHMRER

Tab.7 Test results of tension fracture
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Fig.6  Fracture characteristics of tension rupture test
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Tab.8 Test results of repetition test
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Fig.7 Testing curve of mechanical properties
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Fig.8 Macrofractography of field experiment with wet clay
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Fig.9 Microfractography of field experiment with wet clay
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