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Abstract

High-strength structural fasteners are widely used in aviation, energy, and rail transportation sectors, with industry standards for
fastener forming quality, dimensional accuracy, and processing stability continuously being elevated. Although China’s high-
strength fastener industry has experienced steady growth, premium products still exhibit significant shortcomings in raw material
purity, heat treatment uniformity, surface treatment, and comprehensive quality control throughout the production process. During
the manufacturing of Grade 10.9 cold heading fasteners from annealed drawn ML40Cr steel at a facility, nearly all flange sections
developed dense oblique X-shaped cross-cracks. Comparative analysis of chemical composition, macroscopic fracture surfaces, and
metallographic structures confirmed that the root cause was carbon-induced pearlitic structure formation with spherical chains on the
steel surface; this microstructure exhibits poor plasticity and cold deformation performance, leading to substantial deformation in the
cold heading zone and subsequent stress concentration that ultimately resulted in batch-wide cross-cracking defects.

Keywords
high-strength fasteners; flange cracking; carbonization

= 0 X B IR = SMNE T R AR 4
PR INVEEAS KT
prifEee (M) ARRAF, PE - FE 5T 459000

m =

IR ARR . B SGRARIR T 2R R SR A MR, AT TS B RSN E . R R TR AR R SR
B N &5 B AT TR, 235 S S E RS E RGN, RAABERLARBRRESTGHAERR
FRR, T RARE KIEIE MLAOCr 404 7~ 10.9 BASE B 4FRT, T3 232t FAS B E 46 X BR U 5, @it
B BB 752 AA LT AR AT, IE ik 2 GUIRIR A AT A E B R R AR IR BR AR R R B A K
W Z, AHAMER TR TR, RAEPERLFNAMERXIFLEE,

KA
BIRE R R; R ZIT W

1 IELA TS AN 1-a R, BRI RE R I RS NBI T AP A 2 4 2
p— 45° FIRHAISTRIORIEL, TR “X TR, L

MLAOCH A4 A TH0 109 Zeigitepmepb ey, o TRE FRAMREIREOIOA AT LR

/7 < 1-b o,
5 BT 2 A0, — 3  1Omm FY MLAOCr #iL i gty 1o AT 1D B

PPN R, (eSS Bl opirr s, 1-3 HFHRE ) \
. ELBUEET 100%, SRR T 200 Mtk -Bfede. 0% OB/T4336 (BGRATRIMMIRG S e kol

Ptk D8 O sk HLbh TSR fio b (b E KTEMCRIRTARADLE (HHUE) ) R QSNTS0 H

. G HRBS. Lo ) OO R AR, RIS B 1 7

1.2 B4R IR, MAOHTEE AT HIEE LB T & GB/T6478 {48k

JERERS 4 1 S, IR gy DT ERRE) MR ORRAEER

D1647mm, FEEAESE A8 %]% 07.88mm. ©7.05mm, -4 ETRELHRL

T S SRR B R i, R

RN R SNFI A 5 4B BATEUR , B

TN RS RS, (PR 4% RABATORS s s

[fEZERT] 32 (1993-) , &, PETRTRA, B2
Tz, MBERMHERNNE AT

23



FHXBIF 5 TE - £ 03% - 5 08 i - 2026 £ 08 A

JEMEE, FERITCRHR, PRI NBIRSUE AR S50 2AL
AR, SRR 5 H 22580001, PSR
AR SRERIAR + DR ERAR + SRR, ERAZURTE
JB / T5074-2007 {fi%. "EREERARIEL ) TEEN 5 9,

t[:] 2' 5 ﬁﬁf\o

1.5 IENIRIE

B IE K G (860°CHRE 10min 52374 ) WEEH
A, FEMREFELE T HITROBIAR + ME SRR,
FERALGUN T ILHTEA B IR + 2Rk, hite] LEE
FEEHDIERIS, nE 6 Fir.

B 1 ZREEFRIBERREZRIS RN

F1 ERBUERSONER (%)

TR C Si Mn P S Cr
SEHE 0.387 0.173 0.695 0.0163 0.0046 0.99
FruiE(E 0.38~0.43 0.10~0.30 0.60~0.90 <0.025 <0.025 0.90~1.20

N
— -]

B 2 BieE=0RIMUMH 50X (HE )

2

B 5 #H#MmEMALARIR 500X

3 BIERZARGARARIE 50X (HE )

3 100X

6 HmIENFREAR

24



FHXBIF 5 TE - £ 03% - 5 08 i - 2026 £ 08 A

1.6 X 93 5+
{6 TXA-ISP100 H1, 54540 RERL 38 B AL X I 5 Rk
IR TR B 0T, S FTas SRanss 2 s

R2 BRREAARESEFALRA CHATHER (%)

= FEALHX Fefk
TR 0.68 0.39

2 S itie

FEAEAEBUOY & GB/T 6478 R BIRIAHRE AN 1Y
2K, FEHMBB M RIESNER, HaiZ S s R
BIETEERR R, MU ARG, thARIEA BTN ik
A IRERE TR, P IR = A X7 S
SCSMEERTSRE TR, PRUHENE TR SFEIROZEL. 5
IR AR R

W AR, ERIHIRAH AR SEEE
Sede—RHNG BRI, MInHERIG)5 2R TR, 18
WIFEZAAAGRDITRI, P NENEUE AL SO
AR, 2 ki RS NEEH SO BROL IR + R 2k
Rk, NBPEOEHRILE; o TEEME, BLREE
PR, RATEREDZE, 1EABIETERT, BE R B /)
TR,

o T ZRRL, g R R RO B AR AR K
G B A MRS R A AR A A TEATT, A

25

FEEA, SREER G AN NEEE RS SUEEIA
2, IR e e R R I B AR, 2 IR AR
R TE R R AR S RS P TR,
IEH RS BN 0.35%~0.45%, &HREMSEHT 0.6%, £
TR S RIRERIBOE AR PRI, PSR A e,
YA | FIMETRARIRAR, BEEHEA TR B AR TN 5
FITLEE o g e = SNEI R TH RO R S R T GRS SRR
VAPIE -
3 BN

ARG EER K TR EFUERINE, "INk
LRI T, SEINRE E ANAEAE I, AR R,
RIEM B S S e ATRA X ], Bt K. b
PUCHE T Zhhge, R tmidal, fERrAASERE AR
PR, AR iR RN, WS AREE D, RA
Brp R . BRI, e ARI A) 7 S X A
S 3k
[1] g, e o 1, 2T, . S IIA BN 10B 3374 BT RUE R 4 #7
(1.4 ) H)5,2024,50(03):48-51+55.
TN RS AR, 5. MLAOCTA BB = S N 2 T T
SRR HIPU)111642,2022,44(02):44-47.
BRI A JH E T 1 BB DR SRR S BT (0] S A R
a4 THRE2021,49(6):3-7.

[2]

[3]





