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Abstract

The HC420LA with a thickness of 1.2 mm was connected by two different connection methods,
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namely resistance spot welding and self-piercing riveting, and the two different connection joints
were subjected to quasi-static and medium- and high-speed tensile tests to analyze and compare
the mechanical properties and failure forms of the two different joints. The results show that all
kinds of connection joints have shown a positive sensitivity to the tensile speed, and tensile load
increases with increasing tensile speed; in comparison, the mechanical property of resistance spot
welded joints in tensile and impact resistance is better than the self-piercing riveted joints; qua-
si-static tensile condition of the average peak load of self-piercing riveted is 6.51 kN, resistance
spot welded is 14.47 kN, higher than the self-piercing riveted joints. The average peak load for a
self-pierce riveted joint at a tensile speed of 8 m/s is 9.68 kN and for a resistance spot welded joint
is 20.20 kN, 108% higher than that of the self-pierce riveted joint; the mechanical property curves
exhibited by the two different joints are similar. This paper provides a theoretical analysis of the
differences in mechanical properties of different connections for such materials, which provides
support for engineering applications and allows the selection of the appropriate connection form
according to the actual use.
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I H T2 MM T MRS RE, ERBANT I ER N, Ti 54480, S A5EaiBKEEIH
A IROREL . B R L& =R 2 AR =%, iR 14N HC340LA FiT HC420LA 45[2].
TG TMERE R, GREHALE KR, TERAGEMNEET B EE R LS.
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DP590 & 584 F HL BHL s RSB 7 S PP b 0% B, B TE T AR R T 2S5 I B IX i e AR 4
GUHAT o0, BJERHAT TR BRINIEE N [T I8 1 4542 it M51-RMB80 A9 423k ¥ 7 2% 14 R il
Je/IN TR 81X v i B P PR REL AU B SR AZ R ) 2 PR R AT TR AL, 3R T — PR TG BR e i FELFH AT
PRRESLPUBT VI PR RE TR 7 ik . HE R[] DP780 4X 1 i BH s FE 12 Sk 3 AT BhaS 3 N R8T NI 7T,
7R T BNASFAR T HPH s R SR I A3 . TV ARSE[10] [11] [12] [13TREAS R EE 2% AR T 1 L BH AR T
SSHGATIR AL, PR T AR H AR A FIREE T A E R B SRR SR fE A T, R
FIEE N [LA1EESL T B b8 1A BR OB R 8 T FROTA AL B i TS8O T Ak 5K A
[15]5F 9T T B1500HS 589 Al 5052 £5 4 4 F ek 1) 70 5 PR e S R O LB o 3 115 5 55 A [16] [17] [18]
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FRRFE TE AT X ik, e/ 9 AN [ e Sk b AT 70 25 M R D7 T (0 A8 ) of

A HGRZE FH K HCA20LA &5 eN e dent 5, FH FLBH s A 0 B 4042 i b i 42 07 AXxs
HC420LA HEATIES:, HRTPIF R ST 7 HES S A Sl b ke . 0 Lo B dr 1 P FRoAS () 42
77 AAE FFEREE SR T AN E )50 i ARTUIE ARG 2 B 2 Bk AR 7 A B it 1 i 5e A
HAS AR .

2. SKBAMBI R
2.1 EEHIF

AU FE T IR R VL5 & @ A R A A PR 7RI SR 1.2 mm ¥ HC420LA 15
FEHAR, HCA20LA [Hfb28 o 4L pkdn 2 1 fiz, HCA20LA (/124 REine 2 AR N T &R K
SPEREINATT (3, K4 RIE 1) HCA20LA KR A BIARILE BT 9 120 mm x 40 mm x 1.2 mm [F/MRf . 7EiZEHE
FHUR BT T BB A A R AR EE : 1) NG LF AR AT T AT B 25 BRI Ab PR, DS H2 I P Hebie R
BN E 2) H WA TEK CERG RS BT H, RS maE R 3) K AR B 3F A ¢
ML . MR IR R R 1 B, R KB 40 mm, #5432 TIAR D 40 x 40 mm,
HeR R T X L .

Table 1. Chemical composition of HC420LA high-strength steel
& 1. HCA20LA &38RI tL 5 A 53 [20]

Rt RERITCER K5 2 (%)

Cc Mn S P Si Al Nb Ti N
HC420LA
0.0800 1.1100 0.0020 0.0150 0.0300 0.0400 0.0460 0.0300 0.0049

Table 2. Mechanical properties of HC420LA high-strength steel
= 2. HCA20LA =38R S1 1 RE[21]

g 7 1A Ji IRBEE Rp0.2/MPa PrdisEE Rm/MPa Wr 5 % ABOmMmM/%
AL 430 535 225
HC420LA 45° 426 528 21.0
T 1w 435 546 215

O

120

Figure 1. Schematic diagram of connection joint lap dimensions (dimension: mm)
1 EBEEERS IEE (B mm)
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Figure 2. Connection equipment used in this test
2. RIGFTAMERRE

22 REHZE

2.2.1. ERSHI RIS

4 (GB/T 228-2002 4@ A4 K = M A i385 ) bRt P9 A AN [m) 2 422 0 =X e A A g AT 1
FRAS PGS . ARUGAE R LABSANS 2 m] 427 1) LD26.105 /5 Ae ik B b, & KHr Jj7& 100 kN. 4
Pl 2B F R AR AT = U0 A RS DA ARIE R B0 45 AR e KI5 B . PN 2 mmimin, E3
I I s 799 i il ) 5 JEE (0 38 AT ARAE 2 7 % ik, B o AR Rt A2 rR 0 (0 7= A o B S L fif
WK 3 AR
2.2.2. PEERLHRELE

AR YR BT () e 4 4% /2 Zwick/Roell htm5020 s B AdbiL, % 8L ) 5 R feh g
20 mis, BEa MR ke A di AP 40 O T TR 2 P SEBRIA S T IR Sk Bl e RE, £ 2 mis. 4
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Figure 3. Connection equipment used in this test
3. IR EER

Figure 4. Zwick/Roell htm5020 high speed tensioner and clamping diagram
4. Zwick/Roell htm5020 =i hi {# 7 25 e [

3. MILERKEITIL
3.1 ERSHI M REXTEE

M 5 FTRLE H, ANERF A&, KBRS —8. MEE]A=AME: F—A R
(R e RN AT G FR AR ZRVE I, o2 RS SRR B B S 28 I Bt 2R R FRAIC, I BT IR R
AESEPEARTE, X — M B — B RS R AT I 5 = B W B I DL S B R 4G TR, R
FEkOE MR WNRIE BT LLE R, B PSRN SR I R AR B v, B8
TR HBH AU IR BOE R BEM I E 1R AU R, AR R Ak

=K P BH AU B IR Y HCA20LA-HC420LA HeSk S as HiRi e ae i 3 fium . WR H ml LUE
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Figure 5. Comparison of quasi-static tensile curves of two different joints

5. R ELERES H RS R A& T EE

Table 3. Quasi-static tensile properties of resistance spot welds and self-pierce riveted joints
= 3. MR RUER B OMRRY RS R ME e

UL YN I RET (KN) 1251847 (KN)
14.40

FELBH AR 14.56 14.47
14.45

6.15

SRLE: kS 6.50 6.51
6.89

3.2. REEAIHEREXIEL

HC420LA-HC420LA I ki anl&l 6 frx. MEIT AT LLE AR N BE R T, flH AR
1 R U AR 2 W A 7 R R A I G e X AR Y, B e Sk i R O A B AR — 8, A2 N nET
ZRLE W R E TR

AINEL 7 B SR AN R B R AR I 42 S AR A 3. DA 4807 BB A R e S 2 (R 3 if 3 . X2 R
PR, He kBRI RGN, MR S JE IR AR KB, S RS AR T R 1 5,
BT A S b B 48 Af il o hr AU AN W i n . TR PH AR S, BT REORBRR 1), Sl b i T A i
TN THERRS AN IO RS B, 3R R A A2 2R 80 B R 3 B R BB PR Tt/ o 1T B g e dae Sk i) 2k
RO R AAEINAET b, B DAAS [E) A A 3 B 2 s b BT A8 TR 2 22 e AN B I o AN v BHL SR A2 1 b 4
e, AR BN R A - A7 26 H02 HIE B IR I AT E LR, X2 B A2 T 7EX
— MBS AR, AORHREAAT R LA RS R LE AR P A 1 S5 R 3R 2R A A I 2 2R
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Figure 6. Forms of medium- and high-speed tensile failure of different connection methods
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Figure 7. Load-displacement curves of two joints with different tensile speeds

[ 7. PRI SKR A EIRLRIE R BT - IS EhL

F 4 PP S AE AN R R AR B R A B R E AT o AR AT DA H AN 2 v B s S Skt 2
H ek, EROG R T — B R I R RUR N, HBE G B A 3G e R e 3 . L FBE
RUERESL R T IR E P e . 7F 2 mmis AOMERR SRR AR, H B AR A ST A WA
14.47 kN, Shrfiid LA @3] 2 mis I, WA ET I m 1 13%, 4 16.4 kN: SRHEEE A 4 m/s I, UEfH
AT S T 20%, A 17.46 KN; BN 6 m/s B, WE(EFMHER T 33%, A 19.24 kN; 4 fifiiE
FE 8 mis iF, $RET 40%, J920.20 kN. 7 2 mm/s (IHEEESHMAAE T, B i 7 2 I A8 4 4 e
6.51 kN, 7£ 2 m/s [RGB S0, WE BT 1 1%, 9 6.58 KN; “4Hiis oy 4 mis i, IE(E
WATIEE T 25%, JEMEEE 8.14 KN; 4Pl g 6 mis i, WEMEEAMIEE T 45%, N 9.45 kKN; 4fifi
THE 8 mis i, $2E T 49%, N 9.68 KNo MR E i HdE vT LA, FERH AUSLEAS Ay R 0
HE AT A, S g SN 2 misy 4mis. 6mis. 8mis I, HIFH AU HTR R HE [
P51 149.92%. 114.50%. 103.60%7F1 108.68%.
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Table 4. Peak loads of the two joints at different tensile speeds
= 4. TEIRREE T A Ak IS B H T

Byt R g Ve 1 (kN) P B fE R fifg e ) TR

(m/s) (kN) (m/s) (kN)
16.04 18.78
2 16.29 16.40 6 19.42 19.24
16.89 19.52
FELRH
17.28 20.02
4 17.43 17.46 8 20.14 20.20
17.66 20.44
6.43 9.32
2 6.63 6.58 6 9.37 9.45
6.68 9.67
(ERU A
8.71 8.74
4 7.86 8.14 8 10.27 9.68
7.84 10.02
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RO R FHRT G, R IORH 2R AW R, T PR A S B B 0 U
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B TERSR T
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