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Abstract

Because of its excellent performance, carbon fiber has a good development prospect in vehicle
lightweight field. In this paper, the tensile test of AA5182 aluminum alloy and T300 carbon fiber
self-piercing riveted structure is carried out. The effects of different tensile rates on the mechani-
cal properties of aluminum/carbon fiber self-piercing riveted joints were investigated. The results
showed that the interlocking structure held up well from the carbon fiber sheet at medium speeds.
The carbon fiber material around the rivet failed, and the joint strength depended on the strength
of the carbon fiber. At high speeds, the interlocking structure failed and the rivets came out of the
carbon fiber sheet.
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A A mtE R S A A e, RA R, SR, WEmAEEee, EEMREENTT AR RIFH
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HENLARTERERIRE M . LIU S5 [O1E I 3918 LB /0 AN [RIRR 2T 48 /2 5 A0 2 4 A X 42k 0 A PERE NS . 5K
G S [10]3E 1L A7 FL o M AN 7] A 58 2 il B0 e 2T A D B v oo A e AR ML A A PR 25 4 v o T SER ST T
BRET e f — R OUT K PR A S R AR R 8, BREF4ERR B RER, A SCRARA MR G E&H
HEIER I T 1% o ANR] 22 B R AT e G & e IR PR REREAT T HE T MUA S [L1E ROt T A Rl
B BRI B i RE o 38 5B [12]0F FUA R B 4 44 /2 040 & 4 B e e Sk i e S R A BT D) Mk e
XL, WA I BB 56F IPE BE AL B A S (130 2T 4EAR A0 A 2 o AT AN 22T R I
FRRARSRE, ANE O] SH S m ko E . JIANG S5 [14]48 FH S [ b SR AP o HL 5kt el i 151 Sk
PR, RIS TR EBOR, BHERCR LS . 230 AE[AS]0E T T A NET . A LB IR b
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T FRVRI R G R A 1) B ) A S A AR [ o 2 R A58 [16] 45 AR 7] PO 432 170 BT DB Amr T Xk B2 BT R Ak b 42 A R A
BRI HCR IR . JIAN SE[1714 HH— AR RO TT i, DRI ET 28 R B 2T A AR o & R A DAL
PRORIE . 520 BOAF 18] FH v S AR P B AT A AE il o o T B SEMIRRUE T, S5 RRBREF 4R & e E
PEARE R A RN 3R m 7 iR b PERe . XESHEFURY] T AT AN & Gk B — 2 R .
EREFIR, XA YERIWE TR AR AGEARES T AT Bk, ASCHE sy S BRI FUAR /R T 4
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2. MM RTTE
2.1, WEERR

RIS EH 35 SHRANIIET, HI5T EAZ 5.3 mm, KEES5 mm. KBRS AAS182 £34 41 T300 B
hYE, PHFIERAFEE N 1.2 mm. AA5182 HRA 4R Al-Mg RI—Fl, SIARIFHIA I T, SRR,
RS JE5 A S 0 . AABL82 SR R 1 11 25 MR e AL B N3 1 Fiiow, 35 S BRENHINET 1) 1 24 1k g A Ak
RSN 2 FioR, T300 BREF4ER) 124 RE W 3 Fim.

Table 1. Mechanical properties and chemical composition of aluminum alloy sheets

# 1 BAREMNAFMERLERSD

PERE 5182 4HHR
[ (g/em?) 2.8
JeE MR FE (MPa) 150
FifH5EE (MPa) 225
# [ A5 i (GPa) 70
ELVN =4 0.33
TERE(HV) 75

Zn =0.25, Cr =0.10, Si = 0.20, Fe = 0~0.35, Mn = 0.20~0.50, Mg = 4.0~5.0, Ti = 0.1,

k22 R4 (%) Cu=0.15 Al = F4

Table 2. Mechanical properties and chemical composition of rivets

= 2. WISTRV NFE M REFNLF ALY

2 (kg/m®) fiH EE (HV) C Cr Si Mn Cu p Fe
7870 750 0.35 0.30 0.30 0.10 0.025 0.025 B

Table 3. Mechanical properties of carbon fiber

3. IRAHRNF R

-4 ARy (AR EfjE) DAL=y HEEE AL AT
#HE(g/m?) (GPa) (MPa) 3R FF (MPa) (GPa) (mm) (%)
1.76 230 3530 911 76 0.15 40

ARSI 1 BTN, AR TE A 40 mm, AR TE A 40 mm, AR E A 120 mm, AR
J£5 1.2 mm.
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Figure 1. Connector size (Unit: mm)
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Figure 2. The process of self-piercing riveting

E 2. BhiErEizE

Figure 3. Self-piecing riveting equipment

3. BAiiER &

DOI: 10.12677/app.2022.127044 380 S A B


https://doi.org/10.12677/app.2022.127044

RAE

Figure 4. Self-piercing riveted parts under different compensation amounts
E 4. TEFMEE TR B IS

IR PR Sk J B SR P L2 AR ek AT VP AN [7] 0 L P A 96 5 35 R 2 W 1k A i
TSI EVERE, T 2T AT A A R AT 5 Bk e A TR0 SR P M i A X6 R v v s Ao X 6 7
PR IR0 [ IR Sk K AT VA

2.2.1. ERSHIALE

TER R B BRI A, AR SR I AT IS Be A, B 58 iz Jia o e Sk AT B fi
REM. 7ERIG R, MEFASBTUIRHARYE (GB/T 228-2002 4@ A1k iR R s 7)) #H47. AR
Fi F LABSANS LD 26.105 J5 g ik B AL (0 & 5) 75 %R N xRSk B AT R ARk, sl A 2 mm/min, 1
AN FAME &N BB KRB AT, AT IRV R R I B 4T 41 B8 A ek

Figure 5. LABSANS LD 26.105 universal testing machine
[ 5. LABSANS LD 26.105 77 £ 384/

2.2.2. PEEARINLE

K BTYIhL R AE Zwick HTM 5020 sz k3 L1 6 s ) AT s s, sy i
BRIGHL B R R 20 misy B RVE R J0 50 KN ATRIG 23 6 B 4 B 4 1 Bl e 2 Sk R AT
T 2mls, 4mis, 6m/s A8 mfs PUFHAS[F]TE 5N MR 056, [FIN AR E R AT = IR E R E R
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Figure 6. Zwick HTM 5020 high-speed tensile testing machine
[ 6. Zwick HTM 5020 SiRh i ial

3. MIELARKITe
3.1, ERRSHAIERE

WK 7 R OER G EIRRETE B RS AE R L Y 2 mm/s AFEAMER T RIBTUITERE. AN FEAME R
TEYI I BEAI RS AR A AR AR — B M AME RN 50 B, B KA IS K T H e RS L. R B
SRUERF S B T RIALA% B RS FE D N U =R B SRR B AR B BORT 2 Be[19] -

FEFRAE B BN, BYY AR A A T 46 A W (B TRGE R R D Sk A Y S AR AL el T A
AAS5182 B (B AHEL R o £E Ja AR E BUN BT 0] AR A R BAE B AR AL A% R 3G A, ARy
O I, BYPI Ik PR . BRET AR ERAR 2 18] (5 T AU sk, BT D) AR BV HIET A AAB182 ot
(] R PR o &5 R B T AE AR AR A2 Sk B4 B K BY U0 7 E AR B B S5 L i RS 1 72 SR8 BER - B
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Figure 7. AA5182-T300 shear performance under different compensation amounts
7. AA5182-T300 A [E]#Mz & THIST I AE
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INTZEHAR K o FERCE B BRETAERRORNERAR 2 18] ) 5 5 1 Wl A A FRD 322 i T R /N TS /N EL 220 0,
FNET MVERAR A LAV S ) 2 18] O B R AR B T o AR S AR AU, BREFYEAEANET FLJA e A kR 45
RN, BRI RE 3 ERET AU R RN ET B S BB RS R . BRI, BRETZERR ) 5
FEOE T HER BT IR ORI o 1 AT 5R FE B O BRET AR AR, BEAE IR R )[R i vy 1 Sk K 7 22 P e

Figure 8. Variation process of shear tensile failure of lap joints with displacement
[ 8. Bt yIR AN BTILITTE

s 9 B AR & SR A4 B P B HERAE A FRIAME B N YR SoR B MR R AR 4%
JIBUN, BEAGVET WERAFAELH, BREFAERR AT J Bl ™ 8, e ik MRS R, #E
JIBEZ 36K, 4T SR /A7) B AE Bk AT 4R

LR R, AMEEDN 50 B, HE KBIYIET K THME R 40 160, £1 3k B2 v B i i &
M —FRI T2, 45T Sk BEREIE T O B, @R RCR B Ur . DRk, AR FORET Sk s BE B IINE A S
FLAR G R IRVE U 50 B AERME R, FEEAT e .

Figure 9. AA5182-T300 shear failure under different compensation amounts
9. AA5182-T300 F[EI#MZEE THIBI YR AL
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Figure 10. AA5182-T300 shear performance at different speeds
[ 10. AA5182-T300 AN[EiEE T HIBI T4 &E

o
e
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U0 4 7R 9 AA5182-T300 A [l B2 R s K Himr, Fild 23 I R BLAL a2 K5 AN s . 4
Ry 6 mis B, S KEAT P ME SO 3182.31 N, Shi s Z oy 2 mis B, fs KA (11 F5 4 5
/N 2643.51 N 5 R BAT 1 4B b /N 3 AP B0 (EAE N 1 20.4%. b1 7 T s e s 1 ) e R 3
/9 2519.48 N, HIXS THERA &AM, 18P Rl A T RREF e 0 & < B pP SR IR A i Tt
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Table 4. AA5182-T300 maximum load at different speeds
% 4. AA5182-T300 FEIRE T B & AH far

TEE (m/s) RAE 1(N) R 2(N) AF 3(N) REZLEI)
2 2576.16 2626.67 27217 264351
4 2980.26 3030.77 2712.7 2907.91
6 3333.85 3359.11 2853.98 3182.31
8 2803.46 3157.05 2651.93 2870.81

40P 11 s A R R A 3N Bk BT YT R R o EAN LR, BREFAEAERINET SLAb Y AR T
HAJH o 20N 2 mis A1 4 m/s S, AT ABRETAER T B, JF B AE SR A SR P 23 6 s
A1 8 mis kR, WIET R A G R o SRR, 32k A B iR S AR I 2 A el A A AT S
Gy o AT B A RE & SRR HERCR R & O™ A AN FIREEE M B, S BEL IR Ao, i Ze8)

DOI: 10.12677/app.2022.127044 384 I EEY/BEH


https://doi.org/10.12677/app.2022.127044

R E

ZERI R (1A 10 FroR). 18 12 B AR HGE SR R R RER A, A FERT, BeT e R 2o
HEEAMFA. BT ER A Z R NmMAT X, RRIEEXNZ )RR, I HAAESET L7
Wi BB, RO NET BRET AR T 5t o S ET 2 RIBR 2T AR I R 2 0 B 2 e e i ds, >R
MRS, B R RO A B SHERASTLRARLL, i N e 4 (i 9™ B, R iR
T A IS B S T AR SZ AT B 7 B

Figure 11. Shear tensile failure diagram of joints at different tensile rates
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Figure 12. Failure diagram of carbon fiber under different tensile rates
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