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Abstract

The forming mechanism of the electromagnetic riveting process is different from that of ordinary
riveting, and its process parameters and mechanical properties need to be researched and ana-
lyzed. In this paper, the riveting process of aluminum alloy rivets with diameters of ®4 mm, ®5
mm, and ®6 mm based on the HH54 system of portable electromagnetic riveting equipment was
studied, and the process parameters such as nail hole diameter, nail rod extension, and charging
voltage were presented; by selecting suitable process parameters, the mechanical property and
micro metallographic analysis of electromagnetic riveting were conducted, which proved the fea-
sibility of electromagnetic riveting instead of manual hammer riveting.

Keywords

Electromagnetic Riveting, Process Parameters, Mechanical Property, Metallographic Analysis

I -

m A ST REIMET ZWE

BT, ZRE, HER X B K A

B RIA R AR, Jbat
Email: 404660023@qqg.com

Weks Hi: 20204F7H6H; S HEM: 20204F7H20H; KA HH: 20200E7H27H

HE

HEE TZRENEARTHEHE, FENETESH A ERRETH AN . ASCETEH%
RN REHHS4R 4, 4504 mm. @5 mm. ®6 mmEANEEEITRTHELSZHA, B
HETFALERE. AMMIENRRBEETLZSY; EdEREENTESE, #1T T RBIER %M

NES|IH: LT, WKE, B, 3%, WOt SRE ST BN T 2 0). MREEE, 2020, 10(7): 581-587.
DOI: 10.12677/ms.2020.107070


http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2020.107070
https://doi.org/10.12677/ms.2020.107070
http://www.hanspub.org

#

€

=1

o

%

B EM AL, W8T B F TEW AT,

KA
MBI, TESM, H¥MEE, SR

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

BEH WL WUREAR BTG, 8 1A FE IR 5K, L2 R ™ il rh OR  2 Hhd P vy i S5 K B AR
AT, I BRI T S BRI R (1] B0, IS K R LI A BN R I AR, R
kM T ©5 mm. ©6 mm EARKIERE EWAT, 43RS HIRIXT 04 mm DU EIET AR A B R Y R TR
R AE, T E SR 2 G5 B A s SR MED A2 25 L5 AG S5 A AR 22 8] R A B A2 A AR 75 oK

RN Ay — Mo R R T2, HORIRT s RE - LI RE - MUARE A& 40 3045 % It o o 28 er IR
THNET, BIETAE N A H N R R AR 3 SR e O, X R AR R EARNET 1 ROE
AHRFIRIODIRE, IR R SMUE BN USRS 2] 7T Z R HI[2] [3]. SEEGHEAFRR, HEE
NG T S MBI, AT BRI BAT — RIVRF IR A A ke, D€ T ARG 25 F ) ER A
RN AL G T A BRI B, ISR, 06 i i T ZSH04T 7 Hrit
T G B8 MR RS TR F AT AT P . A SR VE i) INAn & e IET, B extolie. 4T
FEAMHE . B R S5 T 2B HGAT TRTTE[4] (5], BEJR SOT XS EE ik, S6E 1 ARG <
R0 ) DA -

2. HEHMET E&#Ws
2.1. FLEBERE

FXAFEAR ARMEROET, RGTARPIAALSE, Hadh, THWERK, REMES
Wt BT KR, AR EANY, AREE AT A O 4R, & R AL, HAT
SKEGNE, 0%, RS RSN A — S . IS EE R AR E (TRl R AR E)
E T PR T E RGN E, &ETWE—RNAESIE 3%~4%/ o A CIEI @4 mm,
®5 mm. ®6 mm —FE IS 2A10 565 wHAL, HTIASE . KILERMEFES %
RO i B FH AR S5 A R R e FH YO B o SR FH P O B 28 I PR UE Bk o B A 0430 FH BOR 2%
fEE¥ A P HIF, WEATATEAR, HE T E. KRR, FT9LEBA 0.1 mm B, ©6 mm
ARG AT I T AT FLAC KR I 4 s £THLIAIFR 9 0.3 mm B, @4 mm. @5 mm 4T T E /N T 2.5%,
MR, HAETHA 5 BRY, SRR E AL . M A5 & AT v B A RS AN R AT
LBHINAE 1,

2.2, §THFSMEBEIESRE
N TSR LEEL R R =, BARRIEOET B4a N 2B LGl K S, 4K
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A, TR RICR A R, O R R WIAT A, TR R, 5 SRR R,
LB IR A0 P Bl i e B 2 3 BT AT TR R, S0 12 il 2R R A R R P S ) TSR AR
RIS s 9T AT A B P BOR R BV ER AN, ATHT MR T 225 @ iR AT £ Kk v
R e RARIRE . Hrp, ST AMEE L 957%5 A0 (d NAT HAZ):

L=(12~14)d .

Table 1. Interference of different rivets and optimal hole making parameters

= 1. FRIBTHFSERRERIFLESH

HET H A2 (mm) BETH R SRR ETfLE A% (mm) B AL AL S H(mm)
4 2A10 R4 4.1, 42, 43 4.2
@5 2A10 A 51,52, 53 52
6 2A10 HeEd 6.1. 62, 63, 64 6.3

2.3. FREREIERE

MFAFBERS NEKEROET, SRR RREAR. FEEOE EANA, FER T ae =t
FRR . FLREANEE e A ) R S SRR T FELA SRR L, AT I I A ) e F R S ORI BN R EL AR AT R )
H. fERAERILSE A GO KESE T IT e, RAAFREARUAT RN B ESH, T
DRI S 3 R e TARRE A IR T fif e ASCR A HHS4 HRIH5 %, 0% @4 mm. ®5 mm.
®6 mm BN G SOETHT T AR A ESHRE

PL2A10 @6 x 15 mm #04T, 4TFLEAE 6.2 mm, PIE:HE 10 mm 56 &M R NG T VRGN S0E . BEA
RIS, BIETET KA TEEIG, ATAFEARER, MBCRHEER 780 V B, £TkEA RN 8.7 mm, fF
EHTEAE, SR E Y 830 V I, 473K B2 9 10.1 mm I HITEAE « XS T ©6 x 15 mm HIFS ) 2A10
BRANET, SRITMTA R EE A 780 V. [AEI/FH EI4E 4 mm. 5 mm. 6 mm FSEIET (A S A HEL R S 800
LN 2 fioR .

Table 2. Typical riveting voltage parameters

F2. HAEYNREESH

4T E4% @ (mm) BIET R IR KEFEE(mm)  FTILEAE © (mm) 78 HLHLRE(V)
4 2A01 AR 4~15 4.1 350~450
4 2A10 BeE 4~15 4.1 440~530
5 2A01 L= 5~20 52 500~610
5 2A10 Hae 5~20 52 620~720
6 2A01 Hae 6~25 6.3 640~730
6 2A10 Hae 6~25 6.3 750~880

3. EHHMENFERERE
ET 30CS B EEMRENRER

J2 A BE TR 0 0 P Sk AT BT DI B AN s IR ke, DA IR B Sk iR, &
R SR A B RS BR AEAR SO, RN B A R S A IR S R J A R RE . R P AR
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75 A BN S M BT V) R R AN ET /N PR BY AT 0 b . IR EUINET MR 2A10 BRA 4, BT
HikE A @5 x 15 mm. @6 x 16 mm, JRILEZSHIN ©5.2 mm. ©6.3 mm; B PIRIH O 4R A 5 mm
BAR G SRV E S, SRR A WM 5 A, XA ERE 1 BRI R A S
SHMBYEHE, TBFREER M 5 A, il gmmE 2. 3505tae . BB R H i 6e

I3 9008 FRL A B A S R AT 1 B, Al 3 R

o
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Figure 1. Structure of shear test specimen
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Figure 3. Shear test and pull-off test

& 3. St s Anh ik ae

(b) BRI E R

Figure 2. Pull-off test structure diagram

B 2. fifit gt

(c) Hrit kit e

(d) PpikE s A

BN IR G, B S S N R U 8 YORAT R AL BT, WL 3. BYPIKY
PRI A5 2 BT U g I an 3 3 BoR, SRt el &, X EAZ ©5 mm. @6 mm [T, HUREEN
AJ 7R SZ (1) B R B Y B R ] AR 2 (W R B U AR, HBEEINET BAR MG R,  Wpi s kit
BYP) MRS RO LT SR Bk BB DI M BE 0 3 . BRI IR O 3B Sk T AR 52 A i R B U] J0 38 KT
ET e /NBI) 7 5.3 kKN (@5 mm). 7.63 kN (06 mm).
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PR R RS, PRI T ST 0L 3 AR BTSSR ARRE . BTk g, W
K3, fu RIS B ) AR AR 0k 4 Pros. Sl B A A, RURERINE S Sl BRI B 1 e R
HL A REA R R oL B T e B AL S

LR B8 PRGN AN BN R ) S 2V ERE R A, A RAAI R Sk i 2 M RE R AL T s B A Rk
URAh, T B 0 AT R S BT U A g (KR RO RN AT s ) e B R A TR e e
.

Table 3. Comparison of maximum shear force of different diameter rivets

= 3. FRIERITRAEYIAIFIEE

EER g kR LN
14T B4% mm A1
BIY) 77 kN A kN Ji 7 BIY) 77 kN ¥IE kN Vg
1 5.7 5.85
2 5.63 5.93
o5 3 5.86 5.814 0.020 5.87 5.854 0.003
4 5.93 5.84
5 5.95 5.78
1 8.9 8.78
2 8.65 8.68
o6 3 8.7 8.636 0.036 8.73 8.704 0.003
4 8.55 8.69
5 8.38 8.64

Table 4. Mechanical properties data of pull-off test
= 4. [BRIE N F M RERIE

S B LR 0 2
WIET HAE mm 2H 51
BT KN BIH kN T % FLit 77 kN BIH kN Ji %
1 8.72 9.53
2 8.62 9.51
5 3 8.49 8.57 0.018 9.69 9.564 0.008
4 8.38 9.62
5 8.64 9.47
1 12.65 1321
2 12.59 13.19
6 3 12.72 12.73 0.036 13.17 13.224 0.003
4 13.06 13.32
5 12.63 13.23

4. EEEAANRRANI SR
SRR M 6 2 b A 2 T TSR TP R 037 A 55, O e A BT kB
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EEX ©5 mm. ©6 mm ELAR B S BIET AT 12070 B0 ET AT AR o R B A i T AT Lo 2kt
TR R, DORATR S e, sl R alEl 4. w5 AL

1) WETEARY @5 mm. ©6 mm W] B0 IR ST SR G SRR AR L, HATAT AR
A 2] MR TAT B4R 6 SRR SER, WP AR, R RGN TR EER, B
BIETAT AT AR 2

2) HIETEARY @5 mm. ©6 mm HIET I SRR A AT DU IR S e s Bl A b, AT AT
S RS AR AU 122 A1 2 i X35 B () B, i DR B T AR T AN, AR IR AS A7 4 1A 18] 2 78 3 5 2
7 PR 7 S BT AT e 2y, SEAREHS 18] B 58 4 TE G -
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Figure 4. Metallographic photos of different positions
4. AR TR ESHERR

XFEEI BT, VAN A BT AT AT S 8 B R BENE T A R B I TR IE 3845, HLIAT STAT AR I 44 2],
AR B BE S FE S TSR TR B TS BRI ET 540 & SPOER R H R E L iRk =, B
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SN S T S A S T A o LA 38 (X 438 1 1 S s A b 1. 76
5. &ig

X @4 mm. ©5 mm. 6 mm EALEE G ST REEE T2 S8 5, 44 H T 04 mm. @5 mm.
®6 mm A5 SUET BRI ET FLEAR . STAT M E . R B RS T ZE S5, Wil 5450 A3 o
P S AT 25 77 5 P BRI AN GIOM 0T B 3 A, R IR P A e Sk AN S Al e S A bL, e By s AN
Prhi s B A RS, BATX R EAR ST I L BN o OB A 2 T SR B0 R I, L e N T
5 RIZHTWECEHE %, KT RIBR 0 78 SO A .
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