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Abstract

Rivet is also known as Huck-bolt. Because of its fastening produced by high fastening force, never
loose and high shear force and other advantages, rivet fasteners are often used to replace welding.
In the field of railway wagons, the use of lockbolt is more frequent. However, the use of lockbolt
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basically only replaces the use of the original bolt, and its quantity and arrangement mode refer to
the original bolt, without the oretical support. In this paper, through the finite element analysis of
the typical lockbolt structure of railway wagons, the lockbolt with the largest force in the lockbolt
group is found; then its reliability is evaluated through DVS-EFB 3435-2. The research shows that
the reliability of the front and rear draft lug lockbolts meets the standard requirements.
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Figure 1. Typical riveting connection structure of Cooe

1. Croe B i AW 2 S BY R D 1R 4540

7 B0 T 4 ) AT S S R A PR e iR T, BNAET R PR T R A M S AR TR — T L
TEARETHERCR PRI, o KRR FERL AT 5 e B 2 (R e ok R IA TR oA . A B EEEH R T
VIR Cooe 214380 H ML 47 M R 7 B R G5 M AT B IR O B, AR BVHVETBEMI 32 D104, FR R SR anET B b 52
I RIENET, it DVS-EFB 3435-2 F7 A 2RO kAT 7T SE R VA
2. NEREERERTEERGE
2.1. FREFRNRE

N T XA S FROTE A AT IR T, ASSCBLB RS 14105 365 mm x 110 mm (R

DOI: 10.12677/met.2023.122012 94 IR N EASE N


https://doi.org/10.12677/met.2023.122012
http://creativecommons.org/licenses/by/4.0/

frikA %

RS, B _ETT T BN AR R FLAE R R SR T4, HAAEXE A 10 mm. BB 5 )
FHPE S LMY-T16 (R8T e, HiERE MW~ E 2 s,

5 P )

1d 120 J‘40J‘ 55 J‘ 85 J_ 55 J‘40J_ 120 J‘m

535
[ T IEE
L — T U =
1(2U’. 120 J’.40Jr. 195 J’.4OJ’. 120 .LJJO

Figure 2. Research model of rivet connection
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Figure 3. Solid element finite element model
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Figure 4. Simplified finite element model of beam element
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Figure 5. Finite element model of rivet joint structure
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Table 1. Structural manufacturing materials and mechanical properties
= 1. SrsEM R R E R

T H F5| R AR FAET
Rk Q450NQR1 C 4 45 Mn2
# % 1(kg/m?) 7850 7850 6230
HEAS /MPa 206000 206000 206000
TAFALL 0.3 0.3 0.3
e PR 450 415 735
PUhL R 550 620 885

FARINETHE AP R K32 AT I £ B O A S TR ET (AR, £ RIS MRS (1 T A 1 -
LAt A AT T AN L A B TR i N ) aeer, I ELIEIE. ANSYS Ja AR BHR BUIIAT 24> oL T 32 11
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D13, 1ty 7RISR AIAE R BN T NAT T 7T JF LB ET A 07 g 5 T 47 Bt
17EAL, HIJE ABRSE FIENET 4 5 5] 6 BT

10 7 4 1
11/ 8/ 5/2

Figure 6. Rivet position number
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FR4E TB/T 3550.2-2019 (HLA-8KIE 440 i 5T h M SR % e VO 424k 58 2 343 TR 42 454K) 6.2.4 %
FE , BUEE — O\ ) A% 1 A 1780 KN 2\ 7] s 4 %8 1 A 1920 KN 28 — T Im) 46 A >y 2500 KN
MR HEAINAET A= 7= v T AL A B, AT 51 05 MR AR 5 3 5| GRS AR 2 8] B2 1 T22 Bp4T 22 235 % 714 175 kN,
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Table 2. Load condition

F=2 HELR

i 5| % AR e FLHET
P1 o TR Frfdi, 1780 kN 175 kN TB/T 3550.2-2019
P2 5 — T HLIN I BT JE45, 1920 kN 175 kN TB/T 3550.2-2019
P3 5 LN I BT JE45, 2500 kN 175 kN TB/T 3550.2-2019

3.3. BIEMIRBERIIIET TR R

IRYE LS RS 50, 78 PL TOUR, A MR SZ F] 1780kN YA fifd 3 1E T, HT AR 3 540047 32 31
BN 7y, K/ 25565.92 N, [FERAE P2 F P3 AL R, Ja MARJEE 53552 £ 1950 kN FH 2500 KN A 7]
FEGE SIE R, TRIRE N 3 S H04AT 32 Bl KR 1) /7 34503.97 N.o P1 K P3 it R 32 115 KIS AT 52 7
RN 2 3 ML 4 Fiow.

Table 3. Force of rivets under P1 working condition
2 3. PL LRI Z HIER

BET {7 E Fx/N Fy/N Fz/N KM JIIN
1 24206 175000.00 325.88 24208.19
2 23780 175000.00 544.18 23786.23
3 25543 175000.00 1082.30 25565.92
10 20552 175000.00 1060.7 20579.35
11 21466 175000.00 531.54 21472.58
12 23200 —175000.00 338.87 23202.47
Table 4. Force of rivets under P3 working condition
F* 4. PR LA TSI ZAER
W g Fx/N Fy/N FzIN B KR IN
1 32875 175000.00 1152.10 32895.18
2 34120 175000.00 190.04 34120.53
3 34501 175000.00 452.39 34503.97
13 34346 175000.00 160.68 34346.38
14 33309 175000.00 400.03 33311.40
15 34392 175000.00 957.29 34405.32
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4.2. BT DVS-EFB 3435-2 95T R 4%

4% DVS-EFB 3435-2 HJit B DR f5 MR EE S5 K52 71 80ET AT AT SEVEVEAL, BiTE 24 R %0(Ss )~
T JE R A e A RS ) RIHIE 1% 4 R B Sp )RG35 Wi 34 22 4= R H( Sy, )Ml DVS-EFB 3435-2
TREPAT . 1 EARARENE AR 3 550 BT 52 B KM 1) /g, MO Z N ET #EAT A%

e A3 PTG L B N R FUELARARIN . XS T T22 L5 10.9 ZehfeT SIS Hin 4 5 fis.

Table 5. Calculation parameter
#z5. HESH

iH 55 HfE
YN ALY Fo 34503.97 N
Bl 224 R Sg 1.0
i S A TR 0 1
G MERERE M 0.3
B R H @ 0.2
EoN TP P ON
SE-VALES F, ON
FHX T IR s R AR v 0.76
FEAINAET S8 R 55t Rz 900 MPa

HR4E DVS-EFB 3435-2 [WTH 5L IRNT J5 MR 8 55 K 52 I3 VT BEAT FTSEPEVTAl B 22 4 R 2K Sg )~
TR I R 2 A RS )y AR 0224 RS, )RR 57 Wi 222 42 R4 Sp )RR DVS-EFB 3435-2
FREHAT . B LFRAFHNE B 3 500 BT 2 B RN ) 77, WO Z AT HEAT A% o
BNIEE IR
_ Fou 'Se _34503.97x1.0

F =F =
Kert KQ q|: ',Lt]'min 1>< 03

=115013.23 N

B /N RT TS AT TR A orf:

Fe, +(1-®)-Fy  +F  115013.23+(1-0.2)
v-Ryo, ©0.76x900

=176.56 mm?

'%,erf =0y

CLAN T22 F 84T N 18R A A 309.46 mm?, K% e 2k .
WRIAPLEIAET I BRI (S « O ) IR EATRE O, o« ITHIIHRESHUW T 6 Fin.
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Table 6. Calculation parameter
#6. HEHSH

T H s HfH
FLANET BB A E, 206000 N/mm?
Fe B AFRRL A E, 206000 N/mm?
YT KT B AR = lse 5.5 mm
BAETHA T BAE lsen 28 mm
H RN T B AR K I 0 mm
A RE AR T B AR = lq 11 mm
BTG R K& ls 8.8 mm
JeEKE I 28 mm
S AR AR d, 38.5mm
ghA T B A [ 4 1 B ARSI D, 65 mm
AR Ay 380.13 mm?
INERTHAR A, 309.46 mm?

LB SR 05T Sk Bl R O {58 7.02 x 10°° mm/N, #ETHF A5 R S, HN 3.58 x 1077
mn/N, [ ENEAE R S, B 0 mmUN, A I3 o, (A 1.73 x 1077 mm/N, B3R 3 5 1
1.12 x 107" mm/N.

FLEIET 8 [E] 55 S =
Opp = Ok + Osep + Oy + O + 05 =7.13x107 mm/N
1 B TSRO B AR AHEHE A IEUME tang 9 0.41, ZSRHEIREAE D, -
Dag, =0y +l -tang =38.5+28x0.41=49.97 mm
Hﬂiﬁ?ﬁ%ﬂ%ﬂ DA Z DA,G, ’ %L‘%’f*m@gii 5P H

(dy +d,)-(dy +1 -tang—d, )

2.]
" (4 —d,)-(dy +1y -tang+d, )

S5, = =1.30x10" mm/N

E, -7z-d,-tang
W R D,
-7
% L30x10" 41545
Op +0ss  1.30x107" +7.12x10
X BIYNERE =M RBOE AR T R S8 TR 7 .
Table 7. Calculation parameter
F1.TESH
TiH iR il
FHPHLRE R; 28 pm
@ﬁ&ﬁ 2l A,vorh 309.46 mm2
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Continued
B4 R Se 1.0
FLANET AR TR 5 AR PR Rn 1000 MPa
BT RRE L 75 /R, 0.55
B A T AR A 309.46 mm?
H /N AR TR h 12 mm
e BAFRRLE MR AR R Rooze 900 MPa
1% 2 406] a, 1.05

MRYE A TR RS B T 15 R B &4 FME f, 8 115 um, HRA SEMTE IR F, -
f, 115

P = 5 T 130x107 + 713210
P SRB . .

RV MBIFE S B, -
Fu.. = Ao V- Ryo, =309.46x0.76x 900 = 211766.40 N
BANERIEN Fee

=13642.6 N

211766.40
le
= Mu_(1_@ ).F, -F =2""""""_13642.6=188039.69 N
KR o7, ( ) P~ 1.05

s - Fer,, 188039.69 1635510

¢ F 115013.23 '

KQer

P R R AR MR A TR P KT BEMIICES P HOR RO 1 RoRe 2R
B IER F

2uls

T
Foue =75 A = (R—Bj R, - A =0.55x1000x309.46 =170197.50 N

m

Fows 17019750

e =493>125
F,. 3450397
WY1 4 RS, ST 4.93 K TARMEME 125, Mokiiat 2 Keleilh /L IR
RUEBESFy
FQzun_ =h- dr ’ Rpo,zp =12x%19.85x900 = 214380 N
F
5 = _ 214380 55110
FQmax 34503.97
BIY1 %4 RS ST 6.21 KT HRMERIE 1.0, MRS 3 e R K.
5. &5ig

ASCLL Crop B30 FH MUZE B I FO 0 G, ok FL R b 400 T S s i AT BR e 8 e, TEA BRTiER)
FLal bR AT BE S B R IANAT, FFilid DVS-EFB 3435-2 X HGHAT AT EEMEIRAL, A R KR
Jei MR B8 52 F B K BINET i e bR vE R, HL%2 4 /BRIt 25 1a] .
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