[” €1 %= = f PACKAGING JOURNAL
2025 £ 517 %5 % 1 HiVol. 17 No. 1 Jan. 2025

TRESTHRIATRR T T A g S [l i B AU 5 v

doi:10.20269/j.cnki.1674-7100.2025.1004

HEE ' MR W OE AN IREMARAINTANE AT AL AT TR, H-E

BEE' BIE’ TRAFFE Tk, BEAFTFSAEMIUTEER AFF. HRRER
1. SR Y) 7 FH R A P 3] T I35 AR AR R KR Ay 4 5 9 A #) I ANSYS Workbench 45 A-F &,
HAR P SRS T 3ARA S A AR, FRATT RIS, LR AN
SR RIL SIS0 ARSI EAR T A B ) 3 IR M AR 2 RRE R T R AP R,, i
2. s Tk K

St p L ik SR
W B 412007
3. Tk K&
LELMHIEFR
W B 412007

RESZES. 03434

S ERE R L R F RIS E NN F IR,
KR ARTOMN; RAEF; BAFF; ARMERE

XEAFRERD: A

XEHS: 1674-7100(2025)01-0031-09
5IHE: HHm, HER, FEF, F. TBREMARASAG R A5

)RR A 7k [J]. LR F IR, 2025, 17(1): 31-39.

1 HRE=

W e 1 EE R A M ) R R, EE R A T
B RE PR B B L, AR R IS
BEMISIR, TREGRI, SRR AR IS R
SRR AR E 240G . A BROCEARRE
PATL 2GR, CRCh R TRESHIL LB
T E R FBL (A BROGEOAR X 2 TR S M f
(RRIES S Vi RS B VA S SRS A 108
IO 3 v — e R A e A R AR BB, B AT
S 2 GO AR B LS, SR E R R
PERETEAR A MERGEE (o R, IEARERAR AL I T
pagipon el ivIVAE SO VS Ko g LI R
FEEEH I 22 PG LA BAT B2 X

Il N by 3 B S8 AR 45 4 v A 10 g 41 o B
IO %3 SR HEA T T AHDGHIFSE . A Khechai 55 ! 5%

T AE AT AR R S5 MR R A 1 [ 1 L AR
B I R B, A. E. Arezoodar 25 PV 58 T AN [EM
LA K U THT 34 4 £ X6 S R DR S IR ) AR R R
M, Z5RERM, 5 EESAHE, O D
FAAL A S8/, AL Y. Fedorov 45 M H H fifi Fi sk
MRHEFE G T KA S SRR ) VIR B T AR,
BOEARIRI, 55 N A SRR s R 4 0
SRl LI B, L. van Lich 25 B 5% B[] 19 it IR 4%
PEXT S G A RHE TR 8 13 64T T BUE A, BESR
SRR B N ) A S B Ak A R Y A A
o sKIESE Xt 45 SANFLAR Y S 25 0 7 48 Hh ) ik
1T T ARG RICI T, 15 Bk S rh 25 20
fof KN OB AT 56 MRS Vb T R AR
S BR TR A R ER 2, IR AR SRR
X, BAIE T A BROCTHHE G R e e tE . x| =Bl
R T A BRIe/ A N 2 S5 5 0 1

KiEHER: 2024-11-10

BEE&TH: Hma ARSI G IS RITH (20221130223) 5 MIMA AT TRWHLS TSI H 21A0353); [HFE
SR ITHRIEE DI E (2023YFC3904603 ) ; WG A2 el S e e W H - (HNJIG-2021-0123 )

YEE R WL, B, TR, EENFALE TREEORMIE, E-mail: 1589208082@qq.com

BEESR: 5%, B, 202, Wt FTENFEEma. 458 CAE MY, E-mail: hgj757@126.com



[" €1 %= = f PACKAGING JOURNAL
2025 F E 174 F 1 HiVol. 17 No. 1 Jan. 2025

D). e i R AT BT AT T T TSR AR B B4
a7 LR B SRR I ) 3 SR B, T 2 EN A
SEPERAE AT 5%, A A RO, S T
XURE AR 20 5 IS g Ay SRR B AR T k. B
HP U B AE B EHRTE TIUATEAR . MR S5
AT X N A7 A S S B T R, R Y —
Aok PR SR TR S S A TUART I AR 4 5 3 AR A 5 T R
DI ST

R TR 45 F A R OC 23 A o6 I 4 Hp 1] s
WFFE LR TE ST, RS 23 S R DF AN RS
ARTOX T AREE R PR N S5 H T LAT 5L | oM 2
AL R MBI RE S AL Bt it Ji (49 13 3 A e [ e AT 1
BT, S MR FROTIERL, 48R [N )3 5
AISIN, RS T Ay Sk, DU TR
AR G IE B BRA R DN ) 77 S (m) R 25

2 NMAERHEVEHE

21 BAFRMBHERXR

TRRGEA LI . R T e A AR A
BIUIEARZEAE , S5 RFN i BT e . X
Jry 8 I 7 e (375 i B 8 =T T T AR UL I 4 PR
SRR, NI AR R S T SR BREE AL LT RE X
1A AR B U T A SRR A IR oe
Bt bl AT &5 04wl 48 JIr 5 | 76 1 st ek B T
IHETCRR AR PG 12, FEE AR Q235 il fitiz
BB B LRI K 1 ) = AN 1 s . B 1b i
FRICH A R R RN 175 5, 1%HB
PRI S AL T ARRE N F1 0 0 A S ) A R
1) B PR AR R L B TRk . SRRt iy =0 25
PP B AR, A7 FRIT /TR T3k B i 5k
SERIRY, 5 TSR A 23 T BORFR N 7 R AT R
fife, TESRFAALERAZ 7 IR /N 1 17 7 H BRSSO
%o BRI T RRGE R AT AT 1 it B R 2 AT B A
AN BEAAAETCRR RN M, T AR h R RN 25
PR X B B A LRI Ty, T E
YINI 7] EXSAFAE R, B LA 4axd i B A
N 8T S I A AR 2 R B0 BR oG THE  FE rh
S AE L BT R AR R

IO FI AT S [ ) e R AR Ry . AR AEAT B
JCR LA, B A RTINS /N, SR A5 51
HIR ST TCRRAE R o XS F TR ) BE R AL, 72 B
T YA B A A P A — S, A2 T

T MR AR O = AT, N

F—3E M3 IR A TR TEmE, sl m) J)
o KT I K WA AT SN S A, AT
— AN E B TR ) A R R B, s —
ANBRE A 1 I I A R AT 5
(BN g g S5 (R R B — E AP AE I S v

Y/
a) JLELRY

gﬂﬁﬁ?&?ﬁ*@
: Z23% (Von-Mises ) 1)

SEHET
ElFE

522268 K
449.88
377.50
305.12

o=

b) M= KE
E1 EEERERHEEIFRAR

Fig. 1 Storage and transportation device

and its stress singularity phenomenon
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Fig. 2 Stress singularity of structural geometry mutation

=% m o5

® /5. 40034 N

a) AL ER MR b) R BR A AY
El3 ARAMEREEHTFHER

Fig. 3 Stress singularity of constraint stiffness mutation
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Fig. 4 Stress singularity caused by material properties
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Fig. 6 Stress nephogram of right angle L-shaped bracket (left) and rounded L-shaped bracket (right)
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Table 1 Maximum stress and maximum deformation for L-shaped bracket
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15 25.1 14.2 0.166 0.23 15 29.5 1.37 0.161 0.06
10 29.4 17.2 0.166 0.16 10 29.4 0.34 0.161 0.02

5 40.0 35.8 0.166 0.18 5 29.5 0.34 0.161 0.03

1 81.6 104.0 0.167 0.13 1 29.7 0.68 0.161 0.02
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Fig. 7 Stress nephogram of cylindrical tubular thin-walled structure under
displacement load (left) and force load (right)
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Table 2 Maximum stress and maximum deformation of tubular structures

(EsZ=%0) WAE-%0)
kg RSF 7 R T R A/ A MRS RSY /0 Ry R A/ A
mm MPa BIE 1% mm AR % mm MPa TR % mm A %

5 64.9 0.052 5 59.4 0.107

4 80.8 24.5 0.052 0.01 4 58.0 2.4 0.107 0.007
3 91.9 13.7 0.052 0.02 3 61.2 5.5 0.107 0.005
2 111.8 21.7 0.052 0.02 2 58.8 3.9 0.107 0.004
1 198.9 78.0 0.052 0.03 1 56.4 4.1 0.107 0.002

43 FHBFNHEHFR

P 7 s Bt LA 17 7 7 S A2 ph e e iy
AP FEe EENCHE A INGE— A g, AT
S IREMCTRE N TR AINIEE Y0, XL T =
IR JE FIABE Z (B AF FE BRI R A8 . R %
JESR AR AT, B R EIC Ak S0
KANH 400.34 N, H5:32% 7 380 A B8 H 5 B 2 A it o 2 )
T _EIFR A

SFR AT TS RN A 7 R 2 PR 1817
I 2 Bt W] YIRS N 2] 2 mm Al 1 mm i,
TR I BITE 5% JEHIN, RN T RER I 51
B PZ MM L L, RN IET 56.4 MPa; %
RASTEWST 0.107 mm, AT UL, Bfr 550 ie i A
A 10 3 7 S Tl

5 MBMRERENATR

5.1 SHIEBES

MR G ReE R Z R B R RE LS, B
A ARk 25 F 7E S S T WA P A PR BER T, AT 35
LGy e . RSN AE R, B A MR EE R
FEA R EGE H R AETE R AL 1 22 AR
RE 1Y 28 ARt 22 SO Ty A S, 37 — 1K 600
mm. F% 100 mm. 75 100 mm I PRRORHL G SR
BORL, W 4 frn . R iR R S5 AR, sk
BihE E=2 x 10° MPa, JAMAEL £=0.30; A0k R A ES
B4, MPERIE E=7.1 x 10 MPa, JA¥A . 4=0.33,
XoF 1 it VRt 00 41 5 240 o, Ko Ay s T e T 1 1) 8 2%
faf, K/INR 10 000 N,
52 BARMBER

RS RST A 1 mm B, AR ) &
FEIZES P 8 A 9 s . IRl 8 Al A1, dR R i
PUAE [ E L s AL, D) AR A s i AN 3 4%,
JEFR A TG . HIE 9 RIH, TEARE A A mIX

B, SEFANAL I F1 RN K 27.084 MPa, 4844 b R
JIR/INH 18.908 MPa, R AA Ak 58 FL AR 1 1 /N Hy
28.113 MPa, HN Jj MAgAL 5 AT 3 4%, 7E3C5:
A BTN 18T SR . MBI AR N T 5
AR 2 P ST A R B S R W SR A T L,
DL S G5 AL B S8 ], AT LA 2o S a0 ik
54 FRITHARARES & 5 - TR

2. 4% (Von-Mises ) F7JJ

HAfi. MPa
118.97 K
92.533 [} 15201 101
79.314
66.096
52.878
39.66
26.441
13.223
0.004 943 3 /M

8 EEMRERBAAENEE
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Stress Singularity and Suppression Methods in Finite Element Analysis of

Engineering Structures

HUANG Zhencheng', LIN Yibin®, LEI Zhiyong', HUA Guangjun’

(1. Technical Center, Shenzhen Guanwei Technology Co., Ltd., Shenzhen Guangdong 518110, China;
2. College of Materials and Advanced Manufacturing, Hunan University of Technology, Zhuzhou Hunan 412007, China
3. College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: The stress singularity phenomenon generated by finite element analysis of engineering structures was
studied, and the stress singularity suppression method was proposed. The stress singularities could be divided into
geometric catastrophe stress singularity, load catastrophe stress singularity and material catastrophe stress singularity.
Using ANSYS Workbench simulation platform, three typical stress singular models were established respectively, and
the numerical simulation analysis was carried out. The analysis results show that the essence of the stress singularity
phenomenon in the finite element analysis process is caused by structural stiffness mutation, and the stress singularity
can be suppressed by modifying the model and applying the equivalent constraint.

Keywords: finite element analysis; stress concentration; stress singularity; constraint stiffness mutation
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