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A Fully Smoothed Finite Element Method for Torsion Problems of
Axisymmetric Elastic Body

Chen Shenshen, Ding Licai, Li Qinghua

(School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract: A fully smoothed finite element method to solve the torsion problem of axisymmetric elastic body is
proposed. Due to axial symmetry of geometry and boundary conditions, computing the torsion problem of axi-
symmetric elastic body requires extracting one cross section for meshing and analysis. In order to address the
problem of high sensitivity to mesh distortion, the edge-based smoothing domains are further constructed based
on the triangular mesh and smoothing operations are performed on the strain in each smoothing domain. The
smoothing strain technique is combined with the quasi-weak form of smoothed integral for treatment of the par-
tial derivative and non-partial derivative of shape functions. Accordingly, all the smoothed domain integrals can
be simplified as boundary integrals of the smoothing domains and there is no need for the coordinate mapping
and calculation of Jacobian matrix. Numerical examples demonstrate that the proposed method for the torsion
problems of axisymmetric elastic body can produce accurate solutions even for irregular elements.

Key words: axisymmetric elastic body; torsion; fully smoothed technique; smoothing strain technique; irregular

elements

ks B HA:2024-10-14
BELWE: FZEARRBERETH (12172131,12162014) ; 71764 £ BB AR R AN 3k A 351141 (20225BC122010)



122 1 4

b

SN

2025 4

Citation format: CEHN S S, DING L C, LI Q H. A fully smoothed finite element method for torsion problems
of axisymmetric elastic body[J]. Journal of East China Jiaotong University, 2025, 42(5): 121-126.

1B TP AR FE T H, ARk D
A58 T Z W AR AT TN 2 50 45 M A I
DR R A SRR AT RIME . AR R, S A R O
A7 PR TT T P24 T A 2 b T B AR R R PG A
FRIT, A e MR T A& a4 PR ek NI R e 3k ) Ay e
o LAk, CH A BRI vl LLEHIE pRE - 10 Y '
TR AL T R DE Hy Bl S e
AGEE G T AL bR SR FIRE R R B2 %) 3145 T LR
I T A R T o) A% o O HORAPE S, SR,
T I A2 2 AR TC A ek S i 5 0 ) BRR i
TG R BRRBEAE R 73 o 58 et HoR S Oy
Iy A% 4 AR 5 AN BRIV 8 B G AR S
PhsIE AL G, S 1T R8s S 20 R O =
TR S SR A S8 A R D S R T

BT PR SR A 2 1) A T A AR O, L
AR 2SR A A B A R 2 A R AR T e — [T
Bl o fEATIR DY LR R AR A BT B A Tk X R LR AR
FHA (0], 177 2225 5 301 T R e SR Ao B i
L R R A R0, T iR e 0t
T A PR ITE I O FH AR, A SCH 1 At R s ¢4
I ) 8 A6 A BRI
1 =EHIFRE

SRR L (A 2 [ b 38 R B0 A AL
FRZ&(r, 0 ,2) 475001 DLz O RERRA, A — A
XA RS or i o, Mo, ARSI u, o X RRERPE
A 2t [ T ) B AR Ty R A1)

or,  Ot, 2t
k. B TN

or 0Oz rre -0
SUR S L)
T, +1,n.=If, on I, (2)
u,=i,, on I, (3)

Kb 0, M o RS L R i 55 a, M T 53
B R 45 RE B LRE AT FT 5 n, F n, DRy ids BB Ak ik
R, H

v |Ou, u, Ou, !
[TrH’ Tzﬂ] G|:ar I > aZj| (4)

3k G BB B DR
2 REKBERITHE
21 EBRHBBEHR
TELIB LR ©, v, B /(o) AT DB
SR M
f)=— [, r@ae (5)

Kb 4,8 Q By,

2R pREL £ () FIE SRR S 20T, D) ek B
FH R i 0 =K (5) B A R i s i ARy, 7
FURHIARER o X T 4 )8, #h) 5 — % i pR
B F(r,z)=F.1 +F.I ,H

_OF  OF.
= & 6)

S 1R LAY AR A 2 7 T 2R
HF, A F BT 6  (6) FRA () 4
B A T

f(xc):Aifrc(F,n,+anZ)dF (7)

Kb n, Flon, ICH G T T, BB IME SR )
S
J TR (e) R
F.=0 (8)
H
F.(r.2)=[ f(r,2)dr + c(2) (9)
A ) 215 r TRIMEERE, HEZ0E
HAAT 20 o(z) PR s m ™, R, (9) T
iS5 Hh
F.(r.2)= [ f(r2)dr (10)
R (8) R (10), 38 (7) HE— 2 R AL AT 15351
f(x) TS Q, EREIE R hsIE
f(x)= A% [, Fondr (11)

2.2 BEANEELE

PRI Tte R T Q K HA o i 2 A ToaE R B
ANEE = MAIERIT, WE R, REBEDS—
I BIT 0 55 SAEAE = MAIE oty e O



WRIESE, A5 RO RR R A 2 IR R 5 e AT FROGIE 123

@ HILTs O HIUBL

1 ET=AEATHNIBLEE
Fig. 1 The edge-based smoothing domains based on the
triangular elements
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Fig.3 Irregular mesh for the full circular
rod when a,=0.5
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Fig. 4 Displacement u, at z=H of the full circular rod
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Tab.1 The displacement u, at the top surface (z=H ) of the full circular rod under different distortion coefficients

r/m AT i a,=0.1 a,=02 a,=0.3 a,=0.4 a,=0.5
0.125 -0.083 3 -0.083 4 -0.083 6 -0.083 2 -0.083 9 -0.084 2
0.250 -0.166 7 -0.166 9 -0.167 0 -0.167 3 -0.166 6 -0.167 0
0.375 -0.2500 -0.2503 -0.2500 -0.2501 -0.249 8 -0.2500
0.500 -0.3333 -0.3338 -0.3332 -0.3338 -0.3338 -0.3327
0.625 -0.416 7 -0.4170 -0.416 9 -0.416 5 -0.416 9 -0.4179
0.750 -0.5000 -0.500 2 -0.500 3 -0.500 6 -0.499 7 -0.499 4
0.875 -0.5833 -0.5835 -0.583 8 -0.5821 -0.5824 -0.5811
1.000 -0.666 7 -0.667 1 -0.6659 -0.666 8 -0.6650 -0.665 5
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Fig. 5 Hollow circular rod
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Fig. 6 Irregular mesh for the hollow circular
rod when a,=0.5
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Fig. 7 Displacement u, at z=H of the hollow
circular rod
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Tab.2 The displacement u, at the top surface ( z=H )
of the hollow circular rod with different
distortion coefficients

m FEM «¢,=0.1 a,=02 a,=03 a,=04 a,=0.5

0.500-0.162 8 =0.163 1 -0.163 1 -0.163 0 —0.163 2 —-0.162 9
0.550-0.178 0 =0.178 3 -0.178 3 -0.178 3 =0.178 2 —-0.178 2
0.600 -0.191 2 -0.191 4 -0.191 3 -0.191 4 -0.191 2 -0.191 3
0.650 -0.201 8 =0.202 1 -0.202 2 -0.202 1 -0.202 0 -0.201 8
0.700 -0.209 3 -0.209 8 —-0.209 7 -0.209 8 —0.209 6 —0.209 7
0.750-0.2120 -0.212 7 -0.212 5 -0.212 3 -0.211 8 -0.211 5
0.800 -0.202 5 -0.202 4 -0.202 0 -0.202 8 -0.202 6 —-0.203 4
0.850-0.1922 -0.191 6 -0.192 2 -0.191 4 -0.192 3 -0.191 7
0.900 -0.193 3 -0.192 9 -0.192 9 -0.192 9 -0.193 0 -0.193 0
0.950 -0.198 9 —-0.198 6 -0.1987 -0.198 7 =0.198 7 —-0.198 7
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