H52% Hell B ORE AR (A R R R D) Vol.52,No.6
2025 4 6 J Journal of Hunan University (Natural Sciences ) Jun.2025

XEHS :1674-2974(2025)06-0134-10 DOI:10.16339/j.cnki.hdxbzkb.2025183

ETEHELFEAS“KEKASIE"HREN AR EIT

AT, KA L AT L AR D TR
(L TR Tl A MR 0 T e B R 535 46 K MUSCIR %L TR 1M 5100065
2. WA R R A BRA A, TR Ml 528225)

W OE.AMERE TR 2R, R R —FRIR S By ik, TR
AR AR EHET & @ﬂ%ﬁ%@ﬁft ETOXEMS EBEG Y S wih BT d@ T

VAT LA An bk 3 AR A T R AR, R R AR AT A% 9 AT R AR B A R £,
P! Xi%uxééﬁiﬂ;ﬁ%%l&ﬁ&i WAk B MGRAERR T i kS WY WA - E
FAPSUE R Z A FH 3 — T e T Lk AR AN, A TRK -G B2
W E P U R AUK AR e B RS R S R, RS AL
Bl CRIR G BV R T AR, B RIF T R, A S B R A A R A
oy IEE T A,

KERIR A PR 4G B R RSO WA B T E R, A A

FESES THI65 MERARERG A

Quadrilateral Element Based on True Rotation Angle and “Trial—correction”

Interpolation
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2. Foshan Huadao Ultra Precision Technology Co. ,Ltd. ,Foshan 528225, China)

Abstract: To address the problem of incompatibility between different elements, the paper introduces a “trial-
correction” displacement interpolation scheme. This scheme is utilized to construct a four—node quadrilateral plane
element that incorporates a drilling degree of freedom. The “trial-correction” interpolation—based four—node
quadrilateral plane element takes translational displacements and the drilling degree of freedom as nodal
parameters, and higher—order interpolation functions are employed to approximate the displacement field. Firstly,
bi-linear interpolation is used to trail the displacement fields. And then, according to the deviation of the drilling
degree of freedom, the displacement fields are corrected with bi—cubic interpolation. The convergence of the “trial-
correction” interpolation—based four—node quadrilateral plane element is proved by the patch test, and its

performance is further verified by three examples. The numerical results show that the “trial-correction”
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interpolation—based four—-node quadrilateral plane element has a high convergence rate, a high numerical accuracy,

and can be compatible with beam elements for convenient mix—element modeling. Moreover, the “trial-correction”

interpolation method is parameterized and has good extendibility, which lays a foundation for future research about

other elements with true rotation angle.

Key words: finite element method ; interpolation ; convergence of numerical methods; quadrilateral plane ele-

ment ; true rotation angle
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Tab.5 Result of Cook under plan stress condition

HITAL BREMAS SR Eifar PRI R MR Y L
4 — 0.915 0.970
plane-Q4-TC
k% — 0.860 0.919
) A — 0.031 0.028
s A%
[k — 0.026 0.021
; [ — 0.873 —
Allman'*
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[ 4 — 0.985 0.992
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4 — 0.988 0.998
[ — 0.993 1.000
US-Q46'®’
4 — 0.989 0.999

2.3 Cook @

A T B UE plane—Q4-TC H.JC i P RE , A5 X
Cook [F] AT SR A, RISR kAR AU JLAn] TR AR i) A
TR Ui A2 5 8] J . Cook A B/ KT WNIEL 6 P
TR 1) 2 S 1, T A v U 52 380 1 N B O PR
1 1o 3 WS B X plane—Q4-TC MITAIPEREEAT T 1F
i : C HEBE LA (v,) A S ER TN ) (0 ,00)
P KB i e/ NFEN T (o). B K TS 4551 5
HoAth 2 25 AT RO HEAT TR L A3 AT, A DGR
PEUNFE 5 Frw . AR plane—Q4-TC B0 4 [ J1 1 E
SRR, FTLAFR 5 OV RO B E BLY
A 3 NEAS RN ST A5 - S, 8 AE ML IT I EE 2R, S, T8
AT ZE A, S, F8 P18 A T EOUHD HE AN )
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Allman"! 20.27 0.1825 -0.1716
Q4s!2! 21.27 0.1600 -0.2307
GQ12M81! 22.49 02083 -0.2216
Pimpinelli'? 21.02 — —
2%2 Zhang et al' ! 22.76 02145 -0.193 4
Choi et al'® 22.52 0.1721 -0.2306
plane-Q4-TC (S,) 21.99 02975 -0.1987
plane-Q4-TC (S,) 21.99 0.1629 -0.9013
plane—Q4-TC (8, ) 21.99 02302 -0.5500
Allman™! 2278 02261 -0.1921
Q4s21 23.06 02355 -0.1516
GQ12M81¢! 23.44 0.2338 -0.2045
Pimpinelli'?*/ 23.01 — —
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Fig.8 Convergence curve of the maximum principal stress

at point A
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at point B
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kinds of elements
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