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Equivalent Nodal Forces of The Solid Element
with Rotational Degrees of Freedom
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ABSTRACT
The variable-node solid element with rotational degrees of freedom has been developed for efficient
connection of transition zones and for connection of different types of clements with rotational degrees
of freedom. In applying this new clement to engineering problems, it is necessary to find the relations
between tractions and equivalent nodal forces. In this case, the equivalent forces in solid element with
rotational degrees of freedom and ratational forces are a bit different from that of conventional solid
elements. Some typical examples are presented.
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17; = 20" [ B CBau’ +o7f [ $7 Facw’ 2Ty [ 87 5"dc2o,
nr fed fed

(18)
-a’ I]V'Tf"d.Q—a’T fﬁ‘rt"dl"
2 ~

WS A 9s VRS AW G T 22 24UY ¥ 5938 Qe

5 54 2]

3714
K= jn, B CB'd0 (20)
H = jq S 4'd0 @n
M =y Id S 8°d0 22
g = (N f*aq+ (Nt'ar @3)
Fe re

A 19 FEHS Aur © bubbleE =9 338 R0) v} E Y B9 Yol ot Y i Asjoit). ek MY
W EUYHE ARG B YAUTS FLE I UL E oA B3R, 4 23)
F0 7 FYE & T Lol 4 ¢ PHZ Edt

g = [NN'dae + [N Nare 24
or re

AagelX WA 8 R eiwE SgPHew uyHnz, HIA/HE Fu
WA SEWE 2AYS ATk wIAWASS AFE ARE uE YL EIH) o
2R, B 229 AFEE AW YAA) o9} DU AR pR WADY

slel HeoE enel Y= WY K*SF H'5-& 142852 goe] o8 Aasigion o
22y ol o] A 4Azbe] 2o] o5& V= P LANY Jolui A mE = whgA) gt
o AH 22004 A4T B4 Y8 B2 96 Gupad) HE Adme] Jted 14
44 B2y e

5. +XHE
5.1 B

o] ¥AMl WY YA 2Tt 22 Are) FHA) WA= WA HF 3 3H
Aol aNHoz AHgEHA ¢ Aeste] 1E AZE7] % oAojtha, F Ao
NojIA AFTe] HAFEZFELS F3oE PRANES HIAYL 3}Fo) FEI: VoM

xR WUt ghe nig o g Ads A o) T aAANFY £YNHE B o]
¥ EHHH 229 A Z 33Ut oju] 2H B BE HAAFE = F553% )

~165—



load case (1)

load case (1)

150 ﬁ’ 150 load case (2)
20 |7 AL
- io é b u=v=w=0
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. ¢ X
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A4 0. ) " v' B4 ¥ ‘{ ./;‘{1./.'.?
I¥3 HEE g sy
Shear Force TQ
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"M Q=150.0
2 + = ™ M pMes50.00
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Bending Moment fM
M —p
— - ——¢+p P=1000.0
‘E_’P M=333.33
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Load Case 1 Load Case 2
Mesh Al A2 A3 A4 Al A2 A3 A4
C-V1 68.45 70.10 7233 78.48 66.67 68.86 70.83 71.86
NC-V1 101.40 100.96 101.28 100.27 100.00 99.43 99.97 98.07
NC-V2 101.40 100.67 100.08 98.99 100.00 99.09 98.51 97.00
_ present 102.37 102.19 101.33 100.74 99.39 99.24 98.96 97.26
Theory 102.60 102.60 102.60 102.60 100.00 100.00 100.00 100.00
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Load Case 1 Load Case 2
Mesh Bl B2 B3 B4 Bl B2 B3 B4
C-v1 49.33 56.38 64.61 79.49 44.38 51.59 5842 78.60
NC-V1 89.89 86.66 89.57 97.40 87.45 83.46 86.03 95.99
NC-Vv2 89.89 83.90 78.84 82.66 87.45 80.50 75.85 82.09
present 91.95 98.47 94.95 97.69 89.04 95.69 92.04 94.87
Theory 102.625 102.625 102.625  102.625 100.00 100.00 100.00 100.00

5.2 B] o] 2 A | ¥l (Twisted Cantilever) 2
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Aoz 949 9% 2184 (warping distortion) A o] T HE A& A5 37 A% AA ol
o] Rojl g3l 1%L FHY 5133} FHe FF LR o] A o] gt ¢F TS
IHE AANZAE 27 o EF g2 ARt o] EAlo] e o]E€A= MacNeald}
Harder[11]91 4] Q18 B & AL ¥ch FH 813 0] Z43HE F$9 olX+ 3538 4
A AASI7E 0.5424x10%0]0], BHL Fo] FEe FHE F FEET HAHESAL
0.1754x10%0]c}, E 3& 2+ 3FHE o]EXof ujs] FHE 249 WHAE YL 9l
HAAREZE 7D gN g2 S 5o UM e ARE BAF L Yotk

Young's modulus E=29x10%
4 Poisson’s ratio v=0.22
Length=12
Yy width=11
Thickness=0.32

Twist angle=90°
F=1

F(in—plane)

F(out—of—plane)
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Q=0.1250000 Q=0.1250000
M=0.0066667 M=0.1145833

®) FAW 3ol e 57 EASHE (0 R ol Y FIHEANT

J¥ s v AL B 9 85

- 167 -



E 3. 8|59 A 29 T A9 H 1] Z(normalized value)

35 W& | HEXA@B)'® HEX20" HEX20R)"™ Present
A ABF 0.983 0.991 0.993 0.100
EEDE G 0.977 0.995 0.999 0.993
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