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New Elements Derived from One Type of Mixed Formulations (The 2nd report)

——Shell Element and its Applications to Vibration Problems—

by Yoshifumi Kanda, Member

Summary

Because there has been yet no simple and powerful element available, it has been experi-
anced that some practical finite element analyses in industry lead to unsatisfactory results
even in linear situation. Therefore, in order to gain useful and reliable informations for an
actual structure by easy implimentation of finite element technique, it is necessary to develop
the element which is accurate, economic and troubleless.

From this purpose, in a previous paper, the author proposed one type of mixed formulation
based on Reissner’s variational principle and derived several kinds of new eclements such as
plane stress, 3-dimensional brick and plate bending according to present formulation. Exa-
minations using these elements in static and dynamic fundamental problems indicated that
excellent results can be obtained.

In this paper, for the sake of shell analysis, both plane stress and plate bending elements
introduced in the previous paper are combined and extended to a general shell element
whose nodes are needless to be included in plane making use of present mixed formulation
and isoparametric shell representation. Numerical results from several applications to vibra-
tion problems, which are intended to demonstrate the effectiveness and versatility of new
element, show that natural frequencies and mode shapes are always predicted with good
accuracy even by a very coarse mesh.
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(a) Geometry of clamped hyperbolic
paraboloid
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(b) Convergence of central deflection
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> Finite element 8x8 mesh Note | : Result of finite
20.01~ ... b 7 difference 16X16 grid from
5 o BOS Ref. 10.
',; 8K Note 2 : Due to symmetry,
only one quadrant is analysed.

8 But number of elements per
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o i | | a=>

0.03 c=10cm

0 1/1, 1/2 3/1. i t=0.8cm
x E=28500 kg /om?
/a Pp=0.01kg/cm
v=20.4

(c) Normal deflection aleong center line

Tig. 2 Deflection of clamped hyperbolic paraboloid under
uniform normal pressure

Cue to symmetry,

cnly one half is analysad.
Material :
Sheet steel

L=304.8 mm
R=609.6 mm
s=304.8 mm
£=3.048 mm

8X4 Mesh

Lx2 Mesh
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Fig.3 Geometry and meshes of cylindrical fan 30° EFRURERED R FROBERIREZ MFS %
blade BTN Lo BERE OB EMBER 7z & % Fig5
“Table 1 Natural frequencies of cylindrical fan blade
Mode No. Finite element predictions (Hz) Experiment
and ACM+QM 6 BDS QUAD 4 MF S (Ref.11)
S . .
ymmetry 1 yx2 | 8x4 | 4x2 | 8x4 | 4X2 | 8x4 | 4x2 | 8x4 (Hz)
1—A 86.1 86.5 83.6 86. 4 86.8 86.0 82.9 85.8 85.6
2—S 135.8 | 139.5| 139.0| 139.9| 139.1| 139.5 131.8; 138.3 134.5
3—S 240.7 | 247.9 | 279.5| 255.3| 279.2 253.7 | 243.1 | 245.5 259
4—A 357.9 | 347.5| 423.2| 381.1| 416.6 | 371.0| 284.2! 342.6 351
5—S 385.9 | 3886.3| 483.7 | 424.5 | 455.3 | 413.6 | 290.5| 374.3 395
6—A 404.0 | 527.4 688.0 | 574.2 672.7 564. 3 454.7 ; 511.5 531
7—A 720.0 868. 4 818.6 699. 4 743
8—S 714.9 832.9 867.5 699.5 | 751
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—-—-~Calculated nodal lines by MFS (Mesh 3x4)
Experimental nodal lines from Ref.11l
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Fig. 4 Mode shapes of cylindrical fan
blade

T, EgERSY Table 2 » Fig 6 wiido 22T, £
vV 2 GENIEOFIE B U L, (IHmOERI) X
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Table 2 Natural frequencies of twisted
cantilevered plate

Unit : Hz
Finite element method
No.| Mode | “QUAD  yp E’é;zrf“;‘ze)“t-l
10x23 | 4X9 6X12
1y 1F 60 58.4 58.4 59
2| 2F 340 334 334 332
3| 1T 504 490 495 479
4| 3F 998 991 993 1,006
5( 2T 1,427 | 1,401 | 1,407 1,337
6| PM,| 1,5431,806 | 1,817 1,743
7| 4F 2,020 | 1,957 | 1,997 2,000
8| 3T 2,248 | 2,209 | 2,222 2,149
9| PMy| 2,275 2,253 | 2,287 2,372
10| PM;3| 2,912 | 2,668 | 2,773 2,929

IhbOEW L 50, MFS 1= X AR EERMN
Pl I HLTEFREBE L £ - FORHHEREL
FEBIL—HLTWBZ Ehbhb,

4.4 HEREN FEIOERE

B~ » ¥ ORI IRE S X TE X % 7o, Fig7
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TEFRGK LIRHE- VE2EEL, ch b2 iEED
ERC XD ERR L B L 7o,

BETES 3.2mm OBMREE R B #C X - T
AL, THADEY A SEs BRI X -
THREL T, BEOTERSIUOHRAEL LEHL T
Bo T, BT 3 EOPEOBMAM OECHKEE
BEXARZATEALMEDL Th D, BEREREHROEERT

Material : 6061-T4
aluminum sheet stock
E = 7031 *Jtum?
p=2.7659%em?
v=0.3
L=177.8 mm
£ =2.286 mm
w=76.2 mm
9, =30°
t
St

- Fig.5 Geometry of twisted cantilevered plate

————— Calculated nodal lines by MFS {Mesh 6x12)
Experimental nodal lines from Ref.12
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7
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Fig. 6 Mode shapes of twisted cantilevered
plate
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Table 3 Natural frequencies of model lathe bed

Calculation by FEM (Hz) E .

No. Mode : e
BDS ACM+QM6, SAP IV ‘ MFS

1 1 st bending about Y axis 413.2 45.6 50. 2 46.0 44. 1
2 2 nd bending about Y axis 1,781.2 146.6 155.4 146. 8 140. 4
3 3 rd bending about Y axis — 268.1 265. 8 260. 8 258.6
4 1st torsion about X axis 278.7 255.7 281.3 279. 4 265.5
5 1 st bending about Z axis 286.9 270.3 372.0 287.1 268
6 4 th bending about Y axis — 388.8 359.0 260.7 384

Mater:
Plate th

Finite element model

Dimensions

N Total : 12 elements

T mm

: sheet steel
kness = 3.2 mm

Each individual panel was
represented by one element.

1 96 degrees of freedom

Fig. 7 Geometry of model lathe bed

S
1st bending lst torsion

about Y axis

2nd bending
about ¥ axis

3rd bending
about Y axis

—-- : experiment , —

- : exciting position

ist bending
about Z axis

4th bending
about Y axis

calculation by MFS

about X axis

A

T

QA

Fig. 8 Mode shapes of model lathe bed
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FHEx1T, Lalor HOEREERY & HET 5,
FHRERZ=F 11X Fig 9(b), Fig9(c) ©RT L5
BREFCHC2BID Ay v 2 BB, ZhbDH
MBS 2 AL TH D0 Fig 9(b) O eF A3 EEI/T
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Table 4 Natural frequencies of model engine

//@\Jb
E 4“9\ Materiszl : block

T E —Ll‘;:ctol’:‘;f:n? Unit : Hz
| o=7.25%m
i ¥ ov=0 Finite element method
2o J)] Mode | Thin shell | Thick shell E:({g;xrlrée)nt
e i) ACM+QM6| BDS | MF S
: Free Eodyn yeren
1—A 370 618 452 470
Due to presence of
: B Pt e 2—S 530 783 629 635
(a) Configuration (Dimension : mm) 3-"‘A 846 1, 268 997 1, 023
4—S 1,050 1, 891 1,316 1, 350
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Fig. 11 Convergence of frequencies for simply
supported thin (#/L=0.01) rectangular
plate (aspect ratio=+'2)
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