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» Body bending stiffness analysis
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0f| X|: BODY BENDING (1) AR

* Focus on side frame due to its dominant effect
— Basic beam finite element model

— Bending stiffness: ratio of applied load to deflection at the
node of load application

Pin
connections

Rigid
Elements
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0fl 5l: BODY BENDING (2) AR

« F=6680N — 6=6.4 mm
— K =1044 N/mm per side = 2088 N/mm bending stiffness
— 30% of 7000 N/mm target
— Twice the actual stiffness: too stiff ?

* Modified model with flexible joints

K=.38x10’Nmm/rad top A pillaF—m H—_____ ‘m
K=2.8x10’Nmm/rad bottom A pillar—, \:
4

K=3.5x10"Nmm/rad on hinge pillar__ I

%

+ F=6680N—&=7.7mm o\ e

— K =1735 N/mm bending stiffness
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Roof Rail

Sideframe A Pillar
Dimensions C Pillar
all in mm y B Pillar
( b . _ // 4

vz- Hinge Pilla :

L Rocker

SECTIONS y 35 50 75
(t=1mm) 3., 3503 25LT_J‘ x 25 C‘E

40 Z Z z

Roof Rail A Pillar B Pillar C Pillar

above Belt above Belt

| 100 75 50
100[U-, sol?lx 5ol’_—r—_¥x s0 L1 x
50 z Z z
Rocker Hinge B Pillar C Pillar
Pillar Below Belt Below Belt
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Sideframe 500 +«—- — 250

Dimensions ‘- 500
(all inmm) Y e 7 A .f;__‘ 750

?- - -
Z 5001000 1000250
SECTIONS |y 35 50 75
t=1mm) 3., 9sld- 25LT_]- X 25[?
40 z z z
Roof Rail A Pillar B Pillar C Pillar

above Belt above Belt

| 100 g 50
100 soT 50[?4 x  s0ld-«x
Z Z
Rocker Hinge B Pillar C Pillar
Pillar Below Belt Below Belt

HE 02

Roof Rail

A Pillar

B Pillar above Belt
C Fillar above Belt

11
b
]
n

C Pillar below Belt
B Pillar below Belt
Hinge Pillar
Rocker

LN« U B SO WU S B
EEE5EE56668E6 M
=5
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The stiffness requirement is 7000N/mm for the vehicle (or 3500N/mm for each
side)

— (a) Compute the vehicle bending deflection with rigid joints (a joint stiffness of
Ki=1x10Nmm/rad may be considered as rigid). Does the resulting stiffness meet the
requirement?

To improve bending stiffness, any of the sections may be increased in size (w & h)
by up to 200% of the initial dimensions, except the rocker which is restricted to an
iIncrease in size up to 125% due to entry constraints. Thickness on all sections
can be increased to 3mm. (Do not reduce the size of any beams from the given
initial size.)

— (b) Continuing with rigid joints, adjust the side frame beams to meet the
stiffness requirement in the most mass efficient way. Do at least two iterations
of resizing. Which beams did you adjust, why did you choose them, what are
the final beam sizes, and what is the final stiffness?

— (c) After doing part (b), enter the joint stiffness values shown and determine
the bending stiffness with flexible joints. What is the new bending stiffness?
What is the fraction of stiffness with flexible joints to stiffness with rigid joints?

: : . : 24
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OaXSmPglilos

https://www.youtube.com/watch?v

28

Copvriaht © Computational Desian Lab. All riaghts reserved.


https://www.youtube.com/watch?v=OaXSmPgl1os

Oi|Xl: SIMPLY SUPPORTED BEAM s
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Bar hd
7ot e o [ 80 om
- L =4550 mm 1-'l"'T DIM2 mm
-1 = 2700 mm

M= : alloy steel Fr* ﬂc—f

-E =210 GPa DIM2 —Z
-v=0.28
- p = 1.519e-5 kg/mm?3

‘ E D
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718.8[kg]

4550[mm]

—150.976radls — f = zﬁ — 24.03Hz
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Natural Frequency

is analysis indicates that a bending stiffness requirement of approximately 7000 N/mr

I Hz vehicle frequency, Figure 4.12.
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"’ i | | 7000 N/mm
@ 19 | | 5000 N/nim
= . Ju g —-- 1

500 /1600 700 800 900 1000

Effective Mass, M (kg)

Figure 4.12 First order estimation of bending stiffness.
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« NAFEMS benchmark test: Simply-supported thin square plate

(Shell / Solid 224~

of CHal 2 E 3l Ad

-

I~

A

+3)

ocC S AL
— O O
t=0.05
A . \
[ o 1
DT
10 Mode 1 Mode 2&3 Mode 4
x=y =R, =0atall nodes,
R,=0along edgesx=0&x="10m,
R,=0along edgesy =0 &y =10m
v z =0on all edges
- Units : m
10 Zl
Mode H&6 Mode 7&8
= O —
Mz =9K A plate F7H|
Young’s modulus E =200 GPa
Material data Poisson’s ratio v=20.3
Density = 8000 kg/ms
Section property Thickness t=0.05m
= XA ZH
ModeO| [HE Fhta= 4f
Mode Number 1 23 4 56 7.8
Reference 2.377 5942 9.507 11.884 15.449
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e— /x4 (15t)

30x30(1st) = == 4x4(2nd)

e ] 0 10(15t)

20x20(1st)

= == 10x10(2nd)
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Shell element
1st order 2nd order

Ref. 4x4 10x10 20x20 30x30 4x4 10x10
1| 2377 2.547 2.399 2.382 2.379 2.384 2.377
2 | 5.942 7.823 6.150 5.986 5.960 6.055 5.942
3 | 5942 7.823 6.150 5.986 5.960 6.055 5.942
4 |1 9507 | 12.780 9.908 9.586 9.539 9.980 9.513
5 111.884| 26.555 12.949 12.105 11.977 12.753 11.897
6 |11.884| 26.555 12.949 12.105 11.977 12.753 11.897
7 [ 15449 31.087 16.758 15.702 15.550 14.132 15.485
8 | 15449 | 31.087 16.758 15.702 15.550 14.132 15.485
10

9

8

7

6

5

4

3

2

1

0
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Wit
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Juil
= F:t Byl = 47300 o dn
' K
1] r
- = ol = 18532 fid = 4.7300
- (L& F:
L] I
i

.-1 E
= _,-""F.-_-""‘-‘ = :1"': 1k St

] — " T
541_-"""-—_-""”_1*; N ""iw Wilry ful = 7,853

LL]

figf = 14,1372

Wylr) /_-\ F-\ Al = M09S0
g 1, 15MJ.MM \'“-

=TT

1D
L1}
Z W,ir) ¥ LS, = i, o A= 140372
::-M il = 3.9266 :'T:: 027 Sy o7 Do
2 . (007 :
=
2 2 ?
Ew il = 10686 {;3'.!} {32” {3_1”2

Beam Configuration Fundamental Second Mode Third Mode

Z Simply supported 9.87 39.5 88.9
- " Cantilever 3.52 22.0 61.7
IFree-free 224 61.7 121.0
Z | [ A s Clamped-clamped 22.4 61.7 121.0
2 S—"onu os—Srex ripm M~ Clamped-hinged 15.4 50.0 104.0
Hinged-free 0 15.4 50.0
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