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» Body bending stiffness analysis
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0{|x|: BODY BENDING (1)

* 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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O1IX'“Z BODY BENDING (2) X 2 E

« F=6680N — 06=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 —____ ‘m
K=2.8x10’Nmm/rad bottom A pillar—. _,
K=3.5x10"Nmm/rad on hinge pillar__ I

— s

+ F=6680N—&=7.7mm & A

— K =1735 N/mm bending stiffness
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| Sideframe 500 +— — 250 O MO M FOI Tl 7|8k A
| Dimensions ‘l 500 ve dd
i (all in mm) l)‘ A ‘f‘_-__ 750
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SECTIONS 35 50 75

t=1mm) e, 3503 ZSL_H x 25?

40 z z z
Roof Rail A Pillar B Pillar C Pillar

above Belt above Belt

| 100 75 50
100 so[_T_] solF—P x  s0ld-«x
z z
Rocker Hinge B Pillar C Pillar
Pillar Below Belt  Below Belt
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35 50 75
t=1mm) e, 3503 ZSL_H x 25 l?
40 Z z z
Roof Rail A Pillar B Pillar C Pillar
above Belt  above Belt
| 100 75 50
100 50[? 50% X 50 [J x
Z Z
Rocker Hinge B Pillar C Pillar
Pillar Below Belt Below Belt
"""""""""" P
HE 02 £ TRIER
1 Roof Rail D HE
2 A Pillar 1D HE
3 B Pillar above Belt 1D HE
4 CPillar above Belt 1D HE
5 C Pillar below Belt 1D HE
& B Pillar below Belt 1D dt
7 Hinge Pillar 1D =3
8 Racker 1D dt
=27

{ SECTIONS |y

Sideframe

Dimensions ‘l 500
(allin mm) Y e 7 '." ‘f‘___ 750
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BT ey

— 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 K=1x10"Nmm/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
Increase in size up to 125% due to entry constraints.
Thickness on all sections can be increased to 3mm. (Do not
reduce the side of any beams from the given initial size.)
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* (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?
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