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» Joint stiffness analysis

oA RN A

Component-geometry ‘&

Materials and properties
Component-mesh ‘&g

Load collectors- boundary conditions 27
Load collectors-load 278

Load steps 2| AU 3H¢1

S ML
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Of| X|: JOINT STIFFNESS (1)

How to calculate rotational joint stiffness?

+ F=6680N —06=6.4mm
— 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——m8nHo____, ‘m
K=2.8x10’Nmm/rad bottom A pillar— /

K=3.5x10"Nmm/rad on hinge piliar__ I
—

i

e F=6680N —-06=7.7mm W ﬂ

— K =1735 N/mm bending stiffness

Copvriaht © Computational Desian Lab. All riaghts reserved.



Of| Xl: JOINT STIFFNESS (2)

« Joint rigidity in-plane bending
— Mass penalty
— Additional load path

| 400mm

L

Section Size: 50x50mmx1 Smm

800mm

1.9 2.1 1.
Stiffness (x Base Joint with no treatment)

Doubler Plate Filleted Transition Bulkheads

Effect of added bulkhead on
out-of-plane joint rigidity

i IdDGmm
: | Section Size: S0x50mmx1.6mm

F

i |
2.25 22.9 23.5
Stiffness- 104 Nm/rad

41.0

Copvriaht © Computational Desian Lab. All riaghts reserved.
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R AR L ) solids quick edit & Geom
© trim with nodes operation ty| . B B
© trim with lines @ sxmp! solid edit edge edit « 1D
c :’;";";‘h B £y ribs point edit c 2D
¢ detach al 1 autocleanup g E|E]
@ boolean B: 5
T—: C  Analysis
1 ¢ Tool 1
1  Post 1
L o o o o o o o e e
aﬂ.--gw.jiﬂiwiqu-'m‘w--Q—*Emyaw--@v v--!a----------------------
I © trim with nodes operation type: operation: combine through:
I © trim with lines € simple (combine all) & A+B (keep all parts) & none
I © trim with plane/surf @ advanced A*B (keep common parts) ¢ allinternal faces
I © merge A-B(del B parts) ¢ allABfaces
 detach A [ solids I« | ©  A"B (del common parts) ¢ ABfacesinB (B cuts A)
I & hoolean B: solids ] A (keep A parts)
[ T svapAnds e

‘Geom’ -> ‘solid edit’ 2 &l

boolean A EH

advanced 1 EH

A+B, none MEH
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Solver Keyword
Name
ID

Include
Defined
Card Image

|
|
|
| Color
|
|
|
|

User Comments

| S

MAT

materiall

1

Il

[Master Model]

4

MATT

Hide In Menu/E =port
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1
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| RHO
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| |SolverKeyword | PSHELL
| Name propertyl
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Color 1 ]
Include [Master Model]
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@R unran:
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Rielrict I R@e P A -Gy automesh editelement c 1
v | surfs | K elementsize = shrink wrap split ¢ 1D 1
@ size and biss meshtpe: smooth replace & 2D 1
© batchmesh/Ql optimize — 1
 edge deviation 1 gualityindex detach 3D I
©  surface deviation z
 rigidbodymesh I elem cleanup order change ¢ Analysis 1
¢ | interactive | 1 mesh edit config edit ¢ Tool 1
¥
L elem types Post 1
—————————————— —————_———
Remohi X@L 72w O * Qi R RS F BN
v surfs Il elementsize = 1 5 . 000 1 elems to current comp |
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JOINT STIFFNESS

4l QA

: : . : 13
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@ New model =&l

Untitled - HyperMesh 2017.2 - OptiStruct =
_‘Edit View Collectors Geometry Mesh Cennecto
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Enter Search Sting...
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node edit line edit | surface edit solid edit | edge edit c D
temp nodes length | defeature ribs | point edit c D
distence midsuface autocleanup c»
paints dimensioning € Anclysis
€ Tool
€ Post




o e
"Start point

PR G-
nodes lines | suraces solids | quick edit
node edit line edit | surface edit solid edit | edge edit
temp nodes. length | defeature ribs | point edit
distance midsuface autocleanup
points dimensioning

End point:

I x 0
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Name beamsectionl
D 1
Include [Master Model]
Collector (1) beamsectcoll
Config Standard
P Sgeclon Type L BOX o ooEmEEE
IE P
1 50.0
1 Dimension DIM2 50.0
1 Thickness DIM3 16
| Thickness Diia 18
e Tl
Area 309.76
Centroid: Local Ye 0.0
Centroid: Local Zc 0.0

MOl Local IY

MOI: Local IZ

MOI: Local IYZ

MOI: Centroidal Iy
MOI: Centroidal |2
MOl Centroidal lyz
MOl Principal I+

MOl Principal lw

MOI: Principal &ngle
Shear Center: Local Vs

Shear Center: Local Zs

121070.72¢
121070.728
0.0

121070.7

St DIM3 Yelem
LE ¢
Did2
l *elem
E D
— l¢———
Din4
[—DiM1—¥

Type = BOX

Name

olver Keyword
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D

Color
Include
Defined
Card Image

|Iser Comments
o

Solver Keyword
Name

ID

Color

Include

Card Image
Material

User Comments
Beam Section

Aa
Na
12a
112a

Ja

Value
MAT1
steell
1
[ |
[Master Model]
4
MaT1
Hide In Menu/Export

210000.0

Value
PBEAM
property1
1
1 |

[Master Model]

P R - N

PBEAM

(1) steell

Hide In Menu/E xport
[1) beamsectionl

ey s S

309.76
12107
12107
0

181407.8464
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1D’ —> ‘line mesh’

orientation in basic
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FORCE = 1.000

orientation in basic
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O 37] 402 R4 44
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[| Contour Plot
T

) = = M
T "u S

IMax = 5.089E-03
Grids 22
Min = 0.000E+00
Grids 11

el 000 R v AR

Q8 @ HBMF M ITOSRLY G ZELOLER ASLEF ©-00000

Deformed shape: FHasoived i Undeformed shape:

Result ype: [Displacement (v) ~

Scale: Scale factor v
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Value: 1000

[Gicbal System (proi- none)  ~] | Show: [wirefiame  +]
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T Move with tracking system
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= 3
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D 2
Color 1 |
Include [Master Model]
Defined ]
Card Image PBUSH
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&3 H|: BULKHEAD &1}

« Bulkhead € T2 &5t df

1z

+ Effect of added bulkhead on
out-of-plane joint rigidity

; [4mmm
: Section Size: 50x50mmx1.6mm

F

A

Stiffness- 104 Nm/rad

o4& 2 1

(T/6) 1.06 1.84 1.86 1.94

: : . : 23
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XA 2 2

» [{tH3 & (Large Strain)

> ;'&u" » CjtH& (Large Deformation)
: A » C§3|X(Large Rotation)

» H|M& EHGTH & (Nonlinear Elastic)
> i*o"xHE(Plasticity) Sj A= Tral(Monlinear Elastic)

» XEHII| 2 (Hyperelasticity) =

H| A
CEEE

» B Z(Contact)

: : . : 27
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O M|: JOINT ANALYSIS

First Order Analysis for Automotive Body Structure Design
—Part 2 : Joint Analysis Considering Nonlinear Behavior

Yasuaki Tsurumi, Hidekazu Nishigaki, Toshiaki Nakagawa, Tatsuyuki Amago, Katsuya Furusu
Toyota Central R&D Labs..Inc.

Noboru Kikuchi
The department of Mechanical Engineering at the University of Michigan

Copyright & 2003 SAE International

t=1.5 1=0.83

150150 | = 150*150 E

1.'

5
5
|
yi
t=(}.55
5]

=

1

S'hvupo. A part t=1.3 t=0.83
modification : i 1, -
R=100 mm reinforcemen “Toss section Cross section
of A part of B part
5000
¥ < 4000
bulkhead z 3 300
=
o mm ® Rigid point 5 2
< > g = 1000
/ o an|
E(young modulus) = 2()3()()()( N/ mm= ) 0
v(poisson ratio) =03 0 3 0 v 12 15

Deflection (mm)
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D
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Include
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Hide In Menu/Export
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E ‘& Materials (1)
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E]‘o Properties (4)

g propety 1.5 1 0

iige property 1.3 2l 0

%% property_1.05 K | 0

-+ property_0.83 4 @ 0
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Color 1 ]
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Card Image PSHELL
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— 4.567EHI0
— 3.344EHI0
2122EH10
8.994E-01
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|
|
|
|
|
|
|
|
|
|
|
|
|
|
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|
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|
|
|
|
|
|
|
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|
|
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|
|
|
|
|
|
|
:
-1.545EH10 :
|
|
|
I

: : . : 35
Copvriaht © Computational Desian Lab. All riaghts reserved.



: Subcase 2 [loadstep?] e

Load Factor = 1.000000E+00 e

Load Factor = 0.000000E +00
Load Factar = 2. 500000E -01
—|Load Factor = 5.000000E -01
EMLoad Factor = 7.500000F -01

@ [

Force increment

0

Contour Plot
Displacement(Z)
Analysis system

0.000E-+J0
[ 0.000E-+H10

0.000E-+10

0.25

Contour Plot
Displacement(Z)
Analysis system

3. 240E+10
[ 2.871E+HI10

0.5

Contour Plot
Displacement(Z)
Analysis system

5.561E+I0
[ 4.917E+HID

0.75

Caontour Plot
Displacement(Z)
Analysis system

7. 485E+00
[ 6.588E+10

1

Contour Plot
Displacement(Z)
Analysis system

9.456E+10
[ d.234E+10

2.5028+00 4.274E+00 5.631E+00 7.011E+00
— [0.000E-+00 — 2.132E410 — 3 E30E+00 — 4 794E+00 — 5.789E+00
— 0.000E+00 — 1.763E+00 2 9EEE+D — A EO7E+0D — 4567E+00
— 0.000E-+I0 — 1.394E+00 L 9943EH0 L 3 000E+00 — 3.344E+00
0.000E-+00 1.025E+00 1 B99E+00 2 103E+00 2.122E400
0.000E-+10 B.564E-01 1.056E+00 1.206E+00 8.994E-01
0.000E-+H10 2874E-M A 1ME-DN 3 092E-01 -3.230E-M
0.000E-+00 -8.166E-02 -2.315E-01 -5.877E-01 -1.545E+10
1.2 3500000
1 3000000
08 0 2500000
o S 2000000
S 1500000
0.4 .
1000000
0.2 500000
0 0
0 5 10 0 0.005 0.01 0.015 0.02

Maximum displacement [mm]
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Maximum angle [rad]
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Assembly
Beam Section Collector
Beamsection
oo Bleck

Configure Browser CageControl
- Component
Contact
Cross Section

1
1
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1
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1

Create
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Contour Plot
Displacement(d)
Analysis system

1.156E+N
[ 1.027E+HN
d.9533E+10
— 7.704E-+HI0
— B.420EHI0
— 5.136E+H10
3.852E+HI0
2.565E+I0

1.284E+10
0.000E-+J0

hax = 1.156E+MN

Grids 11
hin = 0.000E-+HI0
Grids 12
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- Ch= 220 Cisto] B4y 88 slid=s 0[8ot0 1D =21 E &

[_ Secton Size 50x50mmx1.86mm

0t

.

1.9 2.1
Stiffness (x Base Joint with no treatment)
Doubler Plate Filleted Transition Bulkheads
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