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« Contents
v" Linear joint stiffness analysis

: Shell and beam elements (L-shaped component)
v" Nonlinear joint stiffness analysis

: Shell and beam elements (T-shaped component)

Copvriaht © Computational Desian Lab. All riaghts reserved.



xR 2
Altair HyperWorks

Joint Stiffness Analysis

Computational Design Laboratory
Department of Automotive Engineering
Hanyang University, Seoul, Korea

S Computational
@ 1wy CDLE
".-,.‘_‘._-" HANYANG UHIVERSITY Lab

Copvriaht © Computational Desian Lab. All riaghts reserved.



EIN ey

« O X =X
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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
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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
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Linear Joint Stiffness
(shell element)
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Linear Joint Stiffness
(beam element)

: : . : 15
Copvriaht © Computational Desian Lab. All riaghts reserved.



@ New model =&l

Untitled - HyperMesh 2017.2 - OptiStruct =
_d lEdit View Collectors Geometry Mesh Cennecto

EF&E:&E"-"i'! 86-q @

Utility ] Mask ] Hodel]
G2 R85
Enter Search Sting...

W- %%

Entities 1D @) Include

©-f- N

Name Value

Roohh ROE itw O QO -GG SO EBik

nodes lines | suraces solids | quick edit & Geom
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

s v T



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:
3 0
d y 0 y o .0
H z 0 z 0.0
[ ]
i as node as hode
:Start point: End paint:
1 x 0 x 0 0
1 ¥ 0 y 0.0
z z

0 4 0 5
1 as node as node
1

DEFDEYI Y

| Info: Untitled™

'‘Geom' -> 'lines’ £ &l

7t2 M Z 400 mm @ X}

S{ALS AH A
SoE oo

x

o d
= T =
2 E

.

Qo

[m|

2|
=

3 |>
S |H
ox oMM

(=)
252205
E



1
1
1
1
1
=

MOl
MOl
MOl
MOI:

MOl
MOl

MOl
MOl
MOl

Local IY

Local IZ

Local IVZ
Centroidal Iy

: Centroidal Iz

: Centroidal lyz
Principal I+
Principal lw
Principal Angle

Shear Center: Local Vs

She

2

St

ar Center: Local Zs

Name beamsectionl
D 1
Include [Master Model]
Collector (1) beamsectcoll
Config Standard
Tection Tgpe ¢ BOX oo TT
= Eatameter; Definiti
Dimension D 50.0
Dimension DIM2 50.0
Thickness DIM3 1.6
Thickness DIM4 16
s g g—p—}
Area 309.76
Centroid: Local Ye 0.0
Centroid: Local Zc 0.0

121070.72¢
121070.728
0.0

121070.7

DiM3 Yalem
Ii§; :
Dit2
l 2elem
E D
i le——
Din4
[ DiIM1 —¥

Type = BOX

Name

olver Keyword

Name

D

Color
Include
Defined
Card Image

|Iser Comments
e R e

Value
MAT1
steell
1
[ |

[Master Model]

4
MAT1

— Hide InMepu/Export _ _
210000.0

L 1 Y |

RHO
&
TREF
GE

Solver Keyword
Name

ID

Color

Include

Value
PBEAM
property1
1
1 |

[Master Model]

_D.aﬁnad________.@i________l

Card Image PBEAM
Material (1) steell
User Comments Hide In Menu/E xport

Beam Section

[1) beamsectionl

Aa
Na
12a
112a

Ja

309.76
12107
12107
0

181407.8464

Copvriaht © Computational Desian Lab. All riaghts reserved.

f

0x

AFO| beamsection

MY 924K Y
AH A
o o

18



PXi°9®®Ruaan:

S5

1

1D’ —> ‘line mesh’

orientation in basic

ook R@E ¢ iTm

FORCE = 1.000

orientation in basic

QB @B

O 37] 409 4T 49

masses bars connectars line mesh | edit element © Geom

joints, rods spotweld linear 1d | split & 1D

markers rigids HyperBeam replace (gl o)
the3 detach 3D
springs order change C Analysis
gaps vertnrs ! ronfirs it © Tonl

£l Components (2)

B beaml 1@ 0

Name Value
MName beam1
D 1

Color (] ]
o o Masteodel] e e —————

: Property (1] propertyl :
I Material (1] steell



@ bush property ‘44

I ‘:;6 Properties (2) I
|8 CT— - | l
poeee @m0 L E e CEEEE L Zt XtS
:N ) : :E]"&. Components (2] -----: : gll Xl--ITEO.” EQI-E 7c:!-AC-)| ZAI-
ame e = |
Value 11 I
: Solver Keyword PBUVSH 11 1 . : l =
: ;ljame bush : : 2 D ! :
; . 1 | kM 7o
[ o - X bars : | €S W= RIGID A EH
I ‘;\clfjde [Master Model] 11 rods 1 I -
1 efined @ : : rigicls I
: Eald Image PBUSH 11 rhe3 |
ser Comments Hid I i
1l = ide In Menu/E 11 I
{oe g n Lnas bush component 44 =
l Sxme0 @ il = ! 1D’ -> ‘sprinas’ =a
1 K1 RIGID 1 : : | Sp”ngs Eg!
1| = K2_RIGID - : |
s RIGID ! cTTTT T '
: ) K3‘E'EID & : FoTT e
3 RIGID 1 mmmmmm————_
: = K4_RIGID 7 : 1 : prOperty = bush
Ka RIGID 1 =
| swaes W X | [elem types = CBUSH
: K5 RIGID : 1 I
! = K6_RIGID Fd 1! |
I K6 RIGID 1 |
f e - I | A4 22| 2E FIHE ME
e = il || oto R4 49
) A i P o
S —— I
[ B ! '
1 - |
1 ! I
! P
1 mopty” s ! |
I ! |
1 elemiypess [cevsnm 1 l
1 |
|
|
|
|
|
|
|
|
!




File Edit View Collectors Geometry' Mesh Connectors Materials Pro@

@Y% S o

Utility ] Mask ] Model]

SCTETLY

Enter Search String...

» Z4 42

X YY1
I E dit » '-X' L‘ "':
I Assign 4 T
: Delete » | :
I Card Edit Nodes :
[ Broaree 5 Elements |1

§"§a§6[&%[§.r3n'\8@iﬁ;‘;" é:B”T"W 'Q""ﬁ\gavcm '@"'/"'o'ﬁ!gﬁ 2-‘/ - -

v [ eems | config = [ i =
=

— e ] Lo
_ reum |
Zvadimage e e - Q X

EID [ PID GA [ GB [X1] [X2] | [coj | M
CBUSH 21 12 1 0
e e 1
User Comments
v | Hide In Menu/Export

[~ CONT

1

G
o.ﬂ

iz

EE —————————————————————— >

T O oM
‘Mesh' ->'Card Edit’ ->
Elements

1 E_EJ

ME = ‘edit’

'GDdEWO%%

249 A 2

=XHEA|)



Ki
Ir T
=<
=<

K >

A._ﬂ ..__um.o
20 g ~
. E:
KO0 of oI <+
H &l Klo

o <r
ol o[ o =
A ok T
K{ K{ T %0
<qr Ko nH 100

i
Ll
O
&
O
%



Plot

Tl

) = = M
T "u S

|Max = 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
Type: Uniform v
Value: 1000

[Gicbal System (proi- none)  ~] | Show: [wirefiame  +]
Sy ) Color: [Component |

T Move with tracking system

Xt A2 ZFAM ZtH
- ———O OO
43e7 Nmm/rad
Name Value
Solver Keyword PBUSH
Name bush
ID 2
Color 1 |
Include [Master Model]
Defined ]
Card Image PBUSH
User Comments Hide In Menu/Export
= K_LINE
= K1_RIGID
K1 RIGID
= K2_RIGID ]
K2 RIGID
= K3_RIGID
K3 RIGID
= K4_RIGID
[ [2.43¢7
= K5_RIGID
K5 RIGID
= K&_RIGID ]
K& RIGID
B_LINE
GE_LINE
M_LINE
PBUSHT |




+ 1.127E-02
9 863E-03
8.454E-03
7 .045E-03

. #— 5.636E-03

G By

t——QHﬁEm

‘'m 1.409E-03

Y — 0.000EHID

1 B Noresult

L Max = 1.268E-0

o Grids 22

Min = 0.000E+00
Grids 11

LESE R LA L S R P \-¢

@ 8hm 19 @ B W ISBLLLZYT LEI £PLLF O OD000

Subcase 1 (loadstep1) : Static Analysis : Frame 4

1:1

Undeformed shape:
Show: [wisfiame |
Color. [Comporent  ~] Hl

™ Move with tracking system

Deformed shape; Resolvedin:
Result type: [ Displacement (+] ~]  [Blobal System (proj none) v

Scale: Scale factor v System 4
Type: Uriform -
Value: 1000

[=1.268e-2mm

P —

r=400mm

S
Q
S|~



« BulkheadE 2225} o

1z

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

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

Stiffness- 104 Nm/rad

o & 2 1

(T/6) 1.26 2.65 2.66 2.87
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Nonlinear Joint Stiffness
(shell element)

: : . : 26
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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)

: : . : 29
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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
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of A part of B part
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¥ < 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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sger Comments

Value

SUBCASE
loadstep2

2

[M azter Model]

Hide In Menu/E sport

off 4 7 o[£

e 8§ sl 2l

= Subcase Definition

o]
‘NLPARM’, 'NLOUT' &A™

= Analyziz type
SPC
LOAD
MNLPAFM
MLPARMILGD
SUPDRT1
DEFORM
PRETEMSION
MPC

MLADAPT
WLOUT

1T 0

2 0

N | | 0

4 [ 0|
Walue MName
FLPAF R Solver Kewword
nlparmm Mame
3 I
1 | Calar
[Maszter Madel] |nciude
HLPARR Card Image

Hide Ir b enu/E #port

0.0

[zer Comments
HINT
SWHOMCHY

STATSUB [PRETENS)

Motrlinear quasi-static

1] spe

[2] force

<nzpecified:
15P] (3] rlparm
<nzpecified:
<Unzpecified:
<Unzpecified:
< Inzpecified:
<nzpecified:
<Unzpecified:
(4] nlout

Walue
MLOUT
nlout
4
1|
[t azter bodel]
MNLOUT
Hide In kenu/Expaort

B
=
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'loadstep2'= H|ME HA
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Control card &
et hi- AL ¥ T A @ B @ S-S B

wectars load types interfaces caontrol Eﬁﬂs Geom
systems constraints accels riggicd walls output block - 1D
presenve node equations ternperatures entity sets Inadsteps < 20
forces flux blocks 3D =1 EI
rnorments load on geom contactsurs optirmization | & Analysis PA RA M = b |
pressures hodies  Tool
nsm OptiStruct |  Post

‘LGDISP' H|3

05DIAG PFMODE RESTARTW
o PFPANEL RESULTS
PROPERTY SCREEN

RADPRM SENSITIVITY
RESPRINT SENSOUT
RESTART SHAPE
=L |
| FFGRID RESTARTR SHRES OH M ASH
— o

3 LGDISP V1 %
PARAM, LGDI 8 1 1
——

-~ [~ KISSS0FT

[~ LFREQ

'; RGN

— +7 LGDIS;.
“TED

[~ LOWRANK

- [~ MBDREC

PARAM, LGDISP

Bulk Data Entry

Activates Large Displacement Monlinear Analysis,

: : . : 36
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Contour Plot
Displacement(Z)
Analysis system

2.000E+01
[ 1.756E+H11
1.511E+H1
— 1.267E+HN
— 1.022E+MN
— 7.778EHI0
5.333E+00
2.885E+00

4. 444E-01
-2.000E+HJ0

e = 1.697E+H1
Grids 269
lin = -2.825E-01

Grids 793

Contour Plat
Displacerment(Z)
Analysis system

2.000E+1
[ 1.756E+H1
1.511E+H1
— 1.267E+N
— 1.022E+N
— 7.778EHI0
5.333E+00
2.889E+00

4. 444E-01
-2.000E+I0

Max = 9 456E 00
Grids 4

Min = -1 545E+00
Grids G0

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

Copvriaht © Computational Desian Lab. All riaghts reserved.

Maximum angle [rad]




& ol &
A 2k
bl & ol A
Ay 21

o

o A1 Z1} (3) : IN-PLANE LOAD

Load

Load
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Caontour Plot
Displacerment(x)
Analysis system

1.250E+11
[ 1.155E+H]1
— 1.011E+H]1
— B.B63E+HI0
— 7.218E+HI0
— 5775E+HI0
4.331EHI0
2.8BBEHIO
1.444E+30
0.000E+I0

Max = 1.121E+HN

Grids 102

Wlin = -2.179E-02

Grids 637

Contour Plot
Displacement(x)
Analysis system

1.250E+01
[ 1.155E+01
= 1.011E+N
— G.663E+00
— 7.218E+00
— 5.775E+00
4.331E+00
2.858E+00
1.444E+00
0.000E-+00

Max = 7. 515E+10

Grids 102

lin = -1.848E-02

Grids 535

H| M3 SlA o B

He| 7.51 mm,
24 798 N/mm2|
74
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Nonlinear Joint Stiffness
(beam element)

: : . : 40
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Mame Walue
; Mame
Marme beamszection]
Hame
10 1 D
Ihclude [t aster Model]
Include

Collector [1] beamzectcoll
- Collector

Canfig Standard '

Section Type BOX1 Config

op PDD fir Section Type
aral?lelm. efinitions = Parameter Definitions
Dirnenzion DIk1 180.0 - -
Di o1 DIM2 150.0 Dirmenzion DIk
T:,’Ekns"j” o3 e Dimension DIM2
Thfckness Divie e Thickness DIM3
Thfckness D e Thickness DIM4
IPRNEEE : Thickness DIMS

Thicknesz DIME 1.3

7).57

=i

Thicknessz DIME

G M oA Z=O{ %I THH SRy
25 #= 1X1& PBEAM &
yame M AH A
beamsection2 O O O
2 (E: 210 GPa, v: 0.3)
[Master Model]
1) beamzectcoll
Standard
BO=1
' 2t S0 HEE ooy
1500 | 4d 1D - Imemesh
o (@49 2] 50
0.83 l (comp &k O|H 1 S¢)
1.08 |
0.83 :
|
|
: Yelem
|
| DIM 11— l
| F C
: t DIM3
|
|
: DiM2 Zelem
|
I r
: Din4
' 1
: DIMS"1 = DiMS
|
: Type = BOX1
|
|
|
|
|
|
|
|
|

42
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Salver Fewword

I1zer Comments

= TABLEDT_MUM =

Value

TABLED

TABLED

1

[

[Maszter Model]
TABLED

Hide In kenusE wport
LIMEAR

LIMEAR

L

20.0189 -0.00945

|
|
|
@x, Y gt
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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Load Collectors A4
> 'TABLED1’ MEH

SHEFO| "TABLED NUM =' Of
5

o
& Data; =&

O

| 24
=1

o

BN B

N Md #U 7= =
ZOIE 2 AN

2) 3%Hel A0 7127|7}

w
g NI
o b
N

& A2t
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IREEDEE

o'l‘T

e e . | |=|*| E M AHA
- % Properties (3) : T _'O e < CID ' A4 X
I g poperty_h 10 0 1 I K4 X7 2| RIGID" 278
e W T | B 11 (Card edit -> CID: 0 27%)
1 P : 1 |
13 55 &2 bush el ! | 0 [ K LINE ] : |
: B Solver Keyword FEUZH : : E LIME El 1 :
1 Mame property | 1 I - 1
: D 1 o GE_LINE B ! PBUSHT -> KN_LINE
Color 1 M LIME o
: Include [Master Model] : : = KI’J LINE : | -> TKNID4 Al_-IE—IIII —CI>— OI-A-I
Defined = | AMMS M EH
: Card Image PEUSH : : TEMID 1 : o o l—l- TABLED1 |—-| =1
1 Iaterial <Unspecified> 1 1 TEMNID 2 : |
: . Efer(éumments de In Menu/Export i : TKNID3 : |
: = KI1_RIGID 1 : TEMID 4 [3] TAELED1 1 = AI INDS
1 K1 RIGID 1 TKNIDS : T Tl oo
1 = KZ_RIGID 1 1 I
: Kz RIGID : : TEMIDE I I
i 2 K3.RIGID I R | :
1 K3 RIGID 1 I
| = K4_RIGID ] 1 |
: Ke 0.0 : |
I 5 KE_RIGID I I
I K& RIGID I :
1 B kE_RIGID 1 |
I KE RIGID 1 |
R | |
|
|
|
|
N N N NN N N NN SN NN SN RN SN SN NN SN SN SN SN NN SN SN BN SN N SN BN S SN S |
< Components (4] :
: o @ autol 1@ o |
) B beam_h 2l 0 I
- @ B beam_v N | | 0 :
- @ A bush 4 [0 0 |
|
|
|
|
|
|
|
|
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=) {§., Load Collectors (4]

@ tablet

- ﬂ B spc

ﬂ BB force

‘@ @ nlparm
Mame

Salver Kewword

M ame

0

Colar

Inciude

Card Image

I1zer Comments

HIMC

oT

KSTEFP

M TER

CORY

EPSU

MName
Solver F.ewword
M ame
1D
Color
Include
Card Image
IJzer Comments
MINT
SYMONCHY

N |
2@
N |
4 []
Value
MHLPARRM
nlparm
4
Cd
[Mazter bModel]
MLPAR R
Do Mat Expart

0.01

Walue

NLOUT

rlout

4

|

[Master baodel]
NLOUT

Hide In Menu/Expart

]
(]

oo o o

i e
-l Load Steps (1] i
|q!p loadstepl 1 ] :
: Name Value :
1 Salver Keyword SUBCASE 1
1 1
1 Mame loadstepl 1
1 1D 1 1
: Ihizlude [ aster Model] :
1 Uzer Camments Do Mot Expart 1
: = Subcase Defimition :
1 = Analysiz type Mon-inear guasi-ztatic 1
1 SPC [2] spc 1
: LOAD [3] forze :
1 LPR b <Unzspecified: 1
: MLPARM(LGDISF) [4] nlparm :
1 SUFORT1 <Unspecihied: 1
! DEFORM <Unspecilieds |
1 PRETEMSION <Unspecified: 1
: MPC <Unspecifieds :
1 STATSUBE [FRETEMS) <Unzpecified: 1
: MLADAPT <Unspecified> :
1 MLOUT (4] rlout 1
R |
1 Si'ﬁcsségbefiﬁil-ion :
1 = Analysis type Linear Static 1
| SPC (1) spes :
7 S - .- M

SUPORT1 <Unspecified>

PRETENSION <Unspecified>

MPC <Unspecified>

DEFORM <Unspecified>

STATSUB [PRELDAD) <Unspecified>

STATSUB [PRETENS) <Unspecified>

SUBCASE OPTIONS
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HIM XM Z 2!
‘NLPARM’, 'NLOUT" MM

loadstep1, 2 (Md, HMH)
NN B Bf|A
o T —
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of
24
=

A
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Contaur Plot
Displacement(Z)
Analysis system

1.600E+H11
[ 1.422E+H11
1.244EH11
— 1.067E+N
— S5.883E+H10
— 7 111EHID
5.333E+00
3.556E+10

1.778E+HI0
0.000E+00

MWax = 1.605E+H1
Grids 11
MWlin = 0.000E-+00
Grids 12

Cantour Plat
Displacement(Z)
Analysis systemn

1.600E+01
[ 1.422E+
1.244E+01
— 1.067E+H
— 8.885E+00
— 7 111E+0
5.333E+10
3.556E+10

1.778E+00
0.000E-+10

MWlax = 1.186E-+H11
Grids 11
hin = 0.000E-+HID
Srids 12
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HlME SljMo| A2
H2| 11.56 mm,
2’4 519 N/mm2|
Hl=

= =
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Load

Load
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Contour Plot
Displacement(#)
Analysis system

1.370E+H1
[ 1.218E+H1
1.066E-+1
— S.133E+HI0
— /.B1MEHID
— B.039EHID
4.867E+HI0
3.044E+10

1.522E+10
0.000E-+HI0

Max = 1.365EHI1
Grids 11
Min = 0.000E+00
Grids 12

Contour Plot
Displacement(x)
Analysis system

1.370E+HN
[ 1.218E+HN
1.066E+1
— 9133E+10
— 7B11EHID
— B.OBSEHIO
4.567E-HIO
3.044E+00

1.522E+00
0.000E-+00

Max = 1.016E+HN
Grids 11
Min = 0.000E-+H10
GGrids 12

oMo 32
0.16 mm,
90 N/mm?2]
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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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