BND TechSource

Shock Absorber Preload Analysis
using CATIA Generative Structural
Analysis (FEA)
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« The following licenses are required to create the
Shock Absorber Preload Simulation:

« Generative Shape Design
* Mechanical Part Design
« Generative Structural Analysis

https://bndtechsource.wixsite.com/home

&



@ BND TechSource

* |Issues to prove with this coil over shock absorber FEA analysis:

1. The spring rate will be linear when the spring has a consistent
(evenly spaced) pitch and a constant diameter.

2. Preloading the spring on the coil over assembly will NOT change
the rate of the spring.

3. Preloading the spring on the coil over assembly WILL affect the
deflection at load (length at load) of the shock absorber.
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1.1) Calculate the spring values.

From CATIA

C3 Project Front Spring Calculation

Poisson's ratio

Young's Modulus (E) _— Wire Spring Mean Free Length Total coils|Active coils
Material | [modulus of elasticity] v Modulus of Rigidity (G) Diameter [d] Diameter [D] [L] [N] [N.] Select End Types:
[transverse
(psi x 10°) | (MPa x contraction (psix 10%) | (MPax 10%) | inch | m | mm inch | m | mm inch | m ‘ mm value value Choice
Chrome Silicon|  30.0 207.0 0.305 11.5 79.3 0.500| 0.0127 | 12.7 | 3000 | 0.0762 | 76.2 | 10.000 | 0.254 [ 254 | 8.650 6.650 Squared or closed (Ground)
. 11501494 | 79300000000
. Spring Outer Spring Inner .
k= ﬂ y= E - 1 G=E/(2*(1+V)) Calculated Pitch [P] Diameter [OD] Diameter [ID Spring rate [k]
BDGNa G- 2 inch | m mm inch | m | mm inch | m mm Ib/in | N/mm
1.475| 0.0375 [37.475| 3500 | 0.0889 | 88.9 | 2.500 | 0.0635 | 63.5 | 500.45 | 87.64
Spring Results (FEA) Adjusted for CATIA FEA
Mean Dia. Force defl Rate 38.195 =Pitch in Helix_Mid
mm N 5 (mm) (k) N/mm 2.55 = Factor for Coils in Helix_Mid
76.2 876.4 10 87.6 6.10 = Coils in Helix_Mid
232.992 =Height in Helix_Mid
| in Ib in | Ib/in | 21.01 = Afree Length to Helix_Mid Ht.
[ 3000 [ 197.03 | 0.394 | s004 | 10.504 = Height of Helix_Mid Start Plane
0.77 = Factor for Pitch in Helix_Upr&lLwr
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0.50 =Factor for Height in Helix_Upr&Lwr

8.088 = Pitch in Helix_Upr&Lwr

5.252 = Height in Helix Upr&lwr
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1.2) Create a CATIA Part model of the Spring.

» Since this is an FEA simulation analysis of a coil over shock
absorber assembly, we will assume the user has created all
the parts within the assembly.

E’ Front Spring (55004

i—}» Axis Systems
l'- PartBody

) solid 2
i—;g}; Geometrical Set.1
*—3?% Frt Shock Spring
' Chrome Silicon

P
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1.3) Create an FEA analysis of the Spring which correlates the Spring
Rate of the CATIA Part model and proves the rate to be Linear.

1 | i i3 [ S i,
Load = 10X Load = 20X Load = 30X
the Spring the Spring the Spring

Rate = Rate = Rate =
10mm Defl. 20mm Defl. 30mm Defl.
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2.1) Change the Free Length of the Spring on the Calculation sheet to
remove the deflection caused by the Preload value.

From CATIA C3 Project Front Spring Calculation
Poisson's ratio
Young's Modulus (E) R Wire Spring Mean Free Length Total coils | Active coils
Material | [modulus of elasticity] v Modulus of Rigidity (G) Diameter [d] Diameter [D] [L] [N] [N.] Select End Types:
[transverse
(psi x 10%) ‘ (MPa x contraction {psix10%) | [MPax 10°) | inch | m | mm inch | m | mm inch | m mm value value Choice
Chrome Silicon 30.0 207.0 0.305 11.5 79.3 0.500| 0.0127 | 12.7 3.000 | 0.0762 | 76.2 9.606 | 0.244 244 8.650 6.650 Squared or closed (Ground)
11501494 | 79300000000
4 . Spring Outer Spring Inner .
L ﬂ y= E - 1 G=E/(2*(1+v)) Calculated Pitch [P] Diameter [OD] Diameter [ID Spring rate [k]
8D3Na G-2 inch | m | mm inch | m mm inch | m mm Ib/in ‘ N/mm
1.411] 0.0358 [35.836] 3.500 | 0.0889 | 889 | 2.500 | 0.0635 | 63.5 | 500.45 | 87.64
Spring Results (FEA) Adjusted for CATIA FEA
Mean Dia. Force defl Rate 36.692 = Pitch in Helix_Mid
mm N 8 (mm) (k) N/mm 2.55 = Factor for Coils in Helix_Mid
76.2 876.4 10 87.6 6.10 = Coils in Helix_Mid
223.820 = Height in Helix_Mid
| in ‘ b | in Ib/in_| 20.18 = AFree Length to Helix_Mid Ht.
[ 3000 [ 197.03 | 0.394 5004 | 10.090 = Helight of Helix_Mid Start Plane
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0.77 = Factor for Pitch in Helix_Upr&Lwr

0.50 = Factor for Height in Helix_Upr&Lwr

7.769 = Pitch in Helix_Upr&Lwr

5.045 = Height in Helix_Upr&Lwr
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2.2) Update the CATIA Part for the Spring using the new values from
the calculations sheet.

Adjusted for CATIA FEA
36.692 = Pitch in Helix_Mid
2.55 = Factor for Coils in Helix_Mid
6.10 = Coils in Helix_Mid

223.820 = Height in Helix_Mid Preload
20.18 = AFree Length to Helix_Mid Ht. -
10.090 = Height of Helix_Mid Start Plane Height

0.77 = Factor for Pitch in Helix_Upré&Lwr
0.50 = Factor for Height in Helix_Upré&Lwr
7.769 = Pitch in Helix_Upr&Lwr
5.045 = Height in Helix Upr&Lwr

VW
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2.3) Create an FEA analysis of the Preloaded Spring to correlate the
Spring Rate from the CATIA Part model and prove the rate

remains Linear.

[

Load = 20X the

Spring Rate —

the Preload =
10mm Defl.

BND TechSource

Translational displacernent wector.1

mm
9.99
I 8.99
7.99
6.99

5.99
4.99

I 3.99
3

2

I 0.999
0

On Boundary

Tkl

Load = 30X the

Spring Rate —

the Preload =
20mm Defl.
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Load = 40X the

Spring Rate —

the Preload =
30mm Defl.
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3.1) Create a CATIA Product model of the Coil Over Shock
Absorber Assembly in the Preloaded condition.

.- .I. .................... AT
‘ ! T o
Spring ; Shock Spring 2
Free ; Extended Preload k5
Height ; Height Height g
| Any force will : Applied force must first
affect the ON Yo be overcome to affect
Shock Height. i the Shock Height.
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3.2) Create an FEA analysis (Static Case.Preload) of the Coil Over

Assembly applying the proper restraints and loads.
(10x rate = 10mm deflection)

Translational displacernent vectar.1
mm
9.99

I : Static Case.Preload
! will be used as the
5 Preload for this
I g simulation.
2
0

I 898
0

On Boundary
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3.3) Create an FEA analysis (Static Case.Shock Load) of the Coil Over

Assembly applying the proper restraints and loads.
(30x rate = 30mm deflection)

Translational displacement wector.2
T
30

I ;’ Static Case. Shock
21 Load will be used as
18 the Shock Load for

I 12 this simulation.
8.99
<]

I 3
0

On Boundary
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3.4) Create an FEA analysis (Combined Case.Shock Load) of the Caoil

BND TechSource

mm
20

I 8
16
14

12
9.89

I 7.89
5

4

I >
0

On Boundary

Translational displacement wector.3

Over Assembly applying the proper restraints and loads.
(Shock Load — Preload = Resultant Shock Load = Shock Deflection)

Shock Load will be
used as the
Resultant Shock
Load for this

\ simulation.

4 Combined Case. )

J
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3.5) Graph below shows the Shock Deflection based on Shock Load at
various Preload conditions.
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Shock Deflection (mm)
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Create the Free Length Spring FEA
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Create an Excel spreadsheet to calculate the spring values.

From CATIA C3 Project Front Spring Calculation
Poisson's ratio
Young's Modulus (E) _— Wire Spring Mean Free Length Total coils|Active coils
Material | [modulus of elasticity] v Modulus of Rigidity (G) Diameter [d] Diameter [D] [L] [N] [N.] Select End Types:
[transverse
(psi x 10°) | (MPa x contraction (psix 10%) | (MPax 10%) | inch | m | mm inch | m | mm inch | m ‘ mm value value Choice
Chrome Silicon|  30.0 207.0 0.305 11.5 79.3 0.500| 0.0127 | 12.7 | 3000 | 0.0762 | 76.2 | 10.000 | 0.254 [ 254 | 8.650 6.650 Squared or closed (Ground)
. 11501494 | 79300000000
. Spring Outer Spring Inner .
k= ﬂ y= E - 1 G=E/(2*(1+V)) Calculated Pitch [P] Diameter [OD] Diameter [ID Spring rate [k]
BDGNa G- 2 inch | m mm inch | m | mm inch | m mm Ib/in | N/mm
1.475| 0.0375 [37.475| 3500 | 0.0889 | 88.9 | 2.500 | 0.0635 | 63.5 | 500.45 | 87.64
Spring Results (FEA) Adjusted for CATIA FEA
Mean Dia. Force defl Rate 38.195 =Pitch in Helix_Mid
mm N 5 (mm) (k) N/mm 2.55 = Factor for Coils in Helix_Mid
76.2 876.4 10 87.6 6.10 = Coils in Helix_Mid
232.992 =Height in Helix_Mid
| in Ib in | Ib/in | 21.01 = Afree Length to Helix_Mid Ht.
[ 3000 [ 197.03 | 0.394 | s004 | 10.504 = Height of Helix_Mid Start Plane
0.77 = Factor for Pitch in Helix_Upr&lLwr
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0.50 =Factor for Height in Helix_Upr&Lwr

8.088 = Pitch in Helix_Upr&Lwr

5.252 = Height in Helix Upr&lwr
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« Create the Spring based on calculated the spring values.

[EJ stet  ENOVIAVSVPM File Edit View Inset Tools  Window  Help

‘I-L”Auto L”Auto L”Auto L”AmL”.:uv_-”None L]§ ‘.S Qa “TEI e
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« Generative Structural Analysis only works with the geometry
inside the PartBody!

@Front Spring [55004)
.o ¥y plane
[~ .7 vZ plane

[~ ...7 = plane

"I';f‘ A3 Systems Hide Solid Body prior to

E45 Pt shock spring creating the Generative
| _& Material —_ Structural Analysis

5 Geometrical Set.1

& CloseSurface.2
A split.s
A splitd
ﬁ-@ Chamfer,1
ﬁ-@ Chamfer,2
#- B EdeFillet.
ﬁ-@.&ssemble.mwer Spring Retainer

/Apply material r———
prior to ' {BS:” ;2
creating the p—
. - Chrome ilicon
Generative
Structural Copy Solid Body; Paste
N Analysis Special Result with Link
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« While inside the CatPart, call the Generative Structural Analysis
workbench.

n ra s s e e s S == . ok Window Help

v Assembly Design N
| - _'&QenerativeShap: Design None :I' § V\
' @ Part Design

'hoto Studio

‘@(}‘ Functional Tolerancing & Annotation
Hix
Y DMU Kinematics

}9 ICEM Shape Design
£9%5 Automotive Class A

AEC Plant
Machining

@ vigita Mockup
‘ Eguipment & Systems

Digital Process for Manufacturing
Machining Simulation
Ergonomics Design & Analysis
Knowledgeware

ENOVIA V5 VPM

1 Front Shock Absorber_FEA.CATProduct
2 Front Spring(55004).CATPart

3 Frt Spring Analysis1.CATAnalysis

4 Analysis3.CATAnalysis

1 Analysis3.CATAnalysis
2 Frt Spring Analysis1.CATAnalysis
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« Generative Structural Analysis workbench creates the
Analysis Manager.

n Start ENOVIAV5VPM File Edit View [Inset  Tools Window  Help - & x

B -|lato ~f[Ato <[[Auto <|[Au +][Au -|[None ~]= (S B 7 = l @) \ G 8 ¢

Analysis Manager ,, "] @
contains a link to the
3D Part and the
Finite Element Model Generative Structural
' Analysis workbench

(=A™

¥

4\& 4‘ 1§ 4@ 4“4‘“4&4 .
2/

d‘

&t

i 55008 57

sh.1: Front Spring (S5004) v O;

a) Pick Static Analysis |. &

. @

L )

Nodes and Elements node is evidence | -
that the Generative Structural er - L

Analysis workbench is active. ( ey Aoty &,

Free Frequency Analysis a@- = |

ﬂ)',

WK eep as default starting analysis case z |

X m & Cancel ;__ |
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* Optimize the Mesh for the Spring.

n Start ENOVIAV5VPM File Edit View |Insert Tools Window Help
]-L“Auto L”Auto L”Auto L”Am:”;«m;”None jﬁv\

Analys er

ATIA Tutorials\Shock Absorber FEA\Front Spring(S5004).CATPart

a) Double-pick the Octree
Tetrahedron Mesh

b) Change the
Size to 5mm

1 Mesh.1: Front Spring (S5004)

OCTREE Tetrahe

Global | Local |

Size: =
4 Absolute sag: 1 El

[] Proportional sag: [Q—E

Element type

O Linear_ZBr® Parabolic & e) P|Ck OK

d) Pick Parabolic

& Cancel |

BND TechSource https://bndtechsource.wixsite.com/home
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* Create the Clamp Restraint.

n Start ENOVIAV5VPM File Edit View  |Insert Tools Window  Help

[ (Ao ~J[Awo <[Aute <][Au <] [Au]None <] (8 2 B, B (-l b @K T EOS &)
'B nalysn‘. Manager .

Lis a) Pick the

L 4 ‘ Clamp icon

L)

Aesh.1: Front Spring (S5004)

LWaa2es wWAAAQ

AQ.!.O @ ‘.1.§36 |

b) Select the
clamp surface

o

4

O

@ o

Gife B8 O @@ &

@
<

Name [ Clamp.1

Supports Ba|
OK | 9 Cancdl

X

-
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» Create the Sliding Restraint.

n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help

I- HlAuto L”Auto E”Auto E[A_mz[,:m;”None E'ﬁ \.S

oo il es0s@os A&

-

nalysis Manager

'L"}a Links Manager.1 a) P|Ck the S“d'ng
Restraint icon

<
év
Q =y
Mesh.1 : Front Spring (S5004) Q' 3‘
& 7
- B
8 -
-
I
s 9,
g 4,
b) Select the Sliding =l
Restraint surface o
S’,v Q‘
] ¢
— ' 1
=
Surface Sli... =

=¥

4

Name”Surface Slider.1

Supports @
C) P'Ck OK > A’ @ Cancel

‘4

T
o e B

Rl
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* Create the Load (10 x rate = 876.4N).

n Start ENOVIAV5VPM File Edit View [nset  TJools Window  Help - [ E]

I- z“Auto BIAuto ZHAUIO ]W}I;m;“None Z|§ \.5 : : & : g)- *,,'29-' @ % @y % m'@i

a) Pick the § @
Force Density & >
icon :

/

an
L
A

Force Density|

Mesh,1: Front Spring (S5004)

-l W

4\&1\‘4§4@ ‘\&‘K\‘&‘(&&

Force Density D... — X l"
Name |Force Density.1 3v7
Supports B 1

Axis System ‘ @
Type | Global ~ e =
K |
[ Display locally v 6“:
e ¢
Force Vector C) SetZ to ’ ]

Norm[67eaN|  876.4N -2

=
b) Select the v / ~ &,
bottom surface viw 2~ = ;.,
of the retainer z|e764N liad; |
@ ok | @ cancel E 1
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« Compute the analysis of the Free Length Spring.

n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help

e @%ANBOS

a) Pick the
Compute icon

dron Mesh,1: Front Spring (S5004)

Force Density.1

s+ Static Case Solution.1

= al sensors.1 : ; b) Select the

Analysis Case

c) Pick the Static Solution selection

Case Solution

IAnalysis Case Solution Selec_V_I
-Solution(s) to Be Computed
Static Case Solution.1

3 Preview

d) Pick OK 3 0C] 9 Concel
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« Compute the analysis of the Free Length Spring.

[EJ Stet  ENOVIAV5VPM File  Edit  View Inset Jools  Window  Help

[ <|[ate ~|[Ao +[Auto ] [ui <] [Aui <] None -] =% S : 2 B, B @-4{,2» @é{; @ &!ﬁfﬂgg

.1: Front Spring (S5004)

e) Pick Yes and wait for
the computation to run.

|350of CPU

| 2:27+004 kilo-bytes of memory : Total computing time 0:00:06
I ioe 00 hio:yiss ok dek 4 - Operation Name Elapsed Time
Meshing execution 0:00:04
Structure computation 0:00:01

Do you want to continue the computation? Stiffness Computation 0:00:00
Singularity computation 0:00:01
Constraint Computation 0:00:00

BND TechSource https://bndtechsource.wixsite.com/home
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« Show results of the analysis.

n Start  ENOVIAVSVPM File Edit View Inset TJools  Window  Help - & %

I-Z”Auto ;JI»Aufc ;”Auto VLIIAm_thILv,xj;‘IrlNone _:J§ w‘\. ‘ % 7 E, ’- ! "2" @ %'9 y $ ﬁ.t ‘m "'\'

2

a) Pick the
Displacement
icon

-

(51

Translational displacement vector.1
mm
10

9.01

7.

X

&

.

isplacement vector.1

&

il

MR8 MAAAQ

b) Notice the max.
displacement at the
specified load.

e

&

!,& (°.®

On Boundary

By @ o
N I"!\gl,,lgk o .,- %

Lo

)
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From CATIA

C3 Project Front Spring Calculation

Adjust Factors to “dial in” the FEA correlation if required.

Poisson's ratio
Young's Modulus (E) _— Wire Spring Mean Free Length Total coils|Active coils
Material | [modulus of elasticity] v Modulus of Rigidity (G) Diameter [d] Diameter [D] [L] [N] [N.] Select End Types:
[transverse
(psi x 10°) | (MPa x contraction (psix 10%) | (MPax 10%) | inch | m | mm inch | m | mm inch | m ‘ mm value value Choice
Chrome Silicon|  30.0 207.0 0.305 11.5 79.3 0.500| 0.0127 | 12.7 | 3000 | 0.0762 | 76.2 | 10.000 | 0.254 [ 254 | 8.650 6.650 Squared or closed (Ground)
. 11501494 | 79300000000
. Spring Outer Spring Inner .
k= ﬂ y= E - 1 G=E/(2*(1+V)) Calculated Pitch [P] Diameter [OD] Diameter [ID Spring rate [k]
BDaNa G- 2 inch | m mm inch | m | mm inch | m mm Ib/in | N/mm
1.475| 0.0375 [37.475| 3500 | 0.0889 | 88.9 | 2.500 | 0.0635 | 63.5 | 500.45 | 87.64
Spring Results (FEA) Adjusted for CATIA FEA
Mean Dia. | Force defl Rate I W L S TR TR T e —
mm N 5 (mm) (k) N/mm 2.55 = Factor for Coils in Helix_Mid
76.2 876.4 10 87.6 6.10 = Coils in Helix_Mid
232.992 =Height in Helix_Mid
| in Ib in | Ib/in | 21.01 = Afree Length to Helix_Mid Ht.
[ 3000 [ 197.03 | 0.394 | s004 | =il Ll

BND TechSource
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0.77 = Factor for Pitch in Helix_Upr&lLwr

\ 0.50 = Factor for Height in Helix Upr&Lwr _§

8.088 = Pitch in Helix_Upr&Lwr

5.252 = Height in Helix Upr&lwr
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« The FEA analysis of the Free Length Spring correlates with the
Spring Rate of the CATIA Part model and proves the rate to be

Linear.
| l: I
E E "
e |5 3
HH-
1 I i i3 [ S i,
Load = 10X Load = 20X Load = 30X
the Spring the Spring the Spring
Rate = Rate = Rate =
10mm Defl. 20mm Defl. 30mm Defl.

BND TechSource https://bndtechsource.wixsite.com/home
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Create the Preload Length Spring

FEA
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« Ch the Free Length of the S the Calculat heet t
ange tne rree Len 0 e rng on tnhe Caicuiation sneet to
From CATIA C3 Project Front Spring Calculation
Poisson's ratio
Young's Modulus (E) R Wire Spring Mean Free Length Total coils | Active coils .
Material | [modulus of elasticity] v Modulus of Rigidity (G) Diameter [d] Diameter [D] [L] [N] [N.] Select End Types:
[transverse
(psi x 10°%) ‘ (MPa x contraction {psix10%) | [MPax 10°) | inch | m | mm inch | m | mm inch | m mm value value Choice
Chrome Silicon 30.0 207.0 0.305 11.5 79.3 O.500| 0.0127 | 12.7 3.000 | 0.0762 | 76.2 9.606 | 0.244 244 8.650 6.650 Squared or closed (Ground)
11501494 | 79300000000
d‘G E Calculated Pitch [P Spring Quter Spring Inner Spri te Tk
v = Ty = G- o 1 G=E/(2*(1+v)) leulated Pitch [P] Diameter [OD] Diameter [ID pring rate [k]
8D°N, B inch | m | mm inch | m mm inch | m mm Ib/in ‘ N/mm
1.411] 0.0358 [35.836] 3.500 | 0.0889 | 889 | 2.500 | 0.0635 | 63.5 | 500.45 | 87.64
Spring Results (FEA) Adjusted for CATIA FEA
Mean Dia. Force defl Rate 36.692 = Pitch in Helix_Mid
mm N 8 (mm) (k) N/mm 2.55 = Factor for Coils in Helix_Mid
76.2 876.4 10 87.6 6.10 = Coils in Helix_Mid
223.820 = Height in Helix_Mid
| in ‘ b | in Ib/in_| 20.18 = AFree Length to Helix_Mid Ht.
[ 3000 [ 197.03 | 0.394 5004 | 10.090 = Helight of Helix_Mid Start Plane

BND TechSource
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0.77 = Factor for Pitch in Helix_Upr&Lwr

0.50 = Factor for Height in Helix_Upr&Lwr

7.769 = Pitch in Helix_Upr&Lwr

5.045 = Height in Helix_Upr&Lwr
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] stert
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Adjust the Spring based on Preload calculated the spring values.

ENOVIAV5VPM File Edit View Insert Tools Window Help

BND TechSource

|

-L||AUOL”AO C][Aute <] [Au <[ <]one ]88

Adjusted for CATIA FEA

36.692 » Pitch in Helix_Mid

2.55 =Factor for Coils in Melix Mid

6.10 = Colls In Helix Mid

223.820 = Height in Helix Mid__ .
20.18 = AFree Length to Helix_Mid Ht,

10.090 = Height of Helix_Mid Start Plane

0.77 = Factor for Pitch in Hefix Upr&lwr

0.50 = Factor for Height in Helix_Up:&Lwr'

7.769 = Pitch in Helix_Upr&Lwr

5.045 = Helght In Hellx Upr&Lwr

https://bndtechsource.wixsite.com/home
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« Compute the analysis of the Preloaded Spring.

n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help

e @%ANBOS

a) Pick the
Compute icon

dron Mesh,1: Front Spring (S5004)

Force Density.1

s+ Static Case Solution.1

= al sensors.1 : ; b) Select the

Analysis Case

c) Pick the Static Solution selection

Case Solution

IAnalysis Case Solution Selec_V_I
-Solution(s) to Be Computed
Static Case Solution.1

3 Preview

d) Pick OK 3 0C] 9 Concel

BND TechSource https://bndtechsource.wixsite.com/home
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« Compute the analysis of the Preloaded Spring.

[EJ Stet  ENOVIAV5VPM File  Edit  View Inset Jools  Window  Help

[ <|[ate ~|[Ao +[Auto ] [ui <] [Aui <] None -] =% S : 2 B, B @-4{,2» @é{; @ &!ﬁfﬂgg

.1: Front Spring (S5004)

e) Pick Yes and wait for
the computation to run.

|350of CPU

| 2:27+004 kilo-bytes of memory : Total computing time 0:00:06
I ioe 00 hio:yiss ok dek 4 - Operation Name Elapsed Time
Meshing execution 0:00:04
Structure computation 0:00:01

Do you want to continue the computation? Stiffness Computation 0:00:00
Singularity computation 0:00:01
Constraint Computation 0:00:00

BND TechSource https://bndtechsource.wixsite.com/home
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« Show results of the analysis.

n Start ENOVIAVSVPM File Edit View Inset TJools  Window  Help

[ |[ate <][Aue v][Aute v][Au v|[Au<|[None ~]ss¢ 8

8 _ &ele

4P 0L QSHOS B

a) Pick the
Displacement
icon

Translational displacement vector.1
mm
9.94
8.95
7.95
6.96

5.96

497 b) Notice the max.

3.98

— displacement at the
199 specified load.

0.994
0

On Boundary

BND TechSource https://bndtechsource.wixsite.com/home
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Adjust Factors to “dial in” the FEA correlation if required.

From CATIA C3 Project Front Spring Calculation
Poisson’s ratio
Young's Modulus (E) o Wire Spring Mean Free Length Total coils | Active coils
Material | [modulus of elasticity] v) Modulus of Rigidity (G) Diameter [d] Diameter [D] L] [N] [N,] Select End Types:
[transverse
(psi x 10°) | (MPa x contraction (psix 10%) | (MPax 10%) | inch | m | mm inch | m | mm inch | m | mm value value Choice
Chrome Silicon| 300 | 207.0 0.305 11.5 79.3 0.500| 0.0127 | 127 | 3000 | 0.0762 | 76.2 | 9606 | 0.244 | 244 | 8650 6.650 Squared or closed (Ground)
. 11501494 | 79300000000
. Spring Outer Spring Inner .
L d*G __E - 1 G=E/(2%(1+v)) Calculated Pitch [P] Diameter [OD] Diameter [ID Spring rate [k]
8D3Ng G2 inch| m [ mm inch | m [ mm inch | m mm Ib/in [ N/mm
1.411]0.0358 [35.836] 3.500 | 0.0889 | 88.9 | 2500 [ 0.0635 | 63.5 | 50045 | 87.64
Spring Results (FEA) Adjusted for CATIA FEA
Mean Dia.| Force defl Rate I 1 -1 p R T T OV s E—
mm N 8 {(mm) (k) N/mm 2.55 = Factor for Coils in Helix_Mid
76.2 876.4 10 87.6 ©.10 = Coils in Helix_Mid
223.820 = Height in Helix_Mid
[ in T 1 ] in [ b/in ] 20.18 = AFree Length to Helix_Mid Ht.
[ 3000 [ 197.03 | 0.394 | 5004 | —Hej TPV

BND TechSource

https://bndtechsource.wixsite.com/home

0.85~g.Factor for Pitch in Helix_Upr&Lwr

Changed from

0.77 10 0.85




BND TechSource

« Re-compute the analysis of the Preloaded Spring.

n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help

e @%ANBOS

a) Pick the
Compute icon

dron Mesh,1: Front Spring (S5004)

Force Density.1

s+ Static Case Solution.1

= al sensors.1 : ; b) Select the

Analysis Case

c) Pick the Static Solution selection

Case Solution

IAnalysis Case Solution Selec_V_I
-Solution(s) to Be Computed
Static Case Solution.1

3 Preview

d) Pick OK 3 0C] 9 Concel

BND TechSource https://bndtechsource.wixsite.com/home
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« Re-compute the analysis of the Preloaded Spring.

[EJ Stet  ENOVIAV5VPM File  Edit  View Inset Jools  Window  Help

[ <|[ate ~|[Ao +[Auto ] [ui <] [Aui <] None -] =% S : 2 B, B @-4{,2» @é{; @ &!ﬁfﬂgg

.1: Front Spring (S5004)

e) Pick Yes and wait for
the computation to run.

|350of CPU

| 2:27+004 kilo-bytes of memory : Total computing time 0:00:06
I ioe 00 hio:yiss ok dek 4 - Operation Name Elapsed Time
Meshing execution 0:00:04
Structure computation 0:00:01

Do you want to continue the computation? Stiffness Computation 0:00:00
Singularity computation 0:00:01
Constraint Computation 0:00:00

BND TechSource https://bndtechsource.wixsite.com/home
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« Show results of the Preload analysis.

n Start ENOVIAV5VPM FEile Edit View Insert Tools Window Help

\I- E”Auto L”Autc j]Auto LHEE“ ;u1j‘[None 3§ kﬂ ‘ | % 7(, ~ ‘,2;. @ %@ @?’%m Q‘S: | ‘

a) Pick the
Displacement
icon

Translational displacement vector.1

c) Rename to Static AN
Case.Preload " L

b) Notice the max.
displacement at the
specified load.

On Boundary

BND TechSource https://bndtechsource.wixsite.com/home
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« Create a new Static Case.Shock Load Spring.

I-L”Auto L”Auto L”Auto L”A

EJ stet  ENOVIAVSVPM File  Edit  View ools  Window  Help

rAd OIS EBOS

{} Static Case

(§§ Frequency Case
f Buckling Case
_& Combined Case

O Static Constrained Modes
A Preprocessing Case

A Solution Case

# Envelop Case

a) Pick Insert
+ Static Case

Translational displacement vector.1
mm

10

b) Pick Restraints

' e
¢) Pick Restraints.1 from i ’fﬂ@w + Reference
. }‘%\l |
Static Case.Preload %%W ‘

o

AvnT U :
’;&&Wfﬁf*"“'k Static Case

X

Reference |Restraints.1

d Loads: @ New O Reference

:Restraints: O New

[] Multi Loads:
OiMasses:|

4 Hide existing analysis cases

d) Pick OK

oK | @ Cancel |

BND TechSource https://bndtechsource.wixsite.com/home
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BND TechSource

Create a new Static Case.Shock Load Spring.

[EJ stet  ENOVIAVSVPM File Edit View Inset Tools  Window Help

'! Analysis Manager

i
1

. e) Rename to Static Case.
e Sllder:2 Shock Load Spring

https://bndtechsource.wixsite.com/home

I-L”Auto L”Auto || Aute ;”Am;”Lm;“None EIESASS A @.ﬁ_*‘!’ @-*,2»-

® %

2



BND TechSource

» Create the new Shock Spring Load (30 x rate = 2629.2N).

n Start ENOVIAV5VPM File Edit View Inset  Tools Window  Help

‘l_:“Auto L”Auto leuto lemlemJlNone j§ N.S ‘ 7 1 :,"' Q_ * Jz’. @%@ &

a) Pick the
Force Density
icon

-
N
)

Force Density

Force Density D.. — X

‘Na?ni | Force Density.2

Supports §g|
Axis System
Type |Global -

[[] Display locally

Force Vector C) SetZto
Norm|2629.2N 2629.2N

X|ON //
/7

b) Select the
bottom surface
of the retainer

v|ON

z|26292N 7

d) Pick OK

1 & Cancel l

BND TechSource https://bndtechsource.wixsite.com/home
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« Compute the analysis of the Shock Load Spring.

n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help

[ ~|[ae <[[Awe <|[Auwo <] [Au <A <]None <] (S

a) Pick the
Compute icon

¢) Pick the Static
Case Solution

b) Select the
Analysis Case
Solution selection

-
—_
—_
e
—_—
—_—

IAnaIysis Case Solution Selecﬂ
—Solution(s) to Be Computed -
Static Case Solution.2

4 Preview

d) Pick OK S 0C] 3 concel

BND TechSource https://bndtechsource.wixsite.com/home



3 BND TechSource

Compute the analysis of the Shock Load Spring.

EJ stat  ENOVIAVSVPM File Edit View Inset Tools  Window  Help

‘I- ;“Auto L”Auto _:“”Auto LIIAm_vJIAui;I]None jﬁv\ | ~ @ & % 9_ *2;,_ @% @s» % (1) QS:

Force Density.2

{} Static Case Solution.2
@3- a sensors.2

- ) _ e) Pick Yes and wait for
omputation Resources Estimation

| the computation to run.
04 s of CPU .

| 0 kilo-bytes of memory

|5.33e+003 kilo-bytes of disk

Do you want to continue the computation?

BND TechSource

https://bndtechsource.wixsite.com/home
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« Show results of the Shock Load Spring analysis.

n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help

\I-_lAuto [Auto »IAuto l“Am;”»‘«m;“one ;J§ w\

BND TechSource

8 &e{E et OK IS HOSG B¢

a) Pick the
Displacement
icon

Translational displacement vector.2
mm

displacement at the
specified load.

m&fg : b) Notice the max.
i A

On Boundary

https://bndtechsource.wixsite.com/home
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* Create a new Combined Case.Shock Spring Deflection.

EJ stet  ENOVIAVSVPM File  Edit  View }ools Window  Help
[ vIAuto _leAuto jIAuto _le&

e
o

! N ;.
$ Static Case

8% Frequency Case

fﬁudding Case

b Static Constrained Modes

A_Er:procssing Case a) P'Ck Insert +
g*!"ﬁm = Combined Case
Envelop Case

c¢) Pick Combined Static Case
Solution.1 to add to the index

d) Pick Combined Static Case
Solution.2 to add to the index

b) Double-pick Combined
Static Case Solution.1

BND TechSource

- 5 ? 2 8 @
e) Right-click the f) Set the first
coefficient to edit coefficient to -1
Name | Combined St \:e Solution.1 /
Lr\al,msSets[;;gp; \\ I
Index | Selected Solution \Coefficient | Occurrence Path
2 Static Case Sob Not ;;;;nc;t.alé St..
g) Set the second
coefficient to 1 ~T— =
| <
1 T . oefficient| -1
| item(s) selected h) PICk OK Coeffi t[_
: OK l OCanceII

https://bndtechsource.wixsite.com/home
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« Compute the analysis of the Combined Static Case Solution.1

n Start ENOVIAVSVPM File Edit View |Inset  Tools Window  Help

‘|-v|Auto L”A“w L”Auto l”AmL”»lw_v“None jﬁu‘\

a) Pick the
Compute icon

¢) Pick the
Combined Static
Case Solution.1

b) Select the
Analysis Case
Solution selection

IAnaIysis Case Solution SelecEJ
Solution(s) to Be Computed
Combined Static Case Solution

BND TechSource https://bndtechsource.wixsite.com/home
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-+

« Show analysis results of the Combined Case.Shock Spring Deflection.

n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help
[ [[auo <[Aute <[Aute <] [Au -] [Aui-[None <] (S ‘

Ma er

&

i‘ a) Pick the

: Displacement
icon

Translational displacement vector.2
mm
20
18
16
14
12

10 b) Notice the max.

8.01 displacement at the

6.01

specified load.

c) Rename to Combined = E‘;‘ojﬂdam
Case. Shock Spring
Deflection

BND TechSource https://bndtechsource.wixsite.com/home



BND TechSource

« The FEA analysis of the Preloaded Spring correlates with the

Spring Rate from the CATIA Part model and proves the rate

remains Linear.

[

Load = 20X the

Spring Rate —

the Preload =
10mm Defl.

BND TechSource

Translational displacernent wector.1

mm
9.99
I 8.99
7.99
6.99

5.99
4.99

I 3.99
3

2

I 0.999
0

On Boundary

Tkl

Load = 30X the

Spring Rate —

the Preload =
20mm Defl.

https://bndtechsource.wixsite.com/home

kb

Load = 40X the

Spring Rate —

the Preload =
30mm Defl.

&
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BND TechSource

eeeeeeeeeeeee

Create the Preloaded Coil-over
Shock Assembly FEA

https://bndtechsource.wixsite.com/home



BND TechSource

» Create a CATProduct for the Coil-over Shock Assy.

n Start ENOVIAV5VPM File Edit View |Inset Tools Analyze  Window  Help - & X

| | | | | | e = X E2DOQ L PED

_;@‘ ront Shock Absorber_FEA

¥
&h 5
E
E
B
&
® —1
¥
Ensure all |
CATParts have g B
their Solid Bodies 5 |
in the Part Body. :@ %
er-Lower(S5004) ‘@; gi
Zer-Lower(S5004).1) —// @z
& w
=)

b

BND TechSource https://bndtechsource.wixsite.com/home
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» Create Constraints for all parts within the Coil-over Shock Assy.

n Start ENOVIAV5VPM File Edit View |nset  Tools Analyze  Window  Help -

| v||Autoe v||Auto «||Auto «||Aul w||Aul +||None \ h's o < Ui
"I-‘J‘IA 3 | e e Create Coincidence LECOH PED 5 S

Constraints for all parts

R

Coincidence
Constraint
5004).1) . icon

g (55004).1)

820 &

,.
oy

= |
«19

"
s

BJe] «

Create Contact
Constraints for Upper

& Lower to Spring Contact

Constraint

icon

EORESHRS

BND TechSource https://bndtechsource.wixsite.com/home
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« While inside the CatPart, call the Generative Structural Analysis
workbench.

EIEZ eNOVIAVSVPM File  Edit  View  Inset  Tools  Analyze  Window  Help

J ﬂv Assembly Design Aul ~ INone vl§ ‘5 P F;"D @ & @ E E’S

g Generative Shape Design
Part Design
Photo Studio
J Functional Tolerancing & Annotation

MU Kinematics

ICEM Shape Design

% Automotive Class A R

. Infrastructure ront Spring (S
Mechanical Design D04).1,Front Spring ($5004).1)

{ o Shape
#h Analysis & Simulation %, Advanced Meshing Tools

AEC Plant enerative Structural Analysis
Machining

@ vigital Mockup
Eguipment & Systems
Digital Process for Manufacturing
Machining Simulation
Ergonomics Design & Analysis
Knowledgeware

ENOVIA V5 VPM

[V 1 Front Shock Absorber_FEA.CATProduct
2 Front Spring(S5004),CATPart
3 Frt Spring Analysis1.CATAnalysis

1 Analysis3.CATAnalysis

BND TechSource https://bndtechsource.wixsite.com/home
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« Generative Structural Analysis workbench creates the
Analysis Manager.

n Start ENOVIAV5VPM File  Edit View Insert Tools Window Help - & X

I-_:][Auto L”Auto _:”Auto lemlem_-”None ngv\
age

Analysis Manager
contains a link to the
3D Part and the
Finite Element Model

FEA.CATProduct s

Generative Structural
Analysis workbench

(Al >y

‘4

4\& 4‘ 4% 4@ <\IA1‘A4£Q )
2/

Kl

-

4‘5

A‘Y

@

. v O"

a) Pick Static Analysis |.

;, @l

L -8

Nodes and Elements node is evidence al
that the Generative Structural [

Ana|y5i5 WorkbenCh iS aCtiVE. Frequency Analysis ‘é,

Free Frequency Analysis 4@— & |

L

ep as default starting analysis case z > |

Em & Cancel l

BND TechSource https://bndtechsource.wixsite.com/home
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* Optimize the Mesh for the Spring.

n Start ENOVIAV5VPM File  Edit View  Insert Tools Window  Help
l- L“Auto L”Auto leuto L”AmL“;.mJINone LI§ \’Q

ager

a) Double-pick the OCTREE
Tetrahedron Mesh.1 : Front
Spring (S5004).1

b) Change the
Size to 5mm

OCTREE Tetrahed

Global ILocal | AV

Size:
4 Absolute sag: 1 =

[ Proportional sag: | 0.2

c) Pick Absolute
sag (1mm)

| Element type .
O Linege##5® Parabolic A 6) Ple OK_]
d) Pick Parabolic =

BND TechSource https://bndtechsource.wixsite.com/home
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* Optimize the Mesh for the Upper Shock.

n Start ENOVIAV5VPM File  Edit View Inset  Tools Window  Help

l- :“Auto _vJIAuto ZHAU!O E”A_mzl;ul_vJINone z‘§ v‘\.

a) Double-pick the OCTREE
Tetrahedron Mesh.2 : Front
Shock Absorber-Upper.1

b) Change the
Size to 10mm

L

i = [omm |8
c) Pick Absolute ZAbso,m - [lomm— g

sag (zmm) [ Proportional sag: | 0.2 .

— Element type -

O Linez4 Parabolic 4 e) P|Ck OK_]

d) Pick Parabolic

BND TechSource https://bndtechsource.wixsite.com/home
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* Optimize the Mesh for the Lower Shock.

n Start ENOVIAV5VPM File  Edit View Inset  Tools Window  Help

l- :“Auto _vJIAuto ZHAU!O E”A_mzl;ul_vJINone z‘§ v‘\.

b) Change the
Size to 10mm

a) Double-pick the OCTREE
Tetrahedron Mesh.3 : Front
Shock Absorber-
Lower(S5004).1

[omm &=
3 Absolute sag: [me— E’I
O Proportional sag:

— Element type -
O Linez4

Size:

c) Pick Absolute

Parabolic e) Pick OK_]

d) Pick Parabolic

BND TechSource https://bndtechsource.wixsite.com/home
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» Create the Clamp Restraint and rename Static Case.

EJ stet  ENOVIAVSVPM File  Edit View Inset Tools  Window  Help

I- L“Auto L”Auto l”Auto L”Aml”;-.m;“None ll§ &_S [“ 2 ' ,/ 2!- @%' @vyv ﬂ] Qg m e
nalysis Manager a) Pick the

- % Links Manager.1

- \ Finite Element Mode Clamp icon

d) Rename as Static
Case.Assy Preload

b) Select the
clamp surfaces

Clamp =

Name |[Clamp.1

Supports §g|

9 ok | 9cmealfl

BND TechSource https://bndtechsource.wixsite.com/home
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» Create the Sliding Restraint.

n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help
[ <[ue <][Awe ~][Aute <] [Au <[ [[None <] (8 2B, B Hel %9580 % ae

'n Analysis Manager

L5 e ' a) Pick the Sliding
4 el Restraint icon

b) Select the Sliding
Restraint surfaces (10)

Surface Sli.. — —

Name | Surface Slider.1

Suppors B
c¢) Pick OK

BND TechSource https://bndtechsource.wixsite.com/home
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« Create the Contact Connection Property.1

n Start ENOVIAV5VPM File Edit View Insert Tools Window Help 8 X
e e e s e e i rdd @%.0,80% 89

'F is Manager 7
A

l’L l.lnks-Manag-em' a) Pick the Contact z - :
. Connection / < 7
Property icon g 7

=

b) Select the
Surface Contact

xH

ololas

|

ection Property.3 47.
. @

I <>

4 i ? |

e

Contact Conn.. — X ‘

Name Ikontact Connection Property.3 O |

==
[ Clearance |0mm
[ Friction ratio |0.3

[ No sliding

C)Pick OK [— = | 8¢

Tl e
& I8 e BK
I IV W— ]

-

BND TechSource https://bndtechsource.wixsite.com/home
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» Create the Contact Connection Property.2
n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help - 8 X
al e ]Auto L”Autc L”Auto L”Am:”Am;”None jﬁ v\. 2 B, B Gy * ;&. @%@@"% () g‘g ﬁ @

i mmm— a) Pick the Contact -
: Connection a3
Property icon o =

£

- &y
'u 3 [\\\v
s 9.
2 3,
tion Property.3 @ |

ct Connection Property.4 ﬁ;v <
5 é:
] ¢
Contact Conn..  — X — . |

Name|kontacl(onnec’(ion Property.4 V 0

v =

suppors [T W =
[J Clearance |0mm Qvg
b) Select the [ Friction ratio |0.3 - ;«
Surface Contact it - o1
0K | & Cancel :.__. -

BND TechSource https://bndtechsource.wixsite.com/home
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» Create the Rigid Connection Property.

n Start ENOVIAV5VPM File  Edit View Insert Tools Window Help
- - IAuto L”Auto _jIAuto lemjll«ul;“Nune L]ﬁ v‘\'

’: nalysis nager

- ;.';'6 Links Manager.1

Lt ab @4 0rBE0% B

= & Finite

a) Pick the Rigid
i = Connection
r-Upper.1 = Property icon

$5004).1

b) Select the
Surface Contact

Rigid Con.. — X

INEILEIRigid Connection Property®d

[Supports

[ Transmitted Degrees of Freedom

BND TechSource https://bndtechsource.wixsite.com/home
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Create the Smooth Connection Property.

Edit

View

Insert Tools Window Help

[ ]
EJ stat  ENOVIAVSVPM  File
nalysn‘- Manager
- % Lifiks Manager.1
nnection Mesh.2
Solution.1
BND TechSource

[ 1 vIAuto L”Auto _leAuto _:“Am':“i«ui:_“None LI§ \.S

b) Select the
Surface Contact

https://bndtechsource.wixsite.com/home

WA -tb OIS EOS B$

a) Pick the Smooth
Connection
Property icon

Smooth C.. — X

Nty ooth Connection Property®
|Supports RESLEETH

[] Transmitted Degrees of Freedom

2o aanaa

A,
o- ‘ﬁb,!&Jo @ ..1§1§

o

4

A,

e,

4

W [ @

.o
&8 e B

-

Ty

TR ol
] N

5 |
“

VN
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BND TechSource

* Create the Preload (10 x rate = 876.4N).

n Start ENOVIAV53VPM File Edit View |nset  Tools Window Help
[ [Awo ][Auo <|[Auto <] [Aui<][Au -]None ~]=f 8
G >

A

nager

- L";'c Links Manager.1

'l' L\ Finite Element Model, 5 a) PiCk the
Nodes ang ! - | Force Density
icon

Force Density D..  — X

|Name I Force Density.2

Supports B
Axis System

Type [Global -~

|[] Display locally

c) Set Zto
Norm| 876.4N 8764N

b) Select the
bottom surface
of the retainer

Force Vector

s

@ OK I 0Cancd|

d) Pick OK

BND TechSource https://bndtechsource.wixsite.com/home
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« Compute the Assy Preload analysis.

n Start ENOVIAV5VPM File Edit View |Insett  Tools Window  Help

I-L“Auto L”Auto L”Auto L”Aq;”;ui;INone gu

a) Pick the
il Compute icon

7>+ Static Case Solution.?

o o
s & teriz
Lm e

b) Select the
Analysis Case
Solution selection

¢) Pick the Static
Case Solution

IAnalysis Case Solution SelecZ’
- Solution(s) to Be Computed -
Static Case Solution.1

4 Preview

d) Pick OK ] S cancel|

BND TechSource https://bndtechsource.wixsite.com/home



3 BND TechSource

Compute the Assy Preload analysis.

n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help

-v“Auto l”Auto _vJIAuto _vJIAm_vJIAm_-JINone _vJ§ \5

Lo rdd @ ANEOS 8¢

" Force Density.2
s+ Static Case Solution.1
“;i Sensors.1

e) Pick Yes and wait for
Computation Resources Estimation

the computation to run.
| 8e+001 s of CPU
|2.44e+005 kilo-bytes of memory
| 5.06e+005 kilo-bytes of disk

Do you want to continue the computation?

BND TechSource
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« Show results of the Assy Preload analysis.

EJ stet  ENOVIAV5VPM File  Edit View Inset Tools  Window  Help

‘ B -[ae  +][Auo ;”Aum ;”Au.;”;u;uum L]ﬁﬁi!\' ; 2 B 7‘@ q,; @ N m %‘

a) Pick the
Displacement
icon

Translational displacement vector. 1
mm
9.98
8.99
7.99
6,99

599

499 b) Notice the max.

3.99

displacement at the
2 specified load.

0,998
0

On Boundary

BND TechSource https://bndtechsource.wixsite.com/home
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« Adjust Factors to “dial in” the FEA correlation if required.

From CATIA C3 Project Front Spring Calculation
Poisson's ratio
Young's Modulus (E) . Wire Spring Mean Free Length Total coils|Active coils .
Material | [modulus of elasticity] ) Modulus of Rigidity (G) Diameter [d] Diameter [D] [Ld [N] [N.] Select End Types:
[transverse
(psi x 10°) | (MPa x contraction (psix 10°) | (MPax 10%) | inch | m | mm inch ‘ m | mm inch | m ‘ mm value value Choice
Chrome Silicon] 300 [ 207.0 0.305 115 79.3 0.500] 0.0127| 12.7 | 3.000 [ 00762 | 76.2 | 9606 | 0244 | 244 | 8.650 6.650 Squared or closed (Ground)
11501494 | 79300000000
d‘G E . Spring Outer Spring Inner .
Calculated Pitch [P 5| te [k
v = o V= -3 1 G=E/(2*(1+v)) aleulated Pitch [P] Diameter [OD] Diameter [ID pring rate [k]
8D°N, = inch | m | mm inch ‘ m mm inch | m mm Ib/in ‘ N/mm
1.411]0.0358[35.836] 3.500 | 0.0889 | 88.9 | 2.500 | 0.0635 | 63.5 | 500.45 | 87.64

Spring Results (FEA) Adjusted for CATIA FEA ]
Mean Dia. Force defl Rate 6692 = Pitch in Helix Mid
mm N S(mm) | () N/mm
76.2 876.4 10 87.6 ] 510 = CoNs I Henx M
223.820 = Height in Helix_Mid
[ i T b ] in [ Ib/in | 20.18 = AFree Length to Helix_Mid Ht.
| 3000 | 197.03 | 0.394 | 5004 | — Hej i M

0.86~g Factor for Pitch in Helix_Upr&Lwr |l

0.50 =} for Height in Helix Upr&Lwr
8.68 =Pitch & _Upré&Lwr

) Changed from 5.05 = Height ity &L

‘“—| 8.57710 8.678 Changed from
=== 0.85t0 0.86

!
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— +
* Adjust the Spring CATPart Upr & Lwr Helix.
n Start  ENOVIAV5VPM File Edit View [Inset Tools  Window  Help
[ [ xJEIF s & RBB Ho &

a) Double-pick the
Helix_Lwr Pitch

b) Change the value

to 8.678mm c) Pick OK

Repeat steps a-c for
the Helix_Upr Pitch
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* Re-compute the Assy Preload analysis.

n Start ENOVIAV5VPM File Edit View |Insett  Tools Window  Help

I-L“Auto L”Auto L”Auto L”Aq;”;ui;INone gu

a) Pick the
il Compute icon

7>+ Static Case Solution.?

o o
s & teriz
Lm e

b) Select the
Analysis Case
Solution selection

¢) Pick the Static
Case Solution

IAnalysis Case Solution SelecZ’
- Solution(s) to Be Computed -
Static Case Solution.1

4 Preview

d) Pick OK ] S cancel|

BND TechSource https://bndtechsource.wixsite.com/home
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Re-compute the Assy Preload analysis.

n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help

[—_[lmo ~J[avo <|[Adto +][Aw <] [Aui <][None  ~] =58 (S

ne I pad @4 ONEBOS 89

e) Pick Yes and wait for
Computation Resources Estimation

the computation to run.
| 8e+001 s of CPU
|2.44e+005 kilo-bytes of memory
| 5.06e+005 kilo-bytes of disk

Do you want to continue the computation?

BND TechSource

https://bndtechsource.wixsite.com/home
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« Show results of the Assy Preload analysis.

EJ stet  ENOVIAVSVPM File  Edit View Inset Tools  Window  Help

\I-—LIIAuto leuto L“Auto L”Am'jrl—'.ut;]None j§7u§ c g)_ *}‘. % @ 7@\\ % m g‘g | | &

a) Pick the
Displacement
icon

Translational displacement vector.1
mm

10

b) Notice the max.
displacement at the
specified load.

On Boundary

BND TechSource https://bndtechsource.wixsite.com/home
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« Create a new Static Case.Assy Shock Deflection.

EJ sttt ENOVIAVSVPM File  Edit  View l]ools Window  Help
| - - IAuto L”Auto L”Auto L”_AL

b @ QP BO%

@ Static Case
@ Frequency Case
f Buckling Case
& Combined Case
o Static Constrained Modes
A Preprocessing Case

A Solution Case
#Envelop gl Translational displacement vector.1
8 Herrioric Dynarmi = 3 mm

& Dy r \ 10

9

a) Pick Insert
+ Static Case

b) Pick Restraints
+ Reference

¢) Pick Restraints.1 from
Static Case.Preload

X

Reference |Restraints.1

d Loads: @ New O Reference

Static Case

:Restraints: O New

[] Multi Loads:
OiMasses:|

4 Hide existing analysis cases

d) Pick OK

oK | @ Cancel |
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« Create a new Static Case.Assy Shock Deflection.

EJ Stet  ENOVIAVSVPM File Edit View Inset TJools  Window  Help

[ — leuto ~|[Auto +|[Auto lemj[;m;]None jﬁ,‘“\‘ J 2 B B - \% @ 7@\,\ 9 QS: 8

cement vector.1

e) Rename to Static
Case.Shock Load

BND TechSource https://bndtechsource.wixsite.com/home
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» Create the new Shock Load (30 x rate = 2629.2N).

n Start ENOVIAV5VPM File Edit View |Inset  Tools Window  Help

O | | | | e P S = [ ) 2 @Y% IAN|B O % B @
: a) Pick the
Force Density .
icon
RS TR
Force Density D.. — X

Name [ Force Density.2

Supports &l
Axis System
i Type lGIobal L]
= 'i [ Display locally
i Force Vector C) SetZto

Norm|2629.2N 2629.2N

b) Select the L / /
//

bottom surface v[ON
of the retainer z[2629oN 7
d) Pick OK 0K ]| @ Cancel |
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» Create a new Combined Case.Assy Shock Deflection.

EJ stat  ENOVIAVSVPM File  Edit  View ool Window  Help

[ [ae ~[Ave ~|[Awe <|[AdM 20 B - 5 @& D P EE & B @
$_S_tali(Case — -
s - @ Frequency Case
f Buckling Case .
D sg;uc'c;r:m;ir;ed Mode .
A_P_r:procssing Case a) P'Ck lnsert +
e Combined Case
ﬁﬁnvelop(:ase
=
- e) Right-click the
; ; : coefficient to edit f) Set the first
c) Pick Combined Static Case coefficient to -1
Solution.1 to add to the index
d) Pick Combined Static Case ”I'“LI“’ St““':\\\\5“”“'” |
SOlUtIOI’\Z tO add to the |ndex Indéxl Seled;d S;:lutionl C‘oefficientl Occurrence l l Path
1 Static Case Sol... -1 Not applicable St...

b) Double-pick Combined

g) Set the second
Static Case.1

coefficientto 1

Parame.. — X

E -
1 item(s) selected h) P|Ck OK Coefflcmntm-
. 3 OK l OCancell
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« Compute the analysis for the Combined Case.

EJ stet  ENOVIAV5VPM File Edit View Inset Tools  Window  Help

[ [ate ~[Ate |[Ate <|[Au+][Au-][None ~]=f (S

b) Select the
Analysis Case
Solution selection

Compute ==

C) P|Ck the . L IAnaIysis Case Solution Selection ﬂ

Solution(s) to Be Computed

Combined Case
Solution.1

Combined Static Case Solution.1

@ Cancel I

BND TechSource https://bndtechsource.wixsite.com/home
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« Show results of the analysis of the Combined Case.Assy Shock Deflection.

EJ Stet  ENOVIAVSVPM File Edit View Inset Tools  Window  Help

»‘ I- L“Auto L”Auto jVIAuto IAm‘—lm;INone Llﬁ_v‘\‘ 4 | % (, (jm ;} ?« <73 ‘\l u‘}‘ |‘ (= v':,‘:;: @ e

a) Pick the
Displacement
icon

Translational displacement vector.2
mm
20
18
16
14
12

10 b) Notice the max.

8.01 displacement at the

6.01

specified load.

c) Rename to On Boundary
Combined Case.
Assy Shock
Deflection
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 The FEA analysis of the Preloaded Shock Assy correlates with
the Spring Rate from the CATIA Part model and proves the rate
remains Linear.

Translational displacement vector.2 Translational displacement vector.2
mm

30

uly]
20

l: | : |:
: ; | :
Load = 20X the Load = 30X the Load = 40X the
Spring Rate — Spring Rate — Spring Rate —
the Preload = the Preload = the Preload =
10mm Defl. 20mm Defl. 30mm Defl.
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&

Graph below shows the Shock Deflection based on Shock Load at
various Preload conditions.

Shock Deflection (mm)

60

50

40

30

20

10

—@®— Spring Preload = 0 x Rate

500

Preload affects on Shock Deflection

Spring Preload = 20 x Rate

1000

1500 2000 2500 3000

Shock Load (N)
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* In this Shock Absorber Preload Analysis, we have proven the
following:

1. The spring rate will be linear when the spring has a consistent
(evenly spaced) pitch and a constant diameter.

2. Preloading the spring on the coil over assembly will NOT change
the rate of the spring.

3. Preloading the spring on the coil over assembly WILL affect the
deflection at load (length at load) of the shock absorber.

81
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s Conclusion:

This i1s an example of how to use CATIA Generative
Structural Analysis to prove the affects of Preload
within the coll over shock absorber.

We hope this analysis proves useful for those who
need to show a Torsion Bar Analysis.

As always, we are open to any discussions this may
bring.

Please subscribe to our YouTube channel! l‘
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