T050261-00

6 Dec 2005

LIGO Laboratory / LIGO Scientific Collaboration

LIGO-T050261-00-D
Advanced LIGO
6 Dec 2005



Quadruple Suspension Dynamics Model
with Finite Elements
(Advanced LIGO)



Dennis Coyne

Distribution of this document:

SUS subsystem group

This is an internal working note

of the LIGO Project.

	California Institute of Technology

LIGO Project – MS 18-34

1200 E. California Blvd.

Pasadena, CA 91125

Phone (626) 395-2129

Fax (626) 304-9834

E-mail: info@ligo.caltech.edu
	Massachusetts Institute of Technology

LIGO Project – NW17-161

175 Albany St

Cambridge, MA 02139

Phone (617) 253-4824

Fax (617) 253-7014

E-mail: info@ligo.mit.edu

	LIGO Hanford Observatory

P.O. Box 1970

Mail Stop S9-02

Richland WA 99352

Phone 509-372-8106

Fax 509-372-8137
	LIGO Livingston Observatory

P.O. Box 940

Livingston, LA  70754

Phone 225-686-3100

Fax 225-686-7189


http://www.ligo.caltech.edu/

Change Record:

Revision –00: Initial Release. Written 6 Dec 2005 (issued 26 June 2006). Note that this was work performed, and documented (to the extent given below) late last year but not completed. The work was started when neither the Matlab nor the Mathematica suspension models of the quadruple pendulum were matching initial response of the controls quadruple suspension. Eventually it was found that the largest discrepancy was the position of the effective wire flexure point. With beam elements modeling the wires, this was not a limitation of this finite element approach. The finite element model of the suspension was relatively successful, except that the lowest frequency pitch mode was at times found to be negative. This is either a model parameter problem or a numerical problem in the eigensolver.
1 Introduction

There are currently three models used for dynamics modeling of suspensions:
· A Mathematica Model
 created by Mark Barton. This model has been used to model the Mode Cleaner triple suspension and the quadruple suspension
.
· A Matlab Model
 created by Calum Torrie. This model has been extended and applied in design for the triple and the quadruple suspensions
.
· A Maple Model
 created by Mathew Husman.
All three of these models are based on closed form equations. 
So why yet another approach to modeling? Recent measurements on the quadruple, controls prototype suspension did not (initially) match eigenfrequency predictions. Questions arose about the proper modeling of the effective wire flexure distance
 and the effect of non-vertical wires, blade spring stiffnesses other than in the principal bending direction (in-plane longitudinal, lateral and torsional stiffness), off-diagonal mass moments of inertia, non-flat blade spring geometry, geometry faithful to the CAD, blade tip mass, etc. All of these factors can be included in a finite element based numerical model.

There are (at least) two basic approaches to developing the finite element model:

· Geometry derived from the CAD 3D model. The virtue of this approach is that the model can be keyed to the CAD files used to create the physical parts. In principle a parametric 3D CAD model can be dynamically linked to the finite element model so that updates to the CAD can propagate to the model; In practice this level of interoperability can be difficult to achieve.

· Geometry generated from a command script with parameter values. The virtue of this approach is that the model can be updated quickly with a simple text edit (similar to editing the input parameters for either the Mathematica or Matlab models). Generating the eigensolution or transfer function for perturbations in parameter values is quick and easy.
I’ve describe both approaches in the following sections. The first approach was accomplished with I-DEAS and the second approach was attempted with ANSYS. However, either finite element tool could be used for either approach.
2 Approximations

Linear

Pre-stress, not geometrically nonlinear pre-load – assuming ideal loading to intended location

Etc.

Note approximations that are inherent & not inherent in the FEA approach
3 Geometry Derived from CAD
The quadruple suspension parts were developed as 3D parts and assemblies in SolidWorks. Since I-Deas does not directly import SolidWorks files, I converted. Of the available conversions
, I found IGES to work best. However it is essential to minimize the complexity of the assembly; Only include those parts essential for developing the model. Hidden parts in SolidWorks are not converted.

Once the geometry is imported into I-Deas, use the wireframe attach function to associate the finite element mesh with the assembly (or part). The following idealizations of the suspension were made in developing the mesh:

· Blade springs are modeled as plates (shells): The top surfaces of each blade spring solid part were selected for auto-meshing of shell elements (with bending, membrane and torsional stiffnesses). The thicknesses and material properties were keyed in manually.

· Wires are modeled as beams: The intersections of the wires with the clamp faces were ‘found’ by adding line and point features keyed to the imported geometry. Then beam elements (bending, torsion and extensional stiffness) were auto-meshed between the wire/clamp interface points. The cross-sectional geometry of each wire and the wire material properties were then keyed in manually.
· Suspension masses modeled as “lumped masses”: The essentially rigid parts that comprise the suspension masses (upper mass, upper intermediate mass, penultimate mass and test mass) are modeled as “lumped” (point) masses with a full mass moment of inertia matrix. The matrix was calculated in SolidWorks for each suspension mass, with the blade springs removed, and then keyed into I-Deas manually. The locations were established from the imported geometry.
· Multipoint constraints (MPC): The point mass elements representing the suspension masses were then tied rigidly to the flexible elements (spring blade bases and wire ends) using multipoint rigid constraints which ensured that all 6 degrees of freedom of the suspension masses are imposed on the attachments. Since the MPC elements do not appear in any mode shape plots in I-Deas, stiff, low mass beams were added vertically and horizontally to each point mass (with dimensions equal to the physical extent of the actual suspension mass) to help visualize the motion of each suspension mass. 
3.1 Model

The model is depicted in the following Figures. More explanation and description …

Figure 1: CAD Derived Finite Element Model
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3.2 Eigensolution

Explain concerns with low frequency solutions – may have a numerical eigensolver problem.
Table 1: Modal Frequencies
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Mode shape plots are given in the following figures.
Mode shape movies for the first 33 modes follow.
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HODE: 5 FrEQ: 0,53083

Displacenent - HAG HIN: 0.00E+00 HAK: 1,61E402

DEFORHATION: 5~ B,C. 1, NORHAL _HODE 5, DISPLACEHENT_S

HoDE: 5 FRéq; 654087

Displacenent - HAG HIN: 0,00E+00 HAK: 1,61E402

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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Task 1 Post Processing

Model: Fem3 visualize Active Study: DEFAULT FE STUDY

© Simulation

Display

15-Nov-05  19:04:49

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

hame,coune/idess idess3/etuSU /et _suspend. ned
RESULTS: 6~ B.,C, 1,NORHAL_HODE G, DISPLACEHENT &

HODE: 6 FREQ: 05610691

Displacenent - HAG HIN: 0.00E+00 HaK: 5,89+

HODE: & FREQ; 05610691
Displacenent - HAG HIN: 0,00E+00 HAK: 5,89E+02
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

5891402

5313402

4.720002

4130402

3543402

2,35040:

2360402

1,773402

Lienvo:

o+

0.003401
1

hame,/coune/idess /idess3 /eSS /et _suspend. ned
RESULTS: 6~ B.,C, 1,NORHAL_HODE G, DISFLACEHENT_G

HODE: 6 FREQ: 05610691

Diselacenert - oS Mk C.ooEw00 ks ossevcz g

DEFORHATION: 6~ B,C. 1 NORHAL _HODE 6, DISPLACEHENT_G

HODE: & FREQ; 05610691

Displacenent - HAG HIN: 0,00E+00 HAK: 5,89E+02
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

5891402

5313402

4.720002

4130402

3543402

2,35040:

2360402

1770002

T

AT

0.00m401
2

hame,coune/idess idess3/etuSU /et _suspend. ned
RESULTS: 6~ B.,C, 1,NORWAL_HODE G, DISPLACEHENT_G

HODE: 6 FREQ: 05610691

Displacenent - HAG HIN: 0.00E+00 HAK: 5,89E+07

DEFORHATION: 6- B,C. 1 NORHAL _HODE 6, DI3PLACEHEMT=

HODE: & FREQ; 05610691

Displacenent - HAG HIN: 0,00E+00 HAK: 5,89E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

hame,/coune/idess /idess3 /eSS /et _suspend. ned
RESULTS: 6~ B.,C, 1,NORHAL_HODE G, DISFLACEHENT_G

HODE: 6 FREQ: 05610691

Displacenent - HAG HIN: 0.00E+00 HAK: 589402

DEFORHATION: 6~ B,C. 1 NORHAL _HODE 6, DISPLACEHENT_G

HODE: & FREQ; 05610691

Displacenent - HAG HIN: 0,00E+00 HAK: 5,89E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

5891402
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15-Nov-05  19:05:28

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

hame.coune/idess idess3/stuSU /et _suspend. ned
RESULTS: 7- B.,C, 1,NORHAL_HODE 7, DISPLACEHENT 7

HoDE: 7 FREQ: 0,9530247

Displacenent - HAG HIN: 0.00E+00 HaK: 1,59+
DEFORHATION: 7- B,C. 1, NORHAL_HODE 7,DISPLACEHEN
HoDE: 7 FREq; 0,9530247

Displacenent - HAG HIN: 0,00E+00 HAK: 1,59E+02
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

1501402

1430402

1.273402

1.113402

9531001

7.343v01

6350401

4,773v01

L1envos

o+

0.003401
1

hame,coune/idess idess3/stuSU /et _suspend. ned
RESULTS: 7- B.,C, 1,NORHAL_HODE 7,DISFLACEHENT_7

HoDE: 7 FREQ: 0,9530247

Displacenent - HAG HIN: 0.00E+00 HAK: 1,59E+02
DEFORHATION: 7- B,C. 1 NORHAL_HODE 7,DISPLACEHENT_7
HoDE: 7 FREq; 0,9530247

Displacenent - HAG HIN: 0,00E+00 HAK: 1,59E+02
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

1501402
1430402
1.273402
1.113402
9531001
7.343v01
6350401
4770001
. 180+01

Z_one

0.00m401
2

hame.coune/idess idess3/stuSU /et _suspend. ned
RESULTS: 7- B.,C, 1,NORHAL_HODE 7,DISPLACEHENT_7

HoDE: 7 FREQ: 0,9530247

Displacenent - HAG HIN: 0.00E+00 HAK: 1,59E+07

DEFORHATION: 7- B,C. 1, NORHAL_HOTE 7,D13PLACEHEL

HoDE: 7 FREq; 0,9530247

Displacenent - HAG HIN: 0,00E+00 HAK: 1,59E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

hame,coune/idess idess3/stuSU /et _suspend. ned
RESULTS: 7- B.,C, 1,NORHAL_HODE 7,DISFLACEHENT_7

HoDE: 7 FREQ: 0,9530247

Displacenent - HAG HIN: 0.00E+00 HAK: 1,59E+02

DEFORHATION: 7- B,C. 1 NORHAL_HODE 7,DISPLACEHENT_7

HoDE: 7 FREq; 0,9530247

Displacenent - HAG HIN: 0,00E+00 HAK: 1,59E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

Display ©

hame,coune/idess /idess3/stuSU /et _suspend. ned
RESULTS: 8- B.,C. 1,NORHAL_HODE 8,DISPLACEHENT &

HODE: 5 FREQ: 05378558

Displacensnt - HAG HIN: 0.00E+00 HaK: 3,51E45
DEFORHATION: 5 B,C. 1, NORHAL HODE 8, D1SPLACEHEL
HoDE: 5 FREq; 0,9578558

Displacenent - HAG HIN: 0,00E+00 HAK: 3.51E+02
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

3513402

ERES

2813402

2460402

2113402

1760402

1403402

1.,083402

Loznros

A0+

0.003401
1

hame,/coune/idess /idess3/stuSUS /st _suspend. ned
RESULTS: 8- B,C. 1,NORHAL_HODE 8, DISFLACEHENT_S

HODE: 5 FREQ: 05378558

Displacenent - HAG HIN: 0.00E+00 HAK: 3,51E402

DEFORHATION: 8- B,C. 1, NORHAL_HODE 8, DISPLACEHENT_S

HoDE: 5 FREq; 0,9578558

Displacenent - HAG HIN: 0,00E+00 HAK: 3.51E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

3513402

ERES

2813402

2460402

2113402

1760402

1403402

1,540

021401

ATE

0.00m401
2

hame,coune/idess /idess3/stuSU /et _suspend. ned
RESULTS: 8- B.,C, 1,NORHAL_HODE 8,DISPLACEHENT_S

HODE: 5 FREQ: 05378558

Displacenent - HAG HIN: 0.00E+00 HAK: 3,51E+07

DEFORHATION: 5 B,C. 1, NORHAL HOTE 8, D1SPLACEHEL

HoDE: 5 FREq; 0,9578558

Displacenent - HAG HIN: 0,00E+00 HAK: 3.51E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

hame,/coune/idess /idess3/stuSUS /st _suspend. ned
RESULTS: 8- B,C. 1,NORHAL_HODE 8, DISFLACEHENT_S

HODE: 5 FREQ: 05378558

Displacenent - HAG HIN: 0.00E+00 HAK: 3,51E402

DEFORHATION: 8- B,C. 1, NORHAL_HODE 8, DISPLACEHENT_S

HoDE: 5 FREq; 0,9578558

Displacenent - HAG HIN: 0,00E+00 HAK: 3.51E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

3513402
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Task 1 Post Processing Model/Part Bin: Main

I-DEAS 9 :  Simulation

Model: Fem3 visualize Active Study: DEFAULT FE STUDY Parent Part: etm sus

hame.coune/idess /idess3/stuSU /et _suspend. ned
RESULTS: - B.,C, 1,NORHAL HODE 9, DISPLACEHENT

HODE: 5 FREQ:  1,034639

Displacenent - HAG HIN: 0.00E+00 HaK: 4,156+

BEECRTTIaNy - R, ORI O 5,13 LAcEE TEECRTRTIaN: - B, ORI TR 5. D13PLRGEHENT_3
Toney 5 o ke e Toney 5 o ke e
BiSEdasenent. - o HING 0-aoEeo0 e 4.15Ewc2 UALUE oeTION:ACTURL || Bispssenent - o HING 0-dogico e 4.15Ewc2 HLUE oeTION:ACTURL
Rk S R e Rk S R e
s.asmeo s.asmeo
2.7 - 2.7
2.zemo 2.zemo
2.51000 N 2,010
2.gomeo 2.gomeo
2.oaneo 2.oaneo
Loseneo Loseneo
s.zme0 s gm0
L i
- Ko
X
ouoeneo ouoeneo
i z

hame,/coune/idess /idess3/etuSU /et _suspend. ned
RESULTS: - B,C, 1,NORHAL _HODE 9,DISFLACEHENT_S

HODE: 5 FREQ:  1,034639
Diariasenent = WAp-HING 0:00Ew00 Hits 415002 M

hame,coune/idess idess3 /eSS /et _suspend. ned
RESULTS: - B.,C, 1,NORHAL _HODE 9,DISPLACEHENT_S

HODE: 5 FREQ:  1,034639

Displacenent - HAG HIN: 0.00E+00 HAK: 4,15E+07
DEFORHATION: 5~ B,C. 1, NORHAL _HOE 5, D13PLACEHES
HODE: 5 FRéQ; 1034635

Displacenent - HAG HIN: 0,00E+00 HAK: 415402
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

4150402

hame,/coune/idess /idess3/etuSU /et _suspend. ned
RESULTS: - B,C, 1,NORHAL _HODE 9,DISFLACEHENT_S

HODE: 5 FREQ:  1,034639

Displacenent - HAG HIN: 0.00E+00 HAK: 415402

DEFORHATION: 3~ B,C. 1,NORHAL _HODE 9,DISPLACEHENT_S

HODE: 5 FRéQ; 1034635

Displacenent - HAG HIN: 0,00E+00 HAK: 415402

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

4150402
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Task 1 Post Processing

Model: Fem3 visualize Active Study: DEFAULT FE STUDY
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Display

15-Nov-05  19:07:12

Units @ MM
" Hodel/Part Bin: Main
Parent Part: etm sus

hame,coune/idess.idess3 /eSS /et _suspend. ned
RESULTS: 10~ 5., 1,NORHAL_HOTE ‘10, DISPLACEHEN. 10

HoDE: 15 FrEQ: 1701843

Displacenent - HAG HIN: 0.00E+00 HaK: 2,50E+%
DEFORHATION: 10- 5.C, 4, NGRUEL_HODE 10, B1SPLACEHE
HODE: 10 FREQ 1701843

Displacenent - HAG HIN: 0,00E+00 HAK: 2,50E+02
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

2500402

2250402

2,000402

PR

1503402

1.,250402

1.,003402

7503401

Loonvos

on+

0.003401
1

ame,coune/idess idess3/stuSU /et _suspend. ned
RESULTS: 10- 5., 1,NORHAL_HOTE ‘10, DISPLACEHEN 10

HoDE: 15 FrEQ: 1701843

Displacenent - HAG HIN: 0.00E+00 HAK: 2,50E+02

DEFORHATION: 10- 5.C, 4, NGRUL_HODE 10, BISPLACEHEN_10

HODE: 10 FREQ 1701843

Displacenent - HAG HIN: 0,00E+00 HAK: 2,50E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

2500402

2250402

2,000402

PR

1503402

1.,250402

1.,003402

7, onvos

001401

onvos

0.00m401
2

hame,coune/idess.idess3 /eSS /et _suspend. ned
RESULTS: 10- 5., 1,NORHAL_HOTE ‘10, DISPLACEHEN_10
HoDE: 15 FrEQ: 1701843

Displacenent - HAG HIN: 0.00E+00 HAK: 2,50E+07
DEFORHATION: 10- 5.C, 4, NGRUL_HODE 10, BISPLACEHEN_10
HODE: 10 FREQ 1701843
Displacenent - HAG HIN: 0,00E+00 HAK: 2,50E+02
FRAHE OF REF: PART
L
<§\\‘

VALUE OPTION:ACTUAL

ame,coune/idess idess3/stuSU /et _suspend. ned
RESULTS: 10- 5., 1,NORHAL_HOTE ‘10, DISPLACEHEN 10

HoDE: 15 FrEQ: 1701843

Displacenent - HAG HIN: 0.00E+00 HAK: 2,50E+02

DEFORHATION: 10- 5.C, 4, NGRUL_HODE 10, BISPLACEHEN_10

HODE: 10 FREQ 1701843

Displacenent - HAG HIN: 0,00E+00 HAK: 2,50E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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Task 1 Post Processing

Model: Fem3 visualize Active Study: DEFAULT FE STUDY
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Display

15-Nov-05  19:07:39

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

hame,coune/idess idess3 /eSS /et _suspend. ned
RESULTS: 11- B,C, 1,NORNAL_MODE ‘11, DISPLACEHEN.

HoDE: 41 FrEQ: 173420

Displacenent - HAG HIN: 0.00E+00 HaK: 1,816+
DEFORHATION: 11- 5.C, 1, NGRHAL HODE 11, BISPLacet
HoDE: 11 FREQ: 178425

Displacenent - HAG HIN: 0,00E+00 HAK: 1,81E402
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

1813402

1630402

1,450402

1.273402

R

5.073v01

7.250401

5. 44001

Leanvos

A0+

0.003401
1

ame,coune/idess idess9 /eSS /et _suspend. ned
RESULTS: 11- 5., 1,NORAL_MODE ‘L1, DISPLACEHEN 11
——

HoDE: 41 FrEQ: 173420
Displacenent - HAG HIN: 0.00E+00 HAK: 181402
DEFORHATION: 11- 5.C, 1, NGRUL HODE 11, BISPLACEHEN 11
HoDE: 11 FREQ: 178425

Displacenent - HAG HIN: 0,00E+00 HAK: 1,81E402

FRAHE OF REF: PART

pig

VALUE OPTION:ACTUAL

1813402
1630402
1,450402
1.273402
R
5.073v01
7.250401
5, gavos
631401

oo

0.00m401
2

hame,coune/idess idess9 /eSS /st _suspend. ned
RESULTS: 11- 5., 1,NORNAL_MOTE ‘11, DISPLACEHEN 11

HoDE: 41 FrEQ: 173420

Displacenent - HAG HIN: 0.00E+00 HAK: 1,81E+07
DEFORHATION: 11- B.C, 4, NGRWEL_HODE 11, 315PLACEH
HoDE: 11 FREQ: 178425

Displacenent - HAG HIN: 0,00E+00 HAK: 1,81E402
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

ame,coune/idess idess9 /eSS /et _suspend. ned
RESULTS: 11- 5., 1,NORAL_MODE ‘L1, DISPLACEHEN 11

HoDE: 41 FrEQ: 173420

Displacenent - HAG HIN: 0.00E+00 HAK: 181402

DEFORHATION: 11- 5.C, 4, NGRUL HODE 11, BISPLACEHEN 11

HoDE: 11 FREQ: 178425

Displacenent - HAG HIN: 0,00E+00 HAK: 1,81E402

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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Task 1 Post Processing

Model: Fem3 visualize Active Study: DEFAULT FE STUDY
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Display

15-Nov-05  19:08:18

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

hamecoune/idess idess3 /eSS /st _suspend. ned
RESULTS 12- 5., 1,NORNAL_MOTE ‘12, DISPLACEHEN.12

HomE: 42 FrEQ: 1570267

Displacenent - HAG HIN: 0.00E+00 HaK: 2,234
DEFORHATION: 12- 5.C, 1, NGRHAL_HODE 12, B1SPLaCE}
HomE: 12 FRéQ: 1570267

Displacenent - HAG HIN: 0,00E+00 HAK: 2,23E402
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

2,230402

2,000402

1780402

1560402

1343402

1.113402

5. 31v01

6.6av01

Lasneos

a0+

0.003401
1

hame,coune/idess  idess3/etuSUS /et _suspend. ned
RESULTS: 12- 5., 1,NORAL_HOTE ‘12, DISPLACEHEN_12.

HomE: 42 FrEQ: 1570267

Displacenent - HAG HIN: 0.00E+00 HaK: 223402
DEFORHATION: 12- 5.C, 1, NGRUL_HODE 12, B1SPLACEHEN_12,
HomE: 12 FRéQ: 1570267

Displacenent - HAG HIN: 0,00E+00 HAK: 2,23E402
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

2,230402

2,000402

1780402

1560402

1343402

1.113402

5. 31v01

& ganvos

450401

eanvos

0.00m401
2

hamecoune/idess idess3 /eSS /st _suspend. ned
RESULTS: 12- 5., 1,NORAL_HOTE ‘12, DISPLACEHEN_12.

HomE: 42 FrEQ: 1570267

Displacenent - HAG HIN: 0.00E+00 HaK: 2,23E+07

DEFORHATION: 12- 5.C, 1, NGRHAL_HODE 12, B1SPLaCet

HomE: 12 FRéQ: 1570267

Displacenent - HAG HIN: 0,00E+00 HAK: 2,23E402

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

hame,coune/idess  idess3/etuSUS /et _suspend. ned
RESULTS: 12- 5., 1,NORAL_HOTE ‘12, DISPLACEHEN_12.

HomE: 42 FrEQ: 1570267

Displacenent - HAG HIN: 0.00E+00 HaK: 223402

DEFORHATION: 12- 5.C, 1, NGRUAL_WODE 12, BISPLACEHEN_12

HomE: 12 FRéQ: 1570267

Displacenent - HAG HIN: 0,00E+00 HAK: 2,23E402

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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Task 1 Post Processing

Model: Fem3 visualize Active Study: DEFAULT FE STUDY

© Simulation

Display

15-Nov-05  19:08:49

Units @ MM
" Hodel/Part Bin: Main
Parent Part: etm sus

hamecoune/idess idess3 /eSS /et _suspend. ned
RESULTS 13- 5., 1,NORNAL_MOTE ‘13, DISPLACEHEN.

HoDE: 43 FrEQ: 2,055038

Displacenent - HAG HIN: 0.00E+00 HaK: 1,33+
DEFORHATION: 13- 5.C, 4, NGRUL_HODE 13, B1SPLAC
HoDE: 13 FREQ: 2,058035

Displacenent - HAG HIN: 0,00E+00 HAK: 1,342
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

1330402

1.,200402

1.,063+02

9.300401

7.573v01

6.64pv01

5310401

3.380401

Lsenvos

-

0.003401
1

hame,coune/idess idess9/etuSUS /et _suspend. ned
RESULTS 13- 5., 1,NORAL_HOTE ‘13, DISPLACEHEN 13

HoDE: 43 FrEQ: 2,055038
Displacenent - HAG HIN: 0.00E+00 HaK: 1,3%E+02
DEFORHATION: 13- 5.C, 4, NGRUL_HODE 43, BISPLACEHEN_13
HoDE: 13 FREQ: 2,058035

Displacenent - HAG HIN: 0,00E+00 HAK: 1,33E402

FRAHE OF REF: PART

4v

VALUE OPTION:ACTUAL

1330402
1.,200402
1.,063+02
9.300401
7.573v01
6.64pv01
5310401
3, 50001

. 661+01

o

0.00m401
2

hamecoune/idess  idess3 /eSS /st _suspend. ned
RESULTS 13- 5., 1,NORAL_HOTE ‘13, DISPLACEHEN_13

HoDE: 43 FrEQ: 2,055038

Displacenent - HAG HIN: 0.00E+00 HaK: 1,3%E+07
DEFORHATION: 13- 5.C, 4, NGRUL_HODE 13, B1SPLAC
HoDE: 13 FREQ: 2,058035

Displacenent - HAG HIN: 0,00E+00 HAK: 1,33E402)
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

hame,coune/idess idess9/etuSUS /et _suspend. ned
RESULTS 13- 5., 1,NORAL_HOTE ‘13, DISPLACEHEN 13

HoDE: 43 FrEQ: 2,055038

Displacenent - HAG HIN: 0.00E+00 HaK: 1,3%E+02

DEFORHATION: 13- 5.C, 4, NGRUL_HODE 43, BISPLACEHEN_13

HoDE: 13 FREQ: 2,058035

Displacenent - HAG HIN: 0,00E+00 HAK: 1,33E402

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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15-Nov-05  19:09:28

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

hame,coune/idess idess3 /eSS /et _suspend. ned
RESULTS: 14- 5., 1,NORYAL_HOTE ‘13, DISPLACEHEN. 14

HoDE: 13 FrEQ: 2.143967

Displacenent - HAG HIN: 0.00E+00 HaK: 3,91E+5
DEFORHATION: 14~ 5.C, 1, NGRHL_HODE 14, BISPLacel
HODE: 14 FREQ 2143967

Displacenent - HAG HIN: 0,00E+00 HAK: 8,91E+01
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

5. 31v01

502401

7.130001

6. 243001

5350401

4460001

3.573v01

2,673v01

Lenvos

A0+

0.003401
1

amecoune/idess. idess9 /eSS /et _suspend. ned
RESULTS: 14- 5., 1,NORHAL_HOTE ‘14, DISPLACEHEN 14

HoDE: 13 FrEQ: 2.143967

Displacenent - HAG HIN: 0,00E+00 HAK: 3,91E+01

DEFORHATION: 14~ 5.C, 1, NGRUL_HODE 14, BISPLACEHEN 14

HODE: 14 FREQ 2143967

Displacenent - HAG HIN: 0,00E+00 HAK: 8,91E+01
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

5. 31v01

502401

7.130001

6. 243001

5350401

4460001

3.573v01

2570001

781401

ATE

0.00m401
2

hame,coune/idess idess3/stuSU /et _suspend. ned
RESULTS: 14- 5., 1,NORHAL_HOTE ‘13, DISPLACEHEN_14.

HoDE: 13 FrEQ: 2.143967

Displacenent - HAG HIN: 0,00E+00 HaK: 3,91E+0T
DEFORHATION: 14- 5.C, 4, NGRUEL_HOTE 14, B15PLACE
HODE: 14 FREQ 2143967

Displacenent - HAG HIN: 0,00E+00 HAK: 8,91E+01
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

amecoune/idess. idess9 /eSS /et _suspend. ned
RESULTS: 14- 5., 1,NORHAL_HOTE ‘14, DISPLACEHEN 14

HoDE: 13 FrEQ: 2.143967

Displacenent - HAG HIN: 0,00E+00 HAK: 3,91E+01

DEFORHATION: 14~ 5.C, 1, NGRUL_HODE 14, BISPLACEHEN 14

HODE: 14 FREQ 2143967

Displacenent - HAG HIN: 0,00E+00 HAK: 8,91E+01

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

Displays a lft side view of your part or assembly
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15-Nov-05  19:09:57

Units @ MM
" Hodel/Part Bin: Main
Parent Part: etm sus

hame,coune/idess. idess9 /eSS /et _suspend. ned
RESULTS: 15- 5., 1,NORAL_HOTE ‘15, DISPLACEHEN.15

HoDE: 45 FrEd: 2,263676

Displacenent - HAG HIN: 0.00E+00 Hax: 2,576+

DEFORHATION: 15~ 5.C, 1, NGRHL_HODE 15, BISPLaCE}

HoDE: 15 FREQ: 2,26367

Displacenent - HAG HIN: 0,00E+00 HAK: 2,57E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

2,573402

2,313402

2,060402

1803402

1543402

1.,290402

1,030402

7.713v01

Lavos

0+

0.003401
1

ame,coune/idess.idess9/etuSUS /et _suspend. ned
RESULTS: 15- 5., 1,NORAL_HOTE ‘15, DISPLACEHEN 15

HoDE: 45 FrEd: 2,263676

Displacenent - HAG HIN: 0.00E+00 HaK: 2,57E+02
DEFORHATION: 15~ 5.C, 4, NGRUEL_HODE 15, BISPLACEHEN_1
HoDE: 15 FREQ: 2,26367

Displacenent - HAG HIN: 0,00E+00 HAK: 2,57E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

2,573402

2,313402

2,060402

1803402

1543402

1.,290402

1,030402

7710001

141401

Yervos

0.00m401
2

hame,coune/idess. idess9 /eSS /et _suspend. ned
RESULTS: 15- 5., 1,NORAL_HOTE ‘15, DISPLACEHEN_15

HoDE: 45 FrEd: 2,263676

Displacenent - HAG HIN: 0.00E+00 HaK: 2,57E+07

DEFORHATION: 15~ 5.C, 4 NGRWEL_HOTE 15, D15PLACENEN ]

HoDE: 15 FREQ: 2,26367

Displacenent - HAG HIN: 0,00E+00 HAK: 2,57E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

ame,coune/idess.idess9/etuSUS /et _suspend. ned
RESULTS: 15- 5., 1,NORAL_HOTE ‘15, DISPLACEHEN 15

HoDE: 45 FrEd: 2,263676

Displacenent - HAG HIN: 0.00E+00 HaK: 2,57E+02

DEFORHATION: 15~ 5.C, 1, NGRUEL_HODE 15, BISPLACEHEN_15

HoDE: 15 FREQ: 2,26367

Displacenent - HAG HIN: 0,00E+00 HAK: 2,57E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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15-Nov-05  19:10:27

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

hame,coune/idess idess3 /eSS /etn_suspend. ned
RESULTS: 16- 5., 1,NORAL_MOTE ‘16, DISPLACEHEN. 16

HoDE: 46 FrEQ: 2.715474

Displacenent - HAG HIN: 0.00E+00 HaK: 1,176+
DEFORHATION: 16~ 5.C, 1, NGRHL_HODE 15, BISPLacel
HODE: 15 FREQ 2715474

Displacenent - HAG HIN: 0,00E+00 HAK: 1,17E+02
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

1173402

1.,083402

9.320001

ERE

6301401

553401

4660401

3500401

Lanvos

70+

0.003401
1

ame,coune/idess.idess9/stuSU /st _suspend. ned
RESULTS: 16- 5., 1,NORAL_HOTE ‘16, DISPLACEHEN 16

HoDE: 46 FrEQ: 2.715474

Displacenent - HAG HIN: 0.00E+00 HAK: 117402
DEFORHATION: 16~ 5.C, 1, NGRUAL_HODE 15, BISPLACEHEN. 16
HODE: 15 FREQ 2715474

Displacenent - HAG HIN: 0,00E+00 HAK: 1,17E+02

FRAHE OF REF: PART

-~

VALUE OPTION:ACTUAL

1173402
1.,083402
9.320001
ERE
6301401
553401
4660401
3,onvos

330401

o

0.00m401
2

hame,coune/idess idess3 /eSS /etn_suspend. ned
RESULTS: 16- 5., 1,NORAL_MOTE ‘16, DISPLACEHEN_16

HoDE: 46 FrEQ: 2.715474

Displacenent - HAG HIN: 0.00E+00 HAK: 1,17E+07
DEFORHATION: 16~ 5.C, 1, NGRHL_HODE 15, BISPLaCEt
HODE: 15 FREQ 2715474

Displacenent - HAG HIN: 0,00E+00 HAK: 1,17E+02
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

ame,coune/idess.idess9/stuSU /st _suspend. ned
RESULTS: 16- 5., 1,NORAL_HOTE ‘16, DISPLACEHEN 16

HoDE: 46 FrEQ: 2.715474

Displacenent - HAG HIN: 0.00E+00 HAK: 117402

DEFORHATION: 16~ 5.C, 1, NGRUAL_HODE 15, BISPLACEHEN. 16

HODE: 15 FREQ 2715474

Displacenent - HAG HIN: 0,00E+00 HAK: 1,17E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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15-Nov-05  19:10:59

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

hame,coune/idess idess3 /eSS /et _suspend. ned
RESULTS 17- 5., 1,NORYAL_HOTE ‘17, DISPLACEHEN.17

HoDE: 47 FrEQ: 2.sadgez

Displacenent - HAG HIN: 0.00E+00 HaK: 1,70E+%
DEFORHATION: 17- 5.C, 1, NGRHL_HODE 17, BISPLacel
HoDE: 17 FREQ 254484

Displacenent - HAG HIN: 0.00E+00 HAK: 1,75E+02
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

PR

1573402

1403402

1.,223402

1.,083402

8. 743001

6301401

5240001

Lsonvos

o

0.003401
1

hame,coune/idess idess9/etuSU /et _suspend. ned
RESULTS 17~ 5.0, 1,NORYAL_HOTE ‘17, DISPLACEHEN 17

HoDE: 47 FrEQ: 2.sadgez

Displacenent - HAG HIN: 0.00E+00 HAX: 1,75Ev02 =

DEFORHATION: 17- 5.C, 4, NGRUL_HODE 17, BISPLACEHEN_17

HoDE: 17 FREQ 254484

Displacenent - HAG HIN: 0.00E+00 HAK: 1,75E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

PR
1573402
1403402
1.,223402
1.,083402
8. 743001
6301401
5, 24mv01

. 50+01

oo

0.00m401
2

hame,coune/idess idess3 /eSS /et _suspend. ned
RESULTS 17~ 5., 1,NORYAL_HOTE ‘17, DISPLACEHEN 17

HoDE: 47 FrEQ: 2.sadgez

Displacenent - HAG HIN: 0.00E+00 HaK: 1,75E+07

DEFORHATION: 17- 5.C, 1, NGRHAL_HODE 17, BISPLaCet

HoDE: 17 FREQ 254484

Displacenent - HAG HIN: 0.00E+00 HAK: 1,75E+02

FRAHE OF REF: PART

e

N7

VALUE OPTION:ACTUAL

hame,coune/idess idess9/etuSU /et _suspend. ned
RESULTS 17~ 5.0, 1,NORYAL_HOTE ‘17, DISPLACEHEN 17

HoDE: 47 FrEQ: 2.sadgez

Displacenent - HAG HIN: 0.00E+00 HAK: 1,78E+02

DEFORHATION: 17- 5.C, 4, NGRUL_HODE 17, BISPLACEHEN_17

HoDE: 17 FREQ 254484

Displacenent - HAG HIN: 0.00E+00 HAK: 1,75E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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15-Nov-05  19:11:27

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

hame,coune/idess. idess9/stuSU /st _suspend. ned
RESULTS: 13- B.C, 1,NORYAL_HOTE ‘13, DISPLACEHEN. 15

HoDE: 45 FrEQ: 3086142

Displacenent - HAG HIN: 0.00E+00 HaK: 1,626+
DEFORHATION: 18- 5.C, 1, NGRHAL_HODE 13, BISPLaCel
HomE: 15 FREQ 3086143

Displacenent - HAG HIN: 0,00E+00 HAK: 1,62E402
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

1,620402

1.460402

1,300402

1140002

ERE

ERE

6503401

4,873v01

Lzsnvo

20+

0.003401
1

ame,coune/idess idess9 /eSS /et _suspend. ned
RESULTS: 13- B.C, 1,NORYAL_HOTE ‘15, DISPLACEHEN_15

HoDE: 45 FrEQ: 3086142

Displacenent - HAG HIN: 0.00E+00 HAK: 1,62E+02
DEFORHATION: 18- 5.C, 1, NGRUAL_HODE 13, BISPLACEHEN_15
HomE: 15 FREQ 3086143

Displacenent - HAG HIN: 0,00E+00 HAK: 1,62E402

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

1,620402
1.460402
1,300402
1140002
ERE
ERE
6503401
4570001
. 250+01

Vo

0.00m401
2

hame,coune/idess. idess9/stuSU /st _suspend. ned
RESULTS: 13- 5., 1,NORYAL_HOTE ‘13, DISPLACEHEN_15.

HoDE: 45 FrEQ: 3086142

Displacenent - HAG HIN: 0.00E+00 HaK: 1,62E+07

DEFORHATION: 18- 5.C, 1, NGRHAL_HODE 13, BISPLaCEl

HomE: 15 FREQ 3086143

Displacenent - HAG HIN: 0,00E+00 HAK: 1,62E402

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

ame,coune/idess idess9 /eSS /et _suspend. ned
RESULTS: 13- B.C, 1,NORYAL_HOTE ‘15, DISPLACEHEN_15

HoDE: 45 FrEQ: 3086142

Displacenent - HAG HIN: 0.00E+00 HAK: 1,62E+02

DEFORHATION: 18- 5.C, 1, NGRUAL_HODE 13, BISPLACEHEN_15

HomE: 15 FREQ 3086143

Displacenent - HAG HIN: 0,00E+00 HAK: 1,62E402

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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15-Nov-05  19:11:56

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

amecoune/idess. idess9/etuSU /et _suspend. ned
RESULTS: 19- B,C, 1,NORYAL_HOTE ‘19, DISPLACEHEN13

HoDE: 15 FrEQ: 3224083

Displacenent - HAG HIN: 0.00E+00 Hak: 3,87E+5
DEFORHATION: 19- 5.C, 4, NGRWEL_HODE 19, 315PLACEH
HoDE: 19 FREQ: 3224083

Displacenent - HAG HIN: 0,00E+00 HAK: 5,87E+01
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

5873401

7.391v01

7.103v01

6213001

5320001

4443001

3551401

266401

Lo7vos

0+

0.003401
1

ame,coune/idess. idess3/etuSU /et _suspend. ned
RESULTS: 19- 5., 1,NORYAL_HOTE ‘19, DISPLACEHEN 15

HoDE: 15 FrEQ: 3224083

Displacenent - HAG HIN: 0.00E+00 HaX: 5,87Ev01  ———

DEFORHATION: 19- 5.C, 4, NGRUL_HODE 13, BISPLACEHEN_19

HoDE: 19 FREQ: 3224083

Displacenent - HAG HIN: 0,00E+00 HAK: 5,87E+01

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

5873401

7.391v01

7.103v01

6213001

5320001

4443001

3551401

2, genvos

L771+01

AT

0.00m401
2

amecoune/idess. idess9/etuSU /et _suspend. ned
RESULTS: 19- B,C, 1,NORYAL_HOTE ‘19, DISPLACEHEN 15

HoDE: 15 FrEQ: 3224083

Displacenent - HAG HIN: 0.00E+00 HaK: 3,87E+or
DEFORHATION: 19~ 5.C, 1, NGRHL_HODE 19, BISPLacEl
HoDE: 19 FREQ: 3224083

Displacenent - HAG HIN: 0,00E+00 HAK: 5,87E+01
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

ame,coune/idess. idess3/etuSU /et _suspend. ned
RESULTS: 19- 5., 1,NORYAL_HOTE ‘19, DISPLACEHEN 15

HoDE: 15 FrEQ: 3224083

Displacenent - HAG HIN: 0.00E+00 HaK: 8,87E+01

DEFORHATION: 19- 5.C, 4, NGRUL_HODE 13, BISPLACEHEN_19

HoDE: 19 FREQ: 3224083

Displacenent - HAG HIN: 0,00E+00 HAK: 5,87E+01

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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15-Nov-05  19:12:23

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

hame,coune/idess idess9 /eSS /st _suspend. ned
RESULTS: 20~ B,C, 1,NORYAL_HOTE ‘20, DISPLACEHEN. 20

HoDE: 20 FrEd: 3305478 =y
Displacenent - HAG HIN: 0.00E+00 HaK: 1,43E+5
DEFORHATION: 20- 5.C, 4, NGRUL_HODE 20, B1SPLACEHEL
HomE: 20 FREQ 3305475

Displacenent - HAG HIN: 0,00E+00 HAK: 1,43E+02
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

1,480402

1330402

1180402

1,030402

556401

7.300401

5313401

4430001

Loanros

e+

0.003401
1

ame,coune/idess idess9 /eSS /et _suspend. ned
RESULTS: 20~ B,C, 1,NORYAL_HOTE ‘20, DISPLACEHEN_20

HoDE: 20 FrEd: 3305478

Displacenent - HAG HIN: 0.00E+00 HAK: 1,48E+02

DEFORHATION: 20- 5.C, 4, NGRUAL_HODE 20, BISPLACEHEN 20

HomE: 20 FREQ 3305475

Displacenent - HAG HIN: 0,00E+00 HAK: 1,43E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

1,480402
1330402
1180402
1,030402
556401
7.300401
5313401
4 gamv0s

. 50+01

Z_lene

0.00m401
2

hame,coune/idess idess9 /eSS /st _suspend. ned
RESULTS: 20- B,C, 1,NORYAL_HOTE ‘20, DISPLACEHEN_20

HoDE: 20 FrEd: 3305478

Displacenent - HAG HIN: 0.00E+00 HaK: 1,48E+07

DEFORHATION: 20- 5.C, 4, NGRUAL_HODE 20, BISPLACEHEN 20

HomE: 20 FREQ 3305475

Displacenent - HAG HIN: 0,00E+00 HAK: 1,43E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

ame,coune/idess idess9 /eSS /et _suspend. ned
RESULTS: 20~ B,C, 1,NORYAL_HOTE ‘20, DISPLACEHEN_20

HoDE: 20 FrEd: 3305478

Displacenent - HAG HIN: 0.00E+00 HAK: 1,48E+02

DEFORHATION: 20- 5.C, 4, NGRUAL_HODE 20, BISPLACEHEN 20

HomE: 20 FREQ 3305475

Displacenent - HAG HIN: 0,00E+00 HAK: 1,43E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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15-Nov-05  19:12:57

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

homs/oounerideSNgeaso/stusus ety
RESULTS: 21- B.C, 1,NORYAL_HOTE 21, DISPLACENEN.:

HomE: 21 FrEd: 3612000

Displacenent - HAG HIN: 0.00E+00 Hax: 1,356+
DEFORHATION: 21~ 5.C, 4, NGRUAL_HODE 21, 31SPLACEHEL
HoDE: 21 FREQ: 3612090

Displacenent - HAG HIN: 0.00E+00 HAK: 1,35E+02
FRAHE OF REF: PART

n_suspend,n1

VALUE OPTION:ACTUAL

1,350402

1210402

1.,080402

9.420001

508401

&.730401

5. 381401

4043001

Leonvos

s+

0.003401
1

ame,coune/idess.ides stuSU /stn_suspend. ned
RESULTS: 21- 5., 1,NORYAL_HODE ‘21, DISPLACEHEN_21

HomE: 21 FrEd: 3612000
Displacenent - HAG HIN: 0.00E+00 HaK: 1,3%E+02
DEFORHATION: 21~ 5.C, 4, NGRUAL_HODE 21, BISPLACEHEN 21
HoDE: 21 FREQ: 3612090

Displacenent - HAG HIN: 0.00E+00 HAK: 1,35E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL

1,350402
1210402
1.,080402
9.420001
508401
&.730401
5. 381401
4 pamvos

. 691+01

oo

0.00m401
2

home/oouneside
RESULTS: 21- B.C, 1,NORYAL_HOTE ‘21, DISPLACENEN_:
HomE: 21 FrEd: 3612000

Displacenent - HAG HIN: 0.00E+00 HAX 1,35E40
DEFORHATION: 21~ 5.C, 4, NGRUAL_HODE 21, B1SPLACEHEL
HoDE: 21 FREQ: 3612090

Displacenent - HAG HIN: 0.00E+00 HAK: 1,35E+02
FRAHE OF REF: PART

n_suspend,n1

VALUE OPTION:ACTUAL

ame,coune/idess idess9/etuSUS /etn_suspend. ned
RESULTS: 21- 5., 1,NORYAL_HODE ‘21, DISPLACEHEN_21

HomE: 21 FrEd: 3612000

Displacenent - HAG HIN: 0.00E+00 HaK: 1,3%E+02

DEFORHATION: 21~ 5.C, 4, NGRUAL_HODE 21, BISPLACEHEN 21

HoDE: 21 FREQ: 3612090

Displacenent - HAG HIN: 0.00E+00 HAK: 1,35E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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15-Nov-05  19:13:30

Units @ MM
Model/Part Bin: Main
Parent Part: etm sus

hame,coune/idess idess9/etuSU /et _suspend. ned
RESULTS: 22- 5., 1,NORHAL_HOTE ‘22, DISPLACEHEN. 22

HomE: 22 FrEQ: 4.577742

Displacenent - HAG HIN: 0.00E+00 Hak: 2,53+
DEFORHATION: 22- 5.C, 1, NGRHL_HODE 22, BISPLaCEl
HomE: 22 FREQ} 457774

Displacenent - HAG HIN: 0,00E+00 HAK: 2,53E+02
FRAHE OF REF: PART

I

VALUE OPTION:ACTUAL

2530402

2280402

2,030402

1,773402

1.52040:

1.273402

1,013402

7.60mv01

Loenros

o

0.003401
1

hame,coune/idess /idess3/stuSUS /et _suspend. ned

RESULTS: 22- 5.0, 1,NORHAL_HOTE ‘22, DISPLACEHEN_22
HomE: 22 FrEQ: 4.577742
Displacenent - HAG HIN: 0.00E+00 HaK: 2,53E402

DEFORHATION: 22- 5.C, 1, NGRUAL_WODE 22, BISPLACEHEN 22
HomE: 22 FREQ} 457774

Displacenent - HAG HIN: 0,00E+00 HAK: 2,53E+02

FRAHE OF REF: PART

L
»
-

VALUE OPTION:ACTUAL

2530402

2280402

2,030402

1,773402

1.52040:

1.273402

1,013402

7, gonvos

061401

anvos

0.00m401
2

hame,coune/idess idess9/etuSUS /stn_suspend. ned
RESULTS: 22- 5., 1,NORHAL_HOTE ‘22, DISPLACEHEN_22

HomE: 22 FrEQ: 4.577742
Displacenent - HAG HIN: 0.00E+00 HAK: 2.53E40
DEFORHATION: 22- 5.C, 4, NGRUAL_WODE 22, BISPLACEHEHTEE
HomE: 22 FREQ} 457774

Displacenent - HAG HIN: 0,00E+00 HAK: 2,53E+02
FRAHE OF REF: PART

VALUE OPTION:ACTUAL

hame,coune/idess /idess3/etuSUS /et _suspend. ned
RESULTS: 22- 5.0, 1,NORHAL_HOTE ‘22, DISPLACEHEN_22

HomE: 22 FrEQ: 4.577742

Displacenent - HAG HIN: 0.00E+00 HaK: 2,53E402

DEFORHATION: 22- 5.C, 1, NGRUAL_WODE 22, BISPLACEHEN 22

HomE: 22 FREQ} 457774

Displacenent - HAG HIN: 0,00E+00 HAK: 2,53E+02

FRAHE OF REF: PART

VALUE OPTION:ACTUAL
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Mode shape movies are given in the following figures (just double click to launch viewer).
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Include a Table of mass 6dof participation factors here
4 Script and Parameter Generated Geometry
The key parameters used were consistent with the values reported in the mode identification report
 for the quadruple controls prototype. These parameters and the terminology used in the script are consistent with the pendulum naming conventions
.
Using the Ansys macro script in Appendix A, the suspension model shown in the following figure was created. 
[image: image70.png]1
ELEMENTS

ETM QUAD SUSPENSION

ANSYS

JUN 26 2006
16:23:30





When pre-loaded and then the eigenvalue analysis is preformed, some of the modes seem reasonable, such as the one in the following figure (although in-plane blade spring compliance seems higher than actual).
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However some of the modes, such as the one in the following figure, have high bending modes in the blades at low frequencies, which is not realistic. Either there is a model error or the eigensolver is having difficulties.
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5 Appendix: Ansys Macro to generate Quadruple Pendulum Suspension
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