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« Revolute

« Cylindrical
« Spherical

« Translational
« Slot

« Planar

« Universal

« General
« Bushing
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@Annotation Preferences
1 Annatations
Release  B2MBady Interaction %Body-ﬁround V|%Body-Body - BodyViews {2 Syne

% Fired
fﬁ\ Revalute
fé\ Cylindrical
fﬁ\ Translational
@ Slot

fé\ Universal
fﬁ\ Spherical
.ﬁ\ Planar
fﬁ\ General

Details of "Radial Gap - o

Translation X Free
Translation ¥ Free
Translation Z Fixed
Rotations Free All
: [=I| Reference
Scoping Method | Geometry Selection
Applied By Remote Attachment
Scope 1 Face

Body
i Coordinate System | Reference Coordinate System

[l Mobile
Scoping Method | Geometry Selection L
Applied By Remote Attachment 3
Scope 1 Face
Stop
Inner Diameter 28002 m
Outer Diameter | 24e002m
Height 13e002m
stitution 1 / |
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Joints—Body Views

BzREL joint
. "Body Views”
- BB EzalEl

« “Sync Views”
- BORE

NAn
iy

~Ground ~ %,Body—ﬂ vvl.aodywews {5 Sync views | r’jconﬂgure B set F,%Revert | B

D L e e e e D R
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»-} Create Automatic Conta
"} Create Automatlc Jomts

Details of "Connections"

[=]| Auto Detection

Generate Contact On Update | Yes
Tolerance Type Slider
Tolerance Slider 0.
Tolerance Yalue 0.5517 mm
Face/Face Yes
Face/Edge Mo [\ Geometry AVVikaheat APrint Preview AReport Preview /.
Edge/Edge Mo - ) - ) '
Priority Include all
Femafado Cususice ki
Revolute Joints Yes
Fixed Joints Yes

_ EW
Enabled [Yes
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Joint Features—Reference Coordinate Systems
- SEYIFRR:

=48 Connections
: E] <<<<< J’J\ Revnlite - Gronnd Ta Tonl ink

. E Ejjﬁzaljo| ntﬁj\ﬁ‘lt. L >~ Reference Coordinate System
- AJLUFIEX

[=| Definition
Type Cartesian
[=]| Origin
Define By Geometry Selection
Geometry Click to Change
Origin ¥ 0. mm
Origin ¥ 300, mm
Origin 2 1. mm
[=l| Principal Axis
Axis zZ
Define By Geometry Selection
Geometry Click to Change
[=)| Orientation About Principal Axis
Axis |y
Default
[=)| Directional ¥Yectors
* Axis Data [ 1.0 0.]
Y Axis Data | FEls s a1 |
Z Axis Data [0, 0 1. ]
[=| Transformations
Base Configuration Absolute
Transformed Configuration |[ 0. 300. 1. ]
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Joint Features—Stops ke Yl :

[=| Definition

Connection Type | Body-Ground

Tvpe Revolute

.+ Stopsai LockiRBIEABINIEINRIRILERLE. i e

Tarsional Damping [0, Memes

- 31X U*ESU z)J StopsfREISFHFRTIPERE | e

Coordinate System |Reference Coordinate Syskem
o Scoping Method Geometry Selection
SECSTOP Scope 1 Face
° Body
S Ec Loc K Initial Position Unchanged
[=]| Stops
Mone ¥
Rz Max Tyvpe
Skop
Lock
Behavior Rigid
Pinball Region All
- Mobile
Scoping Method Geometry Selection
Scope 1 Face

o Pt

Initial Position Unchanged

Behavior Rigid
Pinball Region Ll
- Stops
¥ Min Type Stop
¥ Min -65. mm
¥ Max Type -Stop
L iax 65, mm

Restitution 0.5
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Joint Features—DOF Checker (Background)

« FESLURERE , IR | BERERTIEAER.
* Question : {RBIIFR , A ASZTRIDARIITR?

Revolute joint
F,=1.51 N
M,=6.05 x 102 N-m

Revolute joint
F,.=0O N
M,=0 N-m
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Joint Features—Redundancy Analysis

- Answer : {RBFEILR , ERACLRSHT  EelisthEIRE.

Data View

‘ ﬁé’g%ﬁ*ﬁ@fﬁg%i’g% g Redundancy Analysis =/ B §% '@

\\\\\\\

Number of free degrees of freedom: 1

Name

| Type ~fScgpe

i frient | ¥ Displacement | Z Displacement | an—l'ﬂ'ﬁtaﬁmﬂ\ﬁotation z

Revolute - Solid To Selid Revolute Body-B Redundant Redundant Redundant Redundant | Redundant | Fr
Revolute - Solid To Solid Revolute Body-Body  Fixe } i i i Free
Fixed - Ground To Selid  Fixed

Fixed - Ground To 5olid  Fixed

Body-Ground  Fived Fined Fied Fined Fixed Fined
Body-Ground  Fied Fined Fied Fined Fixed Fined

Redundancy Analysis '.j e '

Erevolute joint/g

joint

spherical joint #1 slot \<

Number of free degrees of freedom: 1

Mame !"3,::

Spherical joint
Fx=0.76 N
My =0Nm

\

neral - Solid To Solid | General

Fixed - Ground To Soli e

Fixed - Ground To Solid | Fixed

Spherical - Solid To Solid Spherical Body-Body  Fixe

\ SIOt jOint
_ Fx =0.76 N

!.SLQK[X Displacement |Y Displacement |Z Displacement | Rotation X | Rotation ¥ | Rotation Z |
Fixed Fixed Free Free Free
Body-Body Fied Free Free Free Free
Body-Ground | Fixed Fied Fixed Fied Fixed Fived
Body-Ground | Fixed Fied Fixed Fixed Fixed Fixed

My =0 Nm
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Joint Features—DOF Checker

1Ay Worksheet RJLAE7R  “Joint DOF Checker.”

- MNRLBBEHEEVNTL, A6

Mralysis of model redundancies:

M Translation constraint ecquation was
Y Translation constraint ecuation was
Z Translation constraint equation was
M Rotation constraint equation was at
Y Rotation constraint equation was at

at time redundant
at time redundant
at time redundant
time redundant
time redundant

Joint DOF Checker

4 Bodies x 6 DOF = +24

Free DOF
Warning:

roRRiiones

- oiE-DOF

CaTul

=

1 Translational jointx 5 DOF = -5
=-1 DOF

This model is possibly over
constrained. Consider modifying joint

Joint Revolute - Part 4 To Part 3 shows some constraint redundancies
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Joint Features—Redundancy Analysis
- BHTILIRONT , KBRS

M A : 2 revolutes - Mechanical [ANSYS Dynamics]

File Edit Yiew Units Tools Help @ | isove - 2/validate (Beta) @
TAFLARRE @5 ¢ Qa
' show Vertices  fagwireframe | BlEdge Coloring ~ A~ A~ A~ A~ 4 Redundancy Analysis _-}’ rd," " |
Connections Connection Group ‘I,,\Contact -

Mame [Type [Scope [ Displacement [ Displacement. [Z Displacement. [ Rotation % [ Rotation ¥ | Rotation 2|
Project Fixed - Ground To Left Bearing Fized Body-Ground | Fixed Fixed Fized Fized Fized Fixed
= Model {A4) Fixed - Ground To Rioht Bearing | Fixed Body-Ground | Fixed Fixed Fized Fixed Fixed Fixed
- M Geometry Revolute - Left Bearing To Shaft Revolute Body-Body  Fixed Fixed Fized Fized Fized Free
£y 2 Conrdinate Systems / Rewvolute - Right Bearing To Shaft | Revolute Bodw-Body  Redundant Redundant Redundant Redundant  Redundant | Free

>
‘(@ Mesh
= Trans Disable Transparency

N
Vit " I# Search Connections for Duplicate Pairs

n
= £ db Rename

¥ alb Rename Based on Definition

v
‘(Q{ Joint: Probe 2

s Geor
Data Wi
Redur

Details of "Connections” it

=I| Auto Detection

Generate Automatic Connection On Refresh | Yes
-/ Transparency

Enabled Yes
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Joint Features—Configuration Tool

- BEGCTERINGHMNE.

- BiY "Configure” B
THIENE.

Geometry
Coordinate Systems

Connections ‘
+ 4EEiEconfigue , SRS |5 oo
ZEEREE]  HIEEE B Dmaic
AAE= w2 Analysis Settings
AR ~@ Joint - Rotation
,é Solution

- /4] Solution Information
- M Total Deformation
o M Total elocit

ke - Ground To Solid”

ype |Body-Ground
Revolute
No

od Geometry Selection
¢sstem | Reference Coordinate Sy...
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Joint Features—Configuration Tool

- EERBEINEEEREAR
feRBEIREIBIMIE.

. %L_ “Set” HREXIIANL

« EJ “Revert” AREEH
RE.

]_ I §5Configure
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Joint Features—Assemble Tool

- KECMES TEATFEPIEEE IERRIG N KA.

CAD parts => Define Connections => Assemble

i —— R A TRRER &S +QQamans Rn s 0

ke
8 Project Faved -No Selection To No Seection | Connections ¥, Contact ~ ", Spot Weld  3-EBody Interaction | “%Body-Ground ~ B,Body-Body ~ [{]Body Views (5} Syncviews | §coiou il Brfassemble
ER) T8 210 Biesente:

Model
= ety
Bbsst
B Fenddmtist
Bmi
%~ /k Conednde Stens
=R Cavestirs
5 /9 Fied-Goad ToBass!
/o Referen ConedngteSstem
% 9 Fied-WoSebtion ol Seecion
M

detas of Fieed - Mo Seetion To o Sleton” i

= Defindtion
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JEh

A BaIEE FEER

A EN A EEAIZEEY (bonded, no separation, frictionless, frictional).

RIERARREE RS

PSS AN KL

A E N Eft R EBEEIREE F(pure elastic = 1, pure plastic = 0)

Project

- g Model (B4)
ﬁ Geometry
,,,.k Coordinate Systems
B, Connections

£

£ /@ Contacts

-~ [-,W, Frictionless - Sold To Sold
/8. Frictionless - Sold To Sold
M-, W, Frictionless - Sold To Sold
/@ Joits

-, # Longitudinal - Ground To Soid

F- A Mesh

0015

0030

0.045

0,060 (m)

0000 0040 0080 (m)

0020 0.060

Details of "Frictionless - Solid To Selid” B
=/ Scope

Scoping Method | Geometry Selection

Contact 5 Faces

Target 1 Face

Contact Bodies

Target Bodies
=/ Definition

Type ‘Fnc‘mon\ess
=/ Advanced

Pinball Region | Program Controlled
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« DRFHREBETAIEN T , RISHERE
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rekails of *Jaink - Moment"

=l Scope
Jaint Rewvolute - Ground To Drive ‘ Tabular Data # : )
=l Definition Timme [5] |[v Moment [h:mm]
DoOF Rotation £ 50, - — — 111 0. 0.
Tvpe roment Geometry LPrin 2|1 10, 35,
Tabular Data v 20 312 20, 43,
Suppressed | Mo f\ Import... 413 30, 45,
| Expart... 0 ] 5[4 40, 47,
10 20 30, 40 S0 6|5 50, 50,
Dekails of "Joint - Mament" B #*
=|Scope (Time) s H
Joink Revolute - Ground To Drive 3
[=| Definition
DoF Ratation £
Type Moment
=5i|-l |:t|mE *ID:I 3 F 2N T IR AN Mt W F N LI I VI V¥ 2 S p T L B VI VY P
5

Lock at Load Step Fleer =
Uppresse o

- Steps |Time [5] | v Moment [F:mm]
[=/| Function 111 0. 0.
it Systernm Metric (m, ka, M, s, ¥, &) 5 (1 10. 100,
Angular Measure Degrees 3|2 20, ' S0,
| Graph Controls 2

Mumber OF Segments | 200,
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« DIEIXSEPRECRET . o, +50,=0
- /NERL0ME , KiEES0M A

Outline. R Worksheet

V-3 e 8l Constraint Equation

8-/ Fixed - Ground To Stator

-9 Revolute -StatorToRol | 0= 1(1/°) * Revolute - Stator To Rotor(Omega Z) + 5 (1/°) *

By 3\ Fixed - Rotor To Motor € Revolute - Ground To Secondary Shaft(Omega z)

@y ;\ Revolute - Ground To Se — - - -
./ Revolute - Ground To Cz I Coeffmentl Unlts[ Joint ] DOF Selectlonl

/ ;\ General - Cam Shaft Tol 1 1 Revolute - Stator To Rotor Omega Z

B 3\ General - Ground To Car 5 1/*  Revolute - Ground To Secondary Shaft ~ OmegaZ
g 3\ Fixed - Valve ToPlonger || | ¢ 1 g '

(@ General - Ground To Cyl

-, & Longitudinal - Ground To Sold

;@ Mesh

/% Named Selections

[/ ®] Transient (A5)

i ,,/,}‘ Analysis Settings

M8, Constraint Equation

. 8, Constraint Equation 2

el MM
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=P e

JAnimation - I | | l o arl | ¢  20Frames ~ 2 Sec{Auto) - | Ig
[ ocormation > EoRig I ©: Octormaion
W . @, Directional RS €, Position
Probe @ Total Veloci %, User Defined Result :
", Total Velocity Q\ Velocity
\Qn User Defined Result 0\, Directional Velocity B Commands Q\ Angular Velocity
B Commands :a Total Acceleration %\ A caleration
T %, Directional Acceleration €, Angular Acceleration
€@, Energy
R ()
JQ\ Joint Probe :
/& Joint Probe 2 - &, Joint
Details of “Joint Probe” 2 i %\ Sp"ng
=/ Definition |
Type Joint Probe \
Boundary Condition | Joint 2 ' S ==
| Orientation Method | Joint Reference System sis ~+ —Zsove ~ | T@ md ) ~
Onentatlon |Reference Coordinate System -— T~ S —_—
Si d N : = S =
et 0‘::;::“ =2 ‘ (= _,@ Rigid Dynamic
Re p Relative Rotation ‘/‘9\. Ar!al'?'ﬂs Settings
|Resuit Selection Total Force W ,/ Joint - Moment
Display Tme __|COnstaint Force Solution
+I| Results Constraint Moment | P e /%] Solution Information
| - Elastnc Moment =i
Maximum Value Ove{astic Molent. ‘,Q Total DeFormatlon
|LIZ Ads Relatrve Rotation
[=/| Minimum Value Over|Relative Angular Velocity
= ZAGs R‘e‘les;rv.e Angular Acceleration |
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Stepl : SALE

‘H| Project
= @] Model (B4)
»»»»» /B Geometry
-y Coordinate Systems

PTC Creo*'
CoCreate Modeling b

Inwvantar
Invernwol

x 2
NX SIEMENS '

Solid Edge|
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Step2 : EXEHENEIFIEA

EFH%EEIIE

- "Jhsa«w. v Qvaisiity « @Sunmm -

| Project
=~ @] Model 1 - Rigid

@ & Geometry

@ /2 Coordinate Systems

=
@ Cy :
& Re 3/ Create Automatic Contact

LN

: fe b Rename Based on Definition

73 Revolute - FixedSupport Ta mount
'@ Fixed - Ground To FixedSupport

@@@n@@@@@@@m@@@@

- & Mesh
= [®) Rigid Dynamic
V7N Analysis Settings
/7@ Joint - Rotation
/@ Joint - Rotation
/@ Joink - Rotation
@' Joint - Rotation Name e X Displacement | ¥ Z RotationX_| RotationY_ | Rota
@ Joint - Displacement Cylindrical - Case2 To Piston2 Cylindrical Body-Body  Fixed Redundant g Free Redundant  Fixed Free
a »/{g Solution Revolute - Case2 To arm2 Revolute Body-Body  Fixed Fixed Fixed Fixed Fixed Free
/2] Solution Information Cyindrical - Case3ToPiston3  Cylindrical Body-Body  Fixed Redundant  Free Redundant  Fixed Free
/€D Total Deformation Revolute - Case3 To arm3 Revolute Body-Body  Fixed |Fixed Fixed Fixed Fixed Free
,Qg Joint Probe > | |Revolute - Piston2 To arm3 Revolute  Body-Body  Fixed Fixed Fixed Fixed Fixed Free
e T e e Revolute - Piston3 To Bucket Revolute  Body-Body  Fixed Fixed Fixed |Fixed Fixed |Free
i Revolute - Bucket To arm3 Revolute Body-Body  Fixed |Fixed Fixed |Fixed Fixed Free
(=) Auto Detection Cylindrical - Casel To Piston1 Cylindrical ‘Body-Body  Fixed Redundant Free Redundant  Fixed \Free
[Generate Cortact On Update [Yes o e e Es £ S

| “,m —| —— ™

[0 NoMessages o Selection Metric (mm, kg N5 mV, ma) Degrees RPN
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Step3 : MEFHEHFHBR , HITHIMEE
R = \==\ D= N —, EJ -/ ~,3|_.
oA EE BiEEcaE A2zt
&8 Connections
: E] " i ?{.’?"\ Joint - Moment -
2 '/;f Joint i Scope
o ? . ) Joint Joint1
#- @ Revolfte - SYS\Solid To SYS\Soli = [pefnition
2 DOF Rotation Z
Type Moment
Suppressed Mo
v Constant
i Tabular (Time)
- /L Analysis & as —|| Step Controls Eunction
- S, Standgrd gaE"l Gravity Humber OF Steps !
J@ Constrhint Eadation Current Step Mumber 1
P Y& '_OISL_ uﬂ‘ Step End Time 1.5
= J{@ Transient (B5) ! Git Auka Time Stepping an St e
./‘/'\“ Analysis Settings Iritial Time Skep 1.e-002 5 o ﬁ{q&y Q E
H Standard Earth Gravi Minirurn Tirme Step 1.e-007 5
‘/0“ g ) ty Madimumn Tirme Step 5.8-002 5 ° ‘)J tA = /J \
P Constraint Equation - Solver Controls ?‘ a. Bx/JM
4. AP : : =] =
Tire Inkegration Type Funge-kutta 4 H_i Hjl Ejg,
IIse Stabilization Off
Ise Position Correction Yes A\ *%J
IIse Velocity Correction Yes * EHIJ H:II?I I
Dropoff Tolerance 1.e-006

—| Monlinear Controls

Relative Assembly Talerance | On

Yalue 0.01%
Energy Accuracy Tolerance  |On
Yalue 0.01%
=/ Dutput Controls
Calculate Resulks At &ll Time Paints

- Analysis Data Management
Solver Files Directary E:\MBD\workshop_filesid. ..
Scrakch Solver Files Directary

[&] Jaint - Moment (Moment) | Display
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Step4

fRALiE

: /& JontProbe b Geometry (Frint Preview ) Report Preven/
i "/, Jont Probe 2 — — =
L ) chart Graph 2 Tabulas Data
| Animation | @ ||l 1| 10 Frames v 2Sec(fute) - | T B e =
o s
Detalls of “Joint Probe” v
= Definition A 5 5 |
Trpe Joint Probe 5.}
Baundary Condition | Joint 2 50, 7152
| Srientation Methad | SiekRESTENtE SN ENS = ]
Qrigntation Reference Coordinate System = 9 |
Suppressed No 75 10
=i Optians 1 |
Relative Rotation = 400, %
Result Selection i':mltN::F g i
e —— g1 ofce .l
|L) Bispiny Tune Total Moment 17 ; ; ; 15
S|Rolts _____| Constraint Moment Se2 01 015 0.2 05 03 035 04 [ig)
) I Maximum Value Ol oping Moment I8l 17
Z Aas 18
. Bl = Minimum Value Oves Relative Angular Velocrty L 1 I e
Timeli s Relstive Angular i . ) il
= Tatarmation i ji] S Mecages (Graph| 20
J-Mimatiorj_. "-I | | L lm.:l 1% 203 Frames ¥ 2 Sec {Auto)
.3.4717

229.54

HEEREREE —

|1

1 37 Z

[ 11

68.862 S — —
= - Retrieve This Result

0. g ! —

0. Select all
[ 1 | 2 |
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 HUSRPREAN TR R R R st

1TEF DM

Fe Edk View Unts Took Hep || @ @ fsobe - MA @8] - (Grworkeheet
AT LEREE &5 +AQ @A e s |0
' Show Vertices gQwireframe | Wl Edge Coloring + £~ A~ A~ A+ A~ IFl I=IThicken Annotations
Solution @ Deformation - B strain - @ stress - BLenergy - | ¥yprobe - [@lTooks - | @y User Defined Resub | B, Coordinate Systems -+ (B
Gutine L3
& Praject
= (&) Model (B4)
Geometry
. Coordinate Systems
A8 Cornections
A2 Mesh
) Named Selections
Transient (B5)
gL\ Analysis Settings

':;:' Show All Bodies

I Bl puplicate
- B2 Copy

¥ cut

< Juint - Rotational ¥

S Teirk - Frrcs

~

[l

30,00 (rrin) )‘\ H
L —

15.00

{j Clean
L Delete

- b Rename

Geometry £Print Preview )Report Preview,

Graph

2 Tabular Data q

F
[

. Messages. Graph

JFress Fi for Help

[ [0 No Messages o Selection

[Metric tmm, ko, N, 5, mV, ma) Degrees |

535.74
428.86
32198
215.09
108.21
1.3332 Min

10.00
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W 7% Rigid Dynamics
2 @ EngineeringData v/ ‘i
3 @) Geometry v .
4 @ Model v .
5 @ Setup v .
6 i Solution v il
7 0 Results W oy
—> 8 |(pd Parameters ‘
Model, Transient

I (pd Parameter Set

®  Direct Optimization
2 @ Optimization
Direct Optimization

¥ .l
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& Q) Transient (As)
7N Analysis Settings
@i Standard Earth Gravity
—x@ Jont - Velodity
. :éxm-vdoaty
=-/@) Solution (A6)

Iotal £

I -8 Equivalent Stress

Method G y Selection
All Bodies

Equivalent (von-Mises) Stress
Time

Display Time Last
Calculate Time History Yes
Identifier
Suppressed No
Integration Point Results
Disptay Option Averaged
Average Across Bodies No
Results

10}

v
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