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DMU Kinematics: Key tools for DMU
Kinematics

Simulation: Make Simulation with
commands

Kinematics Joints: Create Joints
between components

Kinematics Update: Restore or Update
positions of components

DMU Generic Animation: Record or
Export Simulation into other format

Machining Simulation
Ergonomics Design & Analysis
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CATIA V5R16 Digital Mockup X
DMU Kinematics Eimulatury

General Process JouT T PEGRELSOT COMMAND prkecr wasmruuATin
Revolute @ 1 Rotation Angle YES / Left-mouse button
Prismatic @ 1 Translation Length YES / Left-mouse button
Open an Assembly Document
@ Length + Angle Length: Left-mouse Angle:
Delete all Constraints & Create Joints manually button e
1 Rotation AMD/OR Middle-Mouse
_Or_ @ Cylindrical ‘gﬁ 1 Translation button
. . . angle or Length YES /
Convert Constraints into Mechanism Left-mouse
@ button
Browse the Mechanism with Commands spherical € 3 Rotations - No
2 Translations
@ GELETS @ 1 Rotation - hO
Create a Simulation Rigid - - No
@ Roll Curve % 1TR:'EE‘|BSTLID1:?DI“| Length MO
I 1 I . 2 Rotations
Analyze the results and modify the design if slide curve A 2 Rotations _ No
necessary Point Curve —;_Q 3 ?:atg;ilg?i?:n Length MO
Point Surface &l 2 Translations MO
3 Rotations -
Uldoint %8} 1 Rotation _ NO
Gear joint @ 1 Rotation Ang(l;lcﬂrgiir;?lez YES / Left-mouse button
Rack Joint 1 Rotation or Lengthl or Angle2 YES / Left- hutt
ackJoin 2= 1 Translation {exclusive) eTt-mouse hutton
Cable Joint ﬁ 1 Translation LELI‘;EglaZDI’ YES / Left-mouse button
Screw Joint | 1 $$ati;iluar;ionr: An?;ij;gl‘iiz)gth ¥ES / Left-mouse button
cvloint &3 _ _ NO
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CATIA V5R16 Digital Mockup X
DMU Kinematics Eimulatury

Exercise 2 Top

/ Upper
Arm (x2)

Mid

E‘ﬂase 1)

bl Upperarm (Upperarm, 1)
Lowwerarm {Lowerarm. 1)
mld]nlnt (rnidjoint, 17
rnidnuat {rnidrak, 1
screw (screw, 1)

TDp (Top. 1)

Lowwerarm {Lowerarm.2)

Téii%

Upperarm {Upperarm.z)

E:E"

" ¥ Constrainks

I_!'

.ﬁ.ppllcatu:uns

Scissor Jack
- Create Kinematic Joints .

- Simulate the mechanism with
command

- Study the mechanism behavior
(Displacement and Speed)

(1) File/Open/
Scissorjack_a.CATProduct

A-13
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CATIA V5R16 Digital Mockup X
DMU Kinematics Eimulatury

Exercise 2

(2) Change workbench to DMU kinematics:-  JEEM=- et vew et Tods fnshee  window ek

. .nFrastructure b
. If the current workbench is not “DMU B ;ﬂ:chanica' Design {
H H ” 14 . 2Nape
kinematics”, select “Start/Digital Mockup/ Analysi & Sstion >
= = ” AEC Plant »
DMU kinematics” on the top menu to change. Mathiring b
. . y Bigital Mockup % avigator
(otherwise, it needn’t change) T A8 o avigat
Digital Process for Manufacturing rE
Machining Simulation L4

(3) Delete all Constraints:-

. Right-Click on “Constraints” on the product
tree and then select “Delete”
. (We are going to create kinematic joints

manually. Once a joint is created between two
parts, the corresponding constraints will be
made automatically between them. To prevent
redundancy, we need to delete all the
constraints, which were made on the
“Assembly Design” workbench, before creating
joints.)

\;,

—Applications

A- 14
Version 1b- Mar07 Written By Dickson Sham



CATIA V5R16 Digital Mockup

Exercise 2

(4) Fix “Base” in place:-

. Select “Fixed Part” icon

. Click “New Mechanism” icon on the pop-up
window

. Click ok to accept the default name

. Select “Base” (by clicking “Base” on tree or
clicking on the geometry directly)

. (A Fix Constraint is created automatically, and at

the same time, a fixed part is defined in
Mechanism.1)

(5) Create a Revolute joint between Right
Lower Arm and Base:-
. Select “Revolute Joint” icon

. Click Axis of LowerArm and then Axis of Base (Put

the mouse cursor onto the cylindrical surface to

get its axis)
. Click Face of LowerArm and then Face of Base
. Click ok to complete

A- 15
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DMU Kinematics

J & df

P
DMU Kinematics Eimulatury

;ﬁUpperarm (Upperarm,2) v
Conskrainks
ol Fic, 24 (Base. 1)
"‘.ﬁipplicatiuns
ﬁviechanisms
== Mechanism. 1, DOF=0
‘Jainks

ommands

ix Part { Base.1)
aws
peeds-Accelerations

DMU Kinemakics |

L
Joint Creation: Revolute ] 2=l

Mechanism: IMechanism.l

j Mew Mechanism I

Joink narne: Fevolute 1

Current selection:

Line 1: [Lowerarm. 1/Salid. 1 | Line 2! [Base. 1/Solid. 1

Plane 1: [Lowerarm. 1/Solid.1 Plane 2i |Base. 1{Solid. 1

@ null Offset ) OFfset = Fnset E

Plane 3: |- Plane 4: |-

) Centered

[ sngle driven

@ Cancel I
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P
DMU Kinematics Eimulatury

Exercise 2

(6) Create a Revolute joint between Left Lower
Arm and Base:-

. Select “Revolute Joint” icon

. Click Axis of LowerArm and then Axis of Base

. Click Face of LowerArm and then Face of Base :
. Click ok to complete o R =l |

\ Joink name: ngnlutg,z
Current selection:
Line 1: [Lowerarm,2/Solid.1 - Line 2: [Base, 1/Solid, 1

Plane 1: [Lowerarm, 2{Solid. 1 Plane 2: [Bass, 1/50lid 1 @ hull OFfset ) Offset = ' nset E

Plane 3: |- Planz 4: |- (@ Crliziss

[ Angle driven

5 @ oK l ‘Cancell

(7) Create a Revolute joint between Right
Lower Arm and Right Upper Arm:-

. Select “Revolute Joint” icon
. Click Axis of LowerArm and then Axis of UpperArm
. Click Face of LowerArm and then Face of
UpperArm
. Click ok to complete s

Mechanism: IMechanism. 1 j Mew Mechanism I

Joink narne: Fev0|ute.3

Current selection:
Ling 1t Lowerarm.1jSclid.1 | Ling 2t [Upperarm. 1/Salid. 1

Plane 1 [Lowerarm.1/Sclid.1 Plane 2i [Upperarm.1/Solid.1 @ pull offset O Offset = ' nsek E

Plane 3: |- Plane 4: |- .

[ angle driven

A- 16 _— 2 ok | 8 conel|
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CATIA V5R16 Digital Mockup X
DMU Kinematics Eimulatury

Exercise 2

(8) Create a Revolute joint between Left Lower
Arm and Left Upper Arm:-

. Select “Revolute Joint” icon

. Click Axis of LowerArm and then Axis of UpperArm

. Click Face of LowerArm and then Face of ; = —
UpperArm e T E—

. Click ok to complete it o S ot e a8 et O e =

(9) Create a Revolute joint between Right
Upper Arm and Top:-

. Select “Revolute Joint” icon

. Click Axis of UpperArm and then Axis of Top

. Click Face of UpperArm and then Face of Top

. Click ok to complete 20
Mechanisr: IMechanism.l | New Mechanism |

Joink name: Fevolute.E

Current selection:
Line 1: [Upperarm. 1/5olid.1 | Line 2: [Top, 1/50lid. 1

Plane 1: [Upperarm. 1/5olid.1 Plane 2t [Top, 1jSalid. 1 @l offset O Offset = pnset E

Plane 3: [- Plane 4: |- ) Certered

[ angle driven

A- 17 _— @ oK I ‘Cancell
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CATIA V5R16 Digital Mockup X
DMU Kinematics Eimulatury

Exercise 2

(10) Create a Revolute joint between Left
Upper Arm and Top:-

. Select “Revolute Joint” icon

. Click Axis of UpperArm and then Axis of Top

. Click Face of UpperArm and then Face of Top

. Click ok to complete

Joint Creation: Revolute : e |

{ Mechanism: IMechanism.l j Mew Mechanism |

Joint narne: Fevolute.ﬁ

Current selection:

Line 1: [Upperarm.2/5alid.1 - Line 2: [Top.1/5ald. 1

Flane 1: [Upperarm.2/5olid. 1 Plane 2: {Top, 1/3olid. 1 @ null offset O Offsst = [Jrset =]

Plane 3: |- Plane 4: |- ) Centered

[] angle driven

(11) Create a Revolute joint between Left
Upper Arm and Mid-Nut:-

. Select “Revolute Joint” icon

. Click Axis of UpperArm and then Axis of MidNut

. Click Face of UpperArm and then Face of MidNut

. Click ok to complete Mcharits [iecharism. 1 = New Mechanis f

Jaink name: Fevolute.?

Joint Creation: Revolute A

Current selection:
Line 1! |Upperarm.2/Solid, 1 | Ling 2 {midnut, 1;50lid. 1

Plane 1: [pperarm.2fSolid.1 Plane 2: [midnot.1/Solid.1 @ wull Offset ) Offset = |JHSB'£—E

Flane 3: |- Plane #: [- ) Centered

[ angle driven

A' 18 @ Ok ] ‘Cancel]
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CATIA V5R16 Digital Mockup X
DMU Kinematics Eimulatury

Exercise 2

(12) Create a Revolute joint between Right
Upper Arm and Mid-Joint:-

. Select “Revolute Joint” icon

. Click Axis of UpperArm and then Axis of Midjoint

. Click Face of UpperArm and then Face of MidJoint . —

. Click ok to complete Mecharis o 5 e Mecharia |

Joint name: Fevolute-ﬁ

Current selection:

Line 1: [Upperarm. 1/5olid.1 | Ling Z: [midjoint. 1/5olid. 1

Plane L: [pperarm. 15olid. 1 Plane 2: [midjint, 1/Solid. 1 @ moll offset O Offset = [nset E

Flane 3: |- Plane 4 |- ) Centered

[ angle driven

@ oK I éCanceII

(13) Create a Revolute joint between Mid-Joint
and Screw:-

Select this

. Drag the Screw out of the hole by Compass / planar face

. Show xy-plane, yz-plane & zx plane of Mid-Joint

. Select “Revolute Joint” icon

. Click Axis of Mid-Joint and then Axis of Screw - -
. Click zx Plane of Mid-Joint and then Face of Screw s =l et echair 1
. Enter 10mm as Offset F.d“d b T

. Click ok to complete Pl T e i

. Hide xy-plane, yz-plane & zx plane A-19 = o —
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CATIA V5R16 Digital Mockup X
DMU Kinematics Eimulatury

Exercise 2

(14) Create a Screw joint between Mid-Nut and

Kinematics Joinks

Screw:-
. Drag the Screw out of the hole by Compass again

so that we can see the screw hole
. Select “Screw Joint” icon
. Click Axis of MidNut and then Axis of Screw Joint Creation:Screw 21 x|
. Select “angle driven” option TfL”hml = e ecoren |
. Enter 1 as Pitch Line 1:[rmidnut. 1f50lid. 1 = SEIEEtiDE:nez: screw. 1/5aid. 1
. Click ok to complete et f"g'd R

@ Ck I 2 cancel |

(15) Create a Gear joint between Right Lower
Arm and Left Lower Arm:-

. Select “Gear Joint” icon
. Select Revolute.1 and then Revolute.2 .
Mechanism; IMechanism.l j It Mechanism |
. Select Opposite as Rotation Directions Joint name: fzar 11
Current selection
° CI |Ck Ok ‘to Complete Revolute Joink 1; IRevolute.l %I Revaolute Joink 2: IRevqute.Z %I
R.atin: l_l— Define ... IRDtatinn directions ) 5 ame 'Opposme
[] angle driven for revolute 1 [] angle driven for revolute 2
[ @ ok | & caneal |

A- 20
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CATIA V5R16 Digital Mockup X
DMU Kinematics Eimulatury

Exercise 2

(16) Create a Gear joint between Right Upper
Arm and Left Upper Arm:-

. Select “Gear Joint” icon
. Select Revolute.5 and then Revolute.6 21x]
. . . . Mecharism! |mechanism. 1 j Mew Mechanism |
. Select Opposite as Rotation Directions prea Lwlm
H urrent selection

L4 ClICk Ok to Complete Revolute Jaoint 1: IW Cre(;te... tI Revﬁulute Jaink 2: IW Create, .., I
Rakio: |_1 Defing ... IRDtatiDn directions ™) spe @ Opp05|te
[ angle driven Far revaolute 1 [] angle driven for revalute 2

(Finally, a window pops up, saying that the mechanism sl B

can be simulated) .
x|

Revolute.6 Revolute.5

L
W1 ) The mechanism can be simulated

Revolute.9

Gear.1

Revolute.7
Revolute.8
Revolute.4

Revolute.1 Revolute.3

Revolute.2
Version 1b- Mar07 Written By Dickson Sham



CATIA V5R16 Digital Mockup X
DMU Kinematics Eimulatury

Exercise 2

(1 7) Hlde a" Constraints:' @Upperarm IELIpperarm.E;.l
. Right-Click on “Constraints” on the product tree rpﬁ e
and then select “Hide/Show” Stechanis __Beframe On

,’."a." M =2y Hide)'Show
Properties  Alk+Enter
E Cpen Sub-Tree
b, Cut Chrl+%

(18) Simulate the Mechanism:-

. Select “Simulation with Commands” icon Pl iz
. Click “...” button next to Command.1
. Enter -30000 as Lowest Value
. Enter 30000 as Highest Value Hiecharism: [iechanism. 1
. Click ok to confirm T e . ORI [
|:| Activake sensors |:| Plok weckars '
Resat I .ﬁ.nalzsis... I
. Select “Immediate” Simulation :Tm'mtdt N
. Put the mouse cursor onto the screw (double- SIENETNETEEE]
arrow appears) rurnber of steps:m
. Press and Hold the Right Button to rotate the '
screw (The whole mechanism moves) -
A- 22
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CATIA V5R16 Digital Mockup

(19) Get the Smallest Height of Scissor Jack:-
Select “Activate Sensors” option (another menu

Exercise 2

pops-up)

Select the third button “Stop when Clash”i\z
Select “On Request” Simulation

Select 40 as Number of steps

Adjust Command.1 to -30000 (lowest value)

Click “Play” icon D

(The mechanism moves until the clash occurs;
When Command.1 is ~21000, it stops)

Select “Close” on both menus

(20) Reset Command.1 to Zero:-

Double-Click Command.1 on tree
Click “Reset to Zero” button
Click ok to complete

(Now when Command.1=0 deg, the scissor jack is

the shortest)

A- 23
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Mechanism, lﬁ;Jnintsﬁ;Gear. 1 1'|,F;.ng|:3 1
Mechanism. 1 JoinksiGear, 11Angle 2 O Immediate @ On request

P
DMU Kinematics Eimulatury

tMechanism: IMechanism.l j
<0000 | 30000 (5149,6895 E_‘
& Activate sensors CI Pl vectars
Analysis, ., I < <] Aes I
Sirnulation

i sl - IR RLILTRCTE]

| Deselect Al Hurnber of steps:|4g vl
— Display Cptions |
@ o
Close
—Detect Clashes ———————Che [ _l
@ automatic ) Interferences | off 21 on ) Stop |
a @ I@ —Oukputs
—I —I %\7 Graphics ... ] Optinns] File ... I
N
Close I
.

It is now fully contracted

ﬂFpIications

"T\fiechanisms

-"LF’ Mechanism. 1, DOF=0
ch'ints
mmands

&> Command. 1 (Serew 10, Angle)

ix Part { Base.1)
s
peeds-Accelerations

Command Edition: Command.1 (Angle 2=l

Command nare: kgmmand,l
Col b=

Reset ko Zero I

Import. .. l Display. . ] Edit, .. l Link... ] nlink...

@ oK l 'ﬁCanceIl
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CATIA V5R16 Digital Mockup

and Time:-

P
DMU Kinematics Eimulatury

Exercise 2

(21) Define the relation between Command.1

. Click “Formula” icon
. Click Mechanism.1 on tree - t"ﬂ
. (Two related parameters are sorted out: Pl On Mecharin.

“Mechanism.1\KINTime” & Bl r

“MeChan ISm . 1 \CommandS\COmmand . 1 \Angle”) Daouble click on a parameter to edit it

. Select

“Mechanism.1\Commands\Command.1\Angle”

. Click “Add Formula” button

Parameter | Yalue | Formula | Active |
Mechanism. L\KIMTime 0s

Mechanism. 1\ CommandsiCommand, 114ngle = (Mechanism, LIKINTime [1s... yes

Edit name or value of the current parameter

i Enter (MeChanism.1 \KINTime /1 S)*360*2deg "ﬂechanism.l'l,Commands'l,Command.1'|,.0.ngle Pdeg

. Click ok
. Click ok again

. (The formula is now stored under Mechanism.1) s

Version 1b- Mar07

Mew Parameter of type l'\-'-:lurne j with ISingIe Yalue j Add Formula I

Delete Parameter I Delete Formula I

@ Ok I lG.ﬁ«pplwl ﬂCanceII

i".ﬁPpIicatinns

l“l‘*le::hanisms

r"?’ Mechanism, 1, DOF=0
-Tfjlcuints

f’Cnmmands
f“Fix Part { Base. 1)

NS
E fraFormula. 1; Mechanism, l'yCommandsyCommand, Liangle={Mechanism, 11KINTime J1s)*360%2deg
peeds-Accelerations

Written By Dickson Sham



CATIA V5R16 Digital Mockup X
DMU Kinematics Eimulatury

Exercise 2

(22) Define a Sensor:-
. Click “Speed and Acceleration” icon
. Select Base as Reference Product

. Select any endpoint *of the Top
face as Point Selection

* Select"™Main axis”
i (Remark “Maln AXlS” |S the aX|S Mechanism: Mechanism. 1 j

system of the Product, which is also L g, Rz ]
the axis system of Base (1

DMU Kinemakics

Point selection: Solid. 1

 Main axis (2} Other axis: I

component)) —
. Click ok to complete ——
(23) Run the Simulation with DMU Kinematics

Formula:- i
. Click “Simulation with Laws” icon

A- 25
Version 1b- Mar07 Written By Dickson Sham



CATIA V5R16 Digital Mockup

(23) Con’t:-

(The mechanism moves, but stops at ~130s when

Select “Activate Sensors”

Exercise 2

Select “Speed-Acceleration.1\z_vertex” and
“Speed-Acceleration.1\z_LinearSpeed”

Click “Stop when Clash” button s

Click “...” button <~

Enter 200s as Maximum time bound

Click ok

Click [> button

clash is detected)

Version 1b- Mar07

P
DMU Kinematics Eimulatury

Kinematics Simu 21 x|
Mechanism : IMechanism. 1 j

Start Ojf—————— 10/ |p.000 E

M4/ I[MPrM

& Ackivate sensars |:| Plok weckars

analysis, .,

sensors 2x close

Selection | Instantaneous Values I Hiskary I

SEnsar | Linit | Ohserved |;|
Mechanism, 11Joints\Gear, 104angle 1 Degree Mo
Mechanism, 1} Joints\Gear, 101Angle 2 Deqgree Mo
" Speed-Acceleration, 1% _Vertex” Millimeter Mo
“speed-Acceleration, 14 _Vertex” Millimeter ]
" Speed-fcceleration, 112_Vertex” Millimeter Yes
" Speed-nmcceleration, 1% _LinearSpeed” Meter per second Mo
“apeed-Acceleration, 1Y _Linearspeed” Meter per second ]
" Speed-ncceleration, 112_Linearspeed” Meter per second ¥es
" Speed-Acceleration. 1iLinearSpeed” Meter per second Mo
“apeed-Acceleration, 1ix_Linear Acceleration” Meter per sguare .., Mo ;I
o PP [ NP PP PP L ALY T PP NP PR T PR L LY
Deselect All I Select all '
—Display Options
@ Al O Limited [B Lines
—Detect Clashes —iZheck Limits
@ aotomatic (O Interferences [@ OFf 2 on (2 Skop
a @ @. —Cutputs
—I —I SR Graphics ... | Gptions | File ... I

M~

Close I
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CATIA V5R16 Digital Mockup X
DMU Kinematics Eimulatury

Exercise 2

(24) Study Results:_ (Milimet cceleration, 117 _vertex "
. Click “Graphics...” button
. We get two curves on the graph:

Yellow — Displacement of the
Green — Speed of the Top Face

Displacement

. Smallest Height = 95mm
. Largest Height = 326mm
. Range = (326-95) = 231mm
. Total Time (from Full contraction to Full

Extension) = 133sec (assuming the angular
speed of the screw is 2 rev/sec)

(25) Restore original positions:-
. Click “Reset Positions” button

A- 27
Version 1b- Mar07 Written By Dickson Sham





