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= In the previous example, we showed a
simple solution to manipulate an
Ergonomic Manikin using CATIA DMU
Kinematics.

= In that example the angle of the feet do
not follow the angle of the pedals.

= In this example we will optimize the

pedals to maintain contact with the feet.
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= Previous example:
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ngtart ENOWIAYS File  Edit  View Insert Tool  Analyze  Window  Help
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&, ] anikin Assy Test

# Manikin {Maniking)
;ﬁ‘ Manikin Test Kinematic Product (Product 1)
Applications

-||

(165 |

The angle of the feet do not follow the angle of
the pedals during rotation.

Double click the picture to “"Play Movie”

72X - [3]x]

nim IManikin_Crank_02.avi
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Command 1,1 -360 —— J—— 390000 §|_J

[ Activate sensors [Pl vertors
Reset Analysis... <<less
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= The rotation angle of the pedals is set to a
1:1 ratio of the crank rotation within the
kinematic set.

= While the Manikin may be “attached” to the
pedals, it is driven by the kinematic set and
therefore not editable inside the Kinematic
function.

= The main problem to solve in this example
IS to get the pedals to follow the feet.
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= Step 5: Create a Product for a “stick figure”
kinematic mechanism.

-4 Pedals Optimized
- ﬁa Fixed (Fixed)
) ﬁ’& Crank Rotation (Crank Rotation)
%ﬁ LH Pedal Sim (LH Pedal Sim)
) *3" RH Pedal Sim (RH Pedal Sim)
% | oft Foot Sim (Left Foot Sim.1)
ght Foot Sim (Right Foot Sim.1)
H Pedal (LH Pedal.1)
H Pedal (RH Pedal.1)

anikin (Manikin9)
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s There will be four Parts to build the
kinematic mechanism:
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Fixed

Crank Rotation

LH Pedal Simulator
RH Pedal Simulator
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s Other Parts within the Product will be:

= Manikin (Ergonomic Design & Analysis)
= Left Foot Simulator

= Right Foot Simulator

= LH Pedal (3D Part)

= RH Pedal (3D Part)

= Laws
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&

s he kinematic mechanism will start with the

Fixed Part and two Gear Joints between the
Fixed, Crank Rotation, and Pedal Sim Parts.

~3-t M Fixed (Fixed)
fl"ﬁﬁﬁ Crank Rotation (Crank Rotation)
Pedal Sim (LH Pedal Sim)
NRH Pedal Sim (RH Pedal Sim}
ft Foot Sim (Left Foot Sim.1;
ght Foot Sim (Right Foot Sim 1)
Pedal (LH Pedal.1)
Pedal (RH Pedal.1)
anikin {(Manikin9)

Applications

s

Measure
Mechanisms
T pedal OPT, DOF=0
Joints
E}' Gear .2 (Fixed RH Pedal Sim,Crank Rotation)
%" Gear.3 (RH Pedal S5im,LH Pedal 5im,Crank Rotation)
ands
L
e
Fix Part { Fixed )
Laws
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&

= The LH & RH Pedal Sim Parts consist of a
centerline for the pedal pivot and a point.

= They will be used to “attach” the Manikin to the
kinematic mechanism as in the previous example.

on and orlentation (Phantom)
(Right Metatarsus, RH Pedal >
P ImmmreN A center point on top of

fuct (Prochct 1) each Pedal Part was used
as the Contact Constraint
to the foot.
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= Step 6: Load the Manikin from the previous

example.

M pedals Optimized

ﬁ,;ﬁ Fixed (Fixed)

ﬂa Crank Rotation {Crank Rotation)

3 | H Pedal Sim (LH Pedal Sim)

ﬁgﬁ RH Pedal Sim (RH Pedal Sim)

# Manikin {Manikin9)
eft Foot Sim (Left Foot Sim.1)
ight Foot Sim (Right Foot Sim.1)
H Pedal (LH Pedal.1)
H Pedal (RH Pedal.1)

Measure
J5"Mechanisms
=-"% pedal OPT, DOF=0
Joints

ear.2 (Fixed RH Pedal Sim,Crank Rotation)
% Gear.3 (RH Pedal Sim LH Pedal Sim,Crank Rotation)
Commands
L Command.1 (Gear.2,Angle 1)
5+Fix Part ( Fixed )
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= Ensure the DOF values for the Feet, Legs,
& Thighs are correct and symmetric before

locking the DOF.

Posture Editor (Manikin9)

Segments

Hand filter

) Hand Only ¥ Hand and Fingers

Degree of Freedom

Imedial rotation/lateral rotation

Yalue --- Default

i

Motion:

Reset DOF |
Display

[[] Angular Limitations

[[] Animate Viewpoint
Predefined Postures

|

medial Totato

[] Enable Coupling

IInitiaI
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&
= Open Human Posture Analysis. Lock the
Feet DOF 1 & 2, Leg DOF 3, & Thigh DOF 2.

# | You MUST LOCK
the DOF each
time you read the
Product!

o
inz
=
=

G

¥ If you run the
22 i kinematic set
without doing
(#) | this, you may

experience

unwanted results!
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o
= A helpful tip at this point would be to Save a
Manikin Profile in the desired position.

You MUST LOCK

the DOF each

time you read the = e

PI‘OdUCt! s in Huma cmog‘;é:;o;c;en and Settings\owner... [= |[5/[X] ’V N

1) W) - |
t (3l HumanData

If you save a
Manikin profile
after locking the
DOFs, when that
profile is loaded
correctly, it
maintains these
locked DOFs

Save l Close I '3‘
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= More on Locked DOFs...

g KT Feddl ST LR Feddl S )

;‘;a,;gmmmtsm (Left Foot Sim) After applying the manikin profile check

e‘yiﬁﬁﬁLiﬁﬂﬁfﬁt Foot sim) the Properties of the Angular Limitations.

-5 R pedal (RH Pedal) g -

i-’-ﬁ?_ Laws (Laws) A AEE
EII:I_ Manikin (Manikin1) Current: [ HumanData =] =

A Body LY A e ———— )
. = lataChapter . =
& ¥ Profiles Auppartios B P ; .

45_ N nData
= Settings

o,
' *: posture
.L Position Body elements | DOFs Lot lirmit | Upper limit | Marikin |
_ ;| Right Thigh Flexion/extension More Mone Manikini
Ll Referential Right Thigh medial rotationylat. .. § Mone Mone Manikin i
Right Leg flexion)extension Tone Mone Manikint

T

Right Fook dorsiflexionfplant... | 49.0 715 Manikinl

Right Faredrm flexion/extension 50.0 276 fﬁﬂl— i N DOF I k d
’ Left Thigh flexionextension Tone Mone anikini O s OC e .

Left Thigh medial rotationylat. .. § Mone Mone Manikinl

Left Leg flexion/extension Tone Mone Manikint

Left Fook dorsiflexionfplant... | 49.0 715 Manikinl

Left Forearm flexionextension 50,0 7.8 Manikinl

e
Attaches =] ﬁ 7

EE] Constraints

-Applications Mare... |
QAppIyJ Close ] @ Apply | Close |
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= More on Locked DOFs...

“gh Left Foot Sim (Left Foo Angular Limitations must be chosen alone \

B | H pedal (LH Pe to apply the locked DOFs. Check the )

MRt pedal (RH Pe Properties to verify.
: _ -]

LT | HurnanData j | [EH Large Icons j =
Bo . .
v
 profe ropert 7R
— o Current selpftion : | J
Do = Angdiar Liritations |
5 v elements having user defined limitatiorpedFameemibo———
E 2 Body elements | DOFs | Liowe limit | Uppe lighit | IMarikin |6
w P Right Thigh flexion/extension Mone Mone Manikinl
Right Thigh abductionfadductioh  5.0deq Lock. Manikin
o Right Thigh medial rotationflat. §  Mone Hone Manikinl
Right Leg flexionextension Mone Mone Manikinl
Right Leg riedial rotationflat. § - 3.1 deqg Lock. il DOF I k d
Right Foat darsiflexionplant. . 3.3deg Lock. Manikin s OC e "
el B Right Foot eversionfinyversion 0.2 deg Lock. Manikinl
Right Foredrm flexionextension 50,0 27.8 Manikinl
0 Left Thigh flexionfextension Mone Mone Manikin
Left Thigh abductionfadductioh  5.0deg Lock. Manikinl %
Offse _J
Rl 1
% D 1

: Mare. .. |
{ onpplyj Close J QADDWl Close I

Website = https;//bndtechsource,Wixsitelcom/home Prepared by: Bill Harbin —Technical Director 13-Jun-21



BND TechSource

+

= Constrain the feet to the points in each Pedal
Simulator Part (use Contact Constraint).

Human . V-5 Fixed (Fixed)
Posture ? cls_ﬁﬁ Crank Rotation (Crank Rotation)
Analysis ‘ Aﬁ,ﬁ LH Pedal Sim (LH Pedal Sim)
o) - MR L Dodal Sim (Rt Pedal Sirm)
pzgl =™ Manikin (Manikin9)
3 i “._Body
& J:. "-? Proiiles
= Settings
@ * 5 posture
= T—» Position
@ % Referential
'!;” IK Behaviors
{Eﬁ .-“ Angular Limitations
% cls.‘- Preferred Angles
' a Loads
iz Offsets
i Attaches
]: Constraints

~I- Constraint19 - Position and orientation (Phantom)
% Constraint3 - Point (Left Metatarsus, LH Pedal Sim)

% Constraint4 - Point (Right Metatarsus, RH Pedal Sim)
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= Step 7: Create a line inside each Foot
Simulator Part. This will be used later to

measure the foot angle relative to the pedal.

-4 Fixed (Fixed)
} ﬁa Crank Rotation (Crank Rotation)
} ﬁgﬁ LH Pedal Sim (LH Pedal Sim)
> 4B RH Pedal Sim (RH Pedal Sim)
# Manikin (Manikin9)
. | Left Foot Sim (Left Foot Sim.1)
ight Foot Sim (Right Foot Sim.1)
H Pedal (LH Pedal.1)

H Pedal (RH Pedal.1)

aws (Laws)
onstraints
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s Attach the Feet Simulator Parts to each foot.
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= Attaches to the Manikin can be verified by
right-clicking the Part name from the tree,
and open Properties.

’i‘ﬂ 5. | edals Optimized
M Fixed (Fixed)
3 ﬁ,ﬁ Crank Rotation (Crank Rotation)

& & '4’,;& LH Pedal Sim (LH Pedal Sim)
P28 - MMRH Pedal Sim (RH Pedal Sim)

@ EJH. Current selection : |

IK Behaviors | Angular Limitations | Prefered Angles Attaches |

Seaments ] Objects ]
Right Metatarsus Pedals Optimized {LOCK Foot DOF 1 &...
Left Metatarsus Pedals Optimized (LOCK Foot DOF 1 & ...

Polks®l

L
v
b 4

89 HE
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3]

ﬁ,ﬁ Fixed (Fixed)

’l"ﬁmﬁ Crank Rotation (Crank Rotation)
'ﬁﬁﬁ LH Pedal Sim (LH Pedal Sim)
"i',;ﬁ RH Pedal Sim (RH Pedal Sim)

b Manikin {(Manikin9)
l'i";,ﬁ Left Foot Sim (Left Foot Sim)
5, | Right Foot Sim (Right Foot Sim)
LH Pedal {LH Padal)
RH Pedal (RH Pedal)
Laws (Laws)
Constraints
-Applications
easure

B
Ja'I‘-’Iechanisms
&

ear.2 (Fixed RH Pedal Sim Crank Rotation)
* Gear.3 (RH Pedal Sim L H Pedal Sim,Crank Rotation)
ommands

EJ"Fix Part ( Fixed )

'::aws
peeds-Accelerations

ngtart EMOVIAYS Fle Edt Wiew [nsert  Tools  Analyze  ‘Window  Help 5
Marikin_OPT_01.avi
T <l =l — ][ — =[x <J[3 Jre ]t & ehgsém g%%gﬂEUJ

WFU Codec

= Run a test using DMU Kinematics.

2x|_-131X]

<

@
@- l»(‘
Q,E i,
ae— T €]
Kinematics Simulation - Pedal OPT E]@ @ @
Mechanism: ‘Pedal oPT j %
Command.1 -360 '_U_ BEU,WE;J @k ’
[ Activate sensors [IPlat vectars %
Reset Analysis. . <<l pss a
Simulation
O Immediste @ On request @
M A I MM &
Hurber of steps:m H
‘ &

Double click on the picture to "Play Movie” |3 %
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= Step 8: Load in the 3D Pedals. Create two
Revolute joints between each Pedal and
Pedal Simulator Parts.

El‘_”,;,__k, Right Foot Sim (Right Foot Sim)
Jj‘ LH Pedal (LH Pedal) Each Pedal must be aligned
i ecaliiikedal) with its Pedal Sim Part. _—

Laws (Laws)

Constraints 7

J:_EE"

Applications
A}Mechan isms

"% pedal OPT, DOF =0
Joints
CIB'%? Gear.2 (Fixed RH Pedal Sim,Crank Rotation)
CI' % Gear .3 (RH Pedal Sim LH Pedal Sim,Crank Rotation) {\

| EI; #=1 Revolute.3 (LH Pedal Sim,LH Pedal) ‘
J;_:;- & Revolute 4 (RH Pedal Sim RH Pedal) Each Revolute joint must

ommands P\ be “angle driven” so the
kinematic mechanism can
| |_ : ommand.2 (Revolute.3,Angle) b N I t d Th. ."
;, Command.3 (Revolute.4,Angle) Ny € simulated. IS Wi
S roepat ( Fixed ) NN create two new commands.

E
|:;aws T e
peeds-Accelerations
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Run a test using DMU Kinematics.

Run the simulation with a value only for Command 1. Notice
the angular deviation between the Pedal an Pedal Sim Parts.

B | 2] - [&]x]

Elctat ENOVIAUS Fe Edt Vew [Dnsett Toos dnalyze Window Help {1 e AL

1
[T [0 Rl j@mm REA {q{—(‘f‘%’z VRN Codec ]—

'5',;,“ Left Foot Sim (Left Foot Sim)
"i',;,ﬁ Right Foot Sim (Right Foot Sim)
dal)
M RH Pedal (RH Pedal)
aws (Laws)
onsiraints
A'Applications
lechanisms

ear.? (Fixed RH Pedal Sim,Crank Rotation)
’j"%ﬁ car.3 (RH Pedal Sim,LH Pedal Sim,Crank Rotation)
915' +2 Revolute.3 (LH Pedal Sim,LH Pedal)
cj!' ‘E_;}RGVOHJtGﬂ (RH Pedal Sim,RH Pedal) T Mechanism: [pecel opr
ommands R e (Y

Command.2 -360 — 360 | 0,0000 E
ommand.l (Gear.2,Angle 1) Command.3 360 — *omm [ :JJ

inand.2 (Revolute.3,Ang|e) [ activate sensars [ Plot vertors
Command.3 (Revolute 4,Angle) Reset Arialysis... <<less

ix Part ( Fixed ) Simulation
) Tmmediate @ On request

FL ] 19

Kinematics Simulation - Pedal OPT:

AWS

e Arrnl

Double click on the picture to “"Play Movie”

R R

B i @

2

e'/vm
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The Pedal Sim Parts are “attached” to the
Manikin.

s The Manikin is constrained to the kinematic
mechanism.

= This means the angular deviation due to the
kinematic simulation occurs outside the
kinematic mechanism.

= To correct this, we must measure the angular
deviation and apply the measurement back
Into the kinematic mechanism.
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= Step 9: Measure the angular deviation.

N Pedals Optimized —
e‘i%gimd (Fixed) Rotate the 3D Pedals rearward 30 deg.

ﬁ’a Crank Rotation {Crank Rotation) to open an angUIar gap WhIFI'_‘ can
+-3| H Pedal Sim (LH Pedal Sim) always be measured as positive.
M RH Pedal Sim (RH Pedal Sim) X
b Manikin (Manikin9)
' ﬁg Left Foot Sim (Left Foot Sim)
ﬁg Right Foot Sim (Right Foot Sim)
el:-,ﬁm Pedal (LH Pedal) (I
‘ ‘ACoordi;wa;é;A _—_—
Reference I#\bsolute __V_J

Agglz | Pasition Andle

\'\

Along X [106.00mm 2] -90.0deq =y
Along ¥ -42,18mm @ -43.8deq E
AlongZ 175 61mm = 90.0deq =

Increments

0 Translation increment Rotation increment

Alongl  ooomm [ & I i | [oodes [ i@‘l’
l songy m Glﬁl m%
Along W m & | ? I 30.0deg El %

Measures

_Distance §0.00mm Z|#| | _ange |[0.0deg 2|%|
Close |
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s Out with the old...In with the new.

. . Delete and re-create the Revolute

z@” petal 3l (HBetalsim) joints. This must be done after the 3D

1 il i Pedals are rotated to their new 30 deg.
position. Otherwise, the final Kinematic

Simulation will be affected.

= Geometrical Set.1
L-ﬁl’- PartBody

# Manikin {Manikin9)

&

%‘) Left Foot Sim (Left Foot Sim) ;jgv
‘3‘& Right Foot Sim (Right Foot Sim) 7 @2
. ﬁg LH Pedal (LH Pedal) Joint Creation: Revolute @
3‘;3:1 RH Pedal (RH Pedal) Mechanism: |pedal opT ~| New Mechanism | s

‘ RH Pedal Joint name: [Revolute. 4

Current selection:

Line 1: [RH Pedal SimjLine.3 Line 2! |RH PedallLine.22
Plane 1: [RH Pedal Simfyz plarPlane 2: [RH Pedaljyz plane @ null Offset O Offset =

[ [ O Centered

) Axis Systems ,
B’ Geometrical Set.1 @ ok | & cancel |
4 N ;
fl"'ﬁ%; Inner "

-ﬁI- PartBody

% External References
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s Ensure the Pedal rotation direction Is correct.

Picking the arrow will reverse

~PBELCEL TS the rotation direction

easure

é“MEChanisms

"I pedal OPT, DOF=0
Joints
%1% Gear .2 (Fixed RH Pedal Sim Crank Rotation)
515'%}" Gear.3 (RH Pedal Sim,LH Pedal Sim Crank Rotation)
. %Remluteﬂ (RH Pedal Sim,RH Pedal)
Double-click Command.2 FhEsEIRSTIgRXE)
S-Commands
Command.1 (Gear.2,Angle 1)

¢ Command.3 (Revolute 4,Angle)
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= Create Surfaces to measure between.

Through trial & error we
found Surface To Surface
measurement worked best.

Offset the Foot Sim surface
to achieve an acute angle
measurement throughout
=4 the kinematic simulation.

fnt

Pedal Sim
surfaces
@ 30 deg. ==

e

Foot Sim
surfaces
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= Prepare the test using DMU Kinematics.

M | H Pedal (LH Pedal)
RH Pedal (RH Pedal)

Laws (Laws)

Constraints
J-"',»ﬁ\ plications
Ja-Measure
Ej"w LH Measure
Ej"ﬂ RH Measure

echanisms

Selection | Instantaneous Yalues History

Pick Yes on the LH & RH
Angular Measures.

RIx

Sensar

L fi

Observed | »~

@ aotomatic O Interferences | QFF ron

E @ @ Qutputs

Graphics ... I Options I
]

Website = https://bndtechsource.wixsite.com/home

Pedal OPTYJoints\Gear. 24angle 2 egres Mo
Pedal OPTYJoinks\Gear, 3lAngle 1 Degree Mo
Pedal OPT\Joints\Gear, 3\angle 2 Degres Mo
Pedal OPT}Joints\Revolute, 3lAngle Degree Mo
Pedal OPT}Joints\Revolute, 4angle Degree Mo
" Pedals OptimizediLH MeasureiLength® Iillimeter Mo
‘P " easurellMax Distance ilirnerel
€ Fedals OptimizediLH Measuretangle” Degree es
*Pedals OptimizediLH MeasureiPtLy” Millimeter Mo W
E T O T
Deselect Al | Select Al |
Display Options
2 O
Detect Clashes Check Limits

?IX

Command.1 380/ | 360 [0.0000 =] i
Command.2 -0 |J—— 380[30.0000 =] _J
—— |—— 30[30.0000 = _J

[ Plok wectars
Analysis, .. I <<l ess I

Command, 3

Simulation

O Immediste ¥ On request

> []
MNumber of steps:|gq -
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Selection Instantaneous Yalues | History

Sensor Value

Unit

" Pedals OptimizediLH Measurelangle” 43,5257
*Pedals Optimized\RH Measure\angle” 16.7684

Website = https://bndtechsource.wixsite.com/home

Degree
Deagree

Mechanism: |Pedal OPT

= Run a test using DMU Kinematics.

Kinematics Simulation - Pedal OPT

Command.1 -360 h 360 {312.0000 E |
Command.2 -360 _h_ 360 | 30,0000 @ |
Command.3 -360 ‘_J‘— 360 | 30,0000 E I

< Activate sensors [ Plot vectors
Reset | Analysis... | <<less |
Simulation

O Immediate @ On request
IR
Number of steps:|gq |
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= The graphic results show measurement
output as acute angles.

CCCCC
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Set up Functions for the Commands.

waw L H Measure [? [X]
wan| RH Measure % Impert,.. |

echanisms

e Filker ©n Cornrnand, 3
=TT :

= pedal OPT, DOF=0 Fier Name |
Filter Type |P.II -

Joints
ear.? (Fixed RH Pedal Sim,Crank Rotation) |ttt ey sfeily:
Parameter Yalue Formula Active
Gear.3 (RH Pedal Sim LH Pedal Sim,Crank Rot

[ w Revolute.3 (LH Pedal Sim LH Pedal)

Select the Command. [k

Command.1 (Grar.2,Angle 1)

" Pedal OPT\CammandsiCammand. 314ngle” 30.0deq

Edit name or value of the current parameter

| Pedal OPT\CommandsiCommand, 314ngle 30.0deg @
Command.2 (Re olute.3,Angle)
— s Command.3 (Revolute.4,Angle) New Parameter of type || angle | with [Single value =l Add Formula_|

ix Part { Fixed )

Select the Function icon.
-

RIEACNE, 9 (1R

-

Delete Parameter I Delete Formula I

@ oK I anply] JCanceII

Select Add Formula.

3 oK OIQABRS wHEBQARLHO 6,86
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= Setting up the Functions (RH shown, repeat
for LH).

easure

waw| LH Measure

echanisms
5—"\?’ Pedal OPT, DOF=0
Joints
o ﬁ;} 1 Gear.? (Chodnuin Jd | i Al D it

okl Select Angle from & %|@|2|
A%Re“'o"-'t Parameters IiSt' .e;al OPT\Commands|Command.3\4ngle =

fl" 222 Revolute .4 (RH Pedal Sim,RH Pedal) *RPNgeasurelangle” |
i Dictionar® Members of Parameters Members of Angle
ommands Parameters ~ | |Boolean | RH Pedal\Body.5\Shaft.2\Secondangle” ~
Design Table Cstattr_Mode " RH PedaliGeometrical Set.3\Plane.3\angle’
Command.1 (Gear.Z,Angle 1) Operators Length " RH Pedal\Geometrical Set.3\Plane. 11}angle”
Pointer on value Funcgn: Real *RH Pedali\Geometrical Set.3\Plane.12\angle”

Command.2 (Revolute.3,Angle) Point Constructors 27k RH "'"-
oo *RH Measurelangle”

£ R

Law

Command.3 (Revolute.4,Angle) L(ine Constructors Angle
ix Part ( Fixed ) | RH Measurelanale ] ]
ast /
6;] Formula.l:. “Pedal OPT\Commands'Comt Double-click RH Measure\ Angle
peeda:Accelerations from Members of Angle list.

W Cancel I

Website = https;//bndtechsource,Wixsitelcom/home Prepared by: Bill Harbin —Technical Director 13-Jun-21



BND TechSource

= 10 run a kinematic simulation with Laws,
there must be a Law created relative to time.

JB-Applications -
easure I
=% wuw LH Measure
A'w RH Measure
echanisms 8 o
"% pedal OPT, DOF=0

ear.2 (Fixed RH Pedal Sim,Crank Rotation)
ear.3 (RH Pedal Sim,LH Pedal Sim,Crank Rotation) //
Revolute.3 (LH Pedal Sim,H Pedal) Odeg )
515' ;"E-gl, Revolute.4 (RH Pedal Sim,RH Pedal)
ommands
, Command.1 (Gear.2,Angle 1) B . — %
Y

EEAUD ©)

Kinematics Simulation - Pedal OPT

, Command.2 (Revolute.3,Angle)

Mechanism :
. Command.3 (Revolute .4,Angle) [pedal oPT
To simulate it with laws, add at least a relation between a command and the time parameter @
ix Part ( Fixed ) %
&g

é’-Laws

f[;:) Formula.2: “Pedal OPT\CommandsiCommand.2\Angle” ="LH Measure\Angle
e Formula.1: “Pedal OPT\Commands'Command.3\Angle " ="RH Measure'Angle”
peeds-Accelerations
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s Create a Time Law.

BND TechSource G}

= ’E Laws (Laws)

1. AbsoluteAxis
hk. Geometry
" Line.d
< Point.1
< Point.2
A Line.2
Point.3
A Line.3
Point.4
Point.5
-, Connect.2
]: Constraints
o Law.1

___________________________ I

deg. Then return back 360 deg.

This Law will allow rotation to 360

Kinematic Laws must be Curves.
Therefore, to get a linear time "
relationship to rotation, Connects
with Point Continuity are used.

Connect Curve Definition @

st Curve

ANgirik: Poink.2

Ut ne.2

Conbinuity | poink

[T | «

o g AT --‘\j@oﬂ N

erond Curve

Loint: Faint. 4

Li-H 8.3

@ &5

4

Continuity | paine

[T | 4

- . |

it el o] |
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= Apply the time Law to Command.1

echanisms
é‘-"? Pedal OPT, DOF=0 . H
é"Joints fv

: %}‘ Gear .2 (Fixed RH Pedal Sim,Crank Rotation)

515' = Revolute 4\(RH Pedal Sim,RH Pedal)

Double-click Command.1 ekl Select Law Sketch
=S ST Select Link

ommands
Command.1 (Gear.2,Angle 11

. Select the sketch you wank ta link the command Command name: | Cammand. 1
Command.2 (RE\'OlLItE! .3,Angle) Sketch name: | Pedals Optimized|LawsLawsGeometrical Set. 1Sketch. 1 Command value: [

Command.3 (Revolute .4,Angle) Plamumbme valde df 100 Reset to Zero |
ix Part { Fixed ) @ ok | @cancel | Law Management

! - Import... |
dAaws

f[-j;j] Formula.2: “Pedal OPT Commands'Command.2'Angle” ="LH Measure' Angle” e

' Cancel I

fes1Formula.1: “Pedal OPT:Commands'Command.3iAngle* ="RH Measure!Angle”
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= Step 11: Clean up the appearance.
M Pedals Optimized

‘f’g Fixed (Fixed
J\ -h‘ ) 1™~ 1 e

Transfer the surfaces & time law to the

Properties

Current selection : J

Feature Properties Graphic |

Fill
same layer as the measurements. Color Transparency
&3 ™ Manikin (Maniking; - El It
fl?" Lett Foet5im (Left Foot Sim)
. | ~|| 1t | — 101300 -]
cl,- i ! I‘.:inles and Curves = e
M | H Pedal (LH Pedal) et s
)
N ~ 1 1:0.1300 »
&-o% R pedal (RH Pedal) iom = - E
Calor Symbol

Global Properties

Layers
e PO ' Pickable fione] LI I J Mo Specific RenderirJ
—vleasure g None
; . 0 General

wu LH Measure
T Qther Lavyers...

Measures can be put onto another layer
because they won't stay hidden during
the kinematic simulation. )

©-%% Gear.3 (RH Pedal Sim,LH Pedal Sim,Crank Rota

Moare. .. I
@ ok | @apply| close |
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= Apply a Filter for the Kinematic simulation.

| start  EmnOvIAYS Fille Edit View Insert analyze  Window  Help
[ ~Jfoove <[ — ][ — =[] feoEormia-.
B s Tmage
=M Pedals Optimized
’ﬁ'ﬁa Fixed (Fixed)
) ’3’5 Crank Rotation (Crank Rotatig
-3 L H Pedal Sim (LH Pedal Sim) [ passieatonfiters,
- RH Pedal Sim (RH Pedal Sim) jJEeey
" Manikin {Manikin9) Standards...
Left Foot Sim (Left Foot Sim) [EERSEUEEIELE
’ Right Foot Sim (Right Foot Si ===y
fl‘-ﬁ,ﬁ LH Pedal (LH Pedal) Simuetion
fl’-f_ﬁ RH Pedal (RH Pedal)
. Laws (Laws)
fl‘-' Constraints
J5»'Applications
é'Measure
"J‘-'w LH Measure g
fl’-w RH Measure P b s Al b
echanisms
e Pedal OPT, DOF=0

ROESPERHALcLERSBEARL

Macro
Utility...

Customize...

Joints
%} % Gear.2 (Fixed,RH Pedal Sim,Crank Rotation)
CJ”'%} Gear.3 (RH Pedal Sim,LH Pedal Sim,Crank Rotation)
fj‘-;’"::;RevoluteB (LH Pedal Sim,H Pedal) @ ok | Sapply| close |
= = — - "'1

< .
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= Run the DMU Kinematic Simulation with Laws.

B - I3 ]x]
B ctert

Double click on the picture to “"Play Movie”

| VR Codc

e =

@\
N
%
%

@

Kinematics Simulation - Pedal OPT E]

Mechanism : ’h‘
start 0 ———— 100 [z 5] . |
IKIRIOEIAE]
Number of steps:m Analysis...
|_1 @ @ %? f(x) @ gﬁf; @ }: @ K( Q % L 3 % @ @ @ Q Q [27 E O Activate sensors [ Plat vectors
d Jl ,7‘ Close: I
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s Conclusion:

This Is an example of how to use CATIA DMU
Kinematics along with Ergonomic Design &
Analysis to simulate a 3D Manikin pedaling a
bicycle.

We hope this will help those who need this
type of simulation.

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