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Researches on contact mechanics

Ueber die Berithrung fester elastischer Korper.

Atom-Atom? Sphere-Plane? (Von Horm Berich o

I.n der Theorie der Elasticitit werden als Ursachen der Deforma-
tionen theils Kriifte, welche auf das Innere der Korper wirken, theils auf
die Oberfliiche wirkende Druck Fiir beide Arten von
Kriiften kann der Fall eintreten, dass dieselben in einzelnen unendlich kleinen
Theilen der Korper unendlich gross werden, so zwar, dass die Integrale
der Krifte tiber diese Theile genommen einen endlichen Werth behalten.
Beschreiben wir alsdann um den Unstetigkeitspunkt eine geschlossene Fliiche,
deren Dimensionen sehr klein gegen die Dimensionen des ganzen Kurpers
sind, sehr gross hingegen im Vergleich zu den Dimensionen des Theils, in
welchem die Krifte angreifen, so konnen die Deformationen ausserhalb und
innerhalb dieser Fliche ganz ig von einander werden.
Ausserhalb hingen die Deformationen ab von der Gestalt des Gesammt-
korpers, der Vertheilung der ﬂbngen Kriifte und den endlichen Integralen
der K im U i innerhalb hiingen sie nur ab
von der Vertheilung der im Innern selbst angreifenden Kriifte. Die Drucke
und Deformationen im Innern sind gegen die im Aeussern unendlich gross.

. s . . . . . Im Folgenden wol::n.)wir ei;ixl: hierher gehvrigen Fall behandeln,

4 der praktisches Interesse hat*), den Fall niimlich, dass zwei elastische iso-

SUbs'ro'c s ource C a e” a & D| e" er trope Korper sich in einem sehr kleinen Theil ihrer Oberfliiche beriihren,
p und durch diesen Theil einen endlichen Druck der eine auf den andern aus-

tiben. Die sich berithrenden Oberfliichen stellen wir uns als vollkommen

glatt vor, d. h. wir nehmen nur einen senkrechten Druck zwischen den sich
beriihrenden Theilen an. Das beiden Korpern nach der Deformation ge-

Micro approach-DEM,FEM... Analytical approach-Hertz s Sk der Ovrttche wlln wir i Drackich, i

Winkler, Die Lebre von der Elasticitit und Festigkeit, Pug 1867; I, p. 48,

Grastof, Dhoorse des Biaskets wad Featghan. Do 1878, g 45
« 1881 first research by Heinrich Hertz — "On the contact of elastic solids”
« 19323 contact between two rigid spheres by Bradley
« 19653 The Relation between Load and Penetration in the Axisymmetric Boussinesq Problem by Sneddon
« 19714 Johnson-Kendall-Roberts found found a similar solution for the case of adhesive contact
« 19753 Effect of contact deformations on the adhesion of particles by Derjaguin, BV and Muller, VM and Toporov
« 19923 Maugis improved the accuracy of contact mechanism

Analytical approach have had no big change since the first
theory of contact mechanics.

Instead, micro approach, such as the researches on adhesion or
interaction between atoms
> Purdue University Lecture 8 Introduction to Contact Mechanics

\
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Hertz contact model

\

Assumptions in Hertzian theory

J Ez’Vz <
\\ //' \ \%7%777777777///’ ,“‘
- R, Xy - plane am—

h=2z -1,

u,+0,+h=09+0,

Shape function of z
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Hertz contact model

Simplification of the function of h

18 ) Simplification \\ /

i
|
1
\
\\
o\
\
|
Q)
\5 =II ~N

\

1 zlr\\ _— 18
= 2 ZL‘/ )‘\\\ plane
- 11%
@ a a
h=Ax2+By2:ix2+iy’2

2R 2R

2

h=2z —z, = 1 X% + 2 2
=2,-2,= yZ + X2 + y
2R/ 2R/ 2R, 2R]

where,R/ =R"=R,, R, =R] =R,

11 1), 1(1 1),
h=—| —+— |[X“"+=| —+— |y
ol w)imn)
‘ 1 1 1
R T —
R R R,
Express the function of h in r-0 coordinate

h= x2+iy2 :irz (r — @ coordinate)

\. —
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Hertz contact model

Assumption on the pressure of the contact surface

T | TS

d

p(r)=p,va’-r*/a

x(mm)

~ [ :1—V127rp0(2a2 r?)
T, +0, =6-——17 (5=0,+5,) S e
71 22 ! 2 ) Ce— 5
_ :1—1/2 7Z'p0(2a2 rZ)
‘ L * E2 4a
) 2
:|.—V1 TP, (2&2—r2)+1_V2 7T Py (2a2—r2):5——r2 (52514—52)
E, 4a E, 4a R

\
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Hertz contact model

. . 2
ﬁpo(Zaz—rz) Sl +1 Y2 =5—ir2
4a E

2 2
7T Py (2a2—r2):5—ir2 (izl_vl _|_1—1/2 ]

dakE

Boundary Condition

Regard & when r = 0 as the deformation

— —T_'JSI
where, r=0 than, o= 7P, _1=3 -
2E ~ b

; ——

7 PR

where, r=a,0=0 than, a=

I Z)
—
Uz,
0 EIZI — E
[ 4 S =
r 23
—
e ee—— |

iy

&,
B!

be—— g

RECURDYN A 8 © 2016 FunctionBay, Inc.




Hertz contact model

Total load, P ( p : contact pressure)

P= _[ 27t - p(r Zﬁpoj rva’-r dr——yzp0
2 , 0, = 3P
:gyz-poa ) M 272'82
7T Py PR
2E 2E
PR _ 3PR ( 3Pj
a= =—— | where, p, = ——
2E  4Ea 27a
52 1(3PRJ op? )"
R RU4E 16RE?
3P (6PE?)"
p0_27ra2_ 3R2 3PR 1/3 9P2
ca= —j 0 = >
4E 16RE

\

e

6PE?
°R?

jl/ 3
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Hertz contact model

Hertz Contact Formulation RecurDyn Contact Formulation

2
P: 16RE 53/2:K.5l.5 F:K.é‘n
2 | $
__RiR « _ [L6RE’

R +R, = 9 K=f(R,R,,E,E,v,v,)
_ E,E, n=1.5

E, (1-v?)+E (1-v,)
References

« H. Hertz, “U ber die Beriihrung fester elastischer Korper,” Gesammelte Werke (P. Lenard, ed.), Bd.

1,(J.A. Barth, Leipzig, 1895) pp. 155-173. Originally pub-lished in Journal f. d. reine u. angewandte
Mathematik 92,156-171 (1881).

* ‘Contact mechanics’ in Wikipedia

* R S Dwyer-Joyce, “Tribological Design Data Part 3: Contact Mechanics” University of Sheffield

* K.L. Johnson, “Contact Mechanics” Cambridge University Press 1985 ISBN 0 521 347963

 Georges Cailletaud, St’ephanie Bassevillel,Vladislav A. Yastrebov, “Contact mechanics I: basics”,
EMESURF short course on contact mechanics and tribology, Paris, France, 21-24 June 2010

* https://woodem.org/theory/contact/hertzian.html

\
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Hertz contact model — parameters

® Various radii for the sphere-sphere contact (steel)

E1,E2=210Gpa
E = 115Gpa
vl, v2=0.3

K= IIGRE'
9

EE,
Ez(lfvf)uzl(lfv;)

R= RIR”_
R +R,

R1(mm)

RecurDyn Default value = 100000

0.5
0.5
0.5
0.5
0.5
0.5
0.5

R2(mm)
1
10
100
1000
10000
100000
1000000

MMKS
R K

0.333333333 88823
0.476190476 106163
0.497512438 108514
0.499750125 108758
0.499975001 108782
0.4999975 108785
0.49999975 108785

® Various radii for the sphere-plane contact (Steel)

S 350000

/ ° El,E2:21OGpa 300000 || — gg
* E = 1156pa 250000 | : 22000
| E « V1, V2=0.3 — 5000.0
200000 |
2
R1(mm) R2(mm) R K 00007
0.5 500000 0.4999995 108785 100000 |
5 500000 4.99995 344008
50 500000 499950005 1087802 = I
500 500000 499.5004995 3438385 L
5000 500000 4950.49505 10824577 el G,
Hertz Contact FD curve
\.
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Hertz contact model — parameters

Material Properties

® Various material properties

R1=0.5mm ,R2=500000mm

Material \ Steel Aluminum |Bronze Oak Wood|Plastic Rubber
Steel 210.00 0.3 Steel 108786| 54955 80559 11210 2636 25
Alumi 70. 32
uminum 0.00 03 Aluminum 36763 46690 10182 2575 25
Bronze 120.00 0.34
Oak Wood 1100 035 Bronze 63963 10819 2614 25
Plastic 240 0.39 Oak Wood 5909 2177 25
Rubber(EPDM) 0.02 0.5 Plastic 1334 25
Rubber 13

Contact Stiffness K for MMKS Model

KConcIusion

® Stiffness (K) for the contact based on Hertzian contact theroty can be
calculated using the material properties (E, v) and radii of the curvature of
the solids

K

16RE®
9

< -

(

~

~

R — R1R2
R +R,
E — E1E2
E, (1-v?)+E, (1-v,7)

/

-\
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RecurDyn Contact
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RecurDyn Contact Computing process

Geometry approach

Solver does nothing yet

Interference between
Bounding Buffer Cubics

If the boundary buffer cubics interfere,
Max. Step Size Factar is used to decrease
the step size of the

Contact occurence

calculated

~

Geometry seperation

The direction of the motion is changed by
the contact force, and geometries are
separated. If the bounding buffer cubic are
separated, the max. stepsize factor is not
used

Contact Event occurs and Contact Force is \

Buffer Cubic

Properties of GeoSurContact1 [ Current Unit : N/kg/mm/s/deg ]
- Characteristic | Gep Contact
Type Standard Contact Force |v|

— Characteristic

|Spring Coefficient |v ” 100000, |@
|Damping Coefficient |v ||10. HE
|D‘ynamic Friction Coefficient |v ||0 HE [ Friction ]
[+ stiffness Exponent |2- |@
() Indentation Exponent (®) Boundary Penetration

Boundary Penetration |1-E-092 |@
[+ Rebound Damping Factor |0-25 |@
Maximum Penetration |0-B ”m
Maximum Stepsize Factor |2- |@

[ o

RECURDYN
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RecurDyn Contact formula

® Normal Force
f . :stiffness force of contact
f =1 +f S
n ns nd f , - damping force of contact

® Stiffness Force: Hertz ContactO|20f 7|85t =41 A&

fns = K : 5ms o
8L
- . €
= Damping Force E 5 Default
i — T 7 4 -
» Boundary Penetration Method o : Choice
fnd = Step(&’ O’ 5max 1 Cmax) ‘0 % 1 2 3 n 5
deltalmm)
» Indentation Exponent Method 5 —c curve of BPM
250
frg =Coax -O™ -5gN(S) - O™ 200
. E 150
default parameters: md =1, mi=2 —'-%; 100
1:nd:(:max'é‘z'é‘ o
% 1 2 5 2 5
deltalmm)

& — ¢ curve of IEM

\
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RecurDyn Contact formula

Dynamic «

® Damping Force (Cont.)
» Rebound Damping Factor
v The direction of the Damping force changes according to the relative velocity of the

contact geometry

f—max(f, R-f) |

@® Friction Force

Friction
Coefficient

US’ILIS

Dynamic Friction Condition (Slip)

v' Excessive damping force can cause adhesion effect
v To reduce the adhesion effect, Rebound Damping Factor can t?e used

n fe
_leian
I
1100.00 7 I . ;
1000.00 Vs //n:!)
900.00 ! 4 i
800.00 »«/q« ~~~~~ ,1
. 700.00 : o L.
Z 600.00 ; / 27 - ! -
D < ; i
8 500.00 / L ® T £ |
$ <00.00 ; . : R ;fns--
300.00 f "/ T
200.00 % : ' - " —p
ey 70 Y P il A o
001/ : ;
0. 088 fe
(=] H H H H H
-100.00 ' : ] 0 0 A D 0 0 :
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.0010.00
Delta(mm)

The friction coefficient is expressed
as a continuous function using the
Static friction coefficient, Dynamic
friction coefficient and the threshold

Friction ‘ Ve|OC|fy
Corition(Slip) Static Fricton Condition
(Stick)
\ —
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Faceting

® Faceting

® The free surface of the geometry is divided using the polygons

> Since it is too expensive to use the free surface as it is, RecurDyn used polygon
‘facets’ for contact simulation

770
ST

\
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Faceting

Faceting control parameters

|Genera.l. | Ch.a.ra.cteri.sti.cl Geo Contact |

MNormal Direction ®up O Do

|i] Preview Contact Geometry

Surface Patch

Surface Mame

ooy Focesurtace

Surface Type |Triang|e |"|
Definition of the Base Geometry
»| Bounding Buffer Length |20, [pv][ cat |
Name | L&)
[»|Plane Tolerance Factor @

Q Contact Geometry
_

D

[ |Max. Facet Size Factor |2.

[ ] Cubic Cell Size [, ¥, ) |27, 11, 27

[ ok

J[ Cancel J

—

® Plane Tolerance Factor (0.01~10)
» The smaller this value is, the more accurate and more facets are generated

tangent line =

Surface line
Facet line

0
Control angle

Plane Tolerance Factor 5 Plane Tolerance Factor 2

—

® Max. Facet Size Factor

> This limits the size of the facet Facet. The smaller this value is, the more facets
are generated

Facet Size

Max. Facet Size Factor 10

Max. Facet Size Factor 2

\
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Contact Event

@® Solid contact — ( Solid contact)

® Contact occurs at the representative point when the facets penetrates the
other geometry

Simulation

® Analytical contact — ( Primitive contact)
® Mathematical function of the geometry is used for contact
® Facets are not used

d \/ X - 1) Time = 0,00000000 Second
0=R+R, - d e

Simulation

\
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Contact Event

\

Point(Node) contact — ( Geo contact, Surface contact)

® Contact force is calculated when a node penetrates the facet of the other
geometry

ffric
fr|c
fric

Edge contact — ( Geo) Model

® Contact force is calculated when an edge penetrates at the edge of the
other geometry

. S ;
W » -.'A: ) ‘

Model Simulation

Simulation

RECURDYN A 20 © 2016 FunctionBay, Inc.




Smooth Contact — Geo contact

\

® Facets are converted to a Hermite surface for contact
® Discontinuity at the node and edge of the facets is removed
® Only Geo Contact supports ‘Smooth contact option’

Base Body

\Contact Point

y

Non Smooth

|

Smooth

=

Hermite surface

RECURDYN
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CPM - Geo contact

\

® (CPM(consistence penetration method)

® Numerical method to remove the effect that contact stiffness increases
proportionally to the number of contact nodes

® Prevent the solution change according to the number of facets

F F F
- - 8
Body A f 1f 1\ DN It l\‘ f, |
Body B o - - BES
Casel Case 2 Case 3
F=ko+ko F=ko+ks+ko F=ko+ko+kd+kdo+ko

F F F

5=§ == 5:3—k == 5=5—k

® K is recalculated to be inverse proportional to the number of contact nodes

4 k"=k /n (n:contact point number) h
F=k'6+k'® F=k'o+k'o0+k'0 F=k'd6+k'd+k'o+k'o+k'o
F
N K y

Consistence Penetration Method

RECURDYN A 22 © 2016 FunctionBay, Inc.




Contact Entities- General 3D Contacts

\,9 - Solid Contact Event is used
+ Rigid - Rigid
« Effective when penetration is small and radii is big

& & »

Geo Sur Geo Sph Geo Cyl

Solid

« Point Contact Event and Edge Contact Event are used

- Rigid - Rigid, Rigid — FE, FE - FE

« Best choice for most of the contact problems

« Geo Sph and Geo Cyl used Analytical Contact algorithm
« CPM and Smooth patch are supported

YK iR @

Sur-5ur Esur-5ur  Sph-5ur Cyl-5ur

« Legacy contact entities developed long time ago
- Rigid - Rigid
« Contact point cannot be displayed

In most cases,
Geo Contact or Solid Contact is recommended

RECURDYN A 23 © 2016 FunctionBay, Inc.




Contact Entities- Primitive 3D Contacts & 2D Contacts

« Analytical Contact Event is used

* Rigid - Rigid

* For RecurDyn Geometry (sphere, box, ...)
« Fast and accurate calculation

« Parametrization of the contact geometry is supported

gﬁ%

Geo Cur

~ 0y

Cur-Cur Cir-Cur

Q @
Cir-Cir  Cir(Cir)
¥ @

Cam2D Camline2D

\

Primitive3D

o ¥ & O

Sph-5ph  Sph-Cyl Sph-Box Sph-Torus

d o . "

S5ph-Con  Sph{sph}) 5phiCyl} Sph(Box)

@ 9 h Ju
Sph{Torus) Sph({Con] Cyl-Cyl Con-Cyl
F/ "
o S W |
Cyl-Box Cyl{Cyl) Con-Con  ConfCon)
8- &

Sph-ArcR Sph-ArcE

Point Contact Event and Edge Contact Event are used
2D Curve(Polyline, Spline, Circle, Arc, Edge Curve) is used

Rigid - Rigid, Rigid — FE, FE - FE

Point Contact Event is used

2D Curve (Polyline, Spline, Circle, Arc, Edge Curve)

Rigid - Rigid

Analytical Contact Event is used
Rigid - Rigid
Circle, Edge Curve or Outline are used

RECURDYN

A 24

© 2016 FunctionBay, Inc.




General Procedure of Contact
Modeling
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General steps for contact modeling

tep1
hoose the type of the contact entity ‘

\
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Step1 ChOOse the type Of the co nta Ct entity (according to the geometry and contact type)

Contact Body has the 3D behavior

Geometry shape is complicated N

Contact body is
‘flexible body’

Geometry shape is complicated

The surface where
contact occurs is
complicated and the
radius of the curvature
is small

.
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Step2 Select Base & Action Geometry

® The geometry whose contact surface is small > as Action

® Using the fine facets for the smaller contact surface can give the
smoother contact result

® The geometry which is more rounded - as Action

® The geometry which has the bigger movement - as Action
® The solver calculates the Action Body more efficiently

Action

Action

Action

\
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Step3 Create the Contact Surface and Contact entity

® General Contact be used for both of Solid and Surface. But using
the specific surface only can reduce the computational overhead

Time = 0,00000000 Second

B How to create the Surface

(1) Double click
to enter Body
Edit Mode

(2) Click ¢ Outline Surface
Face Surface &) Spline Surface
. Face Surface

[ (3) Select the

When the specific surface is used only, the simulation
time is 3 times faster than using the solid

g Arc Revolution
é’ Arc BExtrusion

(5) Select the Face
while pushing
Shift

contact solid FaceSurf Operation
7 Entity Mame Subtrggdl ‘{ Driven Wheel
S \‘ I ) Calor 4) Add Remove Elkﬁ,. Markers
3 — . (continuous) 4 Markert
e ace Selection Type .
sm—— — ’ Option D e By Marker2
! S - () Add/Remove p I‘
"‘ ) zm \< Ny Curves
/ ﬂg 4 (=) Add/Remave [C ousf Tolerance (Degree) =4 Surfaces
I H H
o . FaceSurfacel
f EIT solids
m—% (6) Ok . - Subtract12
L ]
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Step4 Adjust the Facet information

® Faceting can affect the accuracy and the simulation speed of Geo
contact and Solid Contact a lot

® The size of the facets where ‘point contact’ occurs should be as small as
representing the surface well Ffcepa

Surface Name |Body2.EIIipsoid1.Face1 |

Surface Type |TI'iEf'|EJ|e |'|

Bounding Buffer Length |40 |@[ Cal. ]

[+ Plane Tolerance Factor E]

[ |Max. Facet Size Factor |2. |

[] Cubic Cell Size (X, ¥,2) |23, 23, 25 |

[ ok | [ cance |

Plane Tolerance Factor: 3.0 Plane Tolerance Factor: 0.2

Default value of Faceting control

® To generate the uniform contact force, the smaller facet size is desired

Several points can

Point cannot contact the surface

| contact

L

\ Max. Facet Size Factor: 10.0

RECURDYN A 30 © 2016 FunctionBay, Inc.
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Step5 Tune Contact Parameter

Properties of GeoSurContact] [ Current Unit @ N/kg/mm/s/deg ] K can be determined by Hertzian Contact
Characteristic | Gen Contact Theory (Where to tune)

Standard Contact Force - |

Type

~Characteristic

| Spring Coefficient g| 100000.

|‘Iﬂ.

A
Ej

| Damping Coefficient

.

Damping Coefficient : Typically 1/10,000 of
|D3rr|amic Friction Coefficient 9|1] 4—@—[—%., } Stiffness is used (Where to tUI‘IE)

] stiffness Exponent @| 2 < IE Static/Dynamic
o o ==~ Friction Coefficient can

C} Indentation Exponent @ Boundary Penetration Friction Definition .
& be determined by
Boundary Penetration |‘I.e-rl}4}2 |[E] Static Threshold Velodity | experiments or the
Dynamic Threshold Velocity E]
| staticFriction Coefficient [0.  |[pu] results of the papers

|[E] [ |Maximum Friction Force @ (in mOSt Cases, use the

[ Rebound Damping Factor |‘125

default value for
Threshold Velocity)
Maximum Penetration 9| 0.8 < IL = =
— : In most cases, 1.5 is used for Stiffness
Maximum Stepsize Factor @|2 N 1P Exponent (based on Hertzian Contact Theory)

(Where to tune)

o) o ) o

Use 10.0 if the bodies are far away each
other

Use 1.0 if the bodies are very close from the
— initial position

RECURDYN A 31 © 2016 FunctionBay, Inc.
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Step6 Adjust the other optional parameters #1

‘Node Contact’ option generates contact event
between the facets and the points (nodes)

It is recommended to use this option for Action
Geometry only

Properties of GeoSurContact1 [ Current Unit : N/kg/mm/s/deg ]

|Generai I Chalal:tﬂistic| Geo Contact

Definition of the Base Geometry

Mame Driven Wheel.5ubtract12]
Mormal Direction l @ Up {:} Down

[ZI Preview Contact Geometry [ Contact Geometry ]

Definition of the Action Geometry

Name | Drive_Wheel.Unite2 |

Geometry Type |5urface - |v|

Mormal Direction @ Up {:} Down (E;uc e i Ly -
[ZIPrevim Contact Geometry [ Contact Geometry ] Normal Direction Check .

[ JEdge Contact [ IS ] Th'e d!rectlon of surfacg where the contact occ’rs

It is displayed on the view

Mo. of Max Contact Points |1"-'?‘3I %|

[ | Generate the contact output file. [*.con) |Dri1.rer1_Whee|.CM |

Force Display |Actic|n |-r|

e e

Base: up Action: up Base: up Action: down
Good! Wrong!

\
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Step6 Adjust the other optional parameters #2

\

Properties of GeoSurContactl [ Current Unit : MN/kg/mm/s/deg ]

|General I Characteristicl Geo Contact |

Definition of the Base Geometry

Mame Driven ‘Wheel Subtract12 |
Mormal Direction @Up QDown I:INode Contact

Iil Preview Contact Geometry [ Contact Geometry ]

Definition of the Action Geometry

Name ‘ Drive_Wheel.Unite2 |
Geometry Type |Surface |v|
Mormal Direction @Up (:.IDown MNode Contact

M Preview Contact Geometry [ Contact Geometry ]

Smooth Option Control
[DESmooth Mode Contact: ‘

4 B —e—— =]
oL 0T IWidd LOTILdCD FOTriTS / Ell

[ Generate the contact output file, {*.con) | Driver] Wheel.CM ‘

| 5 Force Display (¢ Action ) |v|

5 [

@v

CPM Control
[Iﬂ Use CPM ‘

When to use Smooth Option (The default is OFF)

» Tight contact between a shaft and a hollow cylinder
» Contact point moves along the large curved surface
» Contact point moves smoothly along the surface

When NOT to use CPM Option (The default is ON)
¢ The contact force directions are not uniform
» Tight contact between a shaft and a hollow cylinder

When to use Edge Contact (The default is OFF)
» Main contact points are the vertices of the
geometry

No. of Max Contact Points does NOT affect the
simulation result at all
In most cases, 100 is recommended

Force Display:
Displays the contact force vector during animation
In most cases, only Action is used

RECURDYN
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Step7 Simulation and calibration #1

Uncertainties of the contact model

! Diversity of the
materials .
geometries

. S ‘ I Numerical |
Diversity limitations )
of the ) .
)

Urface § Surface
Strength yhr

Analytical
calibration

\
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Step7 Simulation and calibration #2

® (Calibrate the parameters after reviewing the simulation results
and simulation performance

® Check Point 1: Occurrence of the Contact Event
> If contact doesn't occur or one body pass through the other body
v Check the distance between the bodies and use the finer Facets

v Increase the Maximum Penetration
v Check the Normal direction of the contact surfaces

Check Point 2: Penetration

> If there is too big penetration or one body pass through the other body
v Increase the Stiffness coefficient
v Increase the Stiffness Exponent
v Check off CPM(consistence penetration method)

> If the penetration itself is very important (eg. MTT)
v' Calculate the load and find the stiffness to generated the expected penetration

® Check Point 3: Rebound characteristics

» If the body doesn’t rebound or rebounds too much

v Adjust the Stiffness coefficient

v Adjust the Stiffness Exponent

v Adjust the Damping coefficient (the variation should be smaller than stiffness)
» |If logarithmic decrement is given

v Find the Damping coefficient using the repetitive simulation

L

\
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Step7

Simulation and calibration #3

I}

—

L

Check Point 4: Step Size of the solver
> If simulation takes too long (especially, if the step size gets too small)
v as far as the rebound characteristics and the penetration is reasonable

% Decrease the Stiffness
% Increase the Stiffness Exponent
% Adjust the Damping coefficient
v' Set Maximum Step Size equal to or less than 0.001 (in Solver setting)

Check Point 5: Linearity of Contact Force
> If the contact point moves but does not apart and the contact force oscillates

v" Use the finer Facets

v Use the Smooth contact option
v Decrease the Stiffness and Increase the Stiffness Exponent

\

RECURDYN

© 2016 FunctionBay, Inc.

A 36



Case study
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Cam System

Sim time: 2sec, CPU time 6.6sec
N\

® Description
® Cam Body, Rocker Body and Valve contact each other

» 4 Geo Curve Contacts Curve Name |C1.ImportedCurvel |

> 2D Geo Curve Contact is used  cuvempe [Line

> CPM, Smooth options are used  Cuwesegment (CET |

» Curve Segment = 200 "] Use Total Segment

> K:100000 C:10 Exp:1.5 Fric:0.1 ~ BoundingBufferLengtn |6 (™acuner ]

() Cubic Cell Size (¢ ¥, Z) |54, 52, 1 | ’—‘

Normal Direction Up (*) Down [ INode Contact
i Preview Contact Geomédtry : Contact Geometry i

Definition of the Action Geometry

Name | Rocker_L.C1_ImportedCurve1 |@

Contact Plane Mormal | -1,0,0 |
Normal Direction (® up () Down ¢| Node Contact

M Preview Contact Geometry [ Contact Geometry l

[ Advanced Setting ]
No. of Max Contact Points |m %
|| Generate the contact output file. (*.con) | Rocker_L.CM |
Force Display |Adiﬂn Iw |

Cam to Rocker

GeoCurve Dbox

\.

RECURDYN A 38 © 2016 FunctionBay, Inc.




Cam System

Type Standard ContactForce _____________________|ig
~ Characteristic

| Spring Coefficient | =] 100000. ]

| Damping Coefficient [=][1e. 7]

| Dynamic Friction Coefficent |~ 0.1 [pv] [ Friction |

o] Stiffness Exponent |1.5 |@

(") Indentation Exponent (%) Boundary Penetration

Boundary Penetration |1.e-002 ]

|| Rebound Damping Factor |0.25 |E]
Cam to Rocker Maximum Penetration i ]

6 Animation and Plot Maximum Stepsize Factor |'| |E]

Characteristic Dbox

Cam

Time Initial State | = Pos1_Relative- TraJoint1 {mm}|

One_Piston_Model

1.00

0.00

e \ L N f
. L ]
o |l
o | ] \
l
!

Rocker

Length (rmm)

e \
-6.00 \
\/ \/

-8.00
0.00 0.20 0.40 0.860 0.80

—
———

Valve

1.20 1.40 1.60 1.80 2.00

1.00
Time (s)

Cam working animation Valve displacement
.
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Ball Bearing

Sim time: 4sec, CPU time 6.4sec
N\

® Description

® Balls and Arc Revolution Geometry contact each other
» 40 Sphere To Arc Revolution Contact (Analytical contact)
» Face surfaces are used and finer facets are used

» K = 100000 C = 10 Exp = 2.0 Fric = 0.15

Definition of the Base Arc Revolution
— Characteristic

ar
|5pring Coefficient |v | | 100000, |E] Name || |

Arc Radius ||5.5‘.-'E |
|Damping Coefficient |‘r | | 10, |E]

Start Angle of Arc | |End Angle of Arc I:I
|Dgrnamic Friction Coefficient |vﬂﬂ-15> |E] [ Friction ]

Arc Center Offset Wertical Harizontal I:I
[+ stiffness Exponent 2') |E] Start Angle of Rev End Angle of Rev
|| Damping Exponent |1. | Open Face bl start Face il End Face

Mormal Direction  (®) Inward () Outward = Helix
[ ]Iindentation Exponent |2- |

Definition of the Action Sphere

| B
Buffer Radius Factor |1-2 |@ .

sphere Radius |5-34 |
Maximum 5tepsize Factor 1) |E]

Farce Display Action =\ % Jynchronize with Geometry

Characteristic Dbox SphereToArcRevolution Dbox

\
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Ball Bearing

® Animation and Plot

Tire = 0,00000000 Second

~ Pos_TX - BEARING_OUTER (mm)

{ \\J{ \LI \UI \\J} \\J[ \J J[ JI
Ba” bearlng anlmatlon 0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.090 0.100 0.110 0.120
Time (s)

Outer ring vertical displacement

\
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Linear guide modeling

Sim time: 1sec, CPU time 6.4sec

® Description
® LM Guide moves along the Steel Rail
» 1 Geo Surface Contact
Face surfaces are used
CPM is not used
K =1000 C = 0.1 Exp = 2.0 Fric = 0.1

Max. Facet Size factor is used
v' Base : PTF = 0.1 (fine facets), MFSF = 10
v' Action : PTF = 0.5, MFSF = 0.5 (Increase the contact nodes)

MFSF : Max. Facet Size factor

® Animation and Plot

YV V V VYV

440000.00 ase Geometry

420000.00

nnnnnnnn

0000. 00 L_,J//

nnnnnnnn

Torque (N*mm)
-
2

nnnnnnnn
0.00 0.10 0.20 0.30

0.40 0.50 0.60 70 0.80 0.90 1.00
Time (s)

Hinge point reaction torque

LM guide animation

\
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Stand wabble analysis

Sim time: 5sec, CPU time 16.2sec

>

VV VYV V VY

Tirme = 0,03000000 Second

\.

® Description
® Simulation to analyze the stability of the TV stand

1 Geo Surface Contact

Face surfaces are used

Max. Facet Size factor is used

CPM option is used

K = 10000 C = 100 Exp = 2.0 Fric = 1.0

Action : PTF = 3.0, MFSF = 0.1 (Increase the contact nodes)

Max Penetration = 5.0

Action Geometry

Angle (deg)

0.00

-5.00

=10.00

=15.00

-20.00

-25.00

-30.00

c.00 0.50 1.00 1.50 2,00 2.50 32,00 3.50 4.00 4.50 5.00

==Paos_ROLL- ImportedBody1 (deg)

A

AN

LA

o

Time (s)

Wabble analysis animation

Pitch Angle

~
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Cycloid drive

Sim time: 1sec, CPU time 26.5sec

® Description

® A mechanism for reducing the spped of an input shaft by a certain ratio

\

3 Geo Contacts

YV V V VYV V

Tooth1 Contact

Face surfaces are used and finer facets are used Tooth1
CPM option is NOT used ' "
Smooth option is used for Sliding shaft contact
K = 10000 C = 1.0 Exp = 2.0 Fric = 0.01

Sliding shaft contact

N

Sliding Shaft

Tooth2 Contact

RECURDYN

A 44

© 2016 FunctionBay, Inc.



Cycloid drive

~
Time = 0,00000000 Second o n'agugggug gecond ™\
Y
A,
Tooth2 Contact

0.025

0.0z20
a 0.015
)
: |
= N | R TI |
)
o
4
[
= 0.005 -

0.000 LILE I

-0.005 ]

Q.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Time (s)

Sliding shaft contact Tooth1l Contact

Reduction Ratio

\
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Gear contact

Sim time: 1sec, CPU time 2m 19sec
"

® Description

m Gear system with various gear types
» 5 Geo Contact
> Face surfaces are used and finer facets are used
» CPM option is used
» K =100000 C = 10 Exp = 2.0 Fric = 0.01

e ) . G3-G4 Contact(Worm)
G1-G2 Contact(Bevel) Cmotion PTE1.0. MESE10

PTF1.0, MFSF10

v\ O\ N Lo G7-G8 Contact(Spur)
GS G6 Contact(Helical) PTF3.0. MFSFO0.5

PTF3.0, MFSF10.0

\
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Gear contact

® Animation and Plot
Z

Time = 0,00225000 Second

Gear contact animation

® Contact Shape

G1-G2 Contact(Bevel)

\

G3-G4 Contact(Worm)

10000.

5000.

-ED00.

-10000.

Torgde (N*rmm)

-15000.

=20000.

1]

0o -

.00 -

0o -

1]

i)

oo

== Driving_Torque - RevJoint4 (Wmm)

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0. 80 .50 1.00

Time (s)

G5-G6 Contact(Helical)

Driving torque variation

G7-G8 Contact(Spur)

RECURDYN

A 47

© 2016 FunctionBay, Inc.



Conclusion

Good contact modeling can
reduce the simulation time and

make the result more accurate

Lv1

Understanding theories on contact modeling

Understanding the algorithm of contact force calculation

Understanding the various contact types of RecurDyn contact

Understanding the model to be simulated

\
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Conclusion

Contaect!
You can use it well too!
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Thank you

5F, Pangyo Seven Venture Valley 1 danji 2dong, 15, Pangyo-ro 228beon-gil,
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Ueber die Berithrung fester elastischer Korper.

(Von Herr Heinrich Herts.)

I.n der Theorie der Elasticitit werden als Ursachen der Deforma-
tionen theils Kriifte, welche auf das Innere der Korper wirken, theils auf
die Oberfliiche wirkende Druck Fiir beide Arten von
Kriiften kann der Fall eintreten, dass dieselben in einzelnen unendlich kleinen
Theilen der Korper unendlich gross werden, so zwar, dass die Integrale
der Krifte tiber diese Theile genommen einen endlichen Werth behalten.
Beschreiben wir alsdann um den Unstetigkeitspunkt eine geschlossene Fliiche,
deren Dimensionen sehr klein gegen die Dimensionen des ganzen Kurpers
sind, sehr gross hingegen im Vergleich zu den Dimensionen des Theils, in
welchem die Krifte angreifen, so konnen die Deformationen ausserhalb und
innerhalb dieser Fliche ganz ig von einander werden.
Ausserhalb hingen die Deformationen ab von der Gestalt des Gesammt-
korpers, der Vertheilung der tﬂmgen Krifte und den endlichen Integralen

der K im U innerhalb hiingen sie nur ab
von der Vertheilung der im Innern selbst angreifenden Kriifte. Die Drucke
und Deformationen im Innern sind gegen die im Aeussern unendlich gross.

Im Folgenden wollen wir einen hierher gehrigen Fall behandeln,
der praktisches Interesse hat*), den Fall niimlich, dass zwei elastische iso-
trope Korper sich in einem sehr kleinen Theil ihrer Oberfliiche beriihren,
und durch diesen Theil einen endlichen Druck der eine auf den andern aus-
tiben. Die sich berithrenden Oberfliichen stellen wir uns als vollkommen

glatt vor, d. h. wir nehmen nur einen senkrechten Druck zwischen den sich
H beriihrenden Theilen an. Das beiden Korpern nach der Deformation ge-
D|A|&|I EE‘E_DEM,FEM... _I'__&Il&ll EE‘E_HertZ i Stiick der Oberfliiche wollen wir die D: die B

Winkler, Die Lebre von der Elasticitit und Festigkeit, Pug 1867; I, p. 48,
Eﬂulof g‘heona der Elasticitat und Festigkeit, Berlin 1878; p. 49—

« 18819 Heinrich Hertz0f 2|3| "l’Q Q- et M S35l HHO| CHSt AN M2
« 19324 Bradley2| &710f| °|oH AN o ME2 e

« 1965% Sneddon O 2|3l & Al Half- -space | EHEE2 08 510 MO 8= E4
19714 Johnson-Kendall- Robertsoﬂ olsff £ He| HEO|N Y lS= = (adhesion) 1 H

r Waals &= 1124

of
<
Q
S
o |
o)

T = —+— =
. 19754 Derjahuin-Muller-ToporovOi| 2|3l Et- :rl9f 2N Hel &
1992 MaugisOll 2|8l 7|E2| A= Cfot o

20| JHLE ojF 2 72Kl
o Fto|Lt EXt2a} 2 B}

A7t FE 0|F0 S

> Purdue University Lecture 8 Introduction to Contact Mechanics

\
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Shape function of z
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Hertz contact model

k

= hoj tiet Th=s}

oo

ﬂ
\
\
\
\
/ N
g
i
ot
Py

\
\
\
SIS
,7
J
IR
1= o
|
.“Q-
L] .'.‘\5 kS
\_—/h-‘r;_
=y
I
>
X
N
_I_
vy)
<
N
I
N
<
N

1 ., 1 , 1 , 1
h=1z = X+ Y+ X"+ y
2R/ 2R/ 2R, 2R]

where,R/ =R"=R,, R, =R] =R,

1(1 1), 1(1 1),
== —+— [X"+=| —+— |y
2| R, R, 2| R, R,

2 hS r-6Zt&4|0f| CHsl &2
2 1 2
h=— —y?> = —r? (r—6@coordinate)
2R 2R 2R
\. —
© 2016 FunctionBay, Inc.
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Hertz contact model

ol o = 1 Ho
B oo <
ol kKM o! =T

0,+0,—h

0.0
x(mm)

uzl +u22

4a

(2a2——r2)

4a

<

5, +6,)

=5—]'ﬁ(5
2R

uzl +u22

5,+6,)

r* (o

_5_ 2

1—1/22 7T P,

1_V12 7T Py

2R

(2a° -r?)

4a

(2a® -r?)+

4a
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Hertz contact model

7T Py (28.2— 2) :l-_‘/12_|_:|-_‘/22 _ _irz
4a E, E, 2R
7T Py (28.2— 2)—5—il’2 izl_vf 1-v,?

(0] 0L [ O] 52 W& AU T AKX
r=a [ YUA LS Solf aE Z2H

where, r=0 than, 5:w _ e ‘
2E _

Z)

—

z1 —
22

2

|
|
8 u
'73.';___: _i__ 5,‘0 Uz ifﬂ
pOR LTz ST
—
a

S

1
S~
——

where, r=a,0 =0 than, a="

[—— g ——ete——a —
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Hertz contact model

of Ao po| £tA|

Al
-

CH &

\

32
7°R

(GPEZ
1po:

jl/ 3
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Hertz contact model

Hertz Contact Formulation RecurDyn Contact Formulation

2
P: 16RE 53/2:K.5l.5 F:K.é‘n
2 | $
__RiR « _ [L6RE’

R +R, = 9 K=f(R,R,,E,E,v,v,)
_ E,E, n=1.5

E, (1-v?)+E (1-v,)
References

« H. Hertz, “U ber die Beriihrung fester elastischer Korper,” Gesammelte Werke (P. Lenard, ed.), Bd.

1,(J.A. Barth, Leipzig, 1895) pp. 155-173. Originally pub-lished in Journal f. d. reine u. angewandte
Mathematik 92,156-171 (1881).

* ‘Contact mechanics’ in Wikipedia

* R S Dwyer-Joyce, “Tribological Design Data Part 3: Contact Mechanics” University of Sheffield

* K.L. Johnson, “Contact Mechanics” Cambridge University Press 1985 ISBN 0 521 347963

 Georges Cailletaud, St’ephanie Bassevillel,Vladislav A. Yastrebov, “Contact mechanics I: basics”,
EMESURF short course on contact mechanics and tribology, Paris, France, 21-24 June 2010

* https://woodem.org/theory/contact/hertzian.html

\
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Hertz contact model — parameters

o ot AT HE

. E1,E2=210Gpa
—— E = 115Gpa
Vi, 12=0.3

r=t& . JI6RE’
R +R, 9

E\E,

k= Ez(lfvlz)JrEl(lfv;)

o 7o WOIO| HS

ot &0 Cholf Cie

R1(mm)

350000

S} dt

M £ (Steel)

48
R2(mm)
0.5 1
0.5 10
0.5 100
0.5 1000
0.5 10000
0.5 100000
0.5 1000000

MMKS
R K

0.333333333 88823
0.476190476 106163
0.497512438 108514
0.499750125 108758
0.499975001 108782
0.4999975 108785
0.49999975 108785

-('5|.E Al-gl-oﬂ [HOH |:|.Ol=o|- I:I|-7=| I—I_Q_(SteeD

0.5

- ° El,E2:21OGpa 300000 | 5.0
* E = 115Gpa 250000 | 22000
« V1, V2=0.3 5000.0
200000 |
z
R1(mm) R2(mm) R K 00007
0.5 500000 0.4999995 108785 100000 |
5 500000 4.99995 344008
50 500000 49.9950005 1087802 e I
500 500000 499.5004995 3438385 e — ————
5000 500000 4950.49505 10824577 el G,
Hertz Contact FD curve
\.
RECURDYN A 61 © 2016 FunctionBay, Inc.




Hertz contact model — parameters

MZE 2 M

ol H/ = o

® Cpafok AX{of el NIESESS

Material Properties R1=0.5mm ,R2=500000mm

= 0[830] #& &+ UL

(

RR,

R +R,

16RE®
9

K -

E,E,

. E, (1-v?)+E, (1-v,7)

~

Material E(Gpa) \ Steel Aluminum |Bronze Oak Wood|Plastic Rubber
Steel . 210.00 0.3 Steel 108786| 54955 80559 11210 2636 25
Aluminum 70.00 0.32 Aluminum 36763 46690 10182 2575 25
Bronze 120.00 0.34
Oak Wood 1100 035 Bronze 63963 10819 2614 25
Plastic 240 0.39 Oak Wood 5909 2177 25
Rubber(EPDM) 0.02 0.5 Plastic 1334 25
Rubber 13
Contact Stiffness K for MMKS Model

K Conclusion \

— e X_l_ .

® Hertz Contact2 2= 0|83t MEZSHMO|A Stiffness(K)2| 2r= & AX{2| Et

, . > S =
A 4= (Young's Modulus)?t 5 Solid2| HMEHO|AM A0 Lot S EHHY

/

-\
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RecurDyn Contact
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RecurDyn Contact Computin

g process

Geometry

Buffer Cubic

Solvere ¥ X 9| Actiong ZFSHX|

Properties of GeoSurContact1 [ Current Unit : N/kg/mm/s/deg ]

- Characteristic | Gep Contact

~

Bounding buffer Cubic

=
xIZI_I_

Buffer CubicOfl &5 Al Step Size Factor0j

A E=E

Standard Contact Force |v|

Type
— Characteristic

| spring Coefficient | = [ 100000. [v]
| Damping Coefficient [=][10. 7]
| Dynamic Friction Coefficient | v 0. v ] [ Frictin |
] Stiffness Exponent 2 [ev]

O|8l|l Max. Step sizeQ| 2 8ot ME

Contact 24l

() Indentation Exponent (®) Boundary Penetration

Boundary Penetration |1.E-ODE |@

[+ Rebound Damping Factor |0-25 |@

\ Maximum Penetration |0.B ”m
s Maximum Stepsize Factor |2- |@

Contact EventE 2L A|7{ Contact ForceE
A LS 2sEEAO XE

~

Geometry O|E

HhEF 7t 0f ofdl 2-54Heko| HH M
K EAZ0| S| K| =, Buffer Cubicg O|Etet

8% Step Size Factor0f| 2|t Max.Step

size®| =8 F&= MA

\
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RecurDyn Contact formula

® Normal Force
f . :stiffness force of contact
f =1 +f S
n ns nd f , - damping force of contact

® Stiffness Force: Hertz ContactO|20f 7|85t =41 A&

fns = K : 5ms o
8L
- . €
= Damping Force E 5 Default
i — T 7 4 -
» Boundary Penetration Method o : Choice
fnd = Step(&’ O’ 5max 1 Cmax) ‘0 % 1 2 3 n 5
deltalmm)
» Indentation Exponent Method 5 —c curve of BPM
250
frg =Coax -O™ -5gN(S) - O™ 200
. E 150
default parameters: md =1, mi=2 —'-%; 100
1:nd:(:max'é‘z'é‘ o
% 1 2 5 2 5
deltalmm)

& — ¢ curve of IEM

\
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RecurDyn Contact formula

® Damping Force (Cont.)
» Rebound Damping Factor

b

f.=max(f, R-f.)

@® Friction Force

Friction
Coefficient US ! lu S

Uy Hy

-y, -¥ Reifive and tangential velocity
i contact point
= My
. —H . . " .
Dynamic « Dynamic Friction Condition (Slip)

Frich an ‘
Condition(Slip) Static Fricion Condition
(Stick)

\

v BreEo| we HE 0j LojLhS WHOIK|E /Y Y

=

=
v It %t DampingO| 28% AL fsE Lt fd7t AHX|= & &g UM
v ™E Aghg g X]5H7] 28l Rebound Damping factor AFE

1100.00
1000.00

900.00

800, 00 {f--rr-rpemreeeet-
700.00

600.00

400.00

R e . e A

Force(N)

300.00

100.00 {4t
0.0

200.00 -+ ......," ennnefanes -

-100.00 | ! :
0.00 1.00 2.00

H i H L
3.00 4.00 5.00 6.00 7.00 8.00 9.0010.00

Delta(mm)
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Faceting

® Faceting

ol

LR
N
|

© 2016 FunctionBay, Inc.
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Faceting

® Faceting control parameters Surface patc
Surface Name | |
|Genera.l. | Ch.a.ra.cteri.sti.cl Geo Contact |
Surface Type |Triang|e |"|
Definition of the Base Geometry R Bounding Buffer Length |?_{:. |@[ o ]
G

Hame | | [»|Plane Tolerance Factor @

MNormal Direction ®up O Do = act -
[ |Max. Facet Size Factor |2. |
[w Preview Contact Geometry Q Contact Geometry /J\ll [ Cubic Cell Size [, Y, Z) |27, 11, 27 |

[ ok || canca |

—

® Plane Tolerance Factor (0.01~10)
> HES 2%l D=2 AN 40| &2

tangent line ==+ =—_ —* .....

Surface line 0
Control angle Facet line

Plane Tolerance Factor 5 Plane Tolerance Factor 2

—

B Max. Facet Size Factor
> Facetl| 27|& HN|otSt= Factor2AM &2 4f € =5 HO| Facet/l =7} BOIA

=

Facet Size

Max. Facet Size Factor 10 Max. Facet Size Factor 2

\
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Contact Event

\

@® Solid contact — ( Solid contact)
® Patch=0| H&Fot &AM CHEH (Geometry Center)O| A &2

S M) -O
S

Simulation

® Analytical contact — ( Primitive contact)
m 0|2 Mo|=l gAlo| Sk MM HE

® FacetingE FASHX| 2D Patchke EXSHA| Gia

(k=]

Simulation

RECURDYN A 69
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Contact Event

@® Point(Node) contact — ( Geo contact, Surface contact)
® NodeQ| Z+ 0| &CH Geometry2| PatchM0f| & & (Penetration) & 42 &
X HIAH
1 = O

nodeO| Al & T Geometry2| Patch0| & & ZHA| 7HEE 2 =E ContactE

fn
ffric ff »
| ffric v
fric Y
m -

® Edge contact — ( Geo ) s
® PatchQ| 2|Zt M9l Edge LineO| ACHPatch®| Edge Lined} WXFHOAM EHE

| ‘

H— =2 o
fn
Simulation

M

il

[

f

Model

\ —
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Smooth Contact — Geo contact

\

® Point contact eventOl|Al Point2| ACH Patchl| ™
O 2 Hal5I(
® Patchl| Z2H™O|A =

MExO
I=|—|E

|ttot= S HE

=% BHO[ AFgtA|= =t

- 1 L=

m Geo ContactO A2t *f97fo

\Contact Point

Base Body

"4

H= Hermite =™

Non Smooth

4%

Hermite surface

Smooth
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CPM - Geo contact

® (CPM(consistence penetration method)
B HE LDEA §F node=0f HH = &d 571 21+ HA St7| {let =+
xS
® Faceting 2| Sd0| W2} s A7t HeEfX[= AS WX
F F F
<L <L < 5
Body A f 1f 1\ D\ A f, l\‘ fy l
Body B = = o —3
Casel Case 2 Case 3
F=ko+ko F=kd+kd+ks F=ko+ko+ks+ks+ks
F F F
= — —_ 5:_
. F Iy F Sk
m HEFO Jl==0f EHH|HSt=F ko] ¢tE 85t ALE
4 k"=k /n (n:contact point number) h
F=k'o+k'o F=k'o+k'od+k's F=k'0+k'0+k'd+k'd+k'S
F
\_ K Y,

\

Consistence Penetration Method
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Contact Entities- General 3D Contacts

> - Solid Contact EventE 0| &
- Rigid - Rigid
- HEZ(Penetration)Zt1, SEHIZH0| 2 HMAM £3

& & »

Geo Sur Geo Sph Geo Cyl

Solid

+  Point Contact Event®?} Edge Contact EventE 0| &

* Rigid - Rigid, Rigid - FE, FE - FE

- YREEOl Hatof ol 71 =2 sl dsS LHEH

* Geo Sph2} Geo Cyl2| A2 Analytical Contactl| 7|5 AIE

« CPM(consistence penetration method % Smooth patch 7|5 Al&7ts

Sur-5ur Esur-5ur Sph:ur Cyl-5ur
« Geo contactZ/I'2 0|T2| Point Contact Event?t X8 El Entity
. Rigid - Rigid

« HZEHO|M contact force displayZt ESE|X| &

I:IIO

General Geometry ContactOf] 0 M Geo ContactEE+=

Solid Contact2 AtESt= A 0| HiE 2ot

\

RECURDYN | A 73 © 2016 FunctionBay, Inc.




Contact Entities- Primitive 3D Contacts & 2D Contacts

+87Hs

« Analytical Contact EventE A8
. Rigid - Rigid
 RecurDyn Geometry Tt A} 715
- HE MK
 Parametric ValueE 0| &%t Geometry Size®Z

al
x

Primitive3D

o ¥ & O

Sph-5ph  Sph-Cyl Sph-Box Sph-Torus

d s - @

S5ph-Con  Sph{sph}) 5phiCyl} Sph(Box)

@ 9 h Ju
Sph{Torus) Sph({Con] Cyl-Cyl Con-Cyl
./ "
o S W |
Cyl-Box Cyl{Cyl) Con-Con  ConfCon)
8- &

Sph-ArcR Sph-ArcE

Geo Cur

Point Contact Event®} Edge Contact Event& 0| &
2D Curve(Polyline, Spline, Circle, Arc, Edge Curve)& A&

Rigid - Rigid, Rigid — FE, FE - FE

~ony

Cur-Cur Cir-Cur

Point Contact Event@t AL

2D Curve(Polyline, Spline, Circle, Arc, Edge Curve)& A&

Rigid - Rigid

°
'/"\, =4

-+ (9
Cir-Cir Cir(Cir) ¢

X @ |.

Analytical Contact EventE A&
Rigid - Rigid

Circle B Edge Curve % OutlineS 0| &25}0] REZ

Cam2D Camline2D
\
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GEIES

\

tep1
eometr

o ™M= HEHO]| [L}E Contact Entity JEH *J
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Step1 Geometry 3! E= HEHO|| [}Z Contact Entity 414

Contact Body’| 3%t& H&= ot=71?

=37

f?

Geometry2| & 0|

Geometry2| 0| S& eI

.
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Step2 Base & Action Geometry2| /MEH

® HEMAO| 22 Geometry > Action22
B HEHHO| 22 Z 2 GeometryS X US| Facetingdt] £E2{2 ©E
o 2o 72
® SEHIZHO| &2 Geometry 2 Action2 =2
% 2 ZEO| patcho| WAHE K| W, BHA| 2FYHO| KOLA
® X0 & Body2| Geometry > Action2 =
® Action BodyOf Ciiet A4te] 2&5-d0| § A Z2 YL U=

Action Action

Action

\
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Step3 Contact Surface2| M’d 5! Contact 44

~
o  — . — = oF A

® General Contact2 25 Solid EE= Surface= X|™E £ QX|TF H

X£Q| HIASLE E B AL JJO -

=0| HW5tE £ Surfacet MEL = X|Edt= A2 Solver?| £

E 2 X K Time = 0,00000000 Second

== 34 2dF

® Surface ‘4417

OEECEEE
Body Edit
ModeZ! &
L _,
(2) Face Surface ) t Cutline Surface g Arc Revolution
L %éi t:l Spline Surface é’Arc Extrusion (5) §|-E0‘||A‘|
P Face Surface ShiftH'l ES L=}
r _ ) suface B2 FaceS M=
(3) MZ Solid41EY S —
\/d‘ Entity Name Subtiagtl2 A Driven Wheel
i \‘ I ) Color 4) Add Remove Elkﬁ,. Markers
3 ' a— R (continuous) &, Markerl
| = B e ace Selection Type . |A_-|E—|H ..... Marker?
'—‘.{ - () Add/Remove Opt|0n _____ kcs‘ e
./ ﬂg > (*)iadd/Remave [C ous} Tolerance (Degree) -4 Surfaces
- @ ORoTES é_é--?jhzcefaurface'l
== -1
o T=me— 52 @@ Subtract12
L . ]
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Step4 Contact EventO]| [} Faceting & +7d

® Geo contact & Solid Contactl| 8% Faceting0 [[HE S A2l 2t
EoF A ALA|ZHO| TIZSE HRlE Tt &
® Point/t &3}t Base Patchl| A7|= &S S0 LIEHE = U= =
ZotA ArE T —

Surface Name |Body2.EIIipsoid1.Face1 |

Surface Type |TI'iEf'|EJ|e |'|

Bounding Buffer Length |40 |@[ Cal. ]

[+ Plane Tolerance Factor E]

[ |Max. Facet Size Factor |2. |

[] Cubic Cell Size (X, ¥,2) |23, 23, 25 |

[ ok | [ cance |

Plane Tolerance Factor: 3.0 Plane Tolerance Factor: 0.2

Default value of Faceting control

® & Point(node)’t EX{SH= Action Patch= & 40| Hilieh = U E

Facet SizeE =& Point= 47

. Pﬁﬁiu 0|4 Patch®}
atc il =7l=
l Cha o HE7ts
T HADO
Max. Facet Size Factor: 10.0 Max. Facet Size Factor: 2.0

\
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Step5 Contact Parameter & &

Properties of GeoSurContact1 [ Current Unit : N/kg/mm/s/deq ] Hertz Contact Theory2 £E| A 4tA S
0 ZF ZAX] H
Characteristic | Geo Contact OI °°|'0:| KX = °(Tunmg Pomt)
Type Standard Contact Force |4 R=_"aRe
5 =
— Characteristic 16RE Rl + Rz
K=,|—— ¢==m
| Spring Coefficient [+][100000. < o] 9 E- 2E1E2 :
E, (1-v%)+E, (1-v,%)
|Damping Coefficient |v || 10. < IE
|D3rr|amic Friction Coefficient |v||i]. 4—@—[—%., } Damping Coefficient OEI E-Iﬂ1: ETEI—]IEE
— Stiffness2| 1/100008 = Al£ (Tuning Point)
[ stiffness Exponent |2- < P
() Indentation Exponent (®) Boundary Penetration Friction Definition Friction Coefficient®! =
_ _ Mopa ol =ops
. [ %
Boundary Penetration |‘I.e-rl}4}2 |[E] staticThresnold Velocty [ [[pv] JL : I'E o
Dynamic Threshold Velocity E] 71' A °'|0| LI‘ —:'l_=—ll_—_°_|
| staticFriction Coefficient [0.  |[pu] br| ‘II-S xxslod 1A
[ |Maximum Friction Force @ Thr h Id V I it 1=
[ Rebound Damping Factor 0.25 esho elocity—
| (o defadlt= ALE
Maximum Penetration |ﬂ.5 < IE — —
_ _ - — Stiffness Exponenti= Hertz Contact O| =0
Madmum Stepsize Factor 2= fr 1t} 1.52 A& (Tuning Point)
Maximum PenetrationZt2 HE0HHE 1_1|"T7|
1o TmmALE (sl A abho]| 2t 21 HY)
Scope oK Cancel A = o
[ || | [ ool | 2I712|0) M H oot
7:| el

& 20{M 2%0|=

\
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Node Contact&M2 Zt Geometry2|
Point(Node)7} ACH PatchO| Contact EventS
TAAZE AUX| AHEol= A= 715X
Action Geometry2| Node Contact 2t Check

Properties of GeoSurContact1 [ Current Unit : N/kg/mm/s/deg ]

|Generai I Chalal:tﬂistic| Geo Contact

Definition of the Base Geometry

Mame Driven_Wheel.5ubtract12]
Mormal Direction l @ Up {:} Down I— DN e Comntact
E] Preview Contact Geometry [ pntact Geometry ]

Definition of the Action Geometry

Name | Drive_Wheel.Unite2 |

Geometry Type |5urface - |v|
Mormal Direction @Up {:}ann }' (@9&\”..&&
E]Previm Contact Geometry [ pntal:t Geometry ] Normal Direction Check
[ |Edge Contact [ Lacvanceasetting ] Geometry2| Surfacel| 2% EZ0| 2lst=
= J  ~ —_— | . .
HiSkHIE{O| M7H0| & Q3lH, Working Windows2)
No. of Max Contact Points | 100 = HIE] |conS E8l| 7P| RO 2 S0IsIHAM &F
[ | Generate the contact output file. [*.con) |DFWEH_W|’1&EI-CM |
Force Display |Actic|n |-r|

e e

Base: up Action: up Base: up Action: down
Good! Wrong!

\
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Advanced Setting

Smooth Option Control
[l:ESmooth Mode Contact: ‘

Properties of GeoSurContactl [ Current Unit : MN/kg/mm/s/deg ]

\ 4

|General I Characteristicl Geo Contact |

[w| Use CPM

Definition of the Base Geometry

Mame Drnrerl Wheel . Subtract12) |

[ CPM Control ‘

Mormal Direction @ Up O Down DNode Contact
IilPreview Contact Geometry [ Contact Geometry ] SmOOth optlon; AI‘RBHOI: o 7:' O (7|'E’5'.' Off)
3 Cylinderd]| Shafts 77|-r.| '-"" Contact
Definition of the Action Geometry IE_;il E 'I'TE ; —+—A°| I-I*I-IOI xI Ll-jl-l— 7(::;'?'
| (=) 24 o
Mame ‘Dri\l'E_WhEELUHitEE | OI -LI_EE uH]J'E7." DIJJ'E'-Ix1OF OI-L 7(::;_|_
Geometry Type | Surface | - |

CPM Option2 7{0F & A< (FI25 on)

Mormal Direction ®up ) Down [+ Node Contact . = Cy“nderO‘" Shafts 77|-|-_| ';“: Contact
S5t AM0| Geometry B Al HE2 X7t

CHFStl Normal Vector 2 7*7* CHE 4%

M Preview Contact Geometry [ Contact Geometry ] e

gge Contact E Advanced Setting }
Mpo. of Max Contact Points < 100 ) gl

" || Generate the contact output file, [*.con) |Dri\rer1_WheeI.CM ‘ Edge Contact% 9:' OI: ‘3,:!' 73-?—(7"&&1 Off)
C + Geometry2| B A2|9F MZ=0| 2Mst AL
Force Display Action ) |,| y - H= o= ©
o [ cne ][ sen No. of Max Contact Points :0| I2f0|E =
== = — Display Point2| 7i+=E 2|0|stE 2 of A Z 1fof

FES FX 2=k 1008 AHESHH 2R

T -0

g Force Display: &2 Action2t #A gol

\
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Step7 Simulation

© 2016 FunctionBay, Inc.

A 84

RECURDYN




Step7 Simulation &%

\

® oAM= Bl off M ANt SijM K=& AESIN 45 Parameters
H ™ot}
® Check Point 1: &% Contact &2 A /EF
> ContactO| S1}StHLE BT & X0 HZ0| Ll SFX| =2 B

v GeometryZt2| 7t =tQl Sl Facet Size ZESHAH 78

v Maximum Penetrationgf 7}

v Normal Vector 2gF =9l
® Check Point 2: & & Zf(Penetration)

> HEZO| X|LIX[A 2 ALE
v’ Stiffness coefficient 57t
v’ Exponent S7}

v" CPM(consistence penetration method) off

HEL RH7H Q3 A0 HMTT)

v SI5E 0|2 At FEHE 5F Al7|= Stiffness2

OT o= &7
Check Point 3: BI2fE M

X e
HEEE0]

>

> BHHEHO0] Ho| YA AL HEF BO| Fl= 8%
v Stiffness coefficient &
v Exponent &H
v Damping coefficient ZE (=24 H3ISHH 2HQl)
> Ao o3 (j+74182 20 UL A2
v HEXN |2 ol F = Damping Coefficient?f2 &FOFOF &

Al =)

o= ALstol HE

RECURDYN
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Step7 Simulation =¥ 3 H7

® Check Point 4: Solving Step Size
> BF M S-0| XLHX|A H2 si4A 2t 288 % £79], Step Size?t 0%

molRlE 42

v BraEda HEE0| MEct SES LEtU = RN Stiffness 24

v BraEda HEE0| MESt SES LEH= R0 Exponent S7t

v St Edat HE20| MAESt SHE LEI = YR A Damping coefficient =&

v ContactZ&0| U= A2 Solver Option2| Maximum Step Sizet= 0.0010|5}2| ZtS AtE
® Check Point 5: Contact Force2| A2
> & GeometryZ} M2 22 &EfO|M 0|55t HE/X|7I X|£XHo=z HeE If H
5150 S LSHA '—fEH—H: 8%
v’ Facet size ZUSHAH =4
v Smooth contact M&
v’ Stiffness 22 2 Exponent S7tE A0 TSI HHE s L

\
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Case study
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Cam System

Sim time: 2sec, CPU time 6.6sec

\

o E A3
® Cam Body, Rocker Body ¥ ValveZ7t M2 HESIHA HAHLISS UHS0{H

> & 4719 GeoCurveContactAt&  cumetame [C1_importedCurver |

» 2D GeoCurveContact At& Curve Tpe [tine -]

> CPM, Smooth AtE Curve Segment (U |

> Curve Segment 20071 Ar& (JUse Total Segment

> K:100000 C:10 Exp:1.5 Fric:0.1 Bounding Buffer Length |6 [(PJacumer e
(] Cubic Cell Size (Y, ) |54, 52, 1 | ’—‘
Normal Direction Up (%) Down [IMode Contact
i Preview Contact Geomédtry : Contact Geometry i

Definition of the Action Geometry

Name | Rocker_L.C1_ImportedCurve1 |@

Contact Plane Mormal | -1,0,0 |
Normal Direction (® up () Down ¢| Node Contact

M Preview Contact Geometry [ Contact Geometry l

[ Advanced Setting ]
No. of Max Contact Points |m %
|| Generate the contact output file. (*.con) | Rocker_L.CM |
Force Display |Adiﬂn Iw |

Cam to Rocker

GeoCurve Dbox

RECURDYN A 88 © 2016 FunctionBay, Inc.



Cam System

Type Standard ContactForce _____________________|ig
~ Characteristic

| Spring Coefficient | =] 100000. ]

| Damping Coefficient [=][1e. 7]

| Dynamic Friction Coefficent |~ 0.1 [pv] [ Friction |

o] Stiffness Exponent |1.5 |@

(") Indentation Exponent (%) Boundary Penetration

Boundary Penetration |1.e-002 ]

|| Rebound Damping Factor |0.25 |E]
Cam to Rocker Maximum Penetration i ]

6 Animation and Plot Maximum Stepsize Factor |'| |E]

Characteristic Dbox

Cam

Time Initial State | = Pos1_Relative- TraJoint1 {mm}|

One_Piston_Model

1.00

0.00

e \ L N f
. L ]
o |l
o | ] \
l
!

Rocker

Length (rmm)

e \
-6.00 \
\/ \/

-8.00
0.00 0.20 0.40 0.860 0.80

—
———

Valve

1.20 1.40 1.60 1.80 2.00

1.00
Time (s)

Cam working animation Valve displacement
.
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Ball Bearing

Sim time: 4sec, CPU time 6.4sec
N\

o DHEAY
® Ball1t Arc Revolution Geometry2| & &0 2|5 %5
> & 407H2| SphereToArcRevolution ContactAt&
> Face surfaceT= A Faceting Z| &3}
» K:100000 C:10 Exp:2.0 Fric:0.15

Definition of the Base Arc Revolution
— Characteristic

ar
|5pring Coefficient |v | | 100000, |E] Name || |

Arc Radius ||5.5‘.-'E |
|Damping Coefficient |‘r | | 10, |E]

Start Angle of Arc | |End Angle of Arc I:I
|Dgrnamic Friction Coefficient |vﬂﬂ-15> |E] [ Friction ]

Arc Center Offset Wertical Harizontal I:I
[+ stiffness Exponent 2') |E] Start Angle of Rev End Angle of Rev
|| Damping Exponent |1. | Open Face bl start Face il End Face

Mormal Direction  (®) Inward () Outward = Helix
[ ]Iindentation Exponent |2- |

Definition of the Action Sphere

| B
Buffer Radius Factor |'|-7— |@ .

sphere Radius |5-34 |
Maximum 5tepsize Factor 1) |E]

Farce Display Action "‘ |ﬁ>ynchrnnizewith Geometry

Characteristic Dbox SphereToArcRevolution Dbox

\
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Ball Bearing

® Animation and Plot

Tire = 0,00000000 Second

~ Pos_TX - BEARING_OUTER (mm)

{ \\J{ \LI \UI \\J} \\J[ \J J[ JI
Ba” bearlng anlmatlon 0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.090 0.100 0.110 0.120
Time (s)

Outer ring vertical displacement

\
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Linear guide modeling

Sim time: 1sec, CPU time 6.4sec

\

o oY 4o

m Steel Rail®E LM GuideZ} HH

> 1702] GeoSurface ContactAlE2

Face surfaceT= 3 Faceting | &
CPM ApEQtgh
K:1000 C:0.1 Exp:2.0 Fric:0.1
Faceting2 %[X 3}
v’ Base:PTFO.1(THHAA = HED), MFSF10
v Action:PTF0.5, MFSFO.5(X ZnodeZ 7}

MFSF : Max. Facet Size factor

® Animation and Plot

22 0]

YV V V VYV

LM guide animation

Action Geometry

N

Base Geometry

Torque (N*mm)
-

440000. 00

420000.00

nnnnnnnn

nnnnnnnn

nnnnnnnn

0.00 0.10 0.20 0.30

~=TX_Reaction_Force-Fixed1 (N*mm) |

/

LiL:) L{J—//

70 0.80 0.%0 1.00

0.40 0.50 0.60
Time (s)

Hinge point reaction torque

RECURDYN

A 92

© 2016 FunctionBay, Inc.



Stand wabble analysis

Sim time: 5sec, CPU time 16.2sec

ol A H

o 23
0] olsf XM E

i |-D

=
S
> 1702] GeoSurface ContactAt-&
> Face surface= X Faceting Z| & 2}
> CPM ALE
» K:10000 C:100 Exp:2.0 Fric:1.0
> Faceting= %[X3}

v' Action:PTF3.0, MFSFO0.1(& £ noded 7
» Max Penetration : 5.0

Tirme = 0,03000000 Second

Wabble analysis animation

\.

XIots MEZ0 AHA|

Hgds dESHE of

Action Geometry

0.00

-5.00

=10.00

| ==Paos_ROLL- ImportedBody1 (deg) |

A

RN
= 7\

o, Fa
9 15.00 \ / \ s
=
< _z0.00 A

-25.00 \/ /

-30.00

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.E50 .00
Time (s)
Pitch Angle

~
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Cycloid drive

Sim time: 1sec, CPU time 26.5sec

Gl A
o NEAY

m LYF7|0{e] HENE 27HX| 2 30| CHE 2 HE5t
o =2 7|08 & d-dot= 4£7|, 29| £
> 3782] Geo ContactAt& Tooth1
> Face surface= X Faceting Z| & 2} '
> CPM ArEQtet
> Sliding shaft contactO Al smoothAt&
» K:10000 C:1.0 Exp:2.0 Fric:0.01
Tooth2

Sliding Shaft

Floating Shafto| M| X}-2-&0f
olslf 7|ofH| 7} BHE O H

Tooth1l Contact Sliding shaft contact Tooth2 Contact

\
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Cycloid drive

~
Time = 0,00000000 Second o n'agugggug gecond ™\
Y
A,
Tooth2 Contact

0.025

0.0z20
a 0.015
)
: |
= N | R TI |
)
o
4
[
= 0.005 -

0.000 LILE I

-0.005 ]

Q.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Time (s)

Sliding shaft contact Tooth1l Contact

Reduction Ratio

\
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Gear contact

Sim time: 1sec, CPU time 2m 19sec
"

v 3

FISHA AHEE[D U= 7|0 A|AHIS HE/ &
5702] Geo ContactAtE

Face surfaceT=Z U Faceting X[X 3}

CPM AtE

il
oK U

Ko
i
0E X

{

V V V V

G3-G4 Contact(Worm)

Cmotion PTF1.0, MFSF10

G5-G6 Contact(Helical)
L PTF3.0, MFSF10.0

G7-G8 Contact(Spur)
PTF3.0, MFSFO0.5
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Gear contact

® Animation and Plot
Z

Time = 0,00225000 Second

Gear contact animation

® Contact Shape

G1-G2 Contact(Bevel)

\

G3-G4 Contact(Worm)

10000.

5000.

-ED00.

-10000.

Torgde (N*rmm)

-15000.

=20000.

1]

0o -

.00 -

0o -

1]

i)

oo

== Driving_Torque - RevJoint4 (Wmm)

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0. 80 .50 1.00

Time (s)

G5-G6 Contact(Helical)

Driving torque variation

G7-G8 Contact(Spur)
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Conclusion

Zmglof Cj3t 0|2 HjZ 0|3

g |

e

RecurDyn2| Entity2| C}
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Conclusion

?
Time = 0,02

O] 0% e

Second

A Contact !
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