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Background
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EHD Toolkit

% The EHD (Elasto-Hydro Dynamic) Toolkit is released in VORL.
% The EHD bearing entity

X/

% The new piston lubrication entity

® Rotational Lubrication

DS &S O

Eall PistonLub MAMSA GTire

- - - -

% Features

Elastic Hydrodynamic Force
Asperity Contact Force
Consider Viscosity
Consider Roughness

EHD Force Contour Display
Export Result Data

CORR RS

- - J
® Piston Lubrication

\,
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Interactions between MFBD and EHD

A RECURDYN

Thickness
MFBD Solver

" EHD Solver
Position
Velocity T

>
<

Force
Torque

Pressure
Thickness

\,
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What is EHD?

http://www.tribonet.org/wiki/hydrodynamic-lubrication/

\,

~
B

% The goal of hydrodynamic lubrication is to add a proper lubricant, so that it penetrates into the contact zone
between rubbing solids and creates a thin liquid film. This film separates the surfaces from direct contact. In

general, this reduces friction and can consequently reduce wear, since friction within the lubricant is less than
between the directly contacting solids.

History of lubrication theory goes back to 1886 when O. Reynolds published famous equation of the fluid film flow

in the narrow gap between two solids. This equation carries his name and forms a foundation of the lubrication
theory.

*,
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Fluid Lubrication Region: Governing Equation

h3 = R'I3
h, =

___________

X-Y Plane of EHD
reference frame

h,(thickness) = R-l;
h2 = R'I2

\\\\\\\\

boundary plate
(2D, moving) | velocity, u
—

R-l,

fluid

® RFlex Node™ *==

~ -
________

Continuity Equation

+6—W=0
0

ou ov
_+_
ox oy

p = const.

Boundary Conditions

u=U, v=V, w=W, fory=0
u:U2! V:V21 W:W2 for y= H

Assumptions

NI

® Mesh Grid P —— C C C U1 =V1 =V\/1 =0
(—T> &1 R,—<«1 (Re—rz0(0.001)>
R R R U,, W, = const.
Navier-Stokes Equations
8u+uau+vau+wéu lop, +82u+82u ]
a tx i y Va pax V\ak Ty ar Reynolds Equation
ULV APRCLE S c B! i A A (.0 8 oH oH ’
o4 ox oy oz poy RES oy® oz’ —(F—pj+ ( pj 12V, +6U, — +6W, — ['=—
ox\_ ox) oz\ oz 2 ox oz H
ow,  ow ow ow_ 1dp, w 0w o'w
—HU—HV—AW—=———+V| — +— +—;
o ox oy az p 01 ox° oy- oz
\
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Lubrication Region and Contact Region

\

Thin film Thick film (stable)

Y
S (unstable)
l; MOVEMENT OF FORCE >
Asperity Contact Points v W
F S
HAE B VR, & 5 / =1
P WY k= z
‘ 2
- o / o
% SHEAR PLANE! S LUBRICANT
()
Y

I ____________________>

B
Film Thickness (h)

Thin Film Thick Film

Height / Roughness < 4 Height / Roughness > 4

Metal-to-metal Contact Region EHD Lubrication Region

\,
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Contact Region: Governing Equations

\,

» Asperity Contact

In the case of a mixed lubrication region, the asperity contact force is added in
the fluid pressure. The equation for the asperity contact force is as follows:

Contact Pressure at the Point of the Surface

pa(h) = KE’ ISIJ(;I"'.{I O-.s)

Fopp(h/ o) =4.4086 ~ 10‘5(4 —h/ 0.5)6.804

“_Asperity Contact Points

P, is the asperity contact pressure [F/L"2]. A, W\ s,
/1 is the film thickness [L]. Y 1 ;

o, is the roughness[L].

K is the elastic factor.
E' is the composite elastic modulus [F/L"2] ‘
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Piston Lubrication Modeling Process
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Piston Lubrication Modeling Process

% Pre-stage of Piston Lubrication Creation Process

v’ Steps to create the RFlex bodies of Piston & Cylinder
@ RFlex bodies: user prepares the RFlex Bodies which includes the mode shapes with respect to local deformation
@ PatchSet: user creates the PatchSet to that RFlex Bodies to define the EHD zone

@ Cylinder RFlex Body with Mode Shapes @ Cylinder PatchSet

Direction of
Deformation

Normal Direction of Local Deformation

@ Piston RFlex Body with Mode Shapes @ Piston PatchSet

\,
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Piston Lubrication Modeling Process

% Create the Piston Lubrication Entity

@ Piston Lubrication Icon in the EHD Toolkit

@ Create the Piston Lubrication EHD

Click the “Piston Lubrication” Icon

Select the Creation option

Select the Cylinder body[Base Body]

Pick the Point as Base Marker of Cylinder body
Select the Piston body[Action Body]

Pick the Point as Action Marker of Piston body

-0 Q0 oo

You can define the EHD more easily using the option below,
“Body,Point,Direction,Direction,Body,Point,Direction, Direction”

-1st Body: Cylinder

- Point: Base Marker Position

- Direction: Y-Axis Direction of Base Marker
- Direction: X-Axis Direction of Base Marker
- 2nd Body: Piston

- Point: Action Marker Position

- Direction: Y-Axis Direction of Base Marker
- Direction: X-Axis Direction of Base Marker

\,

DY & O

Eall Pistonlub MM

-

*

54

GTire

-

« Rot.Lub

@ & pistonLub

Body, Point, Body, Point

*

Body, Point, Body, Point

Body, Point, Direction, Body, Point, Direction

Body, Point, Direction, Direction, Body, Point, Direction, Direction

@ Base Body = Cylinder

d)

Center
Point

Point of Cylinder must to
be located at the center
of cylinder patchset

Y-Axis of Base Marker

X-Axis of Base Marker

@ Action Body = Piston @ —

i
Center |7

Point E

X-Axis of
Action Marker

i I Y-Axis of Action Marker

Point of Piston must to
be located at the center
of Piston patchset
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Piston Lubrication Modeling Process

\,

% Define the Piston Lubrication properties

v" EHD Properties
[ Geometry Dimensions ]

a. Piston Diameter

b. Piston Height

c. Cylinder Diameter

d. Cylinder Height Cylinder
PatchSet

[ RFlex ]

e. Piston.PatchSet
f.  Cylinder.PatchSet

[ Adjust Node Position Option ]

In the case of RFlex Body, the node position could be
located at an arbitrary point according to its mesh
quality. So, it must to be updated to the nominal
radius for an accurate EHD solution.

] - . ]
Properties of Lubricationl [ Current Unit : N/kg/mmj/s/deg ] - —
Adjust Node Paosition x
—| [“liAdjust Node Position of Piston with Nominal Radius:
Piston Diameter f70]
Adjust Mode Position of Cylinder with Mominal Radius
Piston Height 29, v
Cylinder Diameter 70,045
Cylinder Height 95, Pv
Dynamic Viscosity[Pa.s] EB&-OB E
]
[ Mesh Grid Setting | [I Adjust Node Position | ]
[ Additional Options | [ Solver Setting |

Cylinder
Diameter

Cylinder
Height

e Mominal Radius
s : Mode

Piston
Diameter

Piston
Height

Piston
PatchSet

.

s: Projected Node .

Projecting node position to
nominal radius surface
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Piston Lubrication Modeling Process

% Define the Piston Lubrication properties
v" EHD Material Properties
[ Oil Properties ]

Properties of Lubrication2_sample [ Current Unit : N/kg/mmy/s/deg ]

a. Dynamic Viscosity Lubrication
: In this example, it is defined Piston Diameter [7o. [ev]
) . Piston Height [2a. [ev]
as the constant VISCOSIty Cylinder Diameter [70.045 [
. . . . Cylinder Height 95,
value for oil dynamic viscosity. bl | Lo
Dynamic Viscosity[Pa.s] |6.e-03 ||E| ]
Dynamic V'ISCDS'Ity (Ns/mf\z) | Mesh Grid Setting | | Adjust Mode Position |
a5 ol — Addiinnal.opkns H Solver Setting |

4 —Piston dditi | K <
35 Patch Set (RFlex) Additional Options
3 [ Profile (—Viscositylnformation
25 Pressure-Viscosity Coefficient[1,/Pa] |C|| "EI
- Cylinder ——8
5 ylinder L
15 Patch Set (RFlex)  Asperity Contact Information
1 [ Profile | |Dired:Input |v|
05 [ show Pressure Contour RoughnessL] [1.4142135623731.03 o]
0 —
0 20 50 100 Composite Elastic Modulus[F/L*2] | 73260.0732600733 Ilev ]

Temp. . £
Force Displ - Elastic Factor 3.56435612148461e-04
=—=SAE 10 ==—==SAE 20 SAE 30 SAE 40  ===SAE 50 oree Lisplay Inactivate | "E”
Friction Coefficient o. [[Pv ] [Friction]
o

a. Pressure-Viscosity Coefficient

1= poe®P

where, a is the pressure-viscosity coefficient.

\,
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Piston Lubrication Modeling Process

v" EHD Material Properties
[ Asperity Contact Properties ]

» Direct Input / Each Parameters & Calc.
a. Roughness
b. Composite Elastic Modulus
c.  Elastic Factor

d.  Friction Coefficient

Each Parameter X

r Cylinder (Base)

Bt ot 12 [ovo: I
Poisson Ratio |0‘3 |
Roughness [L] |1‘e-03 “El
Number of Asperities per Unit Area [1/L42] |1000‘ |
Mean Radius of Curvature of the Asperities [L] |1‘e-02 “El

rPiston [Action]

Elastic Modulus [F/LA2] [ 100000, [»]
Poisson Ratio |0‘3 |
Roughness [L] |1‘e-03 "El
Number of Asperities per Unit Area [1/1%2] |1000‘ |
Mean Radius of Curvature of the Asperities [L] |1‘E-02 | 1y

% Define the Piston Lubrication properties | \

Thin film
(unstable) |

Thick film (stable)

Coefficient of friction f

Bearing characteristic, uN/P

Thin Film Thick Film

Height / Roughness = 4

Height / Roughness < 4

Metal-to-metal Contact EHD Lubrication

E—

_Asperity Contact Points |

Contact Pressure at the Point of the Surface

pP.(=KEF,,(h/ o)
Fy (/! 0,)=4.4086 107 (4=h/5,)**™

P, is the asperity contact pressure [F/L"2].

/i is the film thickness [L].

[ 7, is the roughness[L].

[ K is the elastic factor.

E' isthe composite elastic modulus [F/L"2]

y 14
I

Additional Options x
Viscosity Information
[pwe.v.mmam.mw
- Asperity Contact Information
orecips [ [ e
Roughness[L] ez |~
Composite Elastic Modulus[FL*2]  [eaooo. | m]
|_{ Etastic Factor [3.e03 ||E||
Friction Coefficient

E, Ep

Va Vp

\,

: Elastic Modulus

: Poisson Ratio

04, 0p : roughness of each body

Na Np: No.of Asperities per unit area

ﬁa' ﬁb

: Mean radius of curvature
of the asperities

S

—

o= /a‘ﬁ + a‘,z,

E=

K=

N=\Nap B=

E

16\/_ n(osBn)* I:

1—1

[i L
Zﬂa ZBb
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Piston Lubrication Modeling Process

% Define the Piston Lubrication properties

User Defined Film Thickness x

Use Defined Film Thickness

M M Properties of Lubricationl [ Current Unit : N/kg/mmy/s/deg ]
v Film Thickness R e
| General | Connector| Lubrication | UpStroke | DownStroke
it can define the user defined film
Piston Height Reference Marker
thickness as a boundary condition —— umber of Height o l
. Clinder Height | Create Data Field Uniformly |
a. Height Length ymamicviscostpas)
 Thickness
| Mesh Grid Setting | | Adjust Node Position Mo Height Thickness
b. Reference Marker P — =
| Additional Options | | Solver Setting 1
. [ Piston g
c. Number of He|ght Paten Set (RFley [Pstonsetpatens [P | 3
4
\ Profile | | Qutput Point for Clearance 5
d. Thickness e E
peense e Errr o a—— 7
a. Helght [ Profile | Fiim Thickns 2 . e
) Show Pressure Contour | Contour Setting 10 47.5 QI _W
b.  Thickens
Export

Force Display |Ina¢|vate |

ok || cancel || ey Up/Dawn Stroke Signal

[e]

e. Up/Down Stroke Signal

Close

. User defined oil film thickness can be defined as

up & down stroke separately. So, it is necessary to

judge the up/down state condition. It is judged by N
the pre-defined user expression in this field. \
- Negative value(-) > Down-Stroke User Oil Film O
- Positive value(+) = Up-Stroke User Oil Film
<+
Film thickness </ &

\,
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Piston Lubrication Modeling Process

% Define the Piston Lubrication Outputs

v Output Point for Clearance

. it can print out the clearance values between user defined points

on piston and cylinder wall during operations.

a.

Height

b. Angle

C.

Reference Marker

34

Point

Point
1,2

P —

Point 3
—

—_—
Point4

~N
Properties of Lubricationl [ Current Unit : N/kg/mmy/s/deg ]
General | Connector | Lubrication
Piston Diameter |?O. "El
Piston Height [2a. [Tev]
Cylinder Diameter [70.045 [Tev]
Cylinder Height [s5. [Cev]
Dynamic Viscosity[Pa.s] [2.28e03 [Tev]
[ Mesh Grid Setting ] ] Adjust Node Position |
Cutput Gap Point x Additional Options | Solver Setting |
Add A
Mo Height Angle Set Ot Piston,SetPatchi r]
1 10, 0. -
= Profile | FCfput Paint far Clzarange....q
2 -10, 0.
3 10. 130. — er
Set [RFlex Cylinder.5etPatchl
4 0. 130, (RFleq T [e]
Profile [ Film Thickness |
jw Pressure Contour \ Contour Setting ‘
‘ Qutput Data Export ‘
isplay  [Inactivate [-]
Reference Marker | Piston.Markerl2 "El
3 | oK | | Cancel | | Apply |
-
LB St R Pt ST VLD
4 7
| |
| ‘ i
. |
Point 1 ; [ 1 [ ) . .
1 i |
H | H | | -
| | [
| |
. \ |
PEN Point 2 v \ \

Gap

\,

RECURDYN
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Piston Lubrication Modeling Process

% Define the Piston Lubrication Outputs

v" Contour Setting

a. Contour Type

a. 3D Surface

b.  Projection
b. Pressure Type

a. Hydrodynamic

b.  Asperity

¢.  Hydrodynamic + Asperity
c. Min/Max Option

a. Cut Off Pressure

d. Color Option

\,

[ 3D Surface ]

[ Hydrodynamic ]

[ Hydro + Asperity ]

[ Projection ]

[ Asperity ]

[ Cut Off Pressure ]

RECURDYN
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EHD Toolkit

4 )
y
N /

— -
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Piston Lubrication Modeling Process

\,

«» EHD Plot Results
v EHD Force Results

Page 1| Page 2 | Page 3 | Page 4| Pages |

[=) PistonLubricationEHD_Sample_RFlexCylinder_Sim_V8R5_ZHU_0616

- TIME
o[l - |8 @ b 5 F |l £ BE] X &1 Bodies
- Piston
| — FX_Total - PistonLubrication? (M) — FX_Hydro - PistonLubrication? (N) — FX_Asperity - PistonLubrication? (M) E:’a”n"‘:d
PistonLubricationEHD_Sample_RFlexCylinder_Sim_V8R5_ZHU_0616 [ PistonPin
- Dymmy_Crank
sege: o0 oo
2000, 00 : [ Body2
Z 80000 l T _JJ"'| x } - Body3
o o0o.00 L2 — NPT == L_ﬁ;ﬂk\ i ML N B Bodyd
O -1000. 00 - i emuet? - B = T V — B o | [ Cylinder
O Eoee.ne [} RFlex QUTPUTS
250050 £l Farce
-6000. 00 =8
-rone. 0o =] pistonLubrication1
0.000 0.003 0.005 0.008 0.010 0.013 0.015 0.018 0.020 D.023 0.025 0.028 0.030 = Fis
Time (S) - FM_Total
- FX_Total
- PY_Total EHD Total
Page 1 - FZ_Total F
i i - . TM_Total orce
@m@,’ Mk R TR —_‘__é‘f N . T¥_Total
- TY_Total
~=Vel_TX- Piston (mm/s) | IRl v E—
. L - . ~FM_Hydro
PistonLubricationEHD_Sample_RFlexCylinder_Sim_V8R5_7ZHU_0616 .
FX_Hydro Hydrodynamic
Force
i) = Py i S Fak = ey 4
-, . 4 N
-E \\ \‘ ,.!f o \\ \\‘ o ot \\ ;f hY FX_Asperity A rl t
- FY_Asperi
= SN T e T ey SPery
=z v - — —— & AdNgeed EHD Effce Contact
= Wi W) WKW [l Bushin i eree
> -& r”'r '." . "' L [+ Translational Force
7 [+ Joints
-90.00 . .
0. 000 0,002 0. 005 0.008 0.010 0.013 0,015 0.018 0. 020 0.023 0.025 0.028 0.030 XAKISX YAXISY
Time (S) Ayis X2 TIME

reference marker.(FM_Hydro, FX_Hydro, FY_Hydro, FZ_Hydro)

marker.(FM_Asperity, FX_Asperity, FY_Asperity, FZ_Asperity)

Hydrodynamic Force: The force magnitude and components resulting from hydrodynamic pressure with respect to EHD

Asperity Force: The force magnitude and components resulting from asperity contact pressure with respect to EHD reference

RECURDYN
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A1 %

Marker  Cylinder  General
Marker and Body

Professional

% A L.

Fixed Transiate Revolute AtPoint  CMotion

§ 9 @ ¥

Spring  Rot.Spring  Bushing Solid

Joint

& S o

Sph-Sph

Contact

[entiy

£

ks AABTSIIE.
& PistonLubricationEHD_Tutori... x

Modell

¢ [[86XQA BT O @BOTTC0R.[ELAACNBLFPF: & MO9S IR GEIPX.

= & Revlointl

@@ Perpendicularl
=@ Inlinel
3@ Revioint2
@@ Fixedl

@ @ Inline2

@ @ Inline3
@ @ Fixed2

@ @ Fixed3

@ QP Fixedd

@ @ Fixeds
F Forces

® Couplers
% Contacts

B Requests

., PPC
£q PVC

# B Crank_Rot_Speed
# RockingAngle_1
# RockingAngle_2
# E_UpDownStroke
# B CrankAngle
# ©x Nodal_Pressure
{..} usus
% DiftEq
29 Varkq
s

—© Sensors

Bm BCs
ki P

g ParticleSets
@ Walls
W TACT

RECURDYN

Car | Global | X:515 Y:60 2:0 Local X:515Y:60
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RecurDyn/EHD Tutorial

[Piston Lubrication]
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Step 01 — Import RFlex Bodies

COBBdS-&-% «

Steps [ Rigid Model ]

@® Open the Flexible

“PistonLubricationEHD _ @ ‘ ’ ﬁ 8 p—— . E

G-Manager| Import Merge LoadEx GeoSur  FCur-FSur  Contour MeshExport

- - - - - -

G-Manager| FFlex

v

Tutorial_Start.rdyn” model in
RecurDyn VOR1
@ Select G-Manager icon in G-

Convert Rigid Body to
Manager grOUp Of FIeXIble tab Target Converting Body RFlex |'|
® Select the Cylinder rigid body. [Tyee i
Swap using RFI File
@ In G-Manger dialog, change the o
~ Options
“Target converting body” to Target Geometry E=r e |
" " RFI File Path [4W9R1\EHDWIRL\RFTCylinder. fi w
RFlex Y
Reference | Cylinder \‘"I"
® Specify the RFI file in the “RFI | Additions! Optian N SRR
2 SIS
. woe . . S5
File Path” input field using the NI S5
. " . - [ name |C1r|inder |
already provided “Cylinder.rfi
Initial Velocity
and C“Ck ExeCUte' [A Joint [ Force [ Geo Contact
® Swap the Piston body as same [ Create CAD DataFile |
as above STEP 2~5, using the beate | [ Gncel

provided "Piston.rfi" file.

@ Save the model as
"PistonLubricationEHD_Tutorial_R
flex.rdyn”

X You can simulate and review the result of
EHD applied to the rigid bodies.
PistonLubricationEHD_Tutorial Rigid.rdyn

p— —
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Step 02 - Make a PatchSet

Steps
@ Enter the edit mode of the

Cylinder Body to create the
PatchSet.

@ Create PatchSet as an EHD
Cylinder Wall as shown figure.
(Use Add/Remove (Continuous))

® Exit the edit-mode, and enter

A

Marker

Marker

the Piston body.

RFlex Edit

'y 9 9 9 9 9 & =
Output Display Node Patch Element Line Shell Exit
RFlex Edit t Export Exit

@ Create 2 PatchSets as for Piston. l
(SetPatchl using both side
surfaces to apply EHD and
SetPatch2 using the upper
surface to apply Gas-force
Pressure) as shown in the figure.

® Exit the edit-mode.

Cylinder

Cylinder.SetPatchl

~—

Cylinder.SetPatch2

Piston

Cylinder.SetPatchl

RECURDYN A 24
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Step 03 — Create the Modal Pressure to the Piston

Steps
@ Select "Pressure” icon (Modal

Pressure Load) in RFlex Group
of Flexible tab.

@ In a Modal Pressure Load dialog,
set Piston.SetPatch2 as the
Patch Set

® Change the Pressure Direction
from “Up” to "Down" direction

@ Click the EL button of
[Expression]-[Pressure].

® In the Expression List dialog,
select the "Ex_Nodal_Pressure”
expression.

® Close Expression List dialog

@ Click the "OK" to close the
dialog.

X The firing gas force is defined by
Function Expression. In that
expression, the gas force will be
generated using a spline curve w.r.t

the Crank Angle vs. Gas Force

\.

T N

R

ImportRFI Str.Shape LoadCase

)

MakeRFI

-

w
Cgr

RecurDyn VOR1 - [PistonLubricationEHL

GeoSur  Contour FEAExport |
ﬂl LoadCase

_\ Properties of MPLoads1 [ Current Unit : N/kg/mm/s/deg ]

6-:.1‘\1 MaodalFaorce m Maodal Pressure Loads
Patch Set Piston.SetPatch2 [r]
|:| Report Nodes | |
Ease Body Mame [Rigid Only) |Ground |
Pressure Direction O Up .@ Down

Preview Pressure Direction

Expression
’7Pressure [Ex_Nodal_Pressi| EL | |AKISPLI-1*[MOD{AZ[L,2),-720d)*rtod),0,5p |

P OK | | Cancel | | Apply

Expression List

Expressions

Name

RockingAnglel
RackingAngle?
Ex_UpDownstr
Ex_CrankAngle

Ex_Pressure

RECURDYN

Ex_Nodal_Pressure

Ex_Crank_Rot_Speed

oke

Expression ‘ Value Comment :
177000/6072%pi BT
(AZ(Piston. Marker3, Ground Inert... E | 172405
(AZ[Piston.Markerd, Ground.Inert. .. _EI 18724805
IF(1*(MOD(AZIL 2], 360d rtod)).. E|
14MODRZL 2, T0d e E| D A
AKISPLI1*(MOD(AZ(L 2, 720t E |
AKISPLL"(MODIAZE 2, 7204 ... E |
v
v Y
2
P
= [ ox ][ cener |[ sepy |
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Step 04 -

Create Piston Lubrication EHD Entity

Steps
@ Select PistonLub icon in the

Toolkit group of the Toolkit tab.

@ Set the Creation option to
“Body,Point,Direction,Direction,
Body,Point,Direction,Direction”
(You can define the EHD axis
more clearly)

® Choose the Cylinder RFlex Body
as Base-body of EHD

@ Pick the Center Point of Base
Body (Cylinder). In this tutorial,
it is “0,-46.5,0”

® Set the direction #1 of Base-
Body to Global Y Axis (0, 1, 0)
- Y-axis direction of Base Marker

® Set the direction #2 of Base-
Body to Global X Axis (1, 0, 0)

- X-axis direction of Base Marker
@ Define the Action Body as same

as above steps 3 ~ 6

- Action Body: Piston

- Center Point: 0,-29.5,0

- Direction #3: Global Y Axis

- Direction #4: Global X Axis

Lubricationl is created.

e PSP

HAT TChain Engine Ball Rot.Lub MMSA GTire

‘ « Rat.Lub
q q PistonLub

-

(0,1,0)

(1,0,0)

Piston EHD Position:
(0, -29.5, 0)

X, Y Axis Directions of
both bodies MUST BE SAME!

Body, Point, Body, Point u

Body, Polnt Body, Polnt

Ellljp Flllrlt Direction, Direc tll in, Ellljp Point, Direction, Direction

Cylinder EHD Position:
(0, -46.5, 0)

RECURDYN
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Step 05 - Define the EHD Geometry Properties

Steps
[EHD Geometry Setting]

@ Open the Properties Dialog of
Lubricationl (PistonLub EHD)
@ Input the EHD Geometry
Properties as below:
- Piston Diameter: 70
- Piston Height: 29
- Cylinder Diameter: 70.045
- Cylinder Height: 95
® Input “Piston.SetPatchl” in the
Piston PatchSet field.
@ Input “Cylinder.SetPatchl” in the
Cylinder PatchSet field.

[Mesh Grid Setting]

® Click the "Mesh Grid Setting”
button.

® In the Mesh Grid Setting dialog,
- Circumference Node No.: 42
- Axial Node No.: 21

@ Open the "Oil Hole_Groove
Effect Setting” dialog, and check
on the "View Nodes”, then you
can see the Mesh Grid Display.

| Close the dialog.

“TT

Properties of Lubricationl [ Current Unit : N/kg/mm/s/deq ]

Piston Diameter
Piston Height
Cylinder Diameter
Cylinder Height

Dynamic Viscosity[Pa.s]

y
G (o] |
e [ev]

‘: [70.045 [ev] E
[s5] 7] !
Teeos ol

I . Mesh Grid Setting

||| Adjust Mode Position |

| Additional Options

| | Solver Setting |

—Pistan

Mesh Grid Setting x

Circumference Mode No, |44 |

Patch Set [RFlex)

o

[ Piston.SetPatchi

| Profile

Qutput Point for Clearance |

®. )

Axial Mode No.

— Cylinder
Patch Set (RFlex)

| .Dil Hole Groove Effects Setting |

Close

[ cylinder.5etPatch1 QE

| Profile

| ] Film Thickness |

Tips: How to decide the No. of Mesh Grid

To improve the efficiency of the simulation
of RecurDyn/EHD Model, make the length
of the mesh grid similar to the maximum
gap between piston and cylinder.

In the Tutorial, In this tutorial, the maximum
gap is about 5 mm.

The circumference length is “mt x 70.045 =
220.05" and height is "95"

Therefore, the recommended values are:

- Circumference Node No. is 44 (5x44 = 220
- Axial Node No. is 19 (5x19 = 95)

Qil Holel& Groove Effects Setting

Mo | i start

i-end | j-start | j-end

Pressure [F/L*2]

[friew fiodes ||

Update Selected Nodes

[ add | [ peete |

[ petetean

Mesh Grid
) Preview
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Step 06 — Define the EHD Material Properties

Steps
@ In the property dialog of

Lubricationl, Input the Dynamic
Viscosity as “6e-3".

@ Click the “Additional Options”
button.

® Use "Direct Input” in Asperity
Contact Information.

@ Input the values as shown below:
- Roughness: 0.001
- Composite Elastic Modulus:
68000
- Elastic Factor: 0.003
- Friction Coefficient: 0.5

® Close the dialog

\,

Properties of Lubricationl [ Current Unit : N/kg/mm/s/deq ]

[General | Connedtor | Lubrication

Piston Diameter |?0. ||E|
Piston Height [ 29, [pv]
Cylinder Diameter [70.045 [ev]

Cylinder Height

Dynamic Viscosity[Pa.s)

@ =
JE I 1
| 6003 [~

Mesh Grid Setting | |
Additional Options . |||

A

Adjust Mode Position |

Solver Setting |

Piston

Patch Set (RFlex) [ Piston.SetPatchi el
| Profile | | Qutput Point for Clearance |
— Cylinder 1
Additional Options ; x
\”
—Viscosity Information
Pressure-Viscosity Coefficient[1/Pa] |U. "EI
sperity Contact Information
Direct Input |v| | Each Parameter |
e leleleelelleelelelestulnlegt
Roughness[L] :|1.e-03 "El 1
1 i
CompositeElasticModulus[F;L': |s8000. [ev] &
1 i
; i
Elastic Factor :|3.e-03 "EI :
1
Friction Coefficient 0.5 Friction| I
| [r] [riin }
W NN N S S S SN SN S R S S

4
K
i

/\
R
W

Wi
WA
YW\

0
R
0

-,
Vay
-

Friction Coeff.

> |

Asperity Contact Points

e, o

Composite Elastic Modulus
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Step 07 — Set the EHD Solver Settings

Steps
@ In the property dialog of

Lubricationl, click the “Solver
Setting” button

@ Set the number of “Maximum
Iteration” to “200"

® Set the "Maximum Error” to
“le-2"

@ Set the "Under Relaxation
Factor” to "0.7"

® Set the "Hydro. Force Jacobian
Interval” to “10"
(The bigger the value that you
use, the faster the solving speed
can be. However, increasing this
value can reduce the accuracy)

® Close the dialog

Vi
(4N

A'A‘ﬂ’
o,

/\

Ui
o
h

Sivae

%
%

Properties of Lubricationl [ Current Unit : N/kg/mm/s/deq ]

Piston Diameter
Pistan Height
Cylinder Diameter
Cylinder Height

Dynamic Viscosity[Pa.s)

[70. [ov]
B &)
[70.045 [ev]
/551 &)
[6.e03 [ev]

[ Mesh Grid Setting

[ Additional Options

q | Adjust Mode Position |
J/| Solver Setting | |

Piston
’7 Patch Set [RFlex) i

[Pistan.setPatchi ]

Solver Setting
Maximum Iteration
Maximum Error

Under Relaxation Factor

Hydro. Force Jacobian Interval

| | Qutput Point for Clearance |

[ cylinder.5etPatch1 =]

| ] Film Thickness |

| 200. Pt
[1.e-02 i
I
lo7 i
I
0 :

| Contour Setting |

| Qutput Data Export |

\,

|

QK | | Cancel | | Apply |
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Step 08 — Run EHD Dynamic Analysis

Steps
@ Open the property dialog of

Cylinder RFlex Body, and select
only 5 mode shapes (seq 7~
seq 11) and close the dialog
Open the property dialog of
Piston RFlex Body, and select
only 5 mode shapes (seq 7 ~
seq 11) and close the dialog.

X The more mode shapes are
selected, the longer the solving

speed would be.

Select Dyn/Kin icon in
Simulation Type group of
Analysis tab.

@ Set the End Time to "3.e-2"
® Set the Step to “1000”

® Click the "Simulate” button

—

DORBIS él-

Analysis

&)

Aj‘ rf' o 1) Pause
' I ») Resume
Eigen Scenario DOE %) stop

Simulation Control

[ A <ED> B b

s Jm J——

CEEd

Repeat
Animation Control

RecurDyn VOR1 - [PistonLubricationEHD_Sample_RFlex.rdyn *]

Normal Mode

Mode Shape
L[]

Eigenvalue & FRA Animation

Frequency Response

Freq. (H2)

Plot

| I

[ pisplay
B8 Templat apufsm" Cantiol ] ot ctemte
Scope Post Tool

&Tra(e

Modell

ToeRA2id 0 @800008. [ELAONBdFSS L oMo i iw]

TG

CRONIVENTRIIE I o S ST

YEREI

& PistonLubricationEHD_Sampl... X

e | |init. [F )
Database B x
-4 Crank (4]
-4 PistonPin
-4 Dymmy_Crank
&3 Piston

Dynamic/Kinematic Analysis

x

General | p, s Initial Con
= ———

End Time

Step

Plot Multiplier Step Factor
|:| Output File Mame

| [eaz %]
1000 [2]

I-F—-—-—-—-—-—-—-—-—-—-—-]E-
| |

rInclude
[] static Analysis
D Eigenvalue Analysis
[] state Matrix

|:| Frequency Response Analysis

|:| Display Animation

D Hide RecurDyn during Simulation

Sea | Sel |Frea

P R ——

v 519634

Sel |Frea. Damping Ratio

Ty -

I v @52 i

|
£
I
I
I
I
I

Gravity

_ ] % [o. | v [ss06.65 | z [o | [Gravity |

Properties of Cylinder [ Current Unit : N/kg/mm/s/deg ] Properties of Piston [ Current Unit : N/kg/mm/s/deg ]
[ General | GraphicPropey | Origin & Orientation | Body | General | GraphicProperty | Origin& Orientation | Body | . | |

Relex ‘ Tt ‘ Finto ‘ RFlex Node Scope Unit N - Kilogram - Millimeter - Second
Dyn/Flex Input File Name Input File Name
i

Reassodiate Reassodiate Simulate oK Cancel

& RockingAngle2
,’ Ex_UpDownStroke
& Ex_CrankAngle

Mode Sea Freauenaitizl [0 |[]Show Undeformed

Mode Seq Frequenayifal [0 |[]show Undeformed

Fameiae (B ][5 ] rameroae @], 5]
Scale Factor —_— Scale Factor —_—
Mass Invariant Mass Invariant

" Partial ® Full ’V Partial ® Full ‘

[ seome o |[ camea [ awr || | [ s o |[ came ][ deer |

v se04 i ls |7 1015437 1
o [v emm 1 1o [v w2 1 & Ex Pressure
10 |w si0sas 1 I [v 1708603 1 & B Nodal_Pressure
v

1 v 1386053 1 I v 1wwas 1 PARUTTTTY i

[ s . 5 I [ e - Car | Global | X:-260 Y:-115 :0 Local | X:-260 Y:-115 Niginmis i
| ;
O Mode @ animation O Damping O Mode @ Animation O Damping
Animation - Animation

CPU: 4.0 GHz
RAM: 32.0 GB

CPU Time: 34 min
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Step 09 — Review the EHD Analysis Results (1)

Steps
[EHD Contour Result]

@ Open property dialog of
Lubricationl & check on the
“Show Pressure Contour”

@ Click the “Contour Setting”
button

(® Set Pressure Type to
“Hydrodynamic + Asperity”

@ Click the Apply Button

® Play the Animation

® You can see the contour plot of
the EHD force result in the
working plane

@ Set the Cut Off Pressure to
"0.1", then click the Apply
button.

Play the Animation, you can see
the contour plot and the values
less than the Cut Off value will
not be displayed.

\,

Properties of Lubricationl [ Current Unit : M/kg/mmy/s/deg ]

General | Connectar Lubricationl

Piton Diametes [ 1
Piton Heiaht R
Cylinder Diameter 70.045
s Heignt A
Dymamic ViscosityPa CR—
| Mesh Grid Setting \ \ Adjust Node Position |
| Additional Options ‘ ‘ Solver Setting |
r Piston
Patch Set (RFlex) Piston.SetPatchl |
| Profile | | Qutput Point for Clearance |
Cylinder
Patch Set (RFlex) Cylinder.SetPatchl [P ]
Profile Film Thickness |
[ o
|2 show Pressure Cantour | If Fontaur Seting i
————— e o o o o o o e e
[ Output Dpta Expart ]
Force Display |1namvatg ‘v‘

s o | dm= ][

A\ 4

Contour
Contour Type Projection |'|
Pressure Type n
~ Min/Max Option

[ Cteuate wimtox |

Minimum Value (F/L*2) 0. |

Maximum Value (F/LA2) [21.6993027675052 |

Scale (F/L*2)

Cut Off Pressure (F/L*2)

Show Contour Legend

r Color Option
Color at Minimum Value Automatic -
Color at Maximum Value Automatic -

oK | | Cancel |6Apply |
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Step 10 - Review the EHD Analysis Results (2)
e 2

Result Add Template

Ste s |H 4“ A 4E P .i 1Y H ® @Eﬂ Mormal Mode Frequency Respons

= Mode Shape |1 Freq. [HZ)
[EHD PlOt RESUHIS] |E| |H" & &HU |Init' | L— Repeat I | |

@ Select the ”Result” icon in the Animation Control Eigenvalue & FRA Animation

Plot group of Analysis Tab. |

Plat

. . . [ 4 =Nl u
@ Select Upper icon in Windows T sk
I fH m |i h 5 | T EL By [«] ["_{Draw' ﬁDocum:
group o ome tab to Sp t the BL E‘.ﬁ q ;.QCJ ? \z E}_ﬁ ? g B muiti + EL @ £ @ chart
. ImpnvrtFHe Template Dita Template Sel.Zoom Fit CaptureAll  Trace CopyData Del.Curve  ClearAll Database| Upper Afd t"_ESettin S_?(de Contral ELE e
PIOt Wlndow Import Export View Toals CurveDat: Multiple Axes Preferinu
P o L AD®D &l JoenN s+ 000 iM0000®. " EEAEKS URBPeJI=,
® Load animation to the left-side . ~ -
WindOW. ([TOO']-[Animation]' m‘ 5] P\ft;s‘l.EuuncatmnEHD_Sample_RF\ex
(Al - E PSR DE % Bodies
[LoadAni]) | RFlex OUTPUTS
| == F_Total- Lubrication1 () | ?’g::vanm £HD Force
@ Click the Right_side PlOt WindOW, PistonLubricationEHD_Sample_RFlex =-Lﬁbr\cat|on1
‘ |- FX_Total
and draw the curve from Plot 'ﬁﬁﬁq‘ff.
7 . ---TM_jotaI
Databse (“Force/Advanced EHD een-on T Totat
~T¥_Total
Force/Lubrication1/FX Total") I | e amicrorce
1000. 00 & POSTIVEX
FM_Hydro
FX_Hydro
FY_Hydro
X User can see the Hydro+Asperity ‘ & NEGATVE X
500.00 - - - FM_Hydro
Total Lubrication Force between gl
FZ_Hydro
Piston and Cylinder. Also, user can oo e
. . - FM_Asperity
see the contact area in the left-side \ “Fiapaty
. . --H:Aspenty
animation result. & NEGATVE X
~ FM_Asperity
~ FX_Asperity
\ u ~ FY_Asperity
~ FZ_Asperity
| o
Modal Pressure Loads
-1500. 00
0.0000.0020.0050.0080.0100.0130.0150.0180.0200.02320.0250.0280.030 MM
Time (s) s Y: NEGATIVE X - P Asper
is ¥ X - FX_Asperity
For Help, press F1 kg fmmjs 2|

\.
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Step 11 — Review the EHD Analysis Results (3)

Steps
[EHD Plot Results]

(@ Draw the curves from Plot
Database
“.../Lubricationl/HydroDynamicFo
rce/Positive_X/FX_Hydro" and
“.../Lubricationl/HydroDynamicFo
rce/Negative_X/FX_Hydro".

@ Add a New Page ([Home]-
[Windows]-[Add])

® Then draw the curves in the new
page.
".../Lubrication1/AsperityContactF
orce/Positive_X/FX_Asperity” and
".../Lubrication1/AsperityContactF
orce/Negative_X/FX_Asperity".

X You can see where the contact
area is and the magnitude of the

contact force.

Negative X | Positive X

B==—"

(+) Force

EHD Marker

Page 1| Pal

o ko[

Hydrodynamic Force Result

1500. 00

== F3_Hydra - POSITIVE_X (N) == FX_Hydro - NEGATIVE_X tN}|

PistonLubricationEHD_Sample_RFlex

> X

-) Force

<
P

Negat

1000, 00

/

AN Ry
N\

500,00 -

x

e

Force (N)

-500.00

-1000.00

-1500.00

&Y=

rce

Positi

0.0000.

030. .0130.0150.

Time (s)

.0200.0230.025

o

280.030

-~ TIME
Bodies
RFlex QUTPUTS
- Force
' Advanced EHD Force
) Lubricationl
- FM_Total
- F¥_Total
FY_Total
FZ_Total
~TM_Total
~T¥_Total
~T{_Total
-TZ_Total
£} HydroDynamicForce
[} POSITIVE_X

[ocivers
~FT_Aydro
“ - FZ_Hydra
NEGATIVE X
- FY_Hydro
- FZ_Hydro
[ AsperityContactForce
[ POSITIVE_X
FM_Asperity
F¥_Asperity
- FY_Asperity
-~ FZ_Asperity

= PistonLubricationEHD_Sample_RFlex

2 ais x| W Avis v

Axis X i TIME
Axis ¥ NEGATIVE_X - FX_Hydro

For Help, press F1

Wjkgjmmjs

RECURDYN

Modell

Page 1| Page 2

[ Page 3]

Tirme = 001833000 Second

i

Asperity Contact Force Result |

‘ = R S pee PO TIVE_X (M) = FX_Asperity - NEGATIVE_X (NJ‘
PistonLubricationEHD_Sample_RFlex

1500.00

\

1000. 00

500.00

Force (N)

-500.00

-1000. 00

ey pp— o S—————— |

o

0.0000.

030.0050.0080.0100.0130.0150.

Time (s)

.0230.0250.0280.030

- FX_Tatal
FY_Total
FZ_Total

- TM_Total

-~ TX_Total

- T¥_Total

TZ_Total

- HydroDynamicForce
[=+ POSITIVE_X

- FM_Hydro
FX_Hydro
FY_Hydrao

- FZ_Hydro

I= MEGATIVE_X

- FM_Hydro
FX_Hydro

-~ FY_Hydro

- FZ_Hydro

= AsperityContactForce

[ POSITIVE_X

|

- FY_Asperity

- FZ_Asperity
NEGATIVE_X

|

- FY_Asperity
FZ_Asperity

Joints
Request
Madal Pressure Loads

4]

X s x| Y Axis ¥

Axis X : TIME
Axis ¥ : NEGATIVE_X - FX_Asperity

For Help, pressF1

Nfkg/mm/s
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Step 12 - Create Output Points for Clearance

Steps
@ Return to the Working window

of RecurDyn, open the property
dialog of Lubricationl (EHD
property)

@ Click the "Output Point for
Clearance” button

® Set the reference marker to
"Piston.Markerl” (Action Marker
of Lubricationl)

@ Add 4 Output Gap points

1) 14,0
2) -14, 0
3) 14, 180
4) -14, 180
® Close the dialog

® Set the Height / Angle as below:

\.

‘Dper‘cies of Lubricationl [ Current Unit @ MN/kg/mm/s/deg ]

Libricaton

Output Gap Point

Piston Diameter 70,

Height

14,

Fiston Height

o ]

-14,
14,

Cylinder Diameter [70.045

Cylinder Height

’95—_‘

Dynamic Viscosity[Pa.s] [6.2-03

[ Mesh Grid Setting

Adjust Mgde Posit

14,

[ Additional Optians Salve

Setting

Piston

Patch Set [RFlex) iston.SetPatchl

Reference Marker

Piston.Markerl

Point 3

—_—

[ Profile |
5

Qutput Point for Clearance

—

rCyIlnder

— |

Point4

Point 1

Ref. Marker Point 2

IMadell
Time = 001833000 Secand

Page 1 |

Length {mm)

0.050

0.040

0.030 -

0.020

0,010 -f--enit

0.000

-0.010

0.0000.0020,0050, 0080,

== Point1_Gap - MeasurePaint1 (mm)—— Point2_Gap - MeasurePoint2 (mm)
= Point3_Gap - MeasurePoint3(mm)  Pointd_Gap - MeasurePoint4 (mm)

PistonLubricationEHD_Sample_RFlex

e —
—

f—

0o

100.0130.0150. 200, . 0250.0280.030

Time (s)

ILEO.

Conrod
Crank
PistonPin
Dymmy_Crank
Piston
Cylinder
- RFlex QUTPUTS
= Farce
[=l Advanced EHD Force
=) Lubricationl
- Fiv_Total
- FX_Total
- FY_Total
- FZ_Total
-~ TM_Total
- TX_Total
-~ TV_Total
-~ TZ_Total
[+ HydroDynamicForce
' i e il e
[=+ MeasurePoints
I =) MeasurePointl
f-Fulmﬂ._Gap I
=) MeasurePoint2
f-Fulr\tZ_Gap I
I & Messurepoints 1
f-Fulr\B_Gap
I El !\:IeasurePumt‘t
g2 P Gap
- Joinem -
 Request
- Modal Pressure Loads

4]

3 s x| W Axis v

Axis X : TIME
Axis ¥: MeasurePoint4 - Pointd_Gap

For Help, press F1

Nfkgfmm/s
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Step 13 — Modify the Piston Profile

Properties of Lubricationl [ Current Unit : N/kg/mmy/s| picion profile

Steps

General | Connector | Lubrication |

[Piston Profile Modification]
@ Click the “Profile” button.

[Zlilice Brofile
- -

'rume Length

Piston Diameter

Piston Height RBeterence Marker

[Piston.Markerl

[ —
[ev] Wumberofangle  [43 I

1
[m]  Wumberof Heignt  [19 H

@ Check on “Use Profile” option, |

Create Data Field Uniformly |

Cylinder Diameter

0. |E.18181m |153535m ‘245454.‘. ‘ 327272.. |40‘9090m |49.0909m ‘ 57.2727... ‘ 65.4545... |73‘5363m |ﬁl.ﬁlﬁlm ‘ Q0. ‘ 95.1813... |1

[~ Profie
in the Piston Profile dialog CyimderHeiant —
Dynamic Viscosity[Pa.s] 6.e-03 145
@ Set the values as below: noE.
. [ Mesh Grid Setting | =l pp—
l) Profile Length: 29 [ ‘Additional Options ][ Soh 5.0555555...

64444444..,

18
. SetPatch 32222222

iston
tch Set (RFlex) [Pista
|
[ Profile ] = Litput Po 16111111,
; 0

2) Number of Angle: 44
3) Ref. Marker: Piston.Markerl

4) No. of Height: 19

<
[ Profile | Film

@ Click the "Create Data Field

Cylinder -1611111..
’7Patch Set (RFlex) Cylinder.SetPat|

Show Pressure Contour

Cont|

Uniformly” button

[ Output Data Export |

® The input filed of Profile is filled

& 38

RECURDYN

Force Display  [Inadtivate -]
automatically o ][ cme -
(You cannot modify the values R
directly in this dialog)
® Export the data as *.csv
@ Open the *.csv file by Excel, and Ty
modify the profile data. o ] Profile
Import the modified *.csv in . | Non-Profile r
Piston Profile dialog. 90 —__ User can compare
(In this tutorial, you can use pre- | = = i the Asperity Contact force between
. B oo | Non-profile and Profile model
created "ProfileData.csv”) L p——
® Close the Profile dialog -]
You can run simulation again = A
| using the new setting. 1 —
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