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v" Primary & secondary motions v' Coolant, oil, gas pressures, flow
shear/scrub speeds rates, component temperatures
v' Pressure, inertia, spring loads v' Pump PdV work, leakage, friction
on piston/rings, at bearings, etc. losses
contacts, joints, guides etc. v Fluid pressure BCs
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v' OFT, Oil pressure, shear stress v" QOil viscosity vs. T,P, shear rate
distributions v' Surface roughness

v' Asperity contact pressures v Friction and wear coeff. for friction

v' Oil temperature, thermal effects surface matl. pairs
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{:} Connections

O Connections

. GearConn @ CylindricalJoint
@ Prismaticloint {B} PrismaticJoint3D
@ RackPinionConn RevoluteJoint3D
+@ RevoluteJoint [B) Screwloint3D
@ SlidingJoint @I Spherical Joint

.
ﬂ Create Object:

[t

Template:  |RevoluteJoint3D
@D Object: Add Long Comment... J
Help
Comment:
Attribute Unit Object Value
Dry {Load Dependent) Friction Coeffident ‘:ae“d
Viscous (Speed Dependent) Friction Coefficdent M-m-sfrad ‘::ue“_-.ﬁ~
\
Temperature {for use with FluidFilmCylinder object) C - ian J
Characteristic Radius mm - 4EA
o Friction | & Advanced
[ oK J I Cancel I| I Apply I|
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Help
Comment:
| Attribute Unit Object Value
| Diameter mm v 40 __]
| Length mm - 110 ..
i Radial Clearance mm - 0.02 _]
| Oil Property Object saE30 i
¢ Main i
[ oK |l Cancel ” [ Apply
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@ ClutchSimple
----- @ FrictionConn

@ DetentConn

----- @ FrictionConnRot ‘@ FrictonCone

@I TireConnRigid
@ TgConwConin
@ TgConvDynConn
HE] ViscClutchConn

@ DogClutchConn

ﬂ Crea

te Object:

Template:  FrictionConnRot

Chject:

Commen t

Add Long Commen

s

Attribute

Unit Objec
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iscous (Speed Dependen

t) Friction Coeffident
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ad Dependent) Friction Object

ormal Force
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Template:  |ContactTribology
R Contact
@ ContactaD Object: trib) Add Long Comment. .. ]
Help
@ Contact3D Comment:
@ ContactChain Attribute Uniit Object Value
ContachGear Model Option ehd -
. ] Qil Property Object SW30 L.,
@ ContactHelicalSpring : _I'
Qil Temperature C - lllgl
@ ContactRot Surface 1 Material Object steel 10
{ﬁ] BeltPullConn Surface 1 Roughness T - def (=0.02 miu:l'-:uns}gl
surface 1 Width i - 12
- Surface 1 Crown Radius mim - 450 _l
=]l Create Object: M
g Create O Surface 2 Material Object steel 10
Template: | Contact2D Surface 2 Roughness rnm - def {=0.02 microns) _l
Object: Add Long Comment... ] surface 2 Width mm - ° —'
Help Surface 2 Crown Radius i - ign _l
Comment:
o Main | o Advanced | o Duh:rut|
Attribute Unit Ohject Value
Contact Stiffness Input Method calculation - & [ oK ] [ Cancel ” [ Apply ”
=
Contact Stiffness M/fm - ian .., = = —_—
Contact Tribology Reference Object trib 8| o
4 m | »
o Main | «# Advanced
= | —T—
b
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O Connections
----- . JournalBearing
----- . JournalBearingHD
----- @D PistonCylConn

----- @Iﬁl RingCylConn

..... @ RollerBearing
..... @ ThrustBearing

Attribute Unit Object Value

nce Lookup (If Non-Constant Clearance) Inlet

Load Dependent Change in Clearance for Flow Rate micronkN v

Groove /Hole Geometry Object ‘

<
< Main LL Oll 7

Oil Thermal Balance | «” Surfaces l «” Stiffness l < Design Limits
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« AEIRJLAIEH, BEILTESH:

HEFEREFAFESY GEBRITERIE
iBHaY B OilPropData*, FluidLig*
< EFEAE B RUEHE: SurfaceRoughness

mE AR

FEMELE M MaterialMechanical

P -
[ ai Edit Object: CRs ——— | =] Edit Object: topface =5
Template: JournalBearing Template:
Object: CRS Add Long Comment... l = E—— Add Long Comment... ]
Help Comment:
Comment:
¥ | Attribute Unit Object Value
& i kst Object Value Ring Face Thickness See Cas... [RING1_THK] J |
oil Film Sclution Option Mability - Number of Rails (e.a. 2 for Oil Ring) 1
Configuration journal—z=bearing - | Ring Face Profile Specification Option
Bearing Diameter mm = 23..] Split Standard Profile Types (Top/Bottom)
Bearing Width mm e 224 MNormalized Axial Position of Zero Height {(MOFT Location) def (=0.5) J
Bearing Radial Clearance SeeCas.. = [SE_CLR] J | Profile Type (Top) Paraholic -
Temperature for Clearance Lookup (If Mon-Constant Clearance) Inlet - @ Maximum Height of Profile (Top) See Cas... [RING1_HGT] J
Load Dependent Change in Clearance for Flow Rate microndkM ign J Profile Type (Bottom) Parabolic -
GrooveHole Geometry Object ian J Maximum Height of Profile (Bottom) See Cas... [RING1_HGT] J
Mobility (or Impedance) Map Flots? D External Ring Face Profile
Velodity Constraint Stahilization Factor 1fs - def | Ring Face Profile i on .|
Displacement Constraint Stabilization Factor 1fs - defd EngCiofiEkin
o Main | «# Ol | «# Oil Thermal Balance | < Surfaces | o Stiffness | </ Design Limits| w# Ring Face | <« Oil I «# Ring-Cylinder Comﬁctl o Advanced|
|[ OK ]l [ Cancel ” [ Apply ” [ oK ] [ Cancel ” [ Apply ”
\3 = e = e
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Lubricant properties
Surface material properties
Surface roughness

Component temperatures hydrodynamic theory Slinding speed
(Reynold-Sommerfeld-curve)

=1
Speeds ? boundary lubrication
Load =
Geometry S mixed lubrication
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=

(elasto) hydrodynamic lubrication
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1 EH%E’J HD>k f# (Reynolds Eq.) kf#(FD)
S ELJL{a (journal bearings, piston skirt)

— FmEJL{AI(slider bearing, e.g. rings)
— R/ R [E)] (L &)

18 A AR HR$MHD Sk#% (FE, mass-conserving, v74)
Greenwood-Tripp #H#EE (asperity) iz E
Patir-Cheng corrections for roughness effect on film HD

Dawson-Hamrock EHD ###Y5f £/ 5 R 1Efim
-- Valvetrain contacts, ball/needle bearings
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Viscosity vs. Temperature at 1.0 bar
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e
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« Greenwood &EIE#
— O asperity height standard
deviation
— B asperity peak radius of
curvature
— n asperity density (area)

Mean of Surface Height

Oz N2 Bs

« Data available:
— Raw profilometer measurements
— Rq, Aqg etc.

0 200 400 800 800 1000 1200 1400 1800
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* 0,B3,n have to be calculated . - |
from this data R "
g »‘W‘W"“'W"”

0 200 400 600 800 1000 1200 1400 1600
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| mi| Edit Object: SRF_liner

Template:  SurfaceRoughness

Q?) Object: SRF_liner

Help’
Comment:

Long Comment...

Attribute

Unit

Object Value

Asperity Peak Height Standard Deviation (Sigma)

deu

Asperity Density (Eta)

1fm~2 -

def L.

Asperity Radius of Curvature (Beta)

mm -

def ...

Profilometer Data (XYTable) Object

mm -

SRFdata_liner .|

Method for Extractiing Sigma, Eta, Beta

Tomanik -

Asperity Peak Data Plots (Profilometer Data)

Fl

Main

[ oK | [

Cancel

| |

Apply ”

. B
[ CAM\Companies\FORD\FORD_ENGINE.... L[ [

Eile Edit

Search  Miew Encoding Language Settings

Macro

Run

Plugins

Window ?

M Edit Object: SRFdata_kner

ArTable

Ridels e

larg Cavewmnt...

cHHB L8 4 Dhikl2e|

& chEmp I & GTsuite. mpp | & Crankshaft LowerMBi-used * | *

X

o3

=] o oWn o Ll R

[T =]

PrrIro—

2 0.00074

BEERY

0.00000

-0.00074

RS

-000148

[ S 358

Y Data

-0.00222
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0 O 0 IS |

037
-0.003 ODE

XY Arravs

50
XData

5 160

(]
(&)
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[T e

[ 2%

12

Liner 0.00000000000e+000 MOD

CX B 3.84010000000e+004 MM 1.0000C
CZ A 3.84010000000=+004 MM 1.0000C
ECR

FILTER MODE ROUGHNESS

FILTER TYPE GAUSSIAN

FORM LS5 ARC

CUTIOFF 2.50000000000e-003 MM 3840
BANDWIDTH 3.00000000000=+002
ASSESSMENT LENGTH 9.60000000000e+(
NIHMEER MOD POINTS 3.84010000000e+(
ECE

.00000000000e+000
.50000000000e-004
.00000000000e-004
.50000000000e-004
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.25000000000e-003
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Camshaft Bearings

< Valvetrain

' Piston Rings
Turbocharger

|
Piston Skirt

Cranktrain+
Valvetrai_n
= y |
Pumps WY Conrod Bearlngs‘” (Belt, Chain, Gear)
Accessory
Drive

Main Bearings
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RingCylConn

é PistonRing

CylinderBore —

PistonCylConn

JournalBearing

7y
=

BASIC CRANKTRAIN SEGMENT WITH FRICTION MODELS
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Ring Radial Force, Twist Moment Balances

(ring radial position r, toroidal tilt 6) Fo—> R g'
Md2r/dt? ~ 0* = F) + F, — Fe,{Fq; (dh/dt) + F g} Fas
ling d20/dt = 0 = N 3
Fo(Rg-R)+FL(Rp-R)+ Fepl Fe(Re-R)+M } = K6 t, 1<
Ring Oil Film Hydrodynamics Oil Film Pressure P(y) [\
&/OX(D,20P/8x) = 6U(0h/dx+00® /ax)+12udh. /8t =

Ring-Bore Asperity Contact (Greenwood-Tripp) , ofessesssnoss

|
24 ‘
30

0

(asp. Contact pressure P, (y))
= (167N2/15) 1 (0B8n)? E NoiB F,(h/o)

Dimenswonless Contact Fo

*Inertia may be ignored for a quasi-static force balance solved with little or no loss
of accuracy, gainin CPU speed

: N ! —_ Gamma
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RingCylConn#&#R: Tl =475ZE3f - 3000 RPM

Qil Film Thickness

20
"g" —1st Ring
G 15 —2nd Ring
k= —3rd Ring
»
© 10
g
0
=
£
=

0
-180CMP 0 PWR 180 EXH 360 INT 540
BDC TDCF BDC TDC BDC

Crank Angle [deg]

Friction Force

30
—1st Ring
20 —2nd Ring
—3rd Ring

10

Force [N]

gy sy soqe g o el sy gw e e e sy

0
-180CMP 0 PWR 180 EXH 360 INT 540

BDC TDCF BDC TDC BDC
Crank Angle [ded]

Pressure [bar]
= N w BH
o o
o o

o
o

Maximum Qil Pressure

| " —

—1st Ring (Compr.)
—2nd Ring (Scraper)
—3rd Ring (Qil Ctrl.)

-180CMP 0 PWR 180 EXH 360 INT

BDC

250

Power [W]
—_ —_ N
o (6} (@)
o o (@]

6
o

TDCF BDC TDC
Crank Angle [deg]

Friction Power Loss

540
BDC

—1st Ring
—2nd Ring
—3rd Ring

| 1 1 1 1 1 1 1 1 1 1

0
-180CMP 0 PWR 180 EXH 360 INT 540

BDC

TDCF BDC TDC
Crank Angle [ded]
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JEZEBRREERE PistonCylConn — ¥IHE FiEN

Lateral Force and Moment Balances (eccentricity € and tilt angle ®)
Mpd2e/dt> ~ 0* = F;, + Fgp + Fga _— J e
|

2 2 ~ N* = Mpody |
Ipd Pldt 0* = I\/Ibody-l_I\/lpres,-|'|\/|pin'|'Msk,h-l_Msk,a —fka D DMy,

_.4[: pin
- Yores OV,
Fsknr Fska Msion Msia = (V.6,®,defdt,d@rdt) Vi ) |7
(F, M values from by HD/asperity models)

p

Skirt Oil Film Hydrodynamics (Reynolds Eq. -oil film pressure P(y,8,t) )

a/ay(CIJphT3aP/ay) + ( 1/R2)3/89(<DphT38P/3 0) .
B B8
= 6V u(0h/0y+0d®d/0dy)+12udh./ot z((yy e’tz)
Skirt-Bore Asperity Contact (Greenwood-Tripp : h(y,0,t)
(Asperity contact pressure P, ,(y,6,t) ) |

P.sp = (16V2/15) 1 (0Bn)? E NoiB F,(h/o)

Inertia may be ignored for a quasi-static force balance solved for (i), with little or no loss of accuracy, gainin CPU speed

T IGamma
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Minimum Qil Film Thickness

- 35 —6000 RPM
S —5000 RPM
5 30 —4000 RPM
E —3000 RPM
& 25 2000 RPM
8 —1000 RPM
§ 20
=
g 15
i
1 0 (R N G N (O (R s Ll o S A [ Y O
-180CMP 0 PWR 180 EXH 360 INT 540
BDC TDCF BDC TDC BDC
Crank Angle [deg]
150 Skirt Friction Force
—6000 RPM
100 —5000 RPM
—4000 RPM
— 50 \ |—3000 RPM
=, \| 2000 RPM
8 0 —1000 RPM
o
L .50
-100
_1 50 AR TN N N T N TR AN SN N SR NN S S

-180CMP 0 PWR 180 EXH 360 INT 540
BDC TDCF BDC TDC BDC

Crank Angle [deg]
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Max.Oil Pressure - Minor Thrust

i —6000 RPM
—5000 RPM
=730 —4000 RPM
© —3000 RPM
= 2000 RPM
= 20 —1000 RPM
7))
2
o 10
0 [ o W (N GO LS | = ) o
-“180CMP 0 PWR 180 EXH 360 INT 540
BDC TDCF BDC TDC BDC
Crank Angle [deg]
3500 Skirt Friction Power Loss
—6000 RPM
3000 —5000 RPM
—4000 RPM
2500 —3000 RPM
2 2000 2000 RPM
5 —1000 RPM
2 1500
(o]
“ 1000 | | |

91BOCMP 0 PWR 180 EXH 360 INT 540
BDC TDCF BDC TDC BDC

Crank Angle [deg]
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Example: Cranktrain friction global output in CrankAnalysis part— speed

e
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Part Information Data View Options
Part: PR (@ Show Multiple Case Casel1 :
(") Show Template Group
Template: CrankAnalysis Show Time RLT vars
Attribute Value Unit Short Mame | 6000 RPM 5000 RPM 4000 RPM 3000 RPM 2000 RPM 1000 RPM
Case# 1 Cases 2 Cases 3 Case# 4 Case# 5 Case# o
-5 Favorites
* [rl1]| Main
* [rL7) Balance
1= gL Friction
| Frictional Power Loss kw . | fricpwr 5.46799 3.34958 1.98363 1.07566 0.48189 0.135076
Fric. Pawer - Main Bearings kW | o |fricpwrmn | 2.79335 1.56889 0.855521 0.429549 0.179564 0.0454012
Fric. Power - Lrge.End Bearings kW o |fricpwrle 1.09958 0.662613 0.332233 0.19946 0.0854562  [0.0231415
Fric. Power - Sml.End Bearings kW o |fricpwrse 0.0309701 |0.0220705 |0.0153922 |0.0100955 |0.00573824 |0.00222297
Fric, Power - Piston Rings kW o |fricpwrcyr  |0.318027 0.294996 0.178533 0.119303 0.0674888 |0.0256736
Fric. Power - Piston Skirts kW o |fricpwrcys | 1.22607 0.851051 0.551954 0.317249 0.142643 0.0376371
Fric. Power - Other Cylinder kW o |fricpwrcy 0.0 0.0 0.0 0.0 0.0 0.0
b kL7 Working Stresses (Rigid/ Torsion )
*» £ safety Factors
} |- Stress_Recombination
Dane
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Piston + Ring Friction — 100degC
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Piston + Ring Friction — 100degC
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Piston + Ring Friction — 80degC
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Mean Torque of Piston+Ring Friction
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Model of motored camshaft and valvetrain (direct-acting, flat-tappet)
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A0 S M EEEHIE (Direct-acting, Flat-tappet VT)

Comparison to motored valvetrain (camshatft) torque
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it S HHEEE ¥ 32 (Direct-acting, Flat-tappet VT)

Comparison to motored valvetrain (camshatft) torque

100 degC
oExp, 100 degC, 5W-20-A, Cam 1
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A0 S M EEEE IR (Direct-acting, Flat-tappet VT)

Comparison to motored valvetrain (camshatft) torque

120 degC
o Exp, 120degC, 5W-20-A, Cam 1
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