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AME_TR2: Agenda

Introduction

Sign convention — T junction

End stop models — Rotary shafts

Friction models

Clutches — Brakes

Tire models

Geatr trains - planetary gear train — idle gear models
Bearings

Thermal aspects in Powertrain components

Synchronizer
Contact models

Vehicle models
Engine models
2D and 3D models
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Torque conversion elements: Agenda

1. Simple ratio reducer model

2. Torque converter
3. CVT

(LMS
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Simple ratio reducer model

*This a model of an ideal ratio reducer
system (gear box, CVT, torque converter)

AN .
nul [ rev/min__ Nm “The ratio is a signal input and can be

changed during the simulation

“No parameter

Mm  revdmin

*No losses

(LMS
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Torque conversion elements: Agenda

1. Simple ratio reducer model

2. Torque converter

3. CVT
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Variable Torque Components

torque converter housing
(connects to Flywheel)

Torque Converter

Turbine output shaft
(connects to transmission}

Flywheel
(connects to engine)

Stator output shaft
(connects to fixed shaft

Turbine Front Cover In transmission)

Impeller

Pump

Stator with Clutch Assembly i
ixed to housing)

One Way
Roller Sprag

Input Shaft .

(not shown) |

Connects A Front Cover

Turbine to J Mated to

Transmission Flywheel
-

Drive Hub

Torrington Bearing

Welded Hub ’ ‘ L M S
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Variable Torque Components
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Variable Torque Components

Torque Converter

STATOR

STATOR ROTATES
FREELY

3 stages

8 —

BB R = stall (stator fixed)

= acceleration (stator free)

STATOR HELD
FLUID FLOW REDIRECTED

CONVERT cr'
NUL IFI YINC

= direct drive (lock-up)
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Variable Torque Components

Stall, acceleration and coupling stages
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Variable Torque Components

-
24 Show Details

The library models

Submodel summary

> Level O:

Component: converter

= Steady-state torque converter.

Compatible submodel list

> Level 1:

Mame Description Submodel type
TRTCO01A dynamic torque conwverter generic submodel
TRTCO0A steady-state torgue converter  generic submodel

= Dynamic torque converter. el E—r— Ve ]

Close
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Variable Torque Components

Level 0: Steady state torque converters

Impeller shaft —hm e
m—p ey fmin

=g [T

ey fin

Turbine shaft

[-1]
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Variable Torque Components

> Submodel TRTCOOA: levelQ

External variables

= M = Mm

— /TN = /TN

= Computation of impeller torque: an enumeration
enabled choosing between 4 methods (table
formats): MPxxxx factor: impeller torque at fixed
velocity xxxx rpm
* lambda factor: power factor
« K factor: capacity factor
« C factor: windage coefficient

= Computation of turbine torque: A map defining the
Torque Ratio (TR) function of the speed ratio (SR)
Is used

Tt

urbine

T.

impeller

a)turbine

@

TR = SR =

impeller
12 copyright LMS International - 2012

Model parameters

i R’
4 Change Parametars &u
—Submodel
reference [TRTCO0A]
External variables

steady-state torgue

converter

Parameters
Title Value Unit
impeller torgue computation 6

type of input maps
discontinuity handling for linear interpolation

power factor {Jambda)

ity facto
invalid energetic behavior ﬁr?::;: coef’ﬁrclgt ©
reference velodty ZOUT rey min
zero velocity threshold for impeller 1 rev/min
I 1 ...ue ratio (TR) function of speed ratio (SR) ametable Q
I 0 MPyxx torque vs speed ratio (SR) ametable Q
lDeﬁauIt value ][ Max. value ]
Load l Reset title ][ Min. value ]
Help [ cose || options >> |
-
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A ENGINEERING INNOVATION



Variable Torque Components

Torque at the impeller Ti can be defined by one of the following equation:

= MPxxxx torgue equation:

Ti = ( MPxxxx(SR) / wref 2) . Nimpeller?. si
with
wref: reference fixed velocity [rad/s]

= A: Power factor equation:

Ti=(p.Dh>. A(SR) . m2/900) . Nimpeller?. si
with
p: oil density [kg/m**3]
Dh: hydraulic diameter [m]

= K: capacity factor equation:
Ti = (10 . K(SR)?) . Nimpeller? . si

= C: windage coefficient equation:
Ti = ( C(SR) ) . Nimpeller? .si enables to get a smooth transition on the

— impeller torque when the sign of the impeller
velocity changes

(LMS
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si =tanh(2 . Nippeier / N2)
with: Nz: zero impeller rotary threshold [rpm]




Variable Torque Components

77 — Tturbine’\ Y rurbine — TR % SR

Timpeller A a)impeller

Notes:

" 0 <= SR <=1 (even for overrun)

* Wimpeller has to be greater than zero
= SR=1-> TR = 0 (without lock-up)

" Nmax ~ 95 — 98 % (without lock-up)

(LMS
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Variable Torque Components

Level 1: Dynamic torgue converter

= r2V/min
= M

= ey min
— [T

Impeller shaft Turbine shaft
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Variable Torque Components

> Submodel TRTCO1A: levell =D

geometric [TRTCO1A]

External variables (|
||

dynamic torque converter

= Use this submodel when dynamics are significant up

Parameters

to 50 Hz (modeled by physical equations and no r—
bI d g impeller rotary velocity 2000 rev/min
turbine rotary velocity 100 rev
table data). & bt i
@ axial torus volumetric flow rate 0,136 m*==3/s I
index of fluid (gear box oil} 1
fiuid friction model Poiseuile's law
. number of blades 64 |
[} . cross sectional area of torus flow 23000 mm=*2
The model takes into account: L
. . . . !mpel\er inertia 0.05 kgm**2
= Inertias of turbine, impeller, stator and fluid. iyt % teyee
impeller inlet angle -15 degree
1 1~ impeler f fal 0 mm==2
= FI U|d frICtIOI‘I . imoele fud petiength 12000 |
impeller factor of fluid shodk loss 1 null
impeller viscous friction coefficient 0 Nm/(rev/min)
= ShOCkS Iosses- a stator parameters
stator inertia 0,008 kgm**2
H di 75
= Influence of system geometry on fluid effects. Fatr et @ depre
stator inlet angle 0 degree
stator flow surface 0 mm*=*2
= One way clutch for the stator. 500
stator factor of fluif shock loss 1 null
stator viscous friction coeffident 0 Mmj(rev min)
| 4 [ turbine parameters
I turbine inertia 0,04 kgm*=*2 I
. turbine radius 78 mm
= Parameters are only physical ones. 0 dagree
turbine inlet angle 58 degree
turbine flow surface 0 mm**2
turbine fluid inertia length 12000 mm
turbine factor of fluid shock loss 1 null
turbine viscous friction coefficdent 0 Mmj{rev min)

|Defau\t value ” Max. value |

| Reset title || Min. valug |

Save
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