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Abstract

The paper discusses the simulative circuit vetificaof a
power bridge in the context of its application,. i@n
automotive headlight leveling system. It
emphasizes a topic, which is often neglected inenhix
domain modeling: the identification of the
component properties, e.g. the armature frictiorntasque

constant of an electric motor. Typically, there bxe ways
to approach the problem: one is to scan the datetsiof the
components. The other is to set up direct measuresnod

the component properties. The first approach ogensde

space, as the spec windows are often larger. Thende
requires substantial, additional effort. The papéfers a
third opportunity, which relies on a measurementisdor

system evaluation, which was available anyway.

1. INTRODUCTION

Today, the simulative verification of mechatronistems,
e.g. on the basis of languages like VHDL-AMS, gaimsre
and more importance. One special observation it tt&
related circuit verification in a certain applicati context
and the application verification itself are oftenline with

each other. Lots of papers have been written oneimoc

creation and application. We will also cover thopit, but
will put an emphasis on another topic, that ismftrgotten,
i.e. the identification of the model parametersomponent
properties. Our focus is on an intelligent and -@ffdctive
solution, which does not require much additiondbref but
on the other hand allows to quickly and preciselyroduce
measurement results in simulation, for further figation
and exploration of the design space. This kind arhmeter
identification does not require any additional meament
provisions, apart from those to evaluate the system

The application of the underlying methodology isowh
using a real-life mechatronic application, an audtive
headlight leveling system.

2. BEAM LEVELING
The purpose of beam length leveling is to prevexrzting

especiallpf oncoming traffic by headlights set too high. Bua

situation may arrive when the back of a car is Hgdvaded

relatedcand thus the vehicle no longer horizontal. The hglad

position has to be adapted to maintain optimunmiihation
of the road ahead.

The beam leveling is a Servo Control working adofes:
the driver sets the reference value for the hehtlign a
potentiometer on the dashboard. The headlightsraneed
by a DC motor. A feedback potentiometer is conredte
the motor shaft in such a way that the rotationthef shaft
varies the value of the resistance so that thebfaedvoltage
can be measured. The key component of the coritolittis
the Integrated Circuit, which contains a full-brédgircuit
(H-Bridge) to drive the motor and the complete togi
necessary to compare the reference value withabebiick
value. The motor is driven until these two value® a
virtually equal.
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Figure. 1. Block diagram of a headlight leveling aplication.



Commonly in closed-loop circuit, oscillations camcaor
because the reference and feedback signals cam beve
exactly equal. In order to avoid this, a degrebysfteresiss
introduced between these two signals (see Figure 2)

The headlight assembly has a certain mass. To &g
mechanical stress, the braking of this mass isechgently
over a period of time. This region between brakany
stopping is referred to aeadbandsee Figure 2).
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Figure. 2. Deadband and Hysteresis in the Servo pitiple.

3. REAL APPLICATION MODELING

The mechanical part of an automotive headlight liege
application comprises the following parts: DC motgear,
potentiometer and the reflector.

For the modeling, friction and inertia are taketoiaccount,
and considered as part of the application.

The DC motor transforms the electrical energy int
mechanical energy and the potentiometer changes
electrical resistance according the position of itféector,
thus we are speaking about an electromechanicarays

DC mrotor

translational inertia:
reflector’s contribution

rotational inertia:
gear’s contribution

spring

constant friction: potentiomete !

motor andtranslation’ contributior

Figure. 3. Parts within the electromechanical apptation.

The DC motor shaft is connected to a gear, whigtsists of
a pinion and a rack. The rack moves the reflectat the
potentiometer. From a functional point a view, thear
performs a conversion between rotation (the pinianyl

translation (the rack). Its rotational inertia iddad as a
separate contributor. The reflector's mass contidibuis
taken into account through its translational ireerti
extrapolated to the output of the gear. The coutidim of
the translational friction, together with an aduti@l constant
friction of the motor, is added at the output of tnotor. A
spring relates the elasticity in the system.

For each part, the electrical and mechanical coasen
laws are explicitly formulated in its model’s egoat.

The models’ parameters are summarized in Table 1.

Part Parameters
DC motor Armature resistance
Armature inductanck
Torque constarkt
Back-emf constarite
DampingD
Moment of Inertial
Constant Friction Tcst,
friction Tcst = Tcst_motor + Tcst_system
Gear inertia Moment of Inertidg
Gear Gear ratiogear_ratio
Pinion radiugadius_p
Spring Spring constards
Reflector Reflector's mass extrapolated to the
inertia output of the geamass_extrapolated
Potentiometer | Factdr

‘Egble. 1. List of the parameters involved in thedeis.

All these parameters are extracted from measuresreend
observations are performed on the real application.

The parameters extraction related to the DC motor i
developed in details in the following section.

The model is based on classic electromechanicateEms.
The torque equation is described as follows:

@
T:—KT[H+DD£0+J% 1)
T is the torque produced by the motor. It is expedsas a
function of the generated torque+{#K and the torque losses,
D.o (viscous damping loss) and d/dt (internal losses).
The electrical equation is described as follows:

V=KED&)+RD]+LB3—; @)



V is the input voltage. It is equal to the sumué back-emf The angular deceleration ¢fftt) is approximated from the
(Ke o), the motor’s winding resistance voltage drop)RBrid slopes traced on the oscillogram at the beginniththe end
the winding inductance voltage drop (L.di/dt).H&tstandard of the coasting phase, knowing that at the end 0 rad.g,
units are used, &= K. and at the beginning = o (See Kk extraction). Equation

The winding inductance (L) is derived from the isiu
current measurement (Figure 4.a). In this measurethe
current flowing through the motor when the motoarist
rotating, without load, is probed. The slope whes ¢urrent
starts rising from 0 A gives di/dt. At this veryipbo = 0
rad.s' and i = 0 A. U is read out and L is calculatedngs

(3) is then evaluated at these two points to fuaculate
Test_ motod EQuation (4)), and then D (Equation (5)).

J Egd_C()j = _TCS'( motor
dt ), -

(4)

(5)

Equati : dw
quation (2) J [é_j = _Tcst_motor -D Ij()cst
The winding resistance (R) is extracted from thallogram dt 1
presented in Figure 4.b. In this measurement ther rig
blocked, sa» = 0 rad.8. When the steady state is reached, i
is constant, so di/dt = 0 A'sU and i are read out from the
oscillogram and R can be calculated, using Equdfpn fTekStop | [ ]
The back-emf coefficient (@ is derived from the | femm—

measurement presented in Figure 4.c. In this meawnt,
the rotor is rotating at constant speed, withoatljcand the
current flowing through the motor is probed. Thanstant

angular velocity is computed out of the measuremer@:

knowing that 4 current commutations correspond h@ o
rotor rotation, and one rotation corresponds #or&dian.
This velocity has been nameds; | is constant, so di/dt = 0
A.s' so Ke can be calculated using Equation (2) I
known as well, as K= Kj.

The moment of inertia (J) is extracted from theustr

current measurement (Figure 4.a). The angular exat@n Pt

dw/dt is approximated from the measurement righthat t
start of the motor as follows: the first rotatioordtion is

Chi[_5.00V &{Ch2[ 5.00V

H[10.0ms A[ Ch2 L. 5.90V

50.0mAGH

VOouUT1

read out, knowing that 4 current commutations smpoad to
one rotor rotation, and then the angular veloo#tgched at
the end of the first rotation is calculated. Therage current

Figure. 4.a Inrush current -DC motor measurement.

flowing during this rotation is read out. As théseno load, [

T =0 N.m and right at the beginning= 0 rad.g. As Ky is
already known, Equation (1) gives J.

The damping coefficient (D) is derived from the stirg
measurement (Figure 4.d). In this measurementhé#ttery

is disconnected from the no-loaded motor and therial 1

losses slow the motor down. The voltage that resnamthe
motor connector is the one induced by the back-énié: a
function of the angular velocity, and is equal twiBen the
rotor stops. During this parameter extraction, ds theen
figured out that a constant friction, i.e. indepenidof the
angular velocity, was necessary to model the behavi

observed in the measurements. This constant is dhanst

Test_motor It iS @ part of the constant friction contribuisee

Stop |
e

(1]

femm e

Ch1[_5.00V &’{Ch2[ 5.00V

H[1.00ms| A Ch2 % 5.90V

YouT1

Table 1). As there is no load, and no battery, @ N.m and SR —
i =0 A, and taking s motorinto account, the equation (1) =
becomes: Figure. 4.b Rotor blocked -DC motor measurement.

0=DlLlw+J Edl& +Tcst motor (3)
dt -
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Figure. 4.c Constant speed rotation -DC motor measement.
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Figure. 4.d Coasting phase -DC motor measurement.

4. SIMULATIONS

The main concern of the simulations is to reprodheereal
conditions in which the Integrated Circuit would eogte.
The dash board passive components, the wiring karnt
losses as well as the external circuitry are irgsgt into the
test bench by mean of VHDL-AMS models. The
electromechanical system parts are the ones dectlof
previously from measurements and observations pedd
on the real system application.

The transistor-level schematics of the Integratedu are
used in the Test-Bench (see Figure 5).

IC Transistor Level

A

Dash board External Circuitry

Wiring harness

Electromechanical System

Figure. 5. Application Test-Bench.

Figures 6 show the typical tracking behavior of Hezvo
system.

In Figure 6.a, the reference voltage, set by thex,wnd the
feedback voltage are shown. The feedback voltageestly
proportional to the position of the reflector. A the
beginning of the simulation the position of theeefor is set
to zero, the DC motor will rotate until the feedbawltage
gets into thedeadbandThe frictions in the system are such
that the Integrated Circuit manages stopping tHkeater
right at the lowest level of theeadband At time t = 3s,
the reference voltage is increased with 1V, andnatipee DC
motor starts rotating until thgght positionis reached.

Figure 6.b shows the voltages at the connectotheDC
motor model, which are forced by the H-Bridge. Whihe
system is tracking the position imposed by the ,user
difference voltage of 10.5V is set between the estors of
the motor model. When the Integrated Circuit stolps
motor, it short circuits it with the supply voltage
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Figure. 6.a Reference (red ) and feedback (blapvoltages
-tracking simulation.
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Figure. 6.b DC motor's connector voltages (connectol voltage
in blue o, connector_2 voltage in red ) -trackingimulation.

Figures 7 show the Overvoltage Protection activatio

behavior.

In case of an overvoltage, the application canves-tbaded
(e.g. the motor winding). To avoid this, the cohtrocuit
switches OFF the output stages to “High Impedaiiictie

| 1 ’

---- |
lOVHI OFF  X{x OV Hysteresis

ol T = T

¥ ()
%

Phaseil

5. |
0.0 il 4

hase 2 Phase

:
|
|
|
:
|
|
:
i
:
|
|
i
P
!

o T o e

T
e
0

Figure. 7.a Battery (bluea) and supply (red ) vitages
-overvoltage simulation.

supply voltage of the circuit reaches the overgsta g
thresholdOVHI OFF. The device switches on again wher
the supply voltage decreases to ®¥LO OFF threshold,
which is lower than the previous threshold. Thisteyesis

\<\

]

i
(OV Hysteresisprevents ON-OFF oscillations, which might l—n 0 i |
be caused by the wire harness inductive and resisti 5 ; 5 \n/—,..‘,—
parasitics Phase|1 Phase 2 Phase 3 |
. &0 : T T T
In Figure 7.a, battery and supply voltages are sholhe e
battery voltage is first ramped up from to OV tovigphase Figure. 7b DC motor's connector voltages (connest 1

1), then from 12V to 24V and down to 12V again &) voltage in bluen, connector_2 voltage in red ) -oweltage
and finally ramped down from 12V to OV (phase 3% & simulation.

diode is connected between the battery and thaicsapply

pin, the supply voltage is 0.7V below the battényphases 1

and 3 the system is operating under normal comuditidt 5. CONCLUSION

the beginning of the phase 2 the maximal supplyag® An intelligent and cost-effective solution to creat

threshold OVHI OFF is exceeded and the circuit is inapplication-based models has been shown. The utesé
Overvoltage state. It remains in this state urité supply models to verify an Integrated Circuit in the coatef its

voltage decreases under B¥LO OFFthreshold.

Figure 7.b shows the behavior of the voltages at DiC
motor model connectors. In phases 1 and 3 the HgBri
drives the motor and the connector_2 voltage fadldhe
supply voltage. In phase 2 the H-Bridge out stages
deactivated and the DC motor is coasting: the gekaseen
on the connectors are induced by the back-emfteffec

application has been illustrated, using the examplan H-
Bridge Integrated Circuit, dedicated to level atoawotive
headlight beam. The benefits of such verificatiore a
numerous. It allows for instance the simulativeifieation
of circuit design, as the transistor-level circawan be
simulated together with the models. New areas @fdisign
can be explored, thanks to the flexibility of theodsls.

Indeed, the extracted parameters can be adapteerfiarm
worst-case simulations and test the robustnedseofi¢sign.
Moreover fast prototyping, with high reuse rate afbrt
development cycle of an electromechanical appbecais
possible, as all the processes are based on siomsdand all
the models’ parameters can easily be changed.i§ hisnust
in the automotive industry.
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