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WHY DO WE NEED SIMULATIONS?
This paper is intended to provide a broad presentation of the simulation techniques focusing on
transmission testing touching a bit on power train testing. Often, we do not have the engine or vehicle to run live

proving ground tests on the transmission.
development time of a new transmission design.

By simulating the vehicle and engine, we reduce the overall
For HEV transmissions, the battery may not be available.

However, the customer may want to run durability tests on the HEV motor and/or the electronic control module
for the HEV motor. What-if scenarios that were created using software simulators can be verified on the test
stand using the real transmission. NVH applications may prefer to use an electric motor for engine simulation
to reduce the engine noise level in the test cell so transmission noise is more easily discernable.

TRANSMISSION TESTING

Transmission testing involves two major simulation
technologies. First, engine simulation is requit@grovide
proper inputs to the transmission to mimic an eagin
Secondly, output simulation must provide propedto the
output of the transmission to mimic vehicle load3he
inputs and outputs of the transmission can be raplsias
torque and speed control. The input to the trassiom can
be as complicated as engine torque pulse simulatibne
output loading can be as complicated as full vehicl
simulation with wheel slip models and suspensionles

With the introduction of hybrid technology into the
transmission, battery simulation for the HEV mdtecomes
a priority for transmission testing. The wide rargj battery
types demands a flexible battery simulation.

Modern engine simulation now invariably requires
communication with transmission control modules for
torque management. So engine simulation must nbt o
create proper speeds and torques at the transmisgiat,
but it must provide proper electrical sensor sirolaand
communication with other control modules. Sensor
simulation may include cam sensor, crank sensaipys
temperatures and pressures. Sensor simulatigwvasiably
customer specific.

On the vehicle side, customers are demanding more
advanced simulation techniques such as wheel stigefs
so that traction control and torque vectoring cantésted.
The combination of differentials and transfer caisgs the
transmissions often blurs the distinction betwedre t
transmission and the rest of the drive train. ©&agmission
testing often requires a complete power traingestd. As a
result, this paper covers vehicle simulation ascquirement
for transmission testing. Vehicle simulation manglide

RLS simulation, road surface models, tire forced &re
models.

TRANSMISSION TEST STAND
Several simulations run simultaneously in ordecdaatrol

the actual test bed in a typical transmission te&t. shown
in figure 1, light blue blocks represent simulatidocks and
yellow blocks represent physical test bed deviced/a
parts under test. The focus of this document veéllto look
at the various simulations. We will also touch tbe test
bed devices to point out the characteristics ofe¢hgevices
that are important. On top of the simulations ruars

automation platform (green) that orchestrates the
simulations.
o Green - Automation computer and software

o Light Blue — Simulation by software
o Yellow — Unit under test and physical test stand
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Figure 1 Transmission Test Stand
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ENGINE SIMULATION

The engine simulation controls the input dynamomelte
addition, the engine simulation must provide sensnd
communication inputs to the transmission controtioie to
mimic the real engine. The engine simulation ffuenced
by ambient conditions such as atmospheric pressBezlal
position controls engine torque.

Ambient
Compensation

Ambient

Wehicle bus communication
Sensor Simulation
Torgue management

Fedal Engine
Pasition Simulation |

Dynarmameter
Control

Speed and Torgue
Feedhacks

Transmission

Figure 2 Engine Simulation

VEHICLE SIMULATION

Vehicle simulation can range from simple speeds and
torques to RLS with wheel slip to full vehicle dynias
simulation using commercially available simulatgoftware
packages such as CarSim® or TruckSim@ he output of
the simulation drives the control loops that semundnd
values to the drives.

Inertias
Mass

Tire racius
Gear ratios

Tire Model

Control Crive
Loops Demands

Figure 3 Vehicle Simulation

! carSim® and TruckSim® are products of MSC Corporati
Ann Arbor, Michigan.

TRANSMISSION TEST STAND VARIATIONS

A transmission test stand may include only an input
dyno/engine and output loading unit. Or it maylude two
or more wheel dynos. Invariably, front wheel drive
transmissions require at least two wheel dynos.

Figure 4 Transmission test with Input and Output
Dynos

Figre 5 Transmission test stand with two Wheel
Dynos

ENGINE SIMULATION FOR THE TRANSMISSION
INPUT

The engine simulation consists of maps, an engine
controller (similar to the TCU), a parametric modehilar
to the mechanical engine followed by an adaptive
mechanism. The engine controller controls crankidiing
and torque reduction during a shift. It also siates the
various delays that a typical engine/ECU might haw
parametric engine model calculates torque duerterkatics
of the parts and gas pressures. An adaptive marhan
assures that the response torque amplitude folltves
demand amplitude. It also provides a means tot limi
frequencies and orders.

Engine simulation provides inertia simulation, ttleoand
pedal map simulation, torque reduction during stother
TCU torque management, engine cranking and idleéraipn
ignition simulation, coast simulation, fuel cut awtbsed
throttle simulation, engine pulse simulation, cglién firing
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reduction, front end accessory loading and ambient
condition adjustment. The torque pulse simulatiooiudes
simulation of gasoline, diesel, turbo-charged, swgharged
and normally aspirated engines. Two and four cgalgines
are supported from 1 to 16 cylinders.

Idle speed Bore
Crank speed Stroke
TCU speed dermand
Trans in:gear

Shift torgue reduction
Accessory load
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Delays

IMean torgue control

Compression ratio
2cycle f 4 cycle
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M aximym Orders

. Parametnc : F
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Figure 6 Engine Simulation for the Transmission Injut

PEDAL MAP SIMULATION

Current generation engine technology uses fly-byewi
throttle control. This imposes additional simudati
responsibility on the engine simulation to repraeube
demand from pedal to throttle demand to the engine
simulation. Typically this requires a set of maEsCU
maps) to map pedal demand to throttle demand. tfrogtle
demand is then sent to an engine map to creatertper
engine torque output. Typically, pedal mappinchighly
customer dependent. Horiba provides a very flexibl
controller to support these customer specific pedal
mappings.

Fuel Fuel cut FuelCut
Cut Array Delay
Trans Detent
shift Delay
Pedal Throttle ECU Engine
Demand 4.{ Delay H Maps H DeJay H&mulatmn

Pedal Engine

Torque

Throttle

Pot Actuator

Figure 7 Pedal Map Simulation

ENGINE TORQUE MAP SIMULATION

An engine is typically throttle (or pedal) contesll Based
on the throttle setting and the current engine dpdiee
engine will produce a given torque. On the othendh a
dynamometer is speed or torque controlled. Unkie
engine, the dynamometer used for engine simulatim
produce maximum torque at zero speed. Some means i
required in the engine simulation to limit the dgraneter
torque to the torque that the engine would prodane to
create the throttle to torque function to mimic #regine.
Engine torque map simulation provides this capghbili

Shown in figure 8 is an engine map for the engine
simulation. A throttle demand sent to the engiineutation
is used along with current engine speed to deterniie
torque the engine simulation should produce. Simeay
vehicles are now  “fly-by-wire”  current ECU
implementations also typically provide additionahpping
to map the pedal position to an internal throttietarque
demand. This additional pedal mapping may be atiom
of transmission speed or other parameter as théclgeh
manufacturer sees appropriate.  Horiba’s engine map
simulation provides multiple levels of mapping topport
pedal mapping. This additional mapping is customer
specific so it requires a controller capable of parting
these changes without major software efforts.

Throttle [1-100%)

T

Speed (radse

136.2
272.4
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Figure 8 Engine Torque Map Simulation
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ENGINE TORQUE REDUCTION DURING A SHIFT

Shown in figure 9 is a full throttle acceleratiaimrof an
automatic transmission vehicle with engine simalaton
the transmission input and vehicle simulation ore th
transmission output. Of key importance is the emagin
simulation must reduce torque during the transmisshift
to limit wear on the transmission clutches. Tlasmission
control module sends a message over the vehicleadbtie
engine module to reduce torque. In this case,etigine
simulation takes the place of the engine and engamgrol
module. The purple tracer (blown up for clarityg) the
signal to the engine simulation to reduce torquiee actual
torque reduction from the engine simulation is shawthe

green trace. The effects of vehicle loading on the

transmission output are shown in a grey trace dmal t
resulting vehicle speed is shown in a grey tratkee vehicle
bus interface and the methodology for torque redocis
highly customer specific, so the controller must \@ry
flexible in its implementation.

hicle simulati

Loading Torque .

Engine Torque
Response

ee‘\, C il

\]e‘\\c\? e

\ Torque reduction
] —
Demand from transmission

Figure 9 Engine Torque Reduction during a shift

ENGINE INERTIA SIMULATION

Transmission testing requires that the engine imdg
correct so that loading on the transmission is \ejent
between the real engine and the dynamometer parfgrm
engine simulation. Often, the dynamometer indgtilrger
than the engine inertia, so compensation (inenalgtion)
is required.

In the graphs in figure 10, the simulation is rum i
throttle/speed with the throttle ramped in an afieto hold
the torque relatively constant during a shift. iDgrthis part
of the shift, the deceleration is constant. Tleisuits in the
engine speed decelerating from 3900 rpm to 900 rphe
speed change results in an inertia torque. e inertia
and engine inertia are the same (top Chart), ngpeosation
is required. The bottom chart shows where the dgadia
is twice the engine inertia.

Dyno Inertia=Engine inertia
No compensation required

300Nm output torque

oo ZFroo.so

5Nm inertia torque
|
|

Dyno Inertia=2 x Engine inertia |
Compensation is required |

ENGINE TORQUE PULSE SIMULATION

Shown in figure 11 is an 8 cylinder engine runnaiy
2000 rpm, part throttle with a mean torque of 148 nThe
mean torque is not shown on this display. Onlyttrgue
pulses are shown. We clearly see 8 distinct pulses the
720 degrees (two crankshaft rotations). To produd&Nm
of mean torque, we must produce 145 Nm of firintp@st.

145 Nm peak-to-peak [l
¥ '

|
I
|

Figure 11 Engine Torque Pulse Simulation
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VALIDATION OF SIMULATION TO REAL ENGINE
DATA

Validation of the engine simulation pulses is calito the
acceptance of engine torque pulse simulation. Hewe
compare a 4 cylinder gasoline engine in the bottbart to
the engine simulation on the top chart. We havedgo
correlation between simulation and the engine. a&otjine
engine is typically quite inconsistent in its figin

TORQUE CURVE OF COMPLETE ENGINE
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I S B I N Figure 14 Cylinder Firing Reduction
DR N STARTUP/SHUT DOWN SIMULATION INCLUDING
cmeo | P\ » j'-\ 0 **Nf HEV START
roo o } —+ V1 The typical startup profile for an engine is shawrigure

S - i 15. Idle speed, crank speed and their ramp rates ar
N J\\([ w \‘T\( controlled. After cranking for a fixed period ame, the
N speed ramps up to idle speed and the idle speddotien
B A= p— T e takes over. Torque limits are placed on both drapkand
Figure 12 Validation of Simulation to Real Engine @ta idling. HEV startup for mild hybrids is easily paneterized
by adjusting these parameters to shorter timevater
The table in figure 13 shows the amplitude of thecsral Idle Speed

components of the engine simulation and the reginen
Inconsistent firing and certain torsional resonanpessent

in the real engine may attribute for the minor eliénces in Crank Time
the data
- - - Idle ramp
Real Engine Simulation Crank Rate
40 hz 37 nm 37 nm Speed
80 hz 23 nm 30 nm
120 hz 8 nm 15 nm
160 hz 5nm 7 nm

Figure 15 Typical Startup Profile

200 hz 3.7nm 5 nm Engine shutdown/coast is controlled by the ignition

240 hz 1.4 nm 2.5 engine map near zero speed andStendStillSpeedvalue.

280 hz 1.1nm 2 The engine map determines what torque is appliezhtise

320 hz 0.9 nm 15 the engine to stop. The StandStillSpeed value chiters
Figure 13 Real Engine and Simulation Table when the dyno command is zeroed.

<+——— Idle Speed
CYLINDER FIRING REDUCTION

Shown in figure 14 is an 8 cylinder engine runra@000
rom and a mean torque of 118 nm. This is the samgine
simulation as shown in chapter 0. Half the cylnsdare shut
off by closing the intake and exhaust valves. Tdmult is
four cylinders firing and the other four are opa&mgtin a
compression/expansion cycle. Notice the peak pulse
dramatically because 118 nm of mean torque stilstnne
produced by only four cylinders Zero Speed

Figure 16 StandStillSpeed Value

Standstill Speed—————
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Shown in figure 17 is engine startup simulationhvTPS
(torque pulse simulation) turned on. Note thatdbengine
simulation, torque pulses can be turned on or tffurned
off, then only mean engine torque is simulated.e €hgine
first cranks for a short time after which the emygistarts
firing and accelerates to idle speed. Prior tindirand
during cranking, engine torque pulses are the testil
pumping forces in the engine.

Engine starts firing

Engine Speed Yellow

AN
h

Crank pumping torque

Engine Torque RED

Crank angle blue

B54.00 664.50 BES0 665.00 BEE50

Figure 17 Engine Startup Simulation with ETPS

SENSOR SIMULATION

Sensor simulation is highly customer specific. $om
customers require little sensor simulation and some
customers require dozens of sensor simulationaddiition,
some sensor simulations must be tightly coupledthm
controller and others can be controlled by the mation
system. A flexible controller and automation pdath is
required to support the wide variety of sensor $ation.

CRANK AND CAM SENSOR SIMULATION

Some customers require crank and CAM angle sinmrati
CAM and crank sensor simulation is used particylarlthe
case where the transmission and engine control lactte
combined into a single unit. In this case, theseen
simulation must provide inputs to satisfy the eegportion
of the control module. In addition actuator sintiala or the
actual actuators may be connected.

In a real engine, these pulses are stricthckgonized
with crankshaft position. The simulation crank acaim
sensor signals must also be strictly synchronizedthe
crankshaft position. The Horiba implementatiorowhl the
user a simple means to specify the timing of thegeals
along with asymmetric TDC or starting pulses. The
accuracy of these pulses is defined by the accuoddie
encoder that is attached to the engine simulator
dynamometer. A flexible controller along with sf@c

hardware embedded in the controller is programrbgdhe
customer) to create most any shape pulses.

T0C

Figure 18 Crank and Cam Sensor Simulation

RESIDUAL BUS SIMULATION

At a minimum, the transmission test stand requidaes
to be transmitted between the transmission comtradule
and the engine simulation. Shown in figure 19 islack
diagram of the residual bus simulation as impleeim the
controller for a particular application. The cafler allows
simple modification of residual bus simulation bgitang
block diagrams.

Shown in figure 19 (yellow), we require the transsin
control module to send transmission output speedt (f
customer specific control). Torque detent reqisestquired
for torque reduction during a shift. Transmissispeed
demand is required to limit the engine simulatigreex
when the transmission requires it.

The transmission control module requires a numifer o
simulation values from the engine simulation tasgatits
needs (light blue). The engine speed, map torgdesagine
torque are required for transmission control puegosPedal
position defines the throttle pedal position. Hegtoolant
temperature tells the transmission controller & &ngine is
at operating temperature or not.

These values are typically sent over a CAN bus
communication link for automotive applications. €rh
controller implements a number of CAN channelsrovige
this communication path

TraramissionDulputSpaad

Transmission module values
to engine simulation

Cupin Spaad

(T )
#{ 3

TemqualateniRaguast

Trates Spaad Darriand
TmGearizmtese —1—>®

TCUHandle T s 40 ind

Torqua D Faquas

EngineSpeed

Engine simulation values
5y to transmission module

AsasageTarquaT elrank o] Engine paed

SeeragaTorguaTolrank

_/,—}mb J
ua;ﬂ GiE i
(4

PadalPosition

Figure 19 Residual Bus Simulation
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SPECIAL REQUIREMENTS FOR DYNO MOTORS
AND DRIVES FOR ENGINE SIMULATION

Horiba provides low inertia dynos for the engine
simulation. Dyno inertia as low as 0.084 kg-ame available
in a 260kWw dynamometer. These dynos provide simila
inertia to the engines they replace. The low iaels
required to faithfully reproduce torque pulses andertia
effects. Less costly high inertia dynos used vétigine
inertia simulation provide lower performance forsto
sensitive solutions.

Shown in figure 20 is a 0.084 kg?ninertia engine
simulation dyno TP260 capable of 800 Nm peak targlte
is placed on a standard Horiba base that has awjustfor
tilt and height.  Transmission testing often regsir
flexibility in height alignment and angle.

Hybrid transmission testing often requires very hhig
speeds, so this motor can be rated to over 20,080for
such applications.

The dynamometer needs a proper torque to inetiia t@
accomplish > 50,000RPM/sec accelerations and sub
millisecond current rise times required for engioeque
pulse simulation. Physical rotor properties (irerand
stiffness) have first torsional natural frequency680Hz
when connected to the transmission under test.

Figure 20 Horiba 0.084 kg-ni Inertia Engine
Simulation Dyno TP260

High performance drives provide frequency bandvddth
1000Hz. High bandwidth drives are required tohfailly
reproduce torque pulses, torque shift management an
inertia simulation. Shown in figure 21 is a sinidsjust shy
of 700 Nm peak-to-peak at 500Hz using the low imert
TP260 engine torque pulse dyno. Yellow is demardirad
is response. The Horiba ETPS algorithm time alithes
demand and response as part of its proprietary iamegl
compensation algorithm.

Figure 21 TP260 500 Hz, ~700 Nm peak-to-peak

VEHICLE SIMULATION FOR THE TRANSMISSION
OUTPUT

Vehicle simulation involves providing a load at thetput
of the transmission that mimics the loading th@graission
sees when installed in the vehicle and driving nofroad.
Vehicle simulation can be as simple as definingedpeand
torque to the transmission controller. Or vehgilaulation
can be as complicated as providing a full vehiateugation
using a software package such as TruckSim®

Tire Model
Surface type

RLS Wheel Slip
Caleulation Caleulation

Inertias
Mass

Tire radius
Gear ratios

Demands

Drive
Demands

Contral
Loops

Speed, lorgue, Lelta

TruckSim
Cargim

Figure 22 Vehicle Simulation for the Transmission
Output

ROAD LOAD SIMULATION

The road load equation probably represents the basit
form of vehicle simulation that solves a great patage of
customer demands. A typical road load equatioriep@
force at the tire patch equivalent to the forcevahan the
equation below. The road load equation includesrestant
component K a frictional component Kand a drag
component related to the frontal area A.

F= KO + K1W+§Ew |$EG\I-I_VHeadwind)2

Engine Battery and Vehicle Simulation StrategigsTi@nsmission Testing
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Simulation of the vehicle driving on hills is takento
account with the force equation of vehicle massesinthe
sine of the hill. This force is added to the ré@atl equation
above.

F+=mlglsin(a)

Lastly, vehicle braking is added to the road logdation

to allow the simulation of braking.

F+= I:Brake

Two types of vehicle simulation are provided foaddoad
control of the transmission output. Road resistacentrol
is a simplified version of the road load equatiomeve only
road resistance is calculated. The road resistanogrol
does not include vehicle mass with acceleratiothénforce
calculation. This is the fundamental differencens®n road
resistance and road load simulation.

In addition to the RLS equation, a number of vehicl
parameters are required to properly calculate thkicle
simulation.  Other parameters include axle/transiois
ratios, tire inertia, vehicle mass, tire radius alwhd
distribution.

WHEEL SLIP SIMULATION

Wheel slip simulation provides a means to creasdigtic
loads at the wheels that depend on the tire and sagace
interaction. Different tires on the same vehiclesinoften
have different loads because of the differing feraethe tire
patches. This causes unequal torques and speett® at
transmission output shafts. The wheel slip sinmtaallows
intelligent torque vectoring devices in axles amansfer
cases to react properly during an extreme wheplealent
such as one tire spinning on ice.

Shown in figure 23 is a plot of the Pacejka magiarfula
that is often used as a tire model. This tire stipdel
integrated into the controller provides the whedp s
simulation.

7
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-20 %

Figure 23 Plot of Pacejka Magic Formula

BRAKING SIMULATION

Most often, the test specimen does not include iphlys
brakes as the vehicle would normally have. So olehi
braking must be simulated by applying a torque he t
vehicle simulation that is acting such to slow imulated
vehicle speed. The braking command is a brakesftivat is
entered into RLS calculation as described in theSRL
section.

DRIVER SIMULATION

Driver simulation includes control of the transmiss
gear, clutch and throttle when the transmissionng
manipulated manually by a human operator. Foredriv
simulation, the throttle, shifting and clutch acso are
coordinated by the controller using predefined g¢abbf
behavior. In addition, the controller can be pesgmed to
determine when to shift in addition to how to shift

Shown in figure 24 is a simple shift profile thhtistrates
how a shift may be programmed. The duration ofsthié is
defined by the green trace. The clutch (blue)uddgnly
released at the start of the shift then ramped backfter the
gear change. The throttle (light blue) is droppedero at
the start of the shift and reapplied as the claimimes back
on.

Shift in progress: Green Clutch control: Blue

Gear demand: Red

1930 11000 M0 111020

0930 110340 11085

Throttle: light blue

Figure 24 Simple Shift Profile

Driver simulation at a higher level is often cotlied by an
automation system such as the Horiba Stara@omation
platform.  Typically, an automation system providas
sequence of throttle demands to the controller dieéines a
driving cycle. If the controller does not determitne shift
points, then the automation system may also prowdde
sequence of gears demands to the shift controller

2 Stars® is a product of Horiba Instruments, Troychgan

Engine Battery and Vehicle Simulation StrategigsTi@nsmission Testing
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ADVANCED FULL VEHICLE SIMULATION WITH
TRUCKSIM®*

For very complex test requirements, the dyno spesdis
torques may be controlled by a full vehicle simiglatsuch
as “TruckSim®’. TruckSim® runs the vehicle simulation
in real-time and sends demands to the test standodler.

A transmission test stand may only look at the tfizomd rear
propshaft speeds and torques even though the diomula a
complete vehicle simulation. The transmission culdr
must be flexible enough to provide inputs and otga the
vehicle simulation at reasonably high rates. Showfigure

25 is a HMMWYV climbing a sand hill. As the vehiadbmbs
the hill, tire forces change from wheel to wheele dio
suspension and body movement. These forces deermi
prop shaft speeds and torques to be sent to thentymeter
controller.  Such complex simulation requires a
comprehensive road profile, vehicle suspension madd
tire models. The Horiba controller provides hotikallow a
connection to TruckSim®

Figure 25 Advanced Full Vehicle Simulation with
TruckSim®*

SPECIAL DYNO MOTORS AND DRIVES

REQUIRED FOR VEHICLE SIMULATION

Horiba can provide a PM4000 low inertia (1 kdywheel
dynos to simulate vehicle loads with high fidelityThese
dynos have inertia similar to that of a vehicle @&nd wheel.
This provides high performance wheel slip capapilidnd
yet they provide up to 4000 Nm of continuous torque
Higher inertia wheel dynos can be supplied foresyst that
demand less dynamic performance. Figure 26 shbws t

PM4000 permanent magnet wheel dyno mounted on a

standard Horiba adjustable base.

Figure 26 PM4000 Wheel Dyno mounted on a standard
Horiba adjustable base

Very high torque requirements can be fulfilled with
tandem configurations similar to that shown in figw7.
Tandem configurations may consist of dual motors (a
shown in figure 27), motor and water brake, motudt addy
current or motor and shear brake.

These configurations along with high performance
controllers and drives provide accurate wheel tesqueeded
for proper vehicle simulation.

) [
i
W ‘
f )

Figure 27 Tandem Configuration
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Transient testing requires low latency and fast tisne
controllers, drives and motors. Horiba systemscglfy
provide millisecond range torque step responséow8 in
figure 28 is a 1600 Nm step response on a Horiarertia
wheel dyno. The yellow trace shows the torque deina
The red trace shows the drive torque response.ris@éd¢ime
of the torque is about 700 micro-seconds. Thédirsgttime
to 10% from demand is 2 milliseconds.

Response: red

Demand: yellow

Figure 28 1600Nm Step Response on a Horiba Low
Inertia Wheel Dyno

BATTERY SIMULATION FOR HEV
TRANSMISSIONS

HEV transmissions require a battery or a battemyutator
to test the electric motor. Horiba provides a dratt
simulator to provide the power to operate the HEManin
the transmission. The battery simulator consita power
source to supply power and the software simulator t
simulate battery conditions and control the powait.u
Interface cabinets connect the power source tatiseomer
specific HEV controller.

Power, current, voltage, power + additional cuseran be
used to simulate battery models. Or actual batbaigk test
data can be used for cold and hot test conditionilsitions.

The battery simulator simulates realistic battenyrent,
voltage, power, SOC, pack temperature, cell/module
temperature difference, power limit, pack resistanc
capacity, battery life based on different HEV batte
technologies such as Lithium-lon or NiMH batteryl.ce

Battery
Simulation

Power
Source
Discannect \”\ HEV

Optional ;‘ Englnsure

Battery

Battery Simulator
Power source

Figure 29 Battery Simulation for HEV Transmissions

DIFFERENT BATTERY TECHNOLOGIES
SIMULATION

A number of battery pack models incorporating cell
technology such as Li-lon, LiFeRONIMH, and Lead Acid
AGM are supported by the battery simulation sofevain
addition, interfaces to simulate RLC based custatieby
models are provided in the simulation.

STATE OF CHARGE SIMULATION

The battery simulation incorporates SOC (statehairge),
DOD (Depth of Discharge), and power limits to siatalthe
HEV/EV/PHEV battery packs. Shown in figure 30 et
state of charge of various battery packs over aniiute
FTP simulation.

FTP4 Cycle Battery SOC
L i e

76 LiON cells
56 86 LiFePO4 cells
' 208 NiMH cells
\ """"" 24 VRLA AGM cells :
st 5 s e ;
& : i | i
§| 52
2
(5]
; 50
1
w
48
46
14 i i i i i i i
0 200 400 600 800 1000 1200 1400

Elasped Time (Seconds)

Figure 30 State of Charge Simulation
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TEMPERATURE EFFECTS SIMULATION

The battery simulation incorporates thermal siniotato
show temperatures values in the battery pack. Shiow
figure 31 is a simulation of temperature for therivas
battery technologies.

36

b~

()
53

Battery Pack Temperature [C]
n Lt
o0 o

# ' : ' i| —— 76 LiON cells
= R G pressessssi] — - — 86 LiFePO4 cells
] : : 208 NiMH cells
i : i| ------- 24 VRLA AGM cells |}
24 1 | | | I I |
0 200 400 600 800 1000 1200 1400

Elasped Time (Seconds)
Figure 31 Temperature Effects Simulation

RESIDUAL BUS SIMULATION

A complete simulation of the battery pack requi@sN
(or other vehicle bus) communication with the TOLECU.
For instance, the TCU may require state of chamge t
determine if the HEV motor can provide power or ¢éingine
should provide power. The Horiba controller pras&d
multiple CAN channels to support this communication
Approximately 200 variables are available to betsen
received over the CAN bus connection to/from théea
simulation.

HORIBA PRODUCTS TO SUPPORT BATTERY
SIMULATION

Of crucial importance is that power must be safely
distributed in the transmission test cell. Coneahiplug-in
style connectors provide safe connection to the HEV
controller and power source. Two interface catsine
provide connection between the transmission HEVomot
and power. The first cabinet (hybrid interface lesare)
connects the HEV motor controller to the power seurThe
power source may be the battery simulator or it s@ynect
to an actual battery. The second cabinet, the malinted
connecting box is the DC disconnect. It providesnection
between the battery simulator power source anchyeid
interface cabinet. The two enclosure system asssae,
convenient connection between power source and HEV
motor.

40-500 VDC regula!ed\.i

i Wall mounted
i Connecting Box
Voltage present
indicator,

Hybrid Transmission
Battery Pack

or

Battery Module Hybrid Interface
Enclosure

Circuit Breaker
with external
controlled UV trip)

40~500vn3cﬂE u gj. —I\\
N

40-500 VDC

|~ Voltage present indicator

TPIM

3 phase AC power O O

Figure 32 Horiba Products to Support Battery
Simulation

Shown in figure 33 is the hybrid interface encl@suiThe
front view shows disconnect and power on indicatofhis
enclosure provides loss of isolation detection ands
connected into the emergency stop chain to supposer
removal without damaging the HEV motor controlldt.is
rated up to 600 VDC. The enclosure rear view shthes
convenient power connectors.

~ 3
Enclosure rear view

Enclosure front view

Figure 33 Front and Rear View of Enclosure

INTEGRATION OF SIMULATIONS/TRANSMISSION
WITH AUTOMATION PLATFORM

The various simulations require an automation pfatfto
orchestrate the test and record data for post psotg
Horiba uses the Stars® automation platform for task.
Stars is uniquely suited to control transmissiat stands as
it provides a broad range of drivers for interfaciwith
transmission control modules and third party desicdn
addition, it provides a tightly integrated solutiavith the
Horiba power train controller Sparé®Horiba also provides

3 Sparc® is a product of Horiba Instruments, Troychian
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a number of interfaces to the Sparc®3 power traintroller the Stars®Automation system to transfer data at up to 5000
to allow the Sparc® controller to connect to competing samples per second.
automation platforms.

A key to reliable power train test stand operatiorthe
separation of the controller from the automatiorstem.
The controller having only test stand control asptimary
responsibility limits the complexity of the coderiins to
only a few megabytes. As a result, the softwanelsgo be
more reliable than a general purpose computerntiagt run
gigabytes of code. During a failure, the Spare®ntroller
brings the test stand down in an orderly fashiodnd of
course the simulations all run in the Spata®ntroller to
assure reliable execution of the simulations.

A tight integration of the automation system ana th
controller is tantamount to reliable and consisergcution
of the transmission test. Stars and Spamsi®re a common
heritage in their real-time systems that assurepeitnility.
Real-time code that runs on the Spatc@n also run on the
Stars automation system. Horiba is unique in pliagicuch
a system.

Figure 35 Data Logging, Control Panels and Limits

TEST SCHEDULES AND WORK FLOWS
SP#FRRC  Sparc An automation platform must provide a means toeyoe
s =, Controller transmission through a sequence of operating pdiots
Stars Ser ; create a usable test. The Horiba Stérs@tomation
Automation S platform provides two levels of control to sequetit®ugh
i the operating points. The lowest level of conta@lled a test
schedule can be used, for instance, to send a reee)d
torques and speeds to the test stand (in the nisitipe
case). Work flows are the next higher level of toon
Work flows are used to sequence multiple test sdllesd
Work flows also perform high level tasks like siagtdata
loggers and then subsequently cause an analysitheof
logged data.
The test schedule affects the various simulationsfdr
instance, triggering the transmission to shift barging the

DATA LOGGING, CONTROL PANELS and LIMITS gear in the driver simulation. Or it may run & b throttle

Our transmission test stand requires basic funafityn positions to the engine simulation. — For wheel slip
from the automation system. This functionality icgily simulation, the test schedule may change the wariarce
includes the ability to create custom displays,uireqreal- on a tire or change the road surface. The HoritasS
time data from the test and apply limits to protéfe automation platform allows a rich range of accesghie

transmission. Shown in figure 35 are typical SFAr6UIS parameters of the various simulations running o th
that provide this functionality. —The Horiba Stafs® controller without reloading the controller afteparameter

automation platform is unique in its ability to tband change.
unload loggers, limits, scopes and control pandigdenthe
test is running.
A key requirement to acquire and monitor transigata
for transmission testing is to provide a highly p@ssive
interface between the automation system and the
transmission controller. Horiba's solution utikze high
speed link between the Spartc@ower train controller and

Figure 34 Integration of Simulations/Transmission vith
Automation Platform
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Figure 36 Test Schedules and Work Flows

USER INTERFACE TO CONTROLLER
SIMULATIONS

Horiba user interfaces provide the means to change
parameters for the various simulations in real time
Competitor systems often require reloading of the
simulations after parameters are changed. Graptitbsn
the GUIs remind the user how the parameter afftuts
simulation. Embedded strip charts show real-tinadues
relevant to the simulation.

Figure 37 User Interface to Controller Simualtions

PULLING IT ALL TOGETHER TO CREATE THE
CUSTOMER APPLICATION
A complete customer solution has the componentsvisho

in the diagram in figure 38. Each component hased
defined responsibility in the customer applicatid®ustomer
HIL simulations can be implemented in a separaieiora
similar fashion to the TruckSim®/CarSiM@nit. One
unique aspect of the Horiba customer solution &t il
levels of the solution are easily modified to fiparticular

customer requirement. Competitors often restrieingies in
the power train controller as it often is a fixetblb of
software that is difficult to modify. The Horibap&c®
power train controller is made up of many moduléseav
together which can be easily changed to provideigue
solution for each customer. Horiba application iregrs
can often times make controller changes in minui#sout
software engineers. The Horiba solution is clearigue in
the industry.

Automation Platform: STA_RS
T e

Power Train Cantroller: SPARC
Engine Simulation  Battery simulation
Driver Simulation  Test stand control
Wehicle Simulation

TruckSim
Or HIL

Shift, cluteh

Robot Battery

Simulator
Power Source|

Transmission
Control
~ _module

|  Qutput
Dynamometer

|

Figure 38 Complete Customer Solution Diagram

PARTS AND PIECES: SPARC, STARS: HOW IT
BENEFITS CUSTOMER

Both Sparc® and Stars®implement a high performance
real-time that can run as fast as 5000 samples@sond.
The customer benefit is that high speed transieahts in
the test cycle can be faithfully reproduced andifieek.

Both Sparc® and Stars® provide very flexible program
environments supporting modifications without reng
expensive software engineers. The benefit to tiseomer is
that software development is generally not needed t
implement his/her special requirements.

The Sparc® controller is a very open controller that
provides various high speed communication chantels
customer and third party systems at the real-tewell The
benefit to the customer is that he can easily tnisisr own
special controls as he requires. Another bengfthat the
customer can easily tie into any automation platfdris
company uses.

Separation of the automation platform and the pavan
controller creates a reliable controller. The costr benefit
is that the test stand is always under closed loomtrol
assuring a safe system.

Watchdogs between Spart®Stars and each external
controller assure that subsystem failures are ifikthtand
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reacted on. The customer benefit is a safe systenh
detects faults and shuts down in a controlled tashi

Limits in the power train controller protect thettstand in
the event of excessive torque, speed or power.itd iim the
Stars automation system protect the customer spacim
based on customer specified limits. The custoreeefit is
that both the test stand and the specimen aregbedtérom
excessive events.

HOW THE SIMULATIONS WORK TOGETHER TO
CREATE CUSTOMER BENEFIT

The customer decides at run time which simulatiwith
be in effect. All simulations are available (ifetltustomer
buys them) and can be switched on and off as the te
specimen or test requires. The benefit to theocnst is that
he does not need even a Horiba service personatolesor
disable the simulations.

The simulations are parameterized by GUIs that lerthie
customer to change each simulation as the testrspeor
test requires. Most every change can be made wutitnen

restarting the controller. The benefit to the oustr is that
test stand setup can be quickly changed when theirapn
or test changes. TruckSim/CarSim@imulations may
require a reload of the TruckSim/CarSim@&mulation.

WHAT'S IN STORE FOR THE FUTURE?

FUEL USAGE

A future extension of the engine simulation wilbpably
include fuel usage. Fuel usage is useful for coatpee
studies that involve changes in the customer spatior
control of the customer specimen. A good exampleaf
transmission test stand might be that the custohses
modified his transmission controller to reduce fuel
consumption. The customer runs the transmissi@mutih a
drive cycle with various shift strategies. The leythat
results in the lowest fuel usage (as defined byehgine
simulation) could indicate the correct shift stggtéo use to
reduce fuel consumption in the real vehicle.
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