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Chapter 1: Legal Disclaimer

Copyright

All rights reserved. The text,images and graphics, and their arrangement in the BorgWarner HVLP-
10/20 AC Motor controller Reference Manual are all subject to copyright and other intellectual
property protection. These objects may not be copied for commercial use or distribution, nor may
these objects be modified or repostedto other sites.

Trademarks

Unless otherwise indicated, all marks are subject to the trademark rights of BorgWarner, including
each of its product name platesandits corporatelogos and emblems.

No warrantiesand pre-presentations

This informationis provided by BorgWarner and without warranty of any kind, expressed or implied,
including (but not limited to) any implied warranties of merchantability, fitness for any particular
purpose, or non-infringement of thirdparty

rights. While the information provided is believed to be accurate, it may include errors or
inaccuracies. In no event shall BorgWarner be liable to any person for any special, indirect or
consequential damagesrelating to this material.

Licenses

No license tothe BorgWarner's intellectual property or the intellectual property of third parties has
been grantedby this manual.

Important safety information

Electric vehicles (and their component parts such as motors, controllers and batteries) can be
dangerous and cause severedamage to property andindividualsif not handled correctly. All testing,
fault-finding and parameter adjustment should be carried out by competent personnel. Incorrect
parameter configuration or wiring can leadtoan unsafe or dangeroussystem.

When setting up a new vehicle configuration, the vehicle should be immobilized with drive wheels
raised on axle stands until the basic driver controls have been configured and the driver is able to
stop the vehicle safely. Before this point, it is possible for full torque to be output from the motor,
regardless of the driver demands.
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Reliably delivering what’s needed today

There are few challenges as important today as creating solutions that
support a cleaner, more energy-efficient world. This requires a
commitment to constantly improve the transportation of people and
things. We, at BorgWarner, made that commitment decades ago and
have since been creating technologies to improve e_ciency, emissions
and performancein all types of vehicles.

Constantly pursuing what’s next

Our proven track record has made us propulsion system leader for
combustion, hybrid and electric vehicles. We uncover strong trends and
use smart science and technology to address a future based on varying
regulations, consumer demands and automaker requirements.

Product leadership that’s changing the world

Our employees have earned trusted partnerships with customers and
suppliers around the world. We leverage these relationships to gain a
deeper understanding of the challenges at hand and then do what it
takes to develop the next solution. Our strong operations and
commercialization expertise result in high volume availability of
competitive, efficient products that truly drive change.

BorgWarner enables the switch -
To highly efficient electric drives.

10
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Chapter 2: Introduction

Transforming vehicles to more fuel efficient, cleaner technologies requires a collaborative partner
who understands the evolutionof mechanical to electric systems. Qur expertise in both provides the
critical underpinnings of efficient and powerful propulsion. Integrating electronics into the
mechanical system is the key to performance, packagingand cost. This is evidenced across a full line
of our combustion, hybridand EV products for light vehicles, medium & heavy duty vehicles as well
as off-highway applications.

To support decision-makers, the first four chapters of this manual are intended to provide an
overview of the HVLP-10/20 motor control product, and where this product could be applied.

The installation instructions in this manual, which have been written for qualified electrical and
mechanical installation engineers, presents the basics of installing the HVLP-10/20 motor controller.
Guidance is providedto support engineers when configuring motor control systems, sizing a motor,
and selecting system components, options and accessories. The installation instructions are housed
in chapters five toeight.

Please pay special attention to the information relating to warnings, cautions and notes when they
appear inthe manual.

The version of the manual

This version of the HVLP-10/20 manual applies to the Alpha and Beta variants of the HVLP motor
controller. If you are not clear about which version of HVLP you are using then contact your local
BorgWarnerrepresentative. BorgWarnerhasmadeevery effort to ensurethis documentis complete
and accurate at the time of printing. In accordance with our policy of continuing product
improvement, all data in this documentis subject to change or correction without prior notice.

Scope of this manual

The Application Reference Manual provides important information on configuring motor control
systems using HVLP-10/20 controllers as well as details on sizing and selecting system components,
options andaccessories.

This version of the manual applies to all controllerswith BorgWarner part number:
634L10201 - ALPHA HVLP-10 AIR COOLED ACCONTROLLER 700VDC UPTO 10kW
634110202 - BETA HVLP-10 AIRCOOLED AC CONTROLLER 700VDC UPTO 10kW
634L20201- ALPHAHVLP-20 LIQUID COOLED AC CONTROLLER 700VDC UP TO 20kW
634120202 - BETAHVLP-20 LIQUID COOLED AC CONTROLLER 700VDC UP TO 20kW

The manual also presents importantinformation about the HVLP productrange.

1
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Related documents
The following documents are available from BorgWarner:
e DVTUserManual

e The Object Dictionary providing importantinformationabout CANopen communication with
HVLP-10/20 already integratedin DVT software.

e Thelatest Electronic DataSheet database file is automatically generated in DVT software.
e H-Protocolapplication note
e |-protocol application note

Drawings and units

Orthographic illustrations in this manual are drawn in Third Angle Projection. Sl units are used
throughout this manual.

If youhave a customized product your unique identifier will appear at the end of the Type number.
When discussing technical issues with BorgWarner always have your product’s Type number, Part
number and Serial numberavailable.

HULP-10 B4 Bergiamar * HVLF-20 K BercWermor
R AT i
s/ LSSHAUIENEL 1 TTLEEHLTLITTANY

Figure 1 Product Identification label (HVLP-10) Figure 2 - Product identification label (HVLP-20)

BorgWarneris a major OEM focussed business, however we have an extensive authorised distributor
network who can provide you with technical or commercial support. Please find the details of your
nearestdistributor through the following link http://www.sevcon.com/contact-us/

For direct customers of BorgWarner please contact one of the following BorgWarner offices for
assistance:

e European Office:
o BorgWarner Systems Lugo S.r.l. (drives.sales@borgwarner.com)
o US Office:
o BorgWarner Southborough Inc. (US.drives.sales@borgwarner.com)

12
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Convention | Description

A warningis aninstruction that drawsattention tothe risk of injury or death and

A tells youhow toavoidthe problem.

A caution is an instruction that draws attention to the risk of damage to the
product, process or surroundings.

o —

A note indicates important information that helps you make better use of your

”\’\)‘ BorgWarner product.
. Orthographicillustrationsare drawn in third angle projection.
[llustrations
) Slunits are usedthroughout.
Units

Table 1- Conventions

Foog e oorton e s feopvet beovprtoe b e Telleeiry oo by e vt b peren oo v
SRR

e 3-phase ACinduction motors

R R N N N O R R R R R O R IR TR A RN

Phoovvronnter aterte i vrbpet vrmeet feovoitte fontiny teebibiony ot b bl e gt
I N T N R A R R R N N N R A AR I N R SR I I E R S N TR TN A
NI I A R A R B R RO O I I

13

3¢ BorgWarner



Signal wiringand power connections I’
are designedtobe as simple and
straight forward as possible. Analog
anddigital signal inputs and outputs
are provided for switches, sensors,
contactors, hydraulic valves and CAN
communications. The controller can
be configuredtoshareits /O, share
its results or take commands from
other controllersor displays on the
CAN bus.

Configuration and control of BorgWarner controllers is fully-customizable.

For a bespoke solution, please contact us for further information.

\ g . | T
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Chapter 3: Specification

Input voltage - Control supply

Nominal working voltage: 12V to 24V
Working voltage limits: 8V to 36V
Input protection: Input protected against reverse connection of battery

Table 2 - Input voltage - control supply

Input voltage - DC Link supply

Nominal working voltage: 700V
Working voltage limits: 150Vto 800V dc
Non-operational 850V dc

overvoltage limit;

Maximum discharge current | 5mA
(power frame disabled)

Input protection: User must ensure that reverse polarity protection is provided
externaltothe controller, for example by control of the main line
contactor.

Surge protection User must provide a pre-chargecircuitto limitinrush current when

the supply is first turnedon

Ground fault detection User mustensure that ground fault protectionis provided external
tothe controller, for example by control of themainline contactor.

Table 3 - Input voltage - High Voltage supply

Motor Output protection

Output Reduced automatically from peak to continuous rating depending on the time a
current: peakloadis appliedto the controller.

Reducedautomatically if operated outside normal temperaturerange.

Short- Protectedagainst anymotor phase to B- or B+ at power-up.
circuit: Protected against any motor phase to another motor phase at any time during
operation.

At switch-on HVLP-10/20 detects valid output loads are present before applying
drive current.

Table 4 - Motor output protection

16
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AN

Repetitiveshortcircuitsmaydamagethe controller.

\‘g{

Outputratings

Theratingachievable ina particular application must be checked.

Parameter HVLP10 | HVLP10 | HVLP10 HVLP20
(Im/sec) | (static) | (Forced (Liquid cooled)
1 air)?

Continuous output current (A) 213 193 333 334

Continuous output power @ 700V dc | 13 1 20 22

(kW)

Continuous output power @ 300V dc| 5.5 45 8.5 9.5

(kW)

Maximum output current (A) for 60s35 27 24 48 53

Stall output current (A) for 5535 27 24 48 53

Table 5 - Output Ratings. Power outputs in the above tables are approximate maximums. The
actual power achieved willdepend on modulation index, power factor and motor efficiency.

Notes:

1. Staticair operationrequiresconvection over the heatsink, withthe unit orientated vertically
- see Orientation (page 38)

Forcedair operation - currently untested, refer to BorgWarner applicationsengineering
May require PWM frequency to be reduced

Limited by motor cable

Stall currents stated are peak phase current, not rms.

AN

Rating Graphs

For eachtest, four of the following five conditions are held at their nominal value and the remaining
conditionis varied. The conditions are:

DClink voltage: 700 volts DC

PWM switching frequency: 8 kHz with and without Bus Clamping Modulation

Motor voltage: 65% - 70%

Ambient temperature: 45°C

Coolant (HVLP-20 only): 65°C input temperature, 50/50 glycol/water mixture at 6/min flow rate
Air flow: Static air conditions only (approx. 0.5m/s)

These results should be considered typical. There may be a variation in the output power achieved
depending on the specificinstallation

17
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HVLP10 Rating Graphs

HVLP-10 / Continuous output current
@Vpc=700V, f,,,=8kHz, f;=50Hz, M (nom=70%

40
35
30
25
20
15
10

Current (Arms)

-40 -20 0 20 40 60 80

Ambient Temperature (°C)

—&— BCM NO BCM

Figure 3 - HVLP10: Effect of Ambient Temperature on Rating

Conditions: DClink voltage: 700V DC, PWM frequency: 8kHz, Motor voltage: 70%

HVLP-10 / Continuous output current
@Vpc=700V, £,=50Hz, M nom=70%, Tamy=45°C

w b
U O

N W
v O
)

Current (Arms)
N
n o
<

=
o U1 o

2 3 4 5 6 7 8
PWM Frequency (kHz)

—&—BCM NO BCM

Figure 4 - HVLPI10: Effect of PWM Frequency on Rating

Conditions: DC link voltage: 700V DC, Ambient temperature 45°C, Motor voltage: 70%
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HVLP-10 / Continuous output current
@fsy,=8kHz, My (nom)=65%, Tamy=45°C

40

35

30

25

20 \\

15 e
10

5

0
200 300 400 500 600 700 800
DC-link Voltage (V)

Current (Arms)

—&—BCM NO BCM

Figure 5 - HVLP10: Effect of DC-link Voltage on Rating

Conditions: PWM frequency: 8kHz, Ambient temperature 45°C, Motor voltage: 65%

HVLP-10 / Continuous output current
@Vpc=700V, fy,=8kHz, f;=50Hz, Tom,=45°C

0% 20% 40% 60% 80% 100%
Motor Voltage (% of DC-link Voltage)

Figure 6 - HVLP10: Effect of Motor Voltage on Rating

Conditions: DC link voltage: 700V DC, PWM frequency: 8kHz, Ambient temperature 45°C

19
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HVLP20 Rating Graphs

HVLP-20 / Continuous output current
@Vpc=700V, f,,,=8kHz (No BCM), f1=51Hz, My (nom=70%, Teoolant=65°C

w b
v O

RN

Current (Arms)
= = N N w
U o L1 © B O
®
[ ]

o

-40 -20 0 20 40 60 80

Ambient Temperature (°C)

Figure 7 - HVLP20: Effect of Ambient Temperature on Rating

Conditions:

DClink voltage: 700V DC, PWM frequency: 8kHz, Motor voltage: 70%, Coolant temperature; 65°C
- Comment: Outputcurrentlimited by motor cable below 65°C

HVLP-20 / Continuous output current
@f,=8kHz (No BCM), M nom)=70%, Tamt=45°C, Tooolant=65°C
40
35 &— o
30
25
20
15
10

Current (Arms)

200 300 400 500 600 700 800
DC-link Voltage (V)

Figure 8 - HVLP20: Effect of DC-link voltage on Rating

Conditions:
PWM frequency: 8kHz, Motor voltage: 70%, Ambient temperature: 45°C
Coolant temperature: 65°C - Comment: Output currentlimited by motor cable
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40
35

)
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20

Current (Arms
-
o

o wu;

0%

Figure 9 - HVLP20: Effect of Motor voltage on Rating

@Vpc=700V, f,,,=8kHz (No BCM), f1=51Hz, Tomp=45°C, Teoolant=65°C

10%

HVLP-20 / Continuous output current

20% 30% 40% 50% 60% 70% 80% 90% 100%
Motor voltage (% of DC-link voltage)

Conditions:

DClink voltage: 700V DC, PWM frequency: 8kHz, Ambient temperature: 45°C
Coolant temperature: 65°C - Comment: Output currentlimited by motor cable

21
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CAN interface

CAN protocol: H-protocol andI-protocol are supported for motor control
J1939 compatible

CANopen supported for system configuration and diagnostics
Physical layer uses ISO11898-2.

Baud rates | 1Mbits/s (default), 500 kbits/s, 250 kbits/s, 125 kbits/s, 100 kbits/sand 50
supported: kbits/s.

Table 6 - CAN interface

Common
Mode
Choke

Overvoltage &
ESD protecti

ov

Figure 10 - Diagram showing CAN bus

22
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Control inputs and outputs

Digital inputs:

4 digital switch inputs (software configurable polarity).
Active low inputs <2V, active highinputs>Vb -2V
Current >2mAwhen active (14V supply)

Note: digital input circuits have very limited fault detection. With a switch
input configured active low a short tosupply can be detected, otherwise not,
and with switch input configured active high a short to ground can be
detected, otherwisenot.

Analoginputs:

4 general purpose inputs which can be used for 2-wire potentiometers or dual
throttle type devices:

e OtolOVinput

e 10 bitresolution

e Inputresistance >50kq

Allanaloginputs canalsobe usedas digital inputs.
Analogue inputs must be referencedtoanalogueground

Motor thermistor | 2 motor thermistorinputs (only 1for alpha variant). Thermistor (e.g. KTY84 or
inputs: PT1000) can be connected betweentheanalogue input and control OV

e Internalexcitation for the thermistor

e Whenconfiguredwitha KTY84: -

Measurement range willbe -40°Cto +200°C

e Configurable touse a user defined characteristic.

e Must bereferencedtoanalogueground
Digital high side | 2 short circuit protected active high outputs, powered from KL15 input supply
outputs On / off control of the output only, no PWM voltage or currentregulation

Continuous sinkcurrent =2A

Note: Short circuit protection is only effective if the KL30 supply is less than
36V

Analogue supply
outputs

2 short circuit protected supply outputs. Output voltage can be selected to 5V
or 10V

Outputl: Programmable Vcc, 100mA max
Output2: Encoder supply -200mA max
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Motor Quadrature AB encoder and resolver signal inputs provided for control of
commutation induction motors.

sensor inputs: UVW digital position sensor or sin-cos analogue position sensor or resolver
inputs provided for control of permanent magnet motors. (refer to page 0115
for alpha andbeta variants’ comparison)

AB and UVW are digital inputs which canaccommodate both open collector
and push pull sensor output specifications.

(circuity incorporates internal 1kq pullup resistorto the encoder supply)
Encoder inputs must be referenced to encoder ground

Resolver Two outputs, Exc+ and Exc-, provide a fixed 10kHz excitation to a speed
excitation feedback resolver. Each output is 4V max pk-pk, 100mA, protected against
short-circuit.Consult the ‘Resolver’section in the System Design section of this
document for important information about resolver feedback.

Table 7 - Control inputs and outputs
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Isolation

The HVLP comprises logic circuits (12V or 24V) and the high voltage circuits connected to B+/B-.
These two circuit blocks are galvanically isolated from each other, and from the chassis.

As defined by ISO 6469-3, the logic circuits are class A, and the power circuits class B. There is a
reinforced safety barrier between the power circuits and the logic circuits, and basic insulation
between the power circuits andthe enclosure. See Figure1l below.

The unit is not designed for direct grid connection. Asis typical for an electric vehicle the high voltage
battery andinverter must be galvanically isolated from the public mains supply.

Creepage and clearance is sufficient for operation upto a maximum altitude of 4000m, compliant
with EN 60664.

Reinforced safety bamier
OV Catl
Rated vV 1000V

Power

. Logic Circuits
Circuits g

oV Catl
Rated V 1000V

Functional I
|

Chassis C&C to Power ccts

Chassis C&C to Logic

Basic
OV Catl ccts
Rated Vv 1000V Functional Insulation Only

Rated V 100vDC

Figure 11 - Isolation Diagram
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Power terminalstothe case: Withstands2600 V ac'

Power terminalsto control terminals Withstands 3900 Vac'
Controlterminals and CAN bus to the case Withstands100VDC

Table 8 - Isolation

Notes:
1. Typetestonly

Regulatory compliance

The controller is designedto meet (beta variants only) -

Safety EN 60664 Insulation coordination for low voltage equipment

regulations | |50 6469 Electrically propelled vehicles Safety specifications

UNECEReg 100 Electric vehicles - Construction & safety. ( as part of a compliant
system)

ISO16230 (Draft) - Agricultural machinery and tractors. Safety of higher voltage
electrical andelectronic componentsandsystems.

EMC DIRECTIVE 2009/64/EC OF THEEUROPEANPARLIAMENT AND OF THE COUNCIL
regulations | of 13 July 2009 on the suppression of radio interference produced by agricultural
or forestry tractors (electromagnetic compatibility)

UNECEreg10 approval of vehicles withregard to electromagnetic compatibility

Table 9 - Regulatory compliance

For specification of HVLP alpha version please refer to “Conditions of Use” document.
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Operatingenvironment - HVLP-20 (Liquid Cooled)

Operating coolant temperature: | | jquid cooled: 50% water, 50% glycol
Coolant temperature: -25°Cto +65°C no current derating
Coolant temperature; +65°C to +95°C and -40°Cto -25°C with
derating

Storage temperature range _40°C to +100°C

Non-operation ambient | _10°C to +40°C (can be stored for up to 12 months in this

Humidity: 95% at 40°C and 3% at 40°C

Ingress of dust and water: Liquid cooled: IP67 and IP6K9K with connectors mated

Altitude Designedto operate up to 4000m

Table 10 - Operating environment (HVLP-20)

Operating environment - HVLP-10 (Air Cooled)

Operatingambienttemperature: | Air cooled:

-30°Cto+45°C no current derating
+45°Cto +85°C and-40°C to-30°C with derating

Non-operation ambient | Air cooled:

temperature: . _
-40°C to +85°C (can be stored for up to 12 months in this

ambientrange)

Humidity: 95% at 40°C and 3% at 40°C
Ingress of dust and water: Air cooled: IP67 and IP6K9K with connectorsmated
Altitude Designedto operateupto4000m

Table 11 - Operating environment (HVLP-10)
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Shock and vibration (beta variants only)

Thermal shock EN60068-2-14, Test Na

Repetitiveshock: | EN 60068-2-27, Test Ea
50 g peak 3 orthogonal axes, 3+ and 3-in each axis, 11 ms pulse width

Droptest: EN 60068-2-32:1993 Test Ed: Free fall, appendix B, Table 1

Bump: 40 g peak, 6 ms, 1000 bumps in each directionrepetitionrate1to 3 Hz.
Vibration: 39,5Hzto 500 Hz

Random 20 Hz to 500 Hz, acceleration spectral density 0.05 g2/Hz (equivalent to
vibration: 4.9 grms)

Table 12 - Shock and Vibration

For specification of HVLP alpha version please refer to “Conditions of Use” document.

Controller Weight

HVLP-10 Air Cooled 3.7kg

HVLP-20 Liquid Cooled 2.3kg (dry weight)

Table 13 - Weight

Dimensions HVLP-10/20
HVLP-10 (Air Cooled):

255.0

I 95.0
a \ @ i » b
e Evavaw=> S ETETETeTE T T T T T [ 0.0 o

223.0
1
1
|

o ] i ® | i

Figure 12 - HVLP-10 Dimensions
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HVLP-20 (Liquid Cooled)

2550
N @
o | =] ?
&
N
iﬂ
. | De=== ’
o / @
} ]

Figure 13 - HVLP-20 Dimensions

(Note 1Above dimensions expectedto be within +/-2.0mm)

88.0
75.0

70.0

/4

(Note 2 Dimensionsillustrated do not include allowance for connectors, cables andhoses)
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Chapter 4: About the HVLP-10/20



Chapter 4: About the HVLP-
10/20

BorgWarner HVLP-10/20 controllers are designed to control 3-phase AC induction motors and
Permanent Magnet AC (PMAC) motors in battery and generator powered applications. A range of
models are availableto suit a wide number of applicationsand coolingregimes.

The controller has functions to limit the output load current depending on loading conditions, and
ambient temperature in which it is operating (temporarily shutting down if necessary). It will also
protect itselfifthe low voltage circuits are incorrectly wired.

Signal wiring and power connections have been designed to be as simple and straight forward as
possible. Analogue and digital signal inputs and outputs are provided for switches, sensors,
contactors, hydraulic valves and CAN communications. This I/0 can also be mappedto the CANbus
for controlby anexternal VCU.

Configuration and control of HVLP-10/20 is fully customizable using the latest version of
BorgWarner's DVT, a Windows based configuration software tool.

The status of the controller can be represented via a signal to adashboard mounted light for example.

Intended use of the HVLP-10/20

The HVLP-10/20 motor controller can be usedin many applications for auxiliary motor control, such
as:

. Agricultural (tractorsandimplements)
. Light trucks

. Buses

. Marine

The HVLP is not designedto be used for Traction applications

Available accessories

The following accessories are available from BorgWarner

. 661/27099 - 48 Way Molex Loose Connector kit of parts (excluding lead wires)
. 184/22156 - 48 Way Molexplus 4M Cable for HVLP used with Resolver sensor
. 184/22157 - 48 Way Molexplus 4M Cable for HVLP used with Sin/Cos sensor

. 184/22158 - 48 Way Molexplus 4M Cable for HVLP used V/F Induction setup

. 184/22145 - 2 Pin TE Plug & 4M Power Cable for HVLP (BatteryDC)

. 184/22190 - 3Pin TE Plug & 4M Power Cable for HVLP (Motor AC)
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. DC-DCconverters
. DVT - PC based configuration tool

Overview of a motor control application

The main components are shown in Figure 14. In this example there are two auxiliary motors.
Communication between the controllersis achievedusing the CAN H-protocol and I-protocol.

Contactor and
pre-charge

Fuse

5

Battery/altern
ator

Or

b

Inverter

Isolated DCDC

- ®

Inverter

Supervisory
Control Unit

(scu)

Contactor and
pre-charge

Fuse

P,

- LV control wiring

- HV bus wiring

¥

Battery/altern
ator

~.

9@0/

Fuse

¢

Inverter

LV battery
(12-24v)

Inverter

Supervisory
Control Unit

(scu)

Figure 14 - Vehicle System Components
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A fuse, pre-charge circuitandline contactor mustbe fitted between the battery and the controller
power circuits.

Pre-Chargefunctionality is not built into the HVLP product range. This must therefore be managed
externaltothe HVLPunit.

Functional description

The main function of HVLP-10/20 is intended to control the power to an ancillary motor (PMAC
synchronousor AC Induction).

Measured phase currents and current demands are used as part of a closed-loop control system to
calculate the necessary voltage demands for each phase of the motor.

HVLP-10/20 electrical block diagram
The electrical circuit blocks are presentin HVLP-10/20 have the following functions:-

e Inverter powerstage -this converts the DC battery supply into ACto power the motor. See the
following section for more details.

o Gatedrives-thelow power gate control signal fromthe control logicis isolated andbuffered by
these circuits. Outputshortcircuitsarealso detected by these circuits.

o Current and voltage measurement - these circuits provide an isolated voltage and current
measurement for the control logic. Over-currentand over-voltage conditionsare also detected.

o Control power supplies - these convert a 12V or 24V nominal power supply into the voltage
required for the control logic

e Control logic - software runs on microprocessor circuits with input and output circuits for
analogue anddigital inputs, the encoder, CANbus and analogue outputs.

The high voltage power circuits are fully isolated from the logic controland CAN circuits. All of the
requiredpower suppliesand control signals for the high voltagesystem areisolated magnetically or
optically from the low voltage system.

Allthe control inputs and outputs such as the analogue inputs, digital inputs and motorencoder are
referencedtothe12/24V logic circuit ground. The CANbus is connected to the control circuit ground.
Additional ground connections (analogue ground, encoder ground, CAN ground) are provided to
prevent voltage offsets caused by ohmic losses in the controller power ground connection from
causingerrors.

Do not connect the high voltage circuit to the 12/24V logic circuits directly. If you do this the
isolation barrier will be bypassed. This could cause high voltages to be present on circuits which
do not have enough protection against accidental touch. Protection of logic circuits against
accidental shorts to the high voltage battery relies on this isolation barrier. If a wiring fault was
present logic circuits could be damaged.
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Power conversion section

The power conversion section of HVLP-10/20 employs a 6-switch IGBT bridge. Excellent electrical
andthermal efficiency is achieved by:

e Minimizationofthermalresistances.

e Useofthelatest IGBT technology

e Internalthermal protection (if temperaturesare excessive, switching frequency and output
torque may be reduced).

e Overcurrentprotection using device characteristics.

e Internalmeasurementof output current.

e Overvoltagetripintheeventofregenerative braking raising battery voltage to unsafe levels.

Interfaces

In addition to its motor control functions, HVLP-10/20 offers many other functions designed to
interface with electric systems. A variety of digital and analogue input sources are supported, as
listedin ‘Signal connections’ on page 56.

On/off control of contactors is provided by HVLP-10/20. All I/O on the HVLP-10/20 controller is
protectedagainst short-circuitto the controllogic positive and hegative logic supply.

HVLP-10/20 connectivity and interoperability with other system devices (for example A VCU) using
a CANbus, the CANopen protocol, BorgWarner’s H-protocol (providing J1939 compatibility) for
communications and I-protocol for I/0 configurationis provided. In addition to in-service operation,
the CANopen protocol allows thecontrollerto be commissioned using the BorgWarner DVT tool.

Note: CANopen protocolis for commissioning and system diagnostics only and not for slave motor
control operation.

General operation

The HVLP-10/20 controller functionsas a motor control and /O slave, as shown in figure below.

H-Protocol Motor Control Motor

VCU

Customer

I-Protocol /o

DVT

CANobnen

Figure 15 - HVLP-10/20 Controller
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The H-protocol allows the VCU to control the state, torque demand, drive/braking torque limits,
forward/reverse speed limits and discharge/recharge current limits to be controlled. Refer to
BorgWarner’'s H-protocol documentation for moreinformation.

I/O controlis managedusingthe BorgWarner |-Protocol. Refer to the I-Protocol documentation for
more information.

General

Electric vehicles can be dangerous. All testing, fault-finding and adjustment should be carried
out by competent personnel. The vehicle manufacturer’'s manual should be consulted before any
operation is attempted.

The battery or generator mustbe disconnectedbefore replacing the controller. After the battery
has been disconnected, wait for the internal capacitors to discharge to less than 60V before
handling the controller or working near exposed terminals.

Hazardous voltages may remain on the controller internally and on exposed power terminals
after the main battery power connections and keyswitch power supplies have been removed if
the controller is connected to a rotating permanent magnet motor. Controller discharge profiles
on page 86 for controller discharge times.

Never connect the controller to a battery with vent caps removed or a generator with an open
fuel tank as an arc may occur due to the controller internal capacitance when first connected.

As blow-out magnets are fitted to contactors (except 24V) ensure that no magnetic particles can
accumulate in the contact gaps and cause malfunction. Ensure that contactors are wired with the
correct polarity totheir powerterminals as indicated by the +sign on the top moulding.

Do not attempt to open the controller as there are no serviceable components. Opening the
controller willinvalidate the warranty.

Use cables of the appropriate rating and fuse them according to the applicable national vehicleand
electrical codes.

Where appropriate, use of a suitable line contactor should be considered.
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Electric vehicles are subject to national and international standards of construction and operation
which must be observed. It is the responsibility of the vehicle manufacturer to identify the correct
standards and ensure that their vehicle meets these standards. As a major electrical control
component the role of the HVLP-10/20 motor controller should be carefully considered andrelevant
safety precautions taken. The HVLP-10/20 has several features which can be configuredto help the
system integrator to meet vehicle safety standards. BorgWarner accepts no responsibility for
incorrect application of their products.

On-Highway Vehicles

General
This applies to all on-highway vehicles, such as busesandtrucks

The installer must ensure an appropriate controller configuration is set to ensure that the vehicle
remainsin a safe condition, even in the event of a fault. The vehicle designer must ensure that the
entire vehiclesystem complies with all international standards.
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Chapter 5: Installation

Location

The mountinglocation for the controller should be chosen with care taking into account the following
considerations:-

e Do not mount the controller on the outside of a vehicle where it would be accessible to
unauthorized personnel.

o Donot mount the controller where it may be susceptible to damage due to minor collisions or
impact from road debris.

e Donot mount the controllerinthe passengercompartment or in the luggage compartment of
a roadvehicle (See UNECE-REG. 100 clause 5.1.1.3)

o Do not mount the controller in the operator station area of a tractor (see 1SO16230-1 2013,
clause 5.3

o Althoughthe controller hasa high degreeofingress protection,avoid mounting the controller
in locations where it may be submergedin water or subjectedtolong term exposure to jets
of water. (Refer tosection 4-7 for IP ratings).

e Take note of the thermal and EMC considerations as explained later in this section of the
manual.

Orientation

HVLP-20 (Liguid Cooled)

The controller can be mounted in any orientation; however, BorgWarner recommend that the
controller is located with the connectors pointing downwards as this gives the best environmental
protection for the connectors.

It is strongly recommended that the unit baseplate should be mountedtoa metal panel which should
be substantial enough to provide some additional conductive cooling.

HVLP-10 (Air Cooled)

The controller must be located with the heatsink fins running vertically and preferably in a location
with greaterthanim/secair flow and the ambient temperature does not exceed 45° Celsius (reduced
power for temperatures above between 45 and 85° Celsius).

It is strongly recommended thatthe unit baseplate shouldbe mountedtoa metal panel which should
be substantial enough to provide some additional conductive cooling.
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Mounting hole pattern

HVLP-10 (Air Cooled) HVLP-20 (Liquid Cooled)

238.0 238.0

’- 4x D 6.5 i I

—{ e\ o

206.0

206.0

o] '\o f

Figure 16 - HVLP-10 Mounting Hole Pattern Figure 17 - HVLP-20 Mounting Hole Pattern

(Note: above dimensions expected to be within +/-1.0mm)
The invertershould not be used as a stressed member.

Flatnessof mountingsurfaces: <0.2mm

Failure to comply with this flatness specification can cause deformation of the frame and damage to
the product.

Equipmentrequired

o 4 x M6socket capheadbolts (minimumstrength 4.8), nutsandspring washers. Bolts need to
be long enough to pass through 5mm of HVLP-10/20 base plate and your mounting surface
thickness.

e T hand-socket wrenchor Allenkey

Recommendedtorque setting: 10Nm £2 Nm

HVLP-10/20 Cooling requirements

To ensure you get the maximum performance from your HVLP-10/20 controller:

o Keepitaway from other heat generating deviceson the vehicle
e Maintain its ambient operating temperature below the specified maximum (see ‘Operating
environment’ on page 27).

Caution must be practised when touching the metal enclosure, as it canreach very hot temperatures
(>70°C). For this reason the unitis labelled with the following sign (“Caution, hot surface”), according
to the IEC 61800-5-1standard.
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HVLP-10 - Air Cooling

A minimum of Im/sec air flow should be available to ensure rated power can be achieved.

Fins should be kept cleanandclear of any dirt and debris.

Optimum performance will be achieved when mounted in a ventilated location with maximum
possible airflow.

HVLP-20 - Liquid Cooling

A 50/50 water-glycol mixture with a flow-rate of 6 litre/minute should be sufficient tomeet the
ratings givenin this manual.

Maximum allowable coolant pressure of 1.0bar.

See Figure 18 showing pressuredropvs flow rate

Differential Pressure vs Flow rate
0.3

0.25 /
0.2
v
0.15 ~

0.1

Differential pressure (bar)

0.05 —

0 2 4 6 8 10 12
Flow rate (litre/min)

Figure 18: Pressure drop vs. flow rate.
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The HVLP-20 comes fitted with two coolant hose tails. These areinstalled to the correct torque
with a Loctite threadseal and should not be tampered with, changed or removed.

The hose tails have a straight plain shank (810.5mm) which should accommodate a 10mm
(3/8”) hose possibly down to 8mm (depending upon the stiffness of the material).

Arrows on the unit enclosure showthe required flow direction.
Coolant volume is approx. 40ml.

Hoses should be provided with mechanical fixing with 200mm of the fitting.
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The following guidelines are intended to help vehicle manufacturers to meet the requirements for
Electromagnetic Compatibility. Any high speed switch is capable of generating harmonics at
frequencies that are many multiples of its basic operating frequency. It is the objective of a good
installation to minimise, contain or absorb the resultant emissions. All wiring is capable of actingas a
receivingor transmitting antenna. Arrange wiring to take maximum advantage of the structural metal
workinherent in most vehicles. Link vehicle metalwork with conductive braids.

General measures

Power cables

Use shielded power cable for all connections to the motor and the battery. Where cables pass through
metal enclosures, such asat the motorandbattery; use metalcable glands to connectthecable shield
to the enclosure, ensuring that the various enclosures are linked with conductive braid to the vehicle
chassis. Ensure that shields areterminated correctly within the HV connectors.

Route all cable within the vehicle frameworkand keepas low in the structure as is practical - a cable
run withina main chassis member is better screened from the environment than one routedthrough
or adjacent to an overhead guard. Keep cables short to minimize emitting and receiving surfaces.
Shielding by the structure may not always be sufficient - cables run through metal shrouds may be
requiredto contain emissions.

Parallel runs of cables in common circuits can serve to cancel emissions - the battery positive and
negative cables following similar paths is an example. Tie all cables into a fixed layout and do not
deviate from the approvedlayout in production vehicles. A re-routed battery cable could negateany
approvals obtained.

The cable manufacturers’ recommendations for minimum bendradius should always be followed.

Good practice whenrouting cablesis tokeep power cables at least 300mm from thesignal cables.

Chassis protective earth connection

Tocomply with the touchcurrent requirementsin IEC 61800-5-1(asHVLP touch currentis > 3.5 mAac),
the protective earth cable should be 10mm?, and terminated at the controller end with a suitable M6
ringterminal.

Alternatively the DCinput cable shield can be designatedas a 2™ protectiveearth andthe protective
earth cable canbe 4mm?.

The unit is labelled with the following sign (“Caution™) according to the IEC 61800-5-1standard

A\

and permanently marked on the metal enclosure, closeto the protective earth bonding point, with the
following sign (“Protective earth; protective ground”) according to the same regulation.
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It is essential thatthe chassisearthconnection on theenclosureis connected to the vehicle or machine
chassis usinga short cable.

The controller is supplied with an M6 hex-head screw for this purpose.

The screw is supplied with a flat washerand spring washer which should all be refitted, and the screw
tightenedto 5Nm +/-10%. See diagram belowcapacit

Figure 19 - Protective Earth Connection Assembly

WARNING: Failure to provide a correctly sized protective earth connection could result in an
electric shock risk and non-compliance with international electrical safety regulations

The protective earth connection should have a maximum resistance of 0.1o when measured at 20A
Notes:

1. The high voltage cable shieldsshould be regarded as EMC shields and are not a substitute for the
protective earth connection described above

2. The vehicle or machine is required to have a ground fault monitor (protection by automatic
disconnection to comply with the requirements of section 6.3.3 for IT systems, IEC 60204-1:
edition 5.12009.)
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Signal cables

Keepall wiring harnessesshort and route wiring closeto vehicle metalwork. Keep all signal wires clear
of power cables and consider the use of shielded cable. Keep control wiring clear of power cables
when carrying analogue information - for example, accelerator wiring and speed feedback. Tie all
wiringsecurelyandensure it always follows the samelayout.

Measures required for specific signals

High voltage battery/generator power cables

Use shielded cables. Cables should be as short as possible. Minimise the loop area of the B+ and B-
wiring. A common mode ferrite choke may be requiredin some vehicle installations.

Motor power cables

Use shielded cables. Use metal cable glands and connect the shield of the cable to the gland. Cables
shouldbe as short as possible. Minimise the loop area of the MIM2 M3 wiring. A common mode ferrite
choke may be requiredinsome vehicleinstallations.

Motor encoder connection, types AB, UVW and Sin-Cos

The encoder cable must be as short aspossible. A multi-core shielded cable should be used. The inner
cores should be used for the encoder supply and encoder ground and the AB or UVW or Sin-Cos
signals. The cable shield should be connectedtothe encoder ground terminal. Ensure that the shield
does not connect the motor chassis backtothe encoder ground terminal to avoid motor power cable
current returning through the encoder cable shield.

For alpha variants, ABand UVW are differential signal inputs and therefore performance benefits may
be seen with twisted pair shielded cables.

Motor encoder connection, resolver types

A resolveris a device consisting of a primary excitation winding (driven by a 10 kHz sinusoidal carrier
signal generated by the HVLP-10/20) and two secondary windings where the carrier signal is
modulatedat the rotational frequency by the sine and cosine of the rotor angle.

The encoder cable must be as shortas possible. Separate twisted-pair shielded cables should be used
for the primary excitation andthe sine andcosine secondary signals. The inner cores should be used
for the sinusoidal signals. The cable shield should be connectedto theencoder ground terminal. Ensure
that the shields do not connect the motor chassisback to the encoder groundterminalto avoid motor
power cable current returning through theencoder cableshield.

CANbus

A multi-core shielded cable should be used. The inner cores must be twisted pairs. The twisted pair
shouldbe usedfor CANH and CANL. Ensure that there is a common ground connection for all nodes
on the CAN bus. If there is a node on the bus which is galvanically isolated from the HVLP-10/20
controller then the CAN ground on this node must be connectedtothe HVLP-10/20 controller control
OV. The cable shield should be connected to the control OV terminal at the HVLP-10/20 controller.
Ensure that CANbus is terminated correctly for your systemdesign.
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Keyswitch (KL15 - KL30)
HVLP-10/20 offers 2 options for key switch control.
1. Combinedignition/battery control

2. Independent ignition / battery control

Combined ignition / battery control

Connect KL30 and KL15 together via a suitably rated key switch (1I0A DC) and fuse (75A
recommended, I0A maximum) tothe supply.

When key switch is opened, the controller switches offimmediately.

Independent ignition / battery control

Connect KL30 via a fuse (5A recommended, 10A maximum) to the supply. Connect KL15 via a fuse
(5Arecommended, 10A maximum)andkey switch tothesupply.KL30 is activeatall times.KL15 is the
ignition switch.

The twodigital outputs, which are ratedat 2A each, are both powered from the KL15 supply. For this
reason the key switch shouldbe rated at 5A.

Power up /down functionality

At power up, closing KL15 activates the controlleras normal. The internal power supplies activateand
the controller executes its start-up process and begins communicating on the CANbus.

When KL15 is opened, torque is removed from the motor and both digital outputs turn off. The
controller shutdown process is blocked until the motor speedhas dropped below 500rpm, or 10s has
elapsed. When these conditions are satisfied the internal power supplies are deactivated and the
controller shuts down. Closing KL15 again before the shutdown it activated will abort the shutdown
process andnormal operation will resume.

Both KL30 andKL15inputsare12V or 24V nominal. This wiring should be as short aspossible. Minimise
the looparea of the loop formed by the supply, OV return and any switches. Do not connect additional
loads tothese wires.

Additional measures

Where it has not been possible to meet the required EMC specifications using the standard measures
listedabove it may be necessary touse one or more of the following measures:-

° Use of shielded cable for all control connections

. Install additional EMC shielding around the controller and/or motor

. Addition of an LC filter onthe keyswitch supply

. A common mode ferrite choke for all the small signal connections will attenuate common

mode emissions

Problems to avoid

EMC is a complex subject and on a typical vehicle there are many potential radiators and receivers.
Measures taken on a vehicle toimprove EMC can unitentionally make the situation worse.

. When using shielded cable beware of generating ground loops in which currents may be
inducedor which may cause noise currents to flow via unintended paths.

44

3¢ BorgWarner



See alsothe section on EMC guidelines.

Battery and motor connections

Note: Early prototypes with Serial numbers ranging from 1405000001 to 1409000008 were

AY% manufactured with a different pin allocation on the motor header connector and caution should be
exercisedifreplacing one of these controllers. Before installation, consult with BorgWarner if your unit
serial number falls within this serial numberrange.

~ Cables carryinghigh AC currents aresubject to alternating forcesand may require supportin the cable
FAAN harnesstoavoidlong-term fatigue.

Use shielded power cablessizedto suit the controller and application (see Table 16 below)
TE HVA-280 high voltage connectors

Cables are supplied pre-assembledto the connectors

The DCInput cable includes a separate cable (shielded twisted pair) for the HVIL, and the two
conductors for the high voltage supply, withan overall shield

The motor output cable is also shielded, with3 conductors.

e Ensure that minimum bend radius specifications are complied with for high voltage cables
(typ. 5 x cable diameter)

Ensure cables areclipped within 200mm of the connector location

Try to prevent cables being flexedrelative to the connector outletas the connector seal can
be damagedby this.

All external cables must have orange outer covering to comply with ECE Reg-100 or ISO 16230
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Connector Location | PCB Location Wire
Connector No
DCLink (184/22145) 1 SK6 (+ve) Red, 4mm?
(Figure 20 - DC-Link ) 5
Connector pin 2 SK7 (-ve) Blue, 4mm
Numbering) 3
Key Type B
yiyp High Voltage Interlock Black 0.5mm?
4 - not currently inuse. P'ac%Y.omm
Motor (184/22190) | 1 SK8 (M1 Brown, 2.5mm?
(Figure 21 - Motor
Connector Pin| 2 SK9 (M2) Black, 2.5mm?
Numbering)
Key Type A 3 SK10 (M3) Grey, 2.5mm?

Table 14 High Voltage Connectors

Terminal 3 Terminal 2

Terminal 2 ;
Terminal 1

Terminal 4 Terminal 2 Terminal 1

Figure 20 - DC-Link Connector Pin NUmbering ;o 21 Motor Connector Pin Numbering

Consider cable routing before making connections.

° Keepcableruns short
. Minimize current loops by keeping positiveand negative cablesas close together aspossible.
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Mating and Unmating the HV connectors

Conditions for Mating and Unmating the HV connectors

Connectors should be matedandunmated with theHV power off andin a safe condition, for example
by openinga service plugand waiting for 5 minutes to allow for capacitor discharge.

Under no circumstancesshouldthe DC power connector be mated with the DC power supply live,as
this would circumventthe pre-charge processandresultinavery large inrush current

If it is essential to mate or unmate either of the connectors with power applied, this must be done
in a clean, dry environment. Attempting to mate or unmate the connectors in a wet environment
is extremely dangerous

Connector Mating
The text below is providedby TE Connectivity (see application specification 114-13305 revE)

Align plug and header connectorsas shownin Figure 22(A)
Pushthe connectorhalves together fully until they stop (two clicks will be heard).

Verify that the connectors are fully locked with a light tug and by visually verifying the thumb
actuation padhas returnedtoits’ upward position as shownin Figure 22(B).

If present, push the red Connector Position Assurance (CPA) forward from the position shown in
Figure 21B until it stops as shown in Figure 22(C).
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Figure 22 - Connector Mating

Connector Unmating

1. If present, pull the red CPA back from the position as shown in Figure 23 (A) until it stops as
showninFigure 23 (B)

2. Fully depress the thumb actuation pad on the plug connector flexible latch (orange) shown in
Figure 23 (B) and pull the plug connector back (~6.2 mm) into the intermediate position. See
Figure 23 (C). At this point, in the case of the 2-terminal connector, the HVIL circuit has been
opened, but the HV terminalsarestillmaking contact.

Do NOT pull on the wires.

3. Fully depress the actuation pad on the floatinglatch (black). See Figure 23 (D)..
4, Analternate construction maynot requirea flat-bladed screwdriver. See Figure 23 (E).

5. Pullthe plug connector until it is fully separated from the header. See Figure 23 (F)

Do NOT pull on the wires.
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Figure 23 - Connector Unmating
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HVIL Wiring

The HVIL (High Voltage Interlock Loop) is included to prevent high voltages from being present on
the vehicle or machine inthe event of a fault, or ifa connection is unplugged.

Devicesinthe loopareexpectedtobe connectedin series, andif the loop opens the high voltage shall
be switched off.

10mA Current
Source

6
/MODULE 1

6
/MODULE 2

6
/MODULE 3

Figure 24 - Representative HVIL configuration.

The HVLP-10/20 beta controller provides the following HVIL functions:

e HVILI/Oconnector Inputs. Twoinputs are provided on the I/O connector which can be connected
either way round.

e HVIL passive loop on high voltage DC input connector. If connected a part of the HVIL, the loop
will be openedif the DCinput connector in unplugged.

NOTE: The HVIL connections on the high voltage connector are short circuited within the controller.
Thereis nointernal connection to HVILA,HVILB onthe I/O connector. If theseare connectedin series,
externallyinthe vehicle wiring harness, theexpected HVIL functionality will be achieved.

Please refer toseparate Application Notefor HVLP alphaHVIL setup.

HVIL Specifications

e Twoinputs on the I/O connector HVIL A, HVIL B are provided, on connector pins G4, H4 (beta
variant)
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e Thecircuit is designed to operate at 10mA, with a maximum allowed of 100mA, when activated.
The typical voltage dropat 10mA is 0.5V

e Currentcanflowintheloopin either direction.
e Thecommonmode voltage range canbe OVto+36V w.r.t KL31(logicOV)

o The circuit is galvanically isolated from other circuits (with an isolation voltage of at 40V) w.rt.
KL31(logic ground)

e Themaximum permitted currentis 100mA. The circuit is not protected from overcurrent.
o Iftheloop current magnitude fallsbelow 3mA, thecircuit detects loop "open”

e Theloopis considered"closed" ifthe current is above 8mA.

HVIL Logic Inputs

The HVIL logic inputs monitor theloop current and indicate to the microcontroller whether the loop is
correctly connected.

If the HVIL functionality is enabled it will provide the following functions:

o If the controller detects that the loop has been opened it will cause the motor to stop. This is
implemented by forcing the torque to zero.

HVIL - Introduction to SIL

The SIL (Switch Interlock) allows to configure additional inputs available in the controller to have an
Interlock feature. Additionally, SIL allows the user to configure the cutback factortobe applied when
the loop is broken.

The followingtable provides a list of the inputs that can be used with SIL:

Pin Name Customer Connector Pin SIL Pin Identifier
DIN_1 A3 1
DIN_2 B2 2
DIN_3 D2 3
DIN_4 D3 4
AIN1 El 5
AIN2 F4 6
AIN3 J4 7
AIN4 K2 8

Table 15 - HVLP Beta SIL input table

For more information on how to set up generalinput settings such as analogue input voltage ranges,
digital input polarity, etc. refer to the dedicated section in this document.
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HVIL/SIL Properties and Setup

Object 0x3F02is usedto enable and configure HVIL and SIL on the controller.
Object Function

Ox3F02,1 Enables HVIL feature onthe controller.

0x3F02,2 HVIL Loop Broken Indicator.

Indicates the loop status of HVIL and SIL:

1= loop opened (broken)

0 =loop closed

Ox3F02,3 Enables SIL feature onthe contraller.

0x3F02,4 Select input used as Switch Interlock

O0x3F02,5 Cutback factor if Switch Interlockis active (0.0 -1.0 range)

If either of the Interlocks is broken, there will be an Interlock loop broken fault and the cutback code
reportedinH-protocol will be 10 (assuminginterlock is the highest priority cutback). Additionally, the
HVIL Loop Broken Indicator object will report theloop as broken.

HVIL Setup
To enable HVIL inthe controller setthe object Ox3F02 subindex1tol.
After the HVIL has been enabled:

If the controller detects the HVIL loop as open, a torque cutback of 0.0 will be applied. Additionally,
an “Interlock loop broken” fault (0x47C6) willbe set. The fault will be clearedandthe torque output
will be resumedwhentheloop has been closed.

HVIL- SIL Setup
To enable SIL on the controller:
1. Enable SIL by setting object 0x3F02 subindex3to 1.

2. Select the desired input to be used as SIL. For more information on the possible values to set in
this object refer totable 1(SIL Pin Identifier column).

3. Specify the cutback factor to be appliedwhen the loop is broken (range between 0.0 and1.0) in
object Ox3F02 subindex 5.

If the controller detectsthe SIL loop as broken/open, a torque cutback of the factor specified in
0X3F02sub5 will be applied. Additionally, an “Interlock loop broken” fault (0x47C6) will be set. The
fault will be clearedandthe torque output will be resumed when theloop has been closed.

In order for the controller to work as expected, only one of the features (either HVIL or SIL) can be
enabledat atime.

The HVIL logic inputs monitor theloop current andindicate to themicrocontroller whether the loop is
correctly connected.
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Cablesizes

When deciding on power cable diameter, consideration must be given to cable length, grouping of
cables, the maximum allowable temperature riseand the temperature rating of the chosen cable.

MOTOR CABLE

The following table (Table 16) gives guidance on the motor output cable. The maximum current is
determined from 30°C ambient with 60°C temperature rise on the cable surface. The controller
incorporates software protection to prevent cable and connector terminals overheating.

HVLP-10/20 average (rms) current Cable sizes
Metric US (approx equivalent)
33A 2.5mm? 12AWG

Table 16: Guidance on rating of shielded cable

Note that the standard cable (TE supplied with the 3 terminal HVA280) connector conductor area is
2.5mm2 as shown in the table above. Depending on the motor current the cable conductor

temperature may be excessive. See Figure14.
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Anhang: Strombelastung, Dauverbastromung in Abhangigkeit zur Umgebungstemperatur
Rechnerische Ermittiung gama LV112-3 (Entwurf Mai 2008)

B /

/

: i
7

180°C // /
Iy
im'c /

ENII’G ,

TE°C //
804G /
/ —Lmgebungstemperatur 20 C
/ Umgebungstemperatur +85 °C
6°C

Umgsbungstemperatur+125°C

——Umgebungstemperatur 140 "C

| | |
DA 104 204 WA 404 SDA A DA
Lattor = Causratrombel netung

oc

Figure 25 - Coroplast 2.5mm?2 Cable Conductor Temperature vs. Current

An additional factor is the current rating of the connector. Atrated maximum operating temperatures
(45°C ambient, 60°C coolant) the maximum continuous current that can be accommodated by the
connector terminalis 33A. (Testing carried out in accordance with EN60512-5-2:2002). See figure 15
below which shows BorgWarner measurements and TE supplied data.
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DC CABLE

HVA280-2pxm XE Plug-Header Current Derating
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Fuse rating and selection
See Auxiliary Components (page 77)
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Signal wiring

Assemble your wiring harnessusing wire of the sizes recommended below and the BorgWarner loose
connector kit (p/n 661/27099). The use of twisted pair andin some cases twisted-shielded cablesis
recommended for the speedsensor and CANbus wiring.

To make a connection, gently push the connector housing onto the appropriate mating half on the
HVLP-10/20. Never force a connector. Connectors are keyedto preventincorrectinsertion.

Seealsothe sectionon EMC.

Signal wire sizes

Use wire between 0.5 mm? (20 AWG) and1.5 mm? (16 AWG) for all signal wiring. Single twisted pair
cableis readily available in 0.5 mm? (20 AWG).

CANbus termination

If your system has more than one CAN node, connect the nodes in a ‘daisy chain’ arrangement and
terminatethe connectionsof the two end nodes with a 120Qresistor. If the end node is a HVLP-10/20,
link CAN_L and CAN_TERM on the customer connector, a 120Qresistor is built into the controller. If
you have a single node system the termination resistor should be connectedso that the bus operates
correctly when configuration tools are used. See also thesection on EMC.

Signal connections

Signal connections aremade to HVLP-10/20 viaa 48 way Molex CMC connector.
Pins are numberedby rows 1to4 and columns AtoM, for example B3.
There are 8 ways for 1.5mm?Z2cable and 40 ways for 0.5mm?Z2cable.

To maintain IP rating, unused positions must be sealed with appropriate hardware (available from
Molex). Please consult Molex document AS-64319-002 for details of how to use the connector and
part numbers for the pins and plugs which are required.

48 Circuit

C X KX rrrrrrrry)
Y YIXTTIIIIIT

|

Number ‘ C X e rrrrrrrr
[ X XX rrrrrr)

Figure 26 - Customer Connector
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The majority of pins are protected against short-circuits to the control logic supply positive or negative
terminals.

Inserting contacts into connector housing pierces the sealing diaphragm to make the seal to the wire.
To maintain IP rating, unused positions must be sealed with appropriate hardware (available from
Tyco)if a contact is insertedandthen subsequentlyremoved.

The HVLP-10/20 functions of each pin are shown in Table 19.

Digital Input Impedance to 12/24V supply Impedance to Control OV
1,2 10k 12k
3,4 12k 10k

Table 17 - Impedance at Digital Input Pins

Configure the digital input switches as active-high (switched to +24V) or active-low (switched to OV).
See section Digital inputs for more details.

When a switch is open the digital input pin sits at 0.5 x Vcc. The input sinks current in active-high
configurationsandsourcescurrentin active-low configurations.

Inserting contacts into connector housing pierces the sealing diaphragm tomake the sealtothe wire.
To maintain IP rating, unused positions must be sealed with appropriate hardware (available from
Molex) if a contact isinserted and then subsequently removed.

Alpha Variant

Pin Name Type What to connect Maximum Comment
rating
Al | Resolver Cos Analogue Resolver type 6V pk-pk Shielded cables should
Loinput encoder from be used

resolver for encoder connections.
Controller must be set
up correctly for the
motor speed

feedback type. Only one
of UVW, AB, SIN/COS
and resolvercanbe used
at the same time.

Bl Resolver Cos Analogue Resolver type 6V pk-pk Shielded cables should
input encoder from be used

resolver for encoder connections.
Controller must be set
up correctly for the
motor speed

feedback type. Only one
of UVW, AB, SIN/COS
and resolvercanbe used
at the same time.
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Alpha Variant

Pin

Name

Type

What to connect

Maximum
rating

Comment

al

Resolver Sin Lo

input

Analogue

Resolver type
encoder

6V pk-pk
from
resolver

Shielded cables should
be used for encoder
connections.
Controller must be set
up correctly for the
motor speed feedback
type. Only one of UVW,
AB, SIN/COS and
resolver can be used at
the same time.

D1

Resolver Sin
input

Analogue

Resolver type
encoder

6V pk-pk
from
resolver

Shielded cables should
be used for encoder
connections.
Controller must be set
up correctly for the
motor speed feedback
type. Only one of UVW,
AB, SIN/COS and
resolver can be used at
the same time.

E1

Resolver
excitation -

Analogue

Resolver type
encoder

10kHz, 10V
pk-pk (max)
to encoder

Shielded cables should
be used for encoder
connections.
Controller must be set
up correctly for the
motor speed feedback
type. Only one of UVW,
AB, SIN/COS and
resolver can be used at
the same time.

F1

Resolver
excitation +

Analogue

Resolver type
encoder

10kHz, 10V
pk-pk (max)
to encoder

Shielded cables should
be used for encoder
connections.
Controller must be set
up correctly for the
motor speed feedback
type. Only one of UVW,
AB, SIN/COS and
resolver can be used at
the same time.
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Alpha Variant

Pin

Name

Type

What to connect

Maximum
rating

Comment

Gl

Active HVIL
inputl

Digital

Interlock loop

0>V>36V

Not currently
implemented
Connecttoterminal 1
(of 2) of the HVIL loop.
There is no polarity
requirement for this (i.e
it can be connected
either way round)

H1

Analogue 1

power supply +

Power

Programmable
sensor supply
output

=100 mA
max

V=0Vto +10V,setin
software

J

Pot.2
wiperin
(AIN2_A)

Analogue

From Potentiometer
2(A) wiper.

V=95V

Zin=50kQ

Suitable for
potentiometersin the
range 500 Qto 10kQ,
or voltage-output device
(e.g.Sevcon linear
accelerator)
Oto5Vor0Oto10V.
Ensure thatatleast 0.5V
margin exists between
the maximumvalid
throttle and the wire-off
threshold

K1

Pot.1
wiperin
(AIN2_A)

Analogue

From potentiometer
1(A) wiper.

V=95V

Zin=50kQ

Suitable for
potentiometersin the
range 500 Qto 10kQ,
or voltage-output device
(e.g.Sevcon linear
accelerator)
Oto5Vor0Otol10V.
Ensure thatatleast 0.5V
margin exists between
the maximumvalid
throttle and the wire-off
threshold

L1
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Alpha Variant

Pin Name Type What to connect Maximum Comment
rating
M1 | 12-24 Supply Power Power Supplyvia V=12Vor Thisinputsupplies
Input (KL30) suitable fuse 24V power fromthe low
(nominal) voltage source for all
the logic circuits.
I=1A The unitcannotoperate
(max) without “Key switch in”
supply.
Referred toasKL30in
thistable.
A2 | Encoder Binput | RS422 ABtype RS422 signal | Shielded, twisted pair
Differential | encoder levels 120Q cablesshould be used
differential for encoder
Input connections.
resistance Controllermustbe set
up correctly forthe
motor speed feedback
type.Only one of UVW,
AB, SIN/COS or resolver
can be used atthe same
time.
B2 [ EncoderAinput | RS422 ABtype RS422 signal | Shielded, twisted pair
Differential | encoder levels 120Q cablesshould be used
differential for encoder
Input connections.
resistance Controllermust be set
up correctly forthe
motor speed feedback
type.Only one of UVW,
AB, SIN/COS or resolver
can be used atthe same
time.
C2 | EncoderW RS422 UVW type RS422 signal | Shielded, twisted pair
input Differential | encoder levels120Q | cablesshould beused
differential for encoder
Input connections.
resistance Controllermustbe set
up correctly forthe
motor speed feedback
type.Only one of UVW,
AB, SIN/COS or resolver
can be used atthe same
time.
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Alpha Variant

type)

Pin Name Type What to connect Maximum Comment
rating
D2 | EncoderVinput | RS422 UVW type RS422 signal | Shielded, twisted pair
Differential | encoder levels 120Q cables should beused
differential for encoder
Input connections.
resistance Controllermustbe set
up correctly forthe
motor speed feedback
type.Only one of UVW,
AB, SIN/COS or resolver
can be used atthe same
time.
E2 | EncoderU RS422 UVW type RS422 signal | Shielded, twisted pair
input Differential | encoder levels120Q | cablesshould beused
differential for encoder
Input connections.
resistance Controllermustbe set
up correctly forthe
motor speed feedback
type.Only one of UVW,
AB, SIN/COS or resolver
can be used atthe same
time.
F2 Encoder power | Power To the positive =200 mA V=5Vor10V,setin
supply + supply input of software
the speed
encoder
G2 | SINinput Analogue SIN/COS 0-5Vfrom Shielded cables should
guadraturetype encoder be used for encoder
encoder connections. Controller
must be setup correctly
for the motor speed
feedbacktype.Only one
of UVW, AB, SIN/COS
andresolvercan be
used atthe same time.
H2 | Analogueinput | Analogue To motor V=13V
3 (AIN3) temperature I=3mA
thermistor (PTC Zout = 4.7kQ
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Alpha Variant

Pin

Name

Type

What to connect

Maximum
rating

Comment

J2

Pot.2

wiperin
(AIN2_B)

Analogue

From potentiometer
2(B) wiper.

V=95V

Zin=50kQ

Suitable for
potentiometersin the
range 500 Qto 10kQ,
or voltage-output device
(e.g.Sevcon linear
accelerator)
Oto5VorOto10V.
Ensure thatatleast0.5V
margin exists between
the maximum valid
throttle and the wire-off
threshold

K2

Pot.1

wiperin
(AIN1_B)

Analogue

From potentiometer
1(B) wiper.

V=95V

Zin=50kQ

Suitable for
potentiometersin the
range 500 Qto 10kQ,
or voltage-output device
(e.g.Sevcon linear
accelerator)
Oto5VorOto10V.
Ensure thatatleast0.5V
margin exists between
the maximum valid
throttle and the wire-off
threshold

L2

Control 0OV

Power

Logic powersupply
ground connection

ov

M2

Key switch in
(KL15)

Wake-Up

From key switch
via suitable fuse

V=12o0r24V
(nominal)

I =4A max

(Total of all
contactor
output
currents)

Thisinputsupplies
power for the contactor
outputs (if used) as well
as providing a wakeup
signal to the controller
The unitcannotoperate
without “Key switch in”
supply.
ReferredtoasKL15in
this table.

A3

Encoder ~B
input

RS422
Differential

ABtype
encoder

RS422 signal
levels 120Q
differential
Input
resistance

Shielded, twisted pair
cablesshould be used
for encoder
connections.
Controllermust be set
up correctly forthe
motor speed feedback
type.Only one of UVW,
AB, SIN/COS or resolver
can be used atthe same
time.
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Alpha Variant

Pin Name Type What to connect Maximum Comment
rating
B3 | Encoder ~A RS422 ABtype RS422 signal | Shielded, twisted pair
input Differential | encoder levels120Q | cablesshould beused
differential for encoder
Input connections.
resistance Controllermustbe set
up correctly forthe
motor speed feedback
type. Only one of UVW,
AB, SIN/COS or resolver
can be used atthe same
time.
C3 | Encoder ~W RS422 UVW type RS422 signal | Shielded, twisted pair
input Differential | encoder levels120Q | cablesshould beused
differential for encoder
Input connections.
resistance Controller must be set
up correctly forthe
motor speed feedback
type.Only one of UVW,
AB, SIN/COS or resolver
can be used atthe same
time.
D3 | Encoder ~V RS422 UVW type RS422 signal | Shielded, twisted pair
input Differential | encoder levels 120Q cablesshould be used
differential for encoder
Input connections.
resistance Controllermust be set
up correctly forthe
motor speed feedback
type.Only one of UVW,
AB, SIN/COS or resolver
can be used atthe same
time.
E3 | Encoder ~U RS422 UVW type RS422 signal | Shielded, twisted pair
input Differential | encoder levels 120Q cablesshould be used
differential for encoder
Input connections.
resistance Controllermustbe set
up correctly forthe
motor speed feedback
type.Only one of UVW,
AB, SIN/COS or resolver
can be used atthe same
time.
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Alpha Variant

Pin Name Type What to connect Maximum Comment
rating
F3 | Encoderground | Power To the negative =200 mA We recommend the use
(power supply- supplyinput(OV)of | V=05V of shielded cableforthe
ve) the speed encoder encoder wiring. Connect
the shield to this pin
only along with the
negative supply.
G3 | cOSinput Analogue SIN/COS quadrature | 0-5Vfrom Shielded cables should
type encoder Encoder be used for encoder
I =10mA max | connections.
Controllermustbe set
up correctly forthe
motor speed feedback
type.Only one of UVW,
AB, SIN/COS and
resolvercan be usedat
the same time.
H3 | Digital Input2 Digital This can be active I=2mA
high or active low
J3 | Digital Input1 Digital This can be active I=2mA
high or active low
K3 | Active HVIL Supply Interlock loop 0>V>36V Source for HVIL (loop)if
Source required. This outputis
I=10mA a currentlimited
max isolated supply which
can be used to originate
the interlocksystem
L3 | Digital High Output To the switched low | 2.0A per This output providesa
Side side of contactor or | Output high side switched
(Contactor) out valve coil. outputto the load
3 V=KL15
M3 | Digital High Output To the switched low | 2.0A per This output providesa
Side side of contactor or | Output high side switched
(Contactor) out valve coil. outputto the load
4 V=KL15
A4 | CANLow Comms CANbusLowsignal | V=5V Maximum bus speed
1Mbits/sec
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Alpha Variant

ground connection

Pin Name Type What to connect Maximum Comment
rating
B4 | CANLow Comms CANbusLowsignal | V=5V Maximum bus speed
1Mbits/sec
C4 | CAN Comms To terminate the Make the connection
termination CAN node link pin onlyifthe controller is
C4 to B4. This physically atthe end of
connectsal20Q the CANbus network
termination
resistor, mounted
inside the
controller, across
the CANbus.
D4 | CANHigh Comms CANbusHighsignal | V=5V Maximum bus speed
1Mbits/sec
E4 | CANHigh Comms CANbus High signal | V=5V Maximum bus speed
1Mbits/sec
F4 | CANground Power To the ground of the
external CAN bus
G4 | Active HVIL Digital Interlock loop 0>V>36V Not currently
input2 implemented Connect
| =10mA max | to terminal 2 (of 2) of
the HVIL loop. There is
no polarity requirement
for this (i.e it can be
connectedeither way
round)
H4 | Digital Input4 Digital Fromdigital switch | I=2mA
input4.
This can be active
high or active low
J4 | Digital Input3 Digital Fromdigital switch | I=2mA
input4.
This can be active
high or active low
K4 | Active HVILSink | Supply Interlock loop 0>V>36V Return signal for HVIL
(loop) if required. This
I =10mA max | outputisa current
limited isolated supply
which can be used to
originate the interlock
system
L4 | ControlOV Power Logic powersupply | OV
ground connection
M4 | Control OV Power Logic powersupply | OV

Table 18 1/0 Connector pin out and wiring information for Alpha variant

65

3¢ BorgWarner




Beta Variant

Pin [ Name Type What to connect Maximum Comment
rating
Al | Encoder Power To the positive supply [=200 mA | V=0V to+10V,set
power input of the speed in software
supply + encoder
B1 Resolver Analogue | Resolver type encoder 10kHz,10V | Shieldedcables
excitation + pk-pk should be used for
(max) to encoder
encoder connections.
Controller must be
setupcorrectly for
the motor speed
feedbacktype. Only
one of UVW, AB,
SIN/COS and
resolvercanbe
usedatthesame
time.
Cl CAN Comms To terminatethe CAN node link pin C4 Make the
termination to B4.This connects a120atermination | connectiononly if
resistor, mountedinside the controller, the controlleris
across the CANbus. physically at the
endof the CANbus
network
D1 | Analogue 1| Power Programmable sensor =100 mA | V=0V to+10V,set
power supply output max in software
supply +
E1 Analogue Analogue | Analogue source (pot, V=95V Suitable for
Input 1 sensor) potentiometersin
therange 500 Qto

10 ko, or voltage-
output device (e.g.
BorgWarner linear
accelerator)
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Beta Variant

Pin

Name

Type

What to connect

Maximum
rating

Comment

F1

Encoder A /
Sin input

Digital /
Analogue

A/Btype encoder or Sin
Encoder

(AB encoder has optional

1k pullup resistor to
encoder supply)

Sin 0-5V
Encoder O-
0oV

Shielded, twisted
pair cables should
be usedfor encoder
connections.
Controller must be
set upcorrectly for
the motor speed
feedbacktype. Only
one of UVW, AB,
SIN/COS and
resolvercanbe
usedatthesame
time.

Gl

Motor
Thermistor
Input 1

Analogue

To motor temperature
thermistor (PTC type)

V=13V
[=3mA
Zout =
4.7ka

KTY84or PT1000
recommended.
Connect thermistor
between O pinand
Encoder ground

H1

Encoder V
input

Digital

UVW type encoder
(open collector or push-
pull o/p)

(optional Tka pullup
resistortoencoder
supply)

0-10V

Shielded, twisted
pair cables should
be usedfor encoder
connections.
Controller must be
setupcorrectly for
the motor speed
feedbacktype. Only
one of UVW, AB,
SIN/COS and
resolvercanbe
usedat thesame
time.

J

67

Key switch
in (KL15)

Wake-Up

From key switchvia
suitable fuse

V=12 or
24V
(nominal)

[ = 4A max
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Beta Variant

Pin | Name Type What to connect Maximum | Comment
rating
(Totalofall | ReferredtoasKL15
contactor in this table.
output
currents)
K1 Encoder W | Digital UVW type encoder 0-10V Shielded, twisted
input (open collector or push- pair cables should
pull o/p) be usedfor encoder
(optional ke pullup connections.
resistortoencoder Controller must be
supply) set upcorrectly for
the motor speed
feedbacktype. Only
one of UVW, AB,
SIN/COS and
resolvercanbe
usedatthesame
time.
L1 12-24 Power Power Supply via suitable | V =14V This input supplies
Supply fuse (nominal) power fromthe low
Input voltage source for
(KL30) allthe logic circuits.
[=1A (max) | The unit cannot
operate without
“Key switchin”
supply.
Referredtoas KL30
in this table.
M1 | 12-24 Power Power Supply via suitable | V =14V or This input supplies
Supply fuse 24V power from the low
Input (nominal) voltage source for
(KL30) allthe logic circuits.
[=1A (max) | Theunit cannot
operate without
“Key switchin”
supply.
Referredtoas KL30
in this table.
A2 | CANHigh Comms CAN bus high signal V=5V Maximum bus
speed1 Mbits/sec
B2 | Digital Digital From digital switch 0-24vV
Input 2 input 2. [=2mA
This can be active high or
active low
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Beta Variant

1k pullup resistor to
encoder supply)

Pin | Name Type What to connect Maximum | Comment
rating
C2 | CANLow Comms CAN bus low signal V=5V Maximum bus
speed1Mbits/sec
D2 | Digital Digital From digital switch 0-24v
Input 3 input 3. [=2mA
This canbe active highor
active low
E2 | Encoder U Digital UVW type encoder 0-10V Shielded, twisted
input (open collector or push- pair cables should
pull o/p) be usedfor encoder
(optional ke pullup connections.
resistortoencoder Controller must be
supply) setupcorrectly for
the motor speed
feedbacktype. Only
one of UVW, AB,
SIN/COS and
resolvercanbe
usedat the same
time.
F2 | No
connection
G2 | Analogue Ground Groundreturnandscreen | =200 mA | This pinis not
Input for analogue inputs protectedfroma
Ground V=05V shortto12/24V
H2 | No
connection
J2 | EncoderB/ | Digital/ A/Btype encoder or Sin Sin 0-5V Shielded, twisted
Cosinput Analogue | Encoder Encoder O- | pair cables should
(ABencoder has optional | 10V be usedfor encoder

connections.
Controller must be
setupcorrectly for
the motor speed
feedbacktype. Only
one of UVW, AB,
SIN/COS and
resolvercanbe
usedat thesame
time.
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Beta Variant

Pin [ Name Type What to connect Maximum Comment
rating
K2 | Analogue Analogue | Analogue source (pot, V=95V Suitable for
Input 4 Sensor) potentiometersin

therange 500qto
10 ko, or voltage-
output device (e.g.
BorgWarner linear
accelerator)

L2 | No

connection
M2 | No
connection
A3 | Digital Digital From digital switch 0-24v
Input 1 input 1. [=2mA
This can be active high or
active low
B3 | Resolver Analogue | Resolver type encoder 10kHz, 10V Shielded cables
excitation - pk-pk should be usedfor
(max) to encoder
encoder connections.
Controller must be
set upcorrectly for
the motor speed
feedbacktype. Only
one of UVW, AB,
SIN/COS and
resolvercanbe
usedat the same
time.

C3 | CANground | Power To the ground of the external CANbus This pin is not
protectedfroma
shortto12/24vV

D3 | Digital Digital From digital switch 0-24v

Input 4 input 4. [=2mA
This can be active high or
active low
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Beta Variant

Pin [ Name Type What to connect Maximum Comment
rating
E3 | Resolver Analogue | Resolver type encoder 6V pk-pk Shielded cables
Cos input from should be used for
resolver encoder

connections.
Controller must be
set upcorrectly for
the motor speed
feedbacktype. Only
one of UVW, AB,
SIN/COS and
resolvercanbe
usedatthesame
time.

F3 | Resolver Analogue | Resolver type encoder 6V pk-pk Shielded cables
Cos Lo input from should be usedfor
resolver encoder
connections.
Controller must be
setupcorrectly for
the motor speed
feedbacktype. Only
one of UVW, AB,
SIN/COS and
resolvercanbe
usedat thesame

time.
G3 | Motor Analogue | To motor temperature V=13V KTY84or PT1000
Thermistor thermistor (PTC type) [=3mA recommended.
Input 2 Zout = Connect thermistor
4.7kQ between IO pinand
Encoder ground

H3 | Resolver Sin | Analogue | Resolver type encoder 6V pk-pk Shielded cables
input from should be used for
resolver encoder
connections.
Controller must be
setupcorrectly for
the motor speed
feedbacktype. Only
one of UVW, AB,
SIN/COS and
resolvercanbe
usedat thesame
time.
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Beta Variant

Pin | Name Type What to connect Maximum | Comment
rating
J3 | Resolver Sin | Analogue | Resolver typeenco 6V pk-pk Shielded cables
Lo input from should be used for
resolver encoder
connections.
Controller must be
set upcorrectly for
the motor speed
feedbacktype. Only
one of UVW, AB,
SIN/COS and
resolvercanbe
usedatthesame
time.
K3 | DigitalHigh | Out Totheswitchedlowside | 2.0A per This output
Side of contactor or valvecoil. | output provides a high side
(Contactor) switchedoutput to
Out3 V =KL15 the load
L3 | No
Connection
M3 | No
Connection
A4 | CANHigh Comms CAN bus high signal V=5V Maximum bus
speed1 Mbits/sec
B4 | Encoder Power To the negativesupply [=200 mA | Werecommendthe
ground input (0O V) of the speed use of shielded
(power encoder V=05V cable for the
supply -ve) encoder wiring.
Connect the shield
to this pinonly
alongwiththe
negative supply.
This pin is not
protectedfroma
shortto12/24vV
C4 | CANLow Comms CAN bus low signal V=5V Maximum bus
speed1Mbits/sec
D4 | No
Connection
E4 | No
Connection
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Beta Variant
Pin | Name Type What to connect Maximum | Comment
rating
F4 | Analogue Analogue | Analogue source (pot, V=95V Suitable for
Input 2 Sensor). potentiometersin
therange 500qto
10 ko, or voltage-
output device (e.g.
BorgWarner linear
accelerator)
G4 | ActiveHVIL | Digital Interlock loop 0>V >36V | Connecttoterminal
input 1 1(of 2) of the HVIL
loop. Thereis no
polarity
requirement for this
(i.eit canbe
connectedeither
way round)
H4 | ActiveHVIL | Digital Interlock loop 0>V >36V | Connecttoterminal
input 2 2 (of 2) of the HVIL
loop. Thereis no
polarity
requirement for this
(i.eit canbe
connectedeither
way round)
J4 | Analogue Analogue | Analogue source (pot, V=95V Suitable for
Input 3 sensor). potentiometersin
therange 500qQto
10 kg, or voltage-
output device (e.g.
BorgWarner linear
accelerator)
K4 | DigitalHigh | Out To the switchedlowside | 2.0A per This output
Side of contactor or valvecoil. | output provides a high side
(Contactor) switchedoutput to
Out4 V =KL15 the load
L4 | ControlOV | Power Logic power supply oV
groundconnection
M4 | ControlOV | Power Logic power supply oV
groundconnection

Table 19 1/0 Connector pin out and wiring information for Beta variant

Control OV Connections

The control OV connections (L4, M4) shouldbe connectedtothe vehicle or machine chassisas close
to the controlleras possible.
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Chapter 6: System Design
Selecting the HVLP-10/20 model

Matching motor and controller ratings is not an exact exercise and therefore you may need to
perform iterative calculations. The main considerations when choosing an appropriate HVLP-10/20
controller aredescribed below.

Circuit configuration

A basic single controller configuration (Figure 27 and Figure 28) is provided as a starting point for
new designs. Given theflexibility of the I/Q it is possible to configure a wide range of systems.
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. |
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Figure 27 HVLP Alpha Wiring Diagram
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DC_PC5

R

Control Fuse

DC_POS_HY

GD_OV

u

=

-

Key switch

—

5

3+

CAN connection

Optional linkto ___

terminate CAN bus
CAN connection
to other CAN
devices

Enc A | ‘
Enc B

Supply
oV

)

Alternative
speed feedback
types:

[pin numbering at

AB:
UMW motor end may vary)

E
H
sinCos:  §
R EncV

Enc U i
Reselver: |

Enc W

)

Supply’

Do not connect more than one

encoder type (E, H, 5, R] at the
same time.

Exception: type E (AB encoder)
can be connected at the same time
as type H (UVIW)

Encoder inputs MU ST be
referenced to ENCODER_OV

Up to 4 analogue inputs
Either or

sensors can be used

™
Motor thermistor

See HVIL section
for HVIL wiring

Anzlogue and Moter TH inputs
MUST be referenced to AIN_GND

KL30_1 (L1)
KL30_2 (1)
KL1S (1)

CONTROL_OV_2 (L4}
CONTROL_OV_3 {4}

CAN_H_a (M)
CAN_L_a [C4)
CAN_term {C1)
CAN_GND (C3)
CAN_H_b [AZ)
CAN_L_b (C2)

ENC_A'SIN (B2)
ENC_BICOS (A2)

ENC_U (E2)
ENC_V (H1)
ENC_W (K1)

ENCODER_VCC (A1)
ENCODER_OV (B4}

RESOLVER_COS [E3}
RESOLVER_COS_LO  (F3)
RESOLVER_SIN (H3)
RESOLVER_SIN_LO  (J3)
RESOLVER_EX+ (B
RESOLVER_EX- (B3]

DIN1 (a3)
DIN2 (B2)
DINZ (D2)
DIN4 (D3)

AINT
AINZ
AIN3
AIN4

(E)
(F4)
)
K2}

TH1
THZ

151y
163

HVIL_INT (G4}
HVIL_INZ (H4)

AIN_GND [G2)

{DM) ANALOGUE_vCC

IVCC ANAL

Either 5V or 10V, 100mA max

(K3} DOUT3
(K4} DOUT4
Main contactor

Pre-charge contactor

or
Any other output load up to 24

CHASSIS

Figure 28 - HVLP Beta Wiring Diagram
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Main Contactor and Precharge circuit

HVLP-10/20 does not offer any internal pre-charge function. Pre-charge must be done externally to
the HVLP unit. Anexternal device must be usedtoisolate the HVLP-10/20 from the vehicle battery.
This external deviceis alsoresponsible for any capacitor precharging required to prevent damage to
the line contactor tips.

It is recommended that the precharge circuit is connected as shown in Figure 29 .The circuit is
intendedto operate in the following manner:-

e At start-up K1 must be energised, the controller DC bus voltage should be monitored and
shouldhave reached 90% of the battery voltage within 5s.

o Ifthedc busvoltageis more than 90% of battery voltagethe main contactor K2 can now be
closed. If the dc bus voltage is too low this indicatesa fault and K1 should be de-energised.

At shut-down Kland K2 may be de-energised simultaneously.

pré=charge
fl‘.".'l:,'
ling ol
traction fuse -r—
4 pW O, O B+
I L}
e-charge fuse l
| K2
—_— HVLP
= » Controller
[
- I '
[ I
— K1
isolator E
]
_” B-

Figure 29 - Line contactor and pre-charge wiring diagram

Components required for the precharge and discharge circuitarelistedin Table 20.
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Name | Function Required specification Comment
F1 Pre-charge fuse 10A/20A e.g. Cooper Bussman
700V/1000V dc 170M1308 (700V rating)
Slow blow preferred Cooper Bussman
170M4802(1000V  rating,
20A)
F2 Main fuse 50A e.o. Cooper Bussman
700V/1000V dc 170M1314 (700V rating)
Semiconductor fuse Cooper Bussman
170M4807(1000V rating)
K1 Pre-charge Single pole For example, from Schneider
contactor/relay 700V/1000V dc TeSysrange
10A
K2 Main line contactor Single pole Must be interlocked so that
900V dc K2 can only close if Kl is
50A energised.
R1 Pre-charge and | Resistance 220qto1ka Must be overload protected
discharge resistor Pulse voltage1000V with thermal cut out and or
Energy pulse 150J fuse
Power 25W

Table 20 - Pre-charge Components

Failure to use a capacitor precharge circuit may lead to damage to the controller. Note that the
dc bus capacitors remain charged at hazardous voltages for several minutes.

Note: 700V fuses suggested above should only be usedif the nominal DCbus voltage is 700VDC or
less, otherwise 1000V fusesshould be used.

Digital Outputsfrom HVLP-10/20

The digital outputs can provide up to 2A each and can be used for various purposes (e.g. lamps,
relays, contactors). But users should be aware that these outputs are powered from KL15 (key-on
supply). If the key-switch is turned off the contactors would open immediately even if the motor was
turning.

See Figure 30for a circuit diagram showing the internal components.

The outputs are short-circuit proof and thermally protected, but users should be aware that if the
flyback diode is connected in parallel with the load inductor, the controller will be damaged in the
event ofreverse battery.
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—KL15

l . DOUT3 >
[ 10nF

[

~

Figure 30 - Digital Output Schematic

Note the following:
e Thedigital outputis ON/OFF only
e Theload shouldbereferredtothe logic ground

e Theloadmust not have a parallel diode, as thiswould violate thereversebattery protection

Motor speed sensor (AB encoder)

A 6-wire connectionis provided for open-collector quadrature pulse encoder devices. These types
of encoder are optimized for accurate speed measurement, required for efficient control of induction
motors.

AB encoder HVLP
Controller
Voo F2 Encoder power supply +

F3 Encoder ground

VSS mamsmsamssaazassannas .
ac ~ A2 Encoder A
AB AT HED
~p Tt - B2 Encoder ~A
— i A2 Encoder B

— —
~B IMI B3 Encoder ~B

|

Figure 31- HVLP Alpha Sample wiring for an AB quadrature speed encoder (encoder pin
names may vary).
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HVLP CONTROLLER

EncAs — /' — —_: —4ENC_AISIN (B2)
Q Enc Bs— {"———7 ~—3ENC_BICOS (A2)

Supply ENCODER_VCC (A1)
oV I ENCODER_OV (B4)

Figure 32 - HVLP Beta Sample wiring for an AB quadrature speed encoder (encoder pin names
may vary).

The number of encoder pulses per revolutions (n) and the maximum motor speed (N) are related to,
andlimited by, the maximum frequency of the encoder signal (fnay).

n(per rev) X N(rpm)

fmax(HZ) = 60
with fnax limitedto 200 kHz, and
20000(rpm)
N, (rpm) = ——
P ®/2)

Please refer tol/O Configuration section for information on entering encoder settings.

Motor commutation sensor

Commutation sensors are designed to measure the absolute position of the rotor shaft within the
motor, rather thanits rotational speed. Rotor position information is used for control of permanent
magnet motors, as it allows the controllerto energise the motor phases appropriately based on the
measured position of the magnetsonthe rotor.
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UVW Commutation Sensors

UVW encoder HVLP
Controller
F2 Encoder power supply +
F3 Encoder ground
E2 Encoder U
E3 Encoder ~U
D2 Encoder V
D3 Encoder ~V
c2 Encoder W
c3 Encoder ~W

Figure 33 - HVLP Alpha Sample wiring for a UVW commutation sensor (encoder pin names may
vary).

In Alpha variant 6 digital inputs are provided for differential UVW encoders, with a 5-10V power
supply. The encoder should provide one pulse on each UVW channel per electrical cycle of the motor,
and each pulse should be 120° out of phase with the others andhave a 50% duty cycle. The RS422
inverse of thesesignalsmustalso be present onthe ~U,~V,~W inputs.

HVLP controller

Enc U ENC_U(E2)
EncV ENC_V (H1)
Q Enc W ENC_W (K1)
Supply ENCODER_VCC (A1)
oV . ENCODER_0V (B4)

Figure 34 - HVLP Beta Sample wiring for a UVW commutation sensor (encoder pin names may
vary).

In Beta variant 3 digital inputs are provided for UVW encoders, with a 5-10V power supply. The
encoder should provide one pulse on each UVW channel per electrical cycle of the motor, and each
pulse should be 120° out of phase with the others andhavea 50% duty cycle.

Figure 35 shows an example pulse train for the U, Vand W inputs.
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Chi| 10.0V  |Ch2| 10.0V  |M4.00ms A Ch2 4  4.00 V|
10.0V 24 Sep 2009
i+ [118.800ms 19:23:48

Figure 35 - Example pulse train from a UVW commutation sensor

Sin-Cos Commutation Sensor

Analogue sin-cos encoders generate a number of sin and cosine waves per mechanical rotation of
the motor.

Tekswp |
- T e
A
L
‘Ch1- 1.00V  @EF" 1.00V “"'M20.0ms A Chl £ 3.12V
o WT00000s L
S(():Li!lrlce Cou[g)(lzing Slt}pe 3L-e1v2e‘lu “;3?;’
Edge & Holdoff

Figure 36 - Example of signals from a sin-cos position sensor
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The controller is able to control motors with sin-cos sensors that produce multiple sin and cosine
waves per mechanical rotation. However, it is required that the number of pole pairs in the motor is
aninteger multiple of the number of sin-cos waves per rotation (itselfaninteger only).

For examples:

e Anencoder that produces 1wave per rotation can be used with motors with 1 pole pair, 2
pole pairs, 3 pole pairs, etc...

e Anencoder that produces 3 waves per rotation can be used with motors with 3 pole pairs,
6 pole pairs, 9 pole pairs, etc...

e Anencoder that produces 5 waves per rotation can be used with motors with 5 pole pairs,
10 pole pairs, 15 pole pairs, etc...

Sin/Cos encoder HVLP
Controller
F2 Encoder power supply +
F3 Encoder ground

G2 Encoder SIN
G3 Encoder COS

Figure-37 HVLP Alpha Sample wiring for a sin-cos commutation sensor

HVLP CONTROLLER
| SIN| ENC_A/SIN (B2)
s | Cos ENC_B/COS (A2)
_/ vce - ENCODER_VCC (A1)
- VSS n ENCODER_0V (B4)

Figure 38 - HVLP Beta Sample wiring for a sin-cos commutation sensor

Sin-cos encoders are typically powered by a 5V supply. Therefore it isimportantto ensure that the
controller is configured to supply 5V on Encoder Vcc. This should be done by setting the encoder
configuration object dictionaryentry at 4630y

Resolver

The resolveris a position feedback device which requires a sinusoidal excitation (provided by the
HVLP-10/20 controller). The speed feedback consists of two pairs of signals: a Resolver Sin pair and
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a Resolver Cos pair (Figure 40). These signals consist of the excitation frequency modulated by the
sinor cosine (respectively) of the rotor position.

The following issues are important when selecting a resolver: mechanical, environmental and
electrical specification.

e Mechanical specification includes e.g. material; dimensions; max speed; max angular
acceleration;rotormomentofinertia; resistanceto shock; resistanceto vibration; permitted
axial offset; permitted radial runout (deviation from true circle) of motor shaft.

e Environmental specification includes: max operating temperature (including self-heating);
IP rating.

e Electrical specification includes: number of pole pairs (p); transformer ratio (Rt); angular
error tolerance; residual voltage; recommended input voltage; recommended operating
frequency; maximum primary current.

Regarding mechanical and environmental specification, the user must select a resolver appropriate
to the environment of the application.

Regardingelectrical specification, the following features arerequired of aresolver towork with the
HVLP-10/20:

e Transformerratio=0.2t00.6
e Excitationfrequency =10kHz

e Excitation voltage = 5Vrms nominal (a resolver specified to 5Vrms or higher will be
acceptable)

The controller is able to control motors with multiple pole-pair resolvers (i.e. returning multiple sin
and cosine waves per mechanical rotation). However, it is required that the number of pole pairsin
the motor is aninteger multiple of the number of resolver pole pairs.

For example:
e Asingle pole pair encoder can be used with motors thathave1pole pair, 2 pole pairs, 3 pole
pairs, etc...
e A 3 pole pair encoder can be used with motors that have 3 pole pairs, 6 pole pairs, 9 pole
pairs, etc...
e A 5pole pairencoder canbe used with motors that have 5 pole pairs, 10 pole pairs, 15 pole
pairs, etc...
HVLP
Resolver Controller
F3 Encoder ground
R1 ¢ F1 Resolver excitation +
R2 { El Resolver excitation -
R > S1 ¢ D1 Resolver Sin
S3 p—— — c1 Resolver Sin Lo
S2 | ': .. v . P B1 Resolver Cos
S PRI M Resolver Cos Lo

Figure 39 - HVLP Alpha Sample wiring for a resolver
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HVLP controller

ENCODER_VCC (A1)

ENCODER_OV (B4)
Encoder
COS HI i & RESOLVER_COS (E3)
oS LO :> RESOLVER_COS_LO (F3)
SIN HI L i RESOLVER_SIN (H3)
Q SIN LO > RESOLVER_SIN_LO (J3)
EXC HI - L RESOLVER_EX+ (B1)
&EXC LO :> RESOLVER_EX- (B3)

Figure 40 - HVLP Beta Sample wiring for a resolver

Only connect a single type of encoder to the HVLP-10/20 at any given time.

Incorrectly wired or configured vehicles may behave in unexpected ways.

Checks prior to power up
Follow this checklist prior to applying power to your system:

Confirm all connections are tightenedto specified level.
Ensure all plugs are fully inserted.

e Confirm power wiring connections are made to the correct terminals
(B+,B-, +,M1, M2 andM3).

e Ensurethe controller is securely mounted (from a mechanical and thermal perspective).
Ensure thereis adequate coolant flow.
Checkthe routing of cablesis safe with norisk of short circuit, overheating or cableinsulation
wear due torubbing.

Checks after poweris applied

Apply power and do the following:

e UseBorgWarnerDVT (seeDVT configuration tool) or any configurationtool to completethe
configuration process which startson page Motor characterization.

e Usingthedrive controls ensure the motor rotates in the expecteddirection. Ifthey do not,
checkthe motor wiring, encoder wiring and encoder configuration (I/O configuration).
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A Hazardous voltages will remain on the controller internally and on exposed power terminals for
a period of time after the main power connections have been removed.

Hazardous voltages may remain on the controller internally and on exposed power terminals
A after the main battery power connections and keyswitch power supplies have been removed if
the controller is connected to a rotating permanent magnet motor.

Controller discharge profiles

The following oscilloscope plot shows the standard controller discharge curve. This curve only
applies if the discharge circuit in Main Contactor and Precharge circuit is not used or has been
disconnected.

Do not open the unit or work near exposed power terminals until the voltage has reduced to a safe
level. ltis essential to checkthe voltage on the power terminals with a suitable voltmeter beforeany
hand contact is made.

DC Link Voltage Discharge vs Time after disconnection

800
700
600
500
400

300

Volts - DC

200

100

0 50 100 150 200 250 300

Time - Seconds

Figure 41- HVLP Alpha Typical discharge curve for the HVLP-10/20 controller
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DCLink discharge
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500
400
300
200
100

Voltage (V)

RN

0
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Figure 42 - HVLP Beta Typical discharge curve for the HVLP-10/20 controller

The discharge time to pass from 800V to 60V was 99.7s and the discharge time from 700V to 60V
was 91.4s

The unit is labelled with the following signs (“Dangerous voltage”) andindicates a “Discharge time”

accordingtothe IEC 61800-5-1standard.

This information is for guidance only, and before any work is carried out on the high voltage
connections, it is essential thevoltage is checked usinga DVM and probes rated for at least 1000V

The maximum specified discharge current is 5mA, typicalat 700V DC1.6mA

To achieve a shorterdischarge timethe vehicle system designer must ensure that the line contactor
and capacitor precharge circuitalso incorporatesa discharge circuit which is activated once the main
line contactor is opened.

If the controlleris connectedto a permanent magnet motor and the motor is rotating the discharge
circuit will be exposed to the rectified back emf even if the controller keyswitch power supply is
turned off.

87

3¢ BorgWarner



Chapter 7: Configuration



Chapter 7: Configuration

This section covers what you need to do to configure HVLP-10/20's software once you have
designedandinstalled your hardware. All of HVLP-10/20’s parametershave a default value and the
amount of configuration neededis dependent on your particular system.

The main topics are:

e DVTconfigurationtool:installationanduse (referto DVT latest user manual)

e CANopen:anintroductiontothe protocolandits use in BorgWarner products

e Anoverview ofthe configuration process outlining what needs to be done and the order in
which it must be done

e The configurationsteps

DVT is BorgWarner’s proprietary configuration tool. It allows the user to monitor, configure and
duplicate the parametersof any BorgWarner CANopen node suchas the HVLP-10/20 controller. The
information presented here is an overview only. Contact BorgWarner for more information albout
DVT and the functions it provides.

DVT functionality
DVT provides the following facilities:

Configuration of controller 10, CANbus and motor parameters

Loading DCF configuration file into the BorgWarner controller
Savingof DCF configuration file from controllerto file on computer
Controller statusand fault diagnosis

Data logging of controller/motor performance ontestbench or vehicle
Update controller firmware

Saving, duplicating and restoring a node’s configuration
Youcan use DVTto:

e Save a node’s configuration. This can be used at some later date to clone the node’s
configuration.

e Duplicate anode’s configuration, inreal time, toanother node onthe CANbus.

e Restoreaconfigurationtoanode.

For example, if you want tosave the HVLP-10/20 controller configuration, you will needto createa

DCF file. To do this, open the DVT Configuration helper by clicking the m icon at the top of the
DVT main window.
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Figure 43 - DVT Helper

Data Logging

You can use DVT to monitor data or parameters of a BorgWarner node in real time and graph the
data.

This section assumes you have an understanding of CAN andare familiar withitsuse. If you are new
to CAN or CANopen please refer to the CiA (CAN in Automation) website, www.can-cia.org for
further information.

The following information provides an introduction to the important CANopen terminology usedin
this manual and how it relates to the configuration of your HVLP-10/20 controller.

CANopen protocol

CANopen is a CAN higher layer protocol and is defined in the DS301 ‘Application Layer and
Communication Profile’specification. All CANopen devicesmust adhereto this standard. To provide
greater standardization andinteroperability with 3rd party devices.

Object Dictionary

The HVLP-10/20 controller uses CANopen principally for configuration purposes. All settings and
configuration can be accessed via the controller’s object dictionary, and parameters can be
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monitoredand adjusted using CANopen’s SDO protocol. This protocolis alsoimplementedin DVT,
allowingit tobe usedas the primary device configuration tool.

Any device connected to the CANopen network is entirely described by its Object Dictionary. The
object dictionary defines the interface toa device. Within the Object Dictionary, all parametersare
assigneda unique indexandsub-index. Thus, all parameterscan be uniquely addressed by this pair
of numbers.

There are twoimportant text files associated with the Object Dictionary. These are:

EDS (Electronic Data Sheet)

AnEDSis atext file representationof the Object Dictionary structure only. It containsno datavalues.
The EDS is used by configuration softwaresuch as BorgWarner’s DVT to describe the structureofa
node’s Object Dictionary. An EDS for each HVLP-10/20 model and software version, is integrated
inside BorgWarner’s DVT. The EDS file format is described in the DSP306 - Electronic Data Sheet
Specification.

Each Object Dictionary matches a particular HVLP-10/20 softwarerevision, andits structure is hard
coded into the controller software.

DCF (Device Configuration File)

This is a text file similartoan EDS except that it contains datavalues as well as the Object Dictionary
structure.

DCFs are usedto:

. Downloada complete pre-defined configuration to a node’s Object Dictionary.
. Save the current configuration of a node’s Object Dictionary for future use.
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Network Configuration

General
Use the following procedure to setup the HVLP-10/20 controller on the network:

1. Setnode ID and baud rate in 5900h to the requiredvalues. Node IDs must be unique, and
the baudrate must be the same for each node.

2. Set SYNCCOB-IDin 1005, to 0x40000080 for the SYNC producer, or to 0x00000080 for
the SYNC consumers. Bit 30 is set toindicate toa node ifit is the SYNC producer. Only one
node in the network should be configured as the SYNC producer. This should normally be
the VCU.Onthe SYNC producer, set the SYNCrate in 1006,

3. Setthe EMCY message COB-ID toeither 0x00000000 or 0x80 + node ID in 1014. Setting
to Ox00000000 will automatically calculatethe EMCY COBID from the node ID.

EMCY COB-IDs must be configured correctly to ensure the master handles EMCYs from slaves

A correctly.

4, Configure the heartbeat producer rate in 1017,. This is the rate at which this node will
transmit heartbeat messages.

5. Configure the heartbeat consumer rate in1016,. A consumer should be configured for each
node to be monitored.

Heartbeats must be configured correctly for correct network error handling. The master node
should monitor heartbeats from all slave nodes. Slave nodes should, at a minimum, monitor
heartbeats from the master node.

Loss of CANbus communication from any one node must cause a heartbeat fault to occur.

6. Where supported, hardware CANbus fault detection should be enabled at 5901, to ensure
CANDbus fault detectionis alwaysenabled.

7. Configure additional SDO servers. An SDO server allows another CANopen device to SDO
read/write from a node’s object dictionary. Each node has one default SDO server (1200y)
which is reserved for communication with configuration tools like DVT or the calibrator.
Another 3SDOserverscan be configuredat 1201,t01203y. These should be used as follows:

a. Onslavenodes, configureaservertoallow the master node to communicate.

b. Ifthereisadisplayinthesystem, configureaservertoallow the display access.
8. Configure RPDOs (1400,to17FF) and TPDOs (1800 to 1BFFy) appropriately for the system.
9. Configurethe RPDOtimeout functionifrequired. See section PDO) for more information.

10. Set up the VCU to comply with the required H-protocol and I-protocol messages for motor
controland|/O control.
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3rd Party CANopen Devices

At power up, the HVLP master will communicate with all slave nodes to identify which nodes are
BorgWarner devices and which arenot using the vendor ID in1018,. This instructs the HVLP how to
handle EMCY messagesfrom each node.

HVLP knows how to react to EMCYs (faults) from BorgWarner slaves and can take appropriate
action. HVLP does not know how to react to EMCYs from 3™ party devices, so the required fault
reactionto 37 party deviceEMCYsmust be set at 2830.

PDOs

The controller supports 2 RPDOs (receive PDOs) and 5 TPDOs (transmit PDOs). Up to 8 Object
Dictionaryentriescan be mappedtoeach PDO.EveryPDO musthavea unique identifier (COB-ID).

Setup RPDOs and TPDOs to transmit andreceive non-critical data between CANbus nodes.

H-protocol and I-protocol should be used to communicate motorand /0 data.

The easiest way todo thisis using DVT. If you are usinga 3" party configuration tool, the relevant
Object Dictionaryindices arelistedin Table 21.

Feature Obiject indices | Notes
. 1400h-15FFh RPDO communication parameters
Input mapping
1600h-17FFh RPDO mapping
_ 1800h-19FFh TPDO communication parameters
Output mapping

1AOOh-1BFFh | TPDO mapping

Table 21 Objects associated with mapping

HVLP-10/20 supports RPDO timeout fault detection. This can set a warning, drive inhibit or severe
fault depending on the configuration in 5902;.

RPDO timeout can be used for non-CANopensystems whichdo not support heartbeating. By default,
RPDO timeout is disabled, and normal CANopen heartbeating protocol (see section Network
Configuration) is assumedto be used.

Although device configuration takes place using standard CANopen messages which are used to
access the device’s Object Dictionary, the proprietary H-Protocol is used to communicate motor
control andstatusinformation overa CAN network.

H-Protocol is an enhanced motor control protocol. It is designed specifically for use with slave
applications that require fast response times and a fine degree of control, but is equally suited to
any electronic motor control application.

H-Protocol allows a VCU to control:

. Inverterbridge state
. Motor output torque
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° Motor speedlimitsinboth the forward andreverse directions
. DC current limits for both drive andregeneration
° Overall torque limits for both drivingandbrakingtorques

H-Protocol allows a VCU to monitor;

. Motor speedandactual outputtorque

° Motor, inverter, andinternal component temperatures
. DCvoltages andcurrents

° Inverterbridge state

o Fault codes

J1939 Compatibility

The networklayer used by H-Protocol is intended to be compatible with J1939 type networks. Whilst
non-standard PGNs are used to represent the data, the J1939 concepts for routing data and
providing peer-to-peer communication between a VCU and motor controller areused heavily by H-
Protocol.

The PGNs used by H-Protocol canbe configured by adjusting the parametersin the object dictionary
at index 3F00h. Any PDUTformat PGNs can be used by H-Protocol. However, the following default
configuration is recommended wherever possible:

Name Description PGN (dec) PGN (hex)
HC1 Torque demandmessage 69632 0x11000
HC2 Torque demandmessage 2 69888 0x1Moo
HC3 Battery demands 70144 0x11200
HST Torque feedback 71680 Ox11800
HS2 Inverterstatus feedback 71936 0x11200
HS3 Temperature feedback 72192 0x11a00
HS4 Fault Information 72448 0x11b00
HS5 Encoder Information 72704 Ox11c00
HD1 DebugCurrents 75776 0x12800
HD2 Debug Voltages 76032 0x12900
HD3 Debug Temperatures A 76288 0x12a00
HD4 Debug TemperaturesB 76544 0x12b00
HD5 DebugControl PMAC 76800 0x12c00
HD6 DebugControl FV 77056 0x12d00

Further details regardingthe layout of signals within these messagesis available from BorgWarner
on request.

If a VCU is not available to generate motor control demands in H-Protocol format, TracApp can be
usedinstead.

H-Protocol includes an integrated timeout feature. If the motor controller does not receive H-
Protocol commands for a specified timeout period, the motor will automatically output zero torque,
andwill alsoattempt toreportthis conditionto the controlling device.

Sequence Counter:
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Object reference 0x4655,2 Set this to OXE3Z8E to disable the message validation checks - this is
neededfor CANalyzer. Setting this disables the check on the message counter and checksum flags.
To re-enableset anyothervalue (typically 0).

The message validation checks must not be left disabled after configuration is completed or
Canalyser is no longer required. Failure to observe this requirement may affect safe operation
of the controller.

[-Protocol works alongside H-Protocol to allow monitoring and provide control of digital and
analogue input and output devices.

I-Protocol allows a VCU to control:

. Digital outputs
. Analogue outputs (contactordrives)

[-Protocol allows a VCU to monitor:

. State of digital inputs
. Analogue input voltages
. Fault codes

J1939 Compatibility

Like H-Protocol, I-Protocolis intended to be compatible with J1939, and communicates using PDU1
type PGNs. The PGNs used by the IO controller can be configuredin the Object Dictionary at index
3F01h.However, the default PGNslisted below should be usedif possible:

Name Description PGN (dec) PGN (hex)
uo1 User Analogue Output Control 1-4 81920 0x14000
uo2 User Analogue Output Control 5-8 82176 0x14100
UF1 User I/OFault Status and Digital Inputs 83968 0x14800
un User Analogue Inputs 1-4 84224 0x14900
ul2 User Analogue Inputs 5-8 84480 0x14a00
ul3 User Analogue Inputs 9-12 84736 0x14b00
ul4 User Analogue Inputs 13-16 84992 0x14c00

Further details regardingthe layout of signals within these messagesis available from BorgWarner
on request.

If a VCU is not available to generate motor control demands in |-Protocol format, TracApp can be
usedinstead.
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A Electric vehicles can be dangerous. All testing, fault-finding and adjustment should be carried
out by competent personnel.

- We recommend saving parameter values by creating a DCF, before making any alterations so you
\’g canreferto, orrestorethe default valuesifnecessary. Do this using DVT.

This part of the manual assumes youhave a vehicle designed and correctly wired up witha CANopen
network setup. figuration requirements

Access authorization

To prevent unauthorized changes to the controller configuration there are 4 levels of accessibility:
(1) User, (2) Service Engineer, (3) Dealer and (4) OEM Engineering. The lowest levelis (1), allowing
readonly access, andthe highest levelis (4) allowing authorization to change any parameter.

To login write your 32-bit password to object 5000, sub-index 4. The access level can be read back
from sub-index 1. The passwords for access levels 1to 4 are fully configurable by the customer in
5000k sub-indices 5-8 so they can be made unique. Log in at access level 4 is required to change
the passwords.

NOTE: Make a note of any changed passwords. Resetting forgotten passwords can only be
performedby BORGWARNER.

How NMT state affects access to parameters

Some important objects can only be written to when the controller is in the pre-operational state.
DVT takes HVLP-10/20 in and out of this stateas required.

If you are not using DVT you may need to request the CANopen network to enter pre-operational
before all objects can be writtento.

The NMT state canbe determined by monitoring the heartbeats or by reading 5110. 05 = operational
and7F = pre-operational.
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Ensure you have completedthe CANopen network setup process.

Determining Motor Parameters

Key motor parameters for permanentmagnet ac andinduction motor are adjustablein Ox4641.

Contact BorgWarner for more information on how to set up the HVLP-10/20 controller for supported
motor types.

Speed Limit Tuning

The speedlimit is controlled using Pl loops, which can be configured in the Object Dictionary at index
4651h. The following parameters can be configured:

e Standard proportional and integral gains (4651h, 1+2). Used to configure the loops during
normal operation.

e Lowspeedproportional andintegral gains(4651h, 3+5). Usedto configure the loops at low
speeds (<50 RPM) andduringhill hold. Thesearenormally set lowerthan the standard gains
to dampen oscillation as the vehicle comes toa stop.

e Roll backintegral gain (4651h, 4). Usedto boost the integral termto prevent vehicleroll-off
down inclines, particularly when Hill Hold is enabled. Normally, this gain is higher than the
standardintegral gain.

e dw/dt gain (4651h, 6). For speed mode this is used to boost the torque output in speed
mode, when a large increasein speed demand occurs. For torgue modethisis usedto apply
compensatorytorquetodampedoscillationsinduced from the vehicledrive train. Not used
in torque mode.

e Integralinitialization factor (4651h, 7). Usedtoinitialize the integral term on entry to speed
limit in torque mode. This factor is multiplied by the actualtorque toset the integral term.
Not usedin speedmode.

e Speedfilter pole (4651h, 8). Usedtofilter speedusedby speed limit loop.

e Speed pre-limit threshold (4651h, 9). Speed limit algorithm will start cutting back torque
when speedis within this threshold of the maximum.

Ensure you have completed the CANopen network setup and Motor Characterization processes
describedabove.

The individual characteristics of the I/O in your application needto be setup. Setup each hardware
I/O object, including wire-off protection.

I/O control is managed using the |-Protocol. Refer to the I-Protocol documentation for more
information.

Before starting the mapping process it is a good idea to draw out a map of what you want to do.
The amount of mapping required depends on the electrical wiring of your vehicle. Check to see if
the default settings satisfy your needs before making changes.
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Encoder

It is important that the encoder parameters are entered correctly. If this information is not
A correct, motor control may not be possible.

General encoder settings
Encoder selection andsettings applicabletoall encoder typesare containedin 4630,and 4631;.
HVLP supports four encodertypes:

e Resolver absolute positionsensor

e Sine-Cosine absolute positionsensor
e UVWabsolute position sensor

e ABincremental speedencoder

\_g AB s not suitable for synchronous motors (e.g. permanent magnet AC).

e For sensors requiring a DC power supply (Sine-Cosine, UVW, AB), set the required sensor
supply voltage (from 5Vto10V)in 4630y.

e If the encoder sequenceis incorrect with respect to the motor, then this inversion can be
performed within 4631, without rewiring the motor. In addition, the polarity of the speed
measurement can be inverted.

e Sensor latency compensation and advanced noise filtering is applied to all sensor types.
Please contact BorgWarner for recommended settings for these items.

o If usinga PMAC motor, the absolute offset of the encoder is configured in 4630y, sub 4. A
range of +/-180° may be input. Units are in electrical degrees.

e Thesoftwarehas provision for an approximate auto-detection of the encoder offset using a
low-speed rotation test, provided the motor is unloaded. Please contact BorgWarner for
information on this feature.

Resolver configuration
Please refer to Resolver section for electrical information on the resolver subsystem.

Allresolver specificsettingsare locatedin 46325,

e Thecontroller can support multipole-pair resolvers. Please see section Motor commutation
sensor for information on pole pair valuesotherthan.

e The controller supports a range of resolver gains by manipulating the magnitude of the
excitation waveform. The phase of the resolver must also be compensated for, in order to
achieve optimum performance. Resolver gain and phase settings can be auto-detected by
the HVLP. Please contact BorgWarner for information on tuning resolver magnitude and
gainsettings.

Sin/Cos configuration

Please refer to sectionMotor commutationsensor for electrical information on the sin/cos subsystem

Sin/cos specificsettings arelocatedin 4633;.

e Thecontroller cansupportsin/cos encoders with multiple waves-per-revolution. Please see
section Motor commutation sensor for information on waves-per-revolution values other
than1
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The minimum and maximum voltage levels of the sin/cos encoder must be enteredin 4633.
To assist in configuration, the controller provides real-time feedback of the minimum and
maximum sin/cos voltage levels. A rotating motor is required to determine these thresholds.

e To account for any sin/cos sensor latency, please ensure the correct latency is set in the
general encoder settings (4631y). Please contact BorgWarner for recommended latency
settings for specific sin/cos sensors.

UVW configuration

PleaserefertosectionMotor commutationsensor for electrical information on the UVW subsystem.
Please notethat inHVLP Alphathe UVW is a differential-input system requiringa differential signal
pair for each UVW input whileinin HVLP Beta variant UVW s a signle ended-input system.5Vor
10V is configurable.

For a PMAC motor, a full 360° sequence of UVW pulses must be present for each electrical cycle of
the motor.

UVW specificitems are located in 4634.

o If the UVWinputsareinverted (active-low)thenthisinversion canbe accounted forinthe
UVW settings. Alternatively the encoder sequence can be inverted in the general encoder
settings (4631h).

o If significant latency is present, this can be accounted for in the general encoder settings
(4631h). Please contact BorgWarner for recommended latency settings.

AB configuration

Please refer to section Motor speed sensor (AB encoder) for electrical information on the AB
subsystem. Please note that in HVLP Alpha variant ABis a differential-input system requiring a
differential signal pair for each AB input while in in HVLP Beta variant AB is a signle ended-input
system.5Vor 10V is configurable.

Please note, AB is not suitable for PMAC motors, where absolute position is required. AB specific
items are locatedin 4635y,

e Thepulses perrevolution mustbe set tomatch theencoder..

e Ifthe ABinputs areinverted (active-low) thenthisinversion can be accounted for inthe AB
settings.Alternatively the encoder sequence can be inverted in the general encoder settings
(4631h).

Digital inputs

The state of the digital inputs can be monitored using I-Protocol.

Digital inputs are interpreted as both active high and active low. The value returned via the I-
Protocolis individually configurable.

Digitalinput status’ areconstantly monitored andinterpreted and are output using the I-Protocol as
“active”, “inactive” or “error”.

To configure digital inputs:

o Set active high/low logic at 4680.
° Set digitalinput polarity at 6802, This is used to configure normally closed/open switches.
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The digitalinputs thresholds vary accordingtothe KL15 supply voltage:

4680h set Active high

Input consideredactivewhenrisesabove 0.775 * Vkuis
Input consideredinactive whenfalls below 0.759* Vs

4680h set Active Low

Input considered active when falls below 0.242 * Vyus
Input consideredinactive whenrisesabove 0.259* Vyus

Analog inputs

The analogue input voltage are read from I-Protocol messages, values are 12bit fixed point values
with a resolution of 1/256 V/bit (4:8 bit format), with Oxfff used to indicate that a channel is not

used.

There are 2 variable analog supplies atpins AlandD1.

Analogue outputs may also be controlled using thel-Protocol. Refer to thel-Protocol documentation
for more information. However the encoder supply is reserved by the encoder manager, and thus
should be set through the encoder configuration parameters and NOT set via I-protocol.

The following table summarisesthe analoginputs andany special features:

(Motor Thermistor)

Name Pin Usage

AnalogInput 1a K1

AnalogInput To K2 Input from external voltage source or 3-wire pot
AnalogInput 2a Nl wiper. Use pin H1as supply for 3-wire pot.
Analoginput 2b J2

AnalogInput 3 Ho Use for motor thermistorinput or 2-wire pot input.

Has internal supply.

Table 22 - HVLP Alpha Analog inputs

Name Pin Usage

AnalogInput 1 El

AnalogInput 2 F4 Input from external voltage source or 3-wire pot wiper.
Analog Input 3 J4 Use pin H1 as supply for 3-wire pot.

AnalogInput 4 K2

Motor Thermistor Input1 | GI Use for motor thermistor input or 2-wire pot input. Has
Motor Thermistor Input 2 | G3 internalsupply.

Table 23 - HVLP Beta Analog inputs
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Wire-off detection

Enable wire-off detectionat 46COh to 46C2h. For each input specify the allowable range of input
voltages. Todisable, setthe rangesto maximum.

Motor thermistor input
You can connect a thermistor sensortothe Motor thermistor input.

Type Specification
PTC Silistor Philips KTY83, PT1000 etc.

Table 24 - Motor thermistor input

To setupgoto object 4620

Configure as none, thermistor or CAN based thermistor
Program the resistance / temperature profile in 461F;. This is an 8 point table which allows
a programmable thermistor tableto be configured.

e Thelower andupper bounds of the table should be set beyond the minimumand maximum
temperaturethat could be experienced (typically -40°C, +200°C) Thisis to allow the sensor
open/short detection to function.

e For CAN basedthermistors, the temperature can be loadedinto object 4600, sub 16 using
anRPDO.

e After configuration, test the sensor with short circuit and open circuit to ensure a fault is
detectedandreported.

Readthe measured motor temperature (PTC) or switch operation at object 4600k.

Digital (contactor) outputs

There are 2 digital outputs which can be usedto controlloads such as contactors, horns, lights, etc.

Error control

It is important that analogue outputs on nodes other than the master must have appropriate
error configuration to protect against CANbus faults. This section explains how to configure the
outputs to go to a safe state in the event of a CANbus fault. It is the installer’s responsibility to
define what a safe state s for each output.

In a CANopen network, the slavenode on which the analogue (contactor) outputsis different to the
VCU node which calculatesthe output value. If the CANbus fails, the VCU is no longer able to control
the slave outputs. In this situation, the outputs may needto change to a safe value. This is achieved
witherror control.

To configure error control:

o Seteachoutput at object 6C43,touseits lastsetvalue or the valueat 6C44,if the CANbus
fails.

e Set values if needed at 6C44;, for each output. These values are 32-bit integers, but the
bottom 16-bits are ignored. The top 16-bits give the error value in1/256 V/bit.
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Some examples of typical configurations may be:

e Electro-mechanical brake on slave node. If CANbus communication is lost, it may be
desirable to apply the electro-mechanical brake on the slave device. In this case, enable
error controlin 6C43,andset the error value in 6C44,,to 0.

e Power steer contactoronslave node. If CANbus communication s lost, it may be desirable
to leave the power steer outputin its previous state. In this case, disable error control in
6C43h.

e CANbus communication error lamponslave node. If CANbus communicationis lost, it may
be desirable to activate an output on the slave device. In this case, enable error control in
6C43,, andset the error value in 6C44y to an appropriate voltage for the lamp.

@ The above examples are for illustration purposesonly. it is the responsibility of the installer to decide
on therequiredstatefor each output in the event ofa CANbus failure.

Pump configuration

The controller can usea mixture of switch and analogue voltagesas the pump input. In addition, the
power steer function can be used as an extra input to the pump if the pump motor is required to
supply pump and power steering.

@ NOTE: Pump motors alwaysrun in speed mode. Ensure the motor slaveis also configured for speed
mode in 6060,

General Setup
Configure the pump featuresat 2A00y;

¢ Inhibit pump when BDI drops below cut-out level. If already operating when the cut-out
occurs, the pump will continue to operate until all pumpinputs are inactive.

e Drive Enable switch and/or Seat switchinput disables pump.

e IgnoreLine Contactor state. Allowsthepumpto operate ifitis not connectedto the battery
through the line contactor. Should be set if the pump also supplies power steeringand the
power steer is requiredto operate whenthe line contactor is open.

e UsePower Steertargetvelocity as pumpinput, if pump also supplies power steering.

e Enable minimum pump speed. Enable this to force the pump to run at minimum speed
(2A01;, 2) evenwhenthereis notrigger. Canbe used to maintain minimum pump pressure.

e Pumptostopon Low Battery. Enable to force pump to stop immediately on low battery
condition.

e Use power steer demand to minimum pump speed. Enable this to force the pump to use
power steer demand asa minimumspeed. Can be used to maintainminimum pump pressure
for power steering.

e Set the pump minimum and maximum speed, maximum torque, acceleration and
deceleration at 2A0l,. The pump speedis calculatedas the value from the inputs multiplied
by the maximum speed.

Priority/additive inputs

Each pump input can be configured as a priority input or an additive input. When calculating the
pump demand, the controller selects the demand from the highest priority active input, and then
adds the demand from all the active additiveinputs.
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Configure priority/additive levelsin 2A10nand 2A11, and 2A20,to 2A26;,.

Pump throttles

There are 2 pump throttle inputs, which can be configured independently at 2A10, and 2AT1. The
pump throttles allow proportional control of the pump speed.

Configure inputs as priority or additive and set the voltage levels. The pump throttles must be
mapped toanalogue inputs.

Pump switches

There are 7 pump switchinputs. Configureeach input as priority or additiveand assignit a value at
2A20nrt02A26,. The pump switches mustbe mappedtodigital inputs.

Pump Driveability Profiles

Pumps have configurable driveability profiles. Profiles are triggered by pump driveability select
switches(2152nand 2153,). One or more of these switches must be mapped to enable pump profiles.

Each profile allows the installer to reduce acceleration and deceleration rates, throttle and switch
values and maximumtorque.

Set pump driveability profiles at 2A30rand 2A31;
Power steer configuration

General
Power steering can be provided using:

e Contactor.Mapthe power steer contactor drive object toan analogue output.

e Pumpmotor controller. Configure pumpto provide power steering. Power steer demand is
addedto pumpdemand.

o Dedicated motor controller.Map power steer application motor object to motor control
slave.

Power steer motors always run in speed mode. Ensure the motor slave is also configured for speed
mode in 6060,

The power steer can be triggeredby a number of events:

° Vehicle moving

. FS1switch activating
o Direction selected.

° Seat switchactivating
. Footbrake activating

CAUTION: The power steering function will always attempt to execute, evenif the line contactor is
opendue toa fault condition. This is to ensure power steering continues to operateat all times.
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Set the power steer motor speed, acceleration and deceleration at 2BOT1,. This is not requiredif the
power steer motor is operated by a contactor.

Variable Assist Power Steering

HVLP supports a variable assist power steering algorithm which can be used to reduce the power
steering speed as vehicle traction speed increases to a user configurable level. Set the reduction
factor andtraction speedin 2B02y. This allows power steering effort to be reducedas vehicle speed
increases topreventsteeringbecomingtoo light.

Ensure you have completed the CANopen network setup, Motor Characterization, |/O Configuration
and Vehicle Performance Configuration processes described above.

Contactors
Ensure voltage control hasbeenselected (see section Analoginputs).
To configure any contactor:

. Set pull-in voltage, pull-in time andhold-in voltage at 2D00y,
° Enable each output to operateat the pull-in voltage or at the maximumvoltage at 2D0l;
. If requiredenable each outputtoreducetothe holdvoltage level at 2D02;,

Line contactor
The line contactor mustbe mappedto an analogue output.

The line contactor is usedtoisolate controllers and motors from the battery during power down or
in case of a serious fault. It is normally closed all the time the vehicle is powered, but it can be
configuredto open whenthe vehicle has been stationary for a period of time.

Configure line contactor dropout at object 2820, See also ‘Contactors’ above.

The controller has a capacitor pre-charge feature used to protect line contactor tips from damage
due toin-rush currentswhenthecontactorcloses.

NOTE: Writing to 5180, starts a pre-charge cycle. The pre-charge circuit can only supply enough
current to charge the capacitors of one controller. Where more than one controller is present, the
pre-charge circuit on each must be used. If an HVLP is configured as the vehicle master, it controls
the pre-chargeof all slave nodes automatically.

The pre-charge level is configurable between 50% and 90%. The level can be adjusted by object
5820k.

The minimum capacitor voltage allowed for the line contactor toclose is setin 5821y.

External LED

This mirrors the operation of the controller’s on board diagnostic LED. The external LED can be
mappedtoananalogue output todrive alampon a vehicle dashboard.
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Alarm buzzer
The alarm buzzer can be mappedtoananalogue output.

Configure the alarm buzzer output, if required, to be activated by one or more of these conditions
at 2840h:

° forwardmotion or forward directionselected
° reverse motion or reverse direction selected
o faults other thaninformation faults

o controlledroll-off

. BDI low.

A different cadence for each of the above conditions can be configured.

Motor over-temperature protection

The controller protects motors from over-temperature. It maintains a motor temperature estimate
andcanalsoaccept a direct temperature measurement viaan analogue input (for a thermistor) or a
digital input (for an over-temperature switch).

The temperature estimate is calculated by monitoring current to the motorover time. The estimate
is configuredat 4621;.

The estimateis always applied, since it candetectincreases in motor temperature more quickly than
the direct measurement. Direct measurement is normally done on the motor casing, which lags
behindthe internal temperature.

Additional protectionis provided for thermistor wire-off conditions. If the temperature sensor input
measuresa completely short circuit or open circuit signal, then the output torque will beginto reduce
gradually overtime. A recovery ratecan also be specified should the signal become valid again. This
means that wire-off situations, should they occur during drive, do not result in an instant loss of
torgue. Both the torque ramp down andrecoveryrates can be configuredusing object 4620 .

Motor over-speed protection

A facility toprotect the motor or vehicle power train due to damage by over-speedingis available
on the controller. A maximumspeed can be configured at object 4624,. Under normal operationthe
controller should output braking torqueto prevent the over-speeding initially, if the measured speed
exceeds this limit then the controller will shut down anda fault will be set.

CAUTION: The tripspeed offers a final level of protection for the vehicle mechanics, and should be
set toaminimum level that would not be expectedto be reached under normal operation.

Battery protection

The nominal battery voltage mustbe set at 2C0O0y.

Over voltage
Battery overvoltage usually occursduring regenerative braking.

To provide protection setvaluesfor theseparameters at 2CO1y:
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e Overvoltage startcutback: the value at which the braking effort is linearly reduced to limit
voltage increase.

e Overvoltagelimit: thevalueat which thecontroller cut-outsout. A fault is setif the voltage
exceeds the cut-out voltage.

Under voltage
To prevent excessive battery discharge, set values for these parameters at2C02:

e Under voltage start cutback: the value at which the current drawn from the battery is
reducedtolimit voltage decrease.

e Under voltage limit; the value at which the controller cut-outsout. A fault issetif the voltage
drops below the cut-out voltage for longer thanthe protection delay

e Protectiondelay:the time it takes for the controller to cut-out after the under voltage limit
has beenreached (2C03h).

Battery Discharge Indicator (BDI)

CAUTION: Whennot in use ensure the BDI functionis disabled by settingthe Cell Count (in 2C30y,
6)to 0.

Monitor batteryvoltageusing HVLP’s Battery Discharge Indicator (BDI). The BDI presents the driver
with a percentage remaining charge figureandhas become an industry standardin recentyeatrs.

NOTE: The BDI is not a measure of the absolute battery charge remaining and therefore we
recommend you regularly check the absolute value in accordance with the battery manufacturer’s
instructions.

To use the BDI, configure the following parametersat 2C30,in the Object Dictionary:

e Cell count: this is the number of battery cells and is normally half the battery voltage, as
cellsare usually 2 voltseach.

o Reset voltage (V): set this to the cell voltage when the batteries have just been charged.
Thisresetsthe BDIbackto100%.

e Dischargevoltage(V):set this tothe cell voltage whenthe battery is discharged.

o Cut-out level (%): this is the level at which the vehicle adopts the low battery drivability
profile.

e Discharge rate (s/%): thisis the rate at which the BDI remaining charge value discharges.
SettoOtouse default value of 16.8s to reduce by 1%. This default should suit most lead-acid
battery types, however, thiscan be increased/decreased for different battery technologies.

NOTE: Settingthe warning and cut-out levels to 0% disables the warning and cut-out functionality

Anadditional table exists at index 2C31, which allows an initial BDI value to be specified at start up
basedon the measuredbatteryvoltage. At start up, the measured battery voltage is taken, and the
corresponding BDI percentage remaining value is then used as the starting point for the BDI. After
this, the BDIremaining value operates in the standard way. Note, this function is only availableif the
corresponding bit is set in object 2C30,sub1.

Readthe percentage remaining charge value from 2790 sub-index1in the Object Dictionary.
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Battery Current Limit

Battery current can be limited by the controller for the purposes of efficiency or to protect batteries
that are sensitive to high levels of current flow. Charge and discharge currents can be limited
independently.

If limiting the discharge current flow, this can extend the time taken for the vehicle to reach top
speed. Note that limiting the charge current flow back to the battery canimpede the performance
of regenerative braking.

Object 2870 controls how the battery current limit is calculated. Sub-index 1 of this object can be
set toone of the following values to specify how the current limit behaves:

Value Mode

0x00 Master control of battery current limit disabled. To completely disable battery
current limit, object 4623, subindex 3 must also be set to 0x0000.

0x01 Battery currentlimit setby object 4623, subindex 2 and 3.
0x02 Battery currentlimit controlled by compatible BMS
0x03 Battery current limit set by object 4623y, sub index 2 and 3, but the drive current

limit is multiplied down by factorssetinsubindex 4 and5 when driveability profiles
are activated

0x04 Battery current limitis calculated to maintain a power limitas set insubindex 6 and
7.

Table 25 - Battery current limit

Object 2871 provides a means to have TracApp cut back the torque demand in situations where the
batterycurrentlimit is reduced. This is useful for configurations where an external BMS can cut back
the current limits to low levels. Effectively, it prevents TracApp requesting torque that cannot be
achieved.

Object 4623, shows the current limits that are in effect. Sub index 3 of this object allows you to
specify the cutback aggressiveness and a measurement correction factor. Setting this to zero.
Battery current flow can be monitored at object 5100,

Note that regen currents flowing back to the battery are specified as negativenumbers.

Displays
HVLP is compatible with Smartviewand Clearview displays.

Clearview displays use the CANopen protocol. To use, set up TPDOs to transmit the required data
for the display.

Smartview displays use BorgWarner’s proprietary CAN protocol. To use set the CAN baudrate to
100kHz at 59004, enable Smartview andselect hours counter and/or real speed at 2EQOs.

107

3¢ BorgWarner



Chapter 8: Monitoring HVLP 10/20



Chapter 8: Monitoring HVLP-
10/20

All statusinformation is contained eitherin the HVLP-10/20’s Object Dictionary, or transmitted using
either H-Protocol or |-Protocol messages. Most service information can be accessed using SDOs.
Some can be mapped to PDOs for continuous transmission to remote nodes such as displays and
logging devices.

Motor Data

The following motor data is available on H-protocol:

Motor torque, speed, battery current
Available driveandbrake torque
Motor temperature

Motor controlandstatus words

The following motor data is also available on H-protocol debug messages
e Motor slip frequency, currentsandvoltages
o Additional motor debuginformation
Customer Input Data
The following customer input datais availableon |-protocol:
o Digitalinput states
e Analogue input voltages
Device Data
The following device data is available on H-protocal:

e Devicetemperature
e Powerframe(DClink) voltage
e Highest priority fault

Identification and version
Readidentificationand version information at;

1008;, - Controller name.

1009, - Hardware version.

100A, - Software version.

1018y, - Identity object. Contains CANopen vendor ID, product code, CANopen protocol
revision, and controllerserial number.

e 5500,- NVM (EEPROM) format.
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e 5501, - Internal ROM checksum.

Supply monitoring
The controller measures the following supply voltages:

e KL15andKL30voltages; measuredat KL15andKL30 inputsandreadat 5100y
o Capacitor voltage; measured at the B+ terminal. Read at 5100y, and also available on H-
protocol.

Hours counters

The controller supports many different hours counters for various functions. Some counters run on
all units andsome only run on the HVLP-10/20 configured as the vehicle master.

Hours counters are preserved with a minimum resolution of 15 seconds when the systemis powered
down.

The hours counters are:

e KL15key hours:incrementswhile thekeyswitchis inthe ON position (5200y).
e Controller pulsing hours: increments when the controller is powering its connected motor
(4601y).
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The controller can log events in the system (along with additional event-related information) and
minimum and maximum levels of important parameters. You need different levelsof access to clear
the contents of the logs.

Logs are normally reset individually. However, toreset all logs at once writeto 4000y,

FIFO eventlogs
Eventsarerecordedby these twoseparate FIFOs (firstin, first out logs), which operateidentically:

e System:thisFIFOis 20 elements deep and is used for events such as software upgrades,
user logins and some hardware upgrades (4100, to0 4102;).

Faults: this FIFO is 40 elements deepandis used for fault logging (4110, to 4112).

At object 41X0;

Reset the FIFO

Readits length

You can access the FIFO using objects 41X1, and 41X2,. The FIFO index is entered at 41X1, and the
datais readfrom 41X2;.

Event counters

The controller provides 10 event counters at 4200, to 420A. Each event counter can record
information about occurrences of one event. The allocation of event counters to events is user-
configurable however HVLP-10/20 will automatically countimportant eventsin unused counters. The
informationrecordedin each event counteris:

e Thetime of the first occurrence
e Thetime of the most recent occurrence
e Thenumber of occurrences

Operational monitoring

At objects 4300, and 4301, HVLP-10/20 monitors and records the minimum and maximum values
of these quantities:

° Battery voltage

. Capacitor voltage

. Motor current

. Motor speed

. Controller temperature

Two instances of the operational monitoring log are maintained. Service engineers can access and
clear the first log; the second is accessible and clearable only by BorgWarner engineers. The
Customer copy is normally recorded and reset each time the vehicle is serviced. The BorgWarner
copy records data over the controller’s entire working life.
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The controller will sometimesrespond with a CANopenGeneral Abort Error (08000000,) when the
object dictionary is accessed. This can occur for many reasons. Object 5310, gives the exact abort
reasonas shownin Table 26.

O | None 12 | Invalidvalue 24 | Cannotreadfrom DSP

1 General 13 | EEPROM write failed 25 | Peektime out

2 | Nothingtotransmit 14 | Unable to reset service | 26 | Reserved for future use

time

3 | Invalidservice 15 | Cannot reset log 27 | Reservedfor future use

4 | Notin pre-operational [ 16 [ Cannotreadlog 28 | Reservedfor future use

5 | Notin operational 17 | Invalidstore command 29 | Reservedfor future use

6 | Cannot go to | 18 | Bootloader failure 30 | Reservedfor future use
pre-operational

7 | Cannot go to [ 19 | DSP update failed 31 | Reservedfor future use
operational

8 | Accessleveltoolow 20 [ GIO module error failed 32 | Checksum calculation

failed

9 | Loginfailed 21 | Backdoor write failed 33 | PDOnot copied

10 | Range underflow 22 | Reservedfor future use

11 | Range overflow 23| Cannot writetoDSP

Table 26 - Abort Reason Codes

Introduction
In the event of a fault HVLP-10/20 takes the following action:

1. Takes action appropriate to the fault severity. This can be either derating of motor power or
speedor shutdown of the power frame.

2. SendsoutanEMCY message onthe CANbusandupdatesthe highest priority fault ID in the H-
protocol.

3. Logsthe fault for later retrieval.
Fault identification

You can identify a fault as follows:

e Pickup the EMCY onthe CANbus andreadthe fault condition using configuration software
e Interrogate thefault onthe node directly using DVT or other configuration software.
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Fault list

Use DVTtoaccess theFaultlist. If you don’t have DVT you can use any configurationtool as follows:

e Object 5300 givesinformation about all active faults. Read sub-index1to get the number
of active faults. Write tosub-index 2 to select one of the active faults (O = highest priority)
andreadback sub-index 3toreadthe fault ID at that index.

e Object 5610y can be used to read a text description of the fault. Write the fault ID to sub-
index 1andreadbackthe fault description from sub-index 2.

It is possible to field update the firmware of the HVLP-10/20 controller, typically using BorgWarner’s
DVT configuration tool.

Please contact BorgWarner for assistance with this process.
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Chapter 9: HVLP-10/20 Alpha
and Beta

Please notethatHVLP alphais subject toa “Conditions of Use” document. Please read this carefully
before usingthe product. Hereare thekey points from this document:

The alpha version of the HVLP inverteris pre-series production and not suitable for homologation
HVLP alphainvertersmay only be usedfor labbench testingand controlled vehicle or systemtrials
There are noreleased versions of software for the Alpha variant

DC Link Capacitors

While the HVLP-Alpha version has electrolytic capacitors in series and parallel formation with
450uF equivalent capacitivevalue, the HVLP-Betaversionis equipped with film capacitorsin
parallel formation with equivalent capacitive value of 120uF.

HVIL Hardware

The Alpha unit has a morecomplex HVIL circuit which includesan excitation circuit. The Beta variant
does not generate HVIL excitation.

Improvementsin HVLP-Beta

1. The logic supply storage capacitor was increased in value, to allow the unit to operate during
10ms power outage of the KL30 supply

2. Anadditional motor thermistor input was added
The twoanalogsupply outputs were redesignedtoimprove stability

4. The off state current(with KL15low) wasreduced to below TmA

Firmware

Different firmware didx files are needed for Alpha and Beta variants.

AB and UVW encoders

In Alpha hardware builds if using AB or UVW encoders the use of complimentary signals was
mandatory. Thisis nolonger requiredin Beta hardware builds meaningany existing encoder wiring
must be changed accordingly and any external hardware to provide the complimentary encoder
inputs is no longer required.
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User 1I/0O

The user I/O connections are shown for both versions in the table below. The main difference
between Alpha and Beta are that the Alpha variant only supports differential AB and UVW inputs
whereas the Beta variant they are single ended. Alsoin the Beta variant the sin/cos encoder inputs

were combinedwith the ABencoderinputs

HVLP Alpha
Column Row 4 Row 3 Row 2 Row 1
A CANTL EncB\ EncB Resolver Cos Low
B CANTL Enc A\ Enc A Resolver Cos
C CAN1term Enc W\ Enc W Resolver Sin Low
D CANTH EncV\ EncV Resolver Sin
E CANTH Enc U\ Enc U Resolver excitation -
F CAN Gnd Encoder Gnd Encoder Vcc Resolver excitation +
G HVILIN 2 Enc Cos Enc Sin HVILIN 1
H Din4 Din2
J Din3 Din1
L Control OV KL31 Dout 3 source Control OVKL31 | 12-24V supply KL30
M Control OV KL31 Dout 4 source lgnitionsw KL15 | 12-24V supply KL30

Table 27 - HVLP Alpha Molex CMC pin allocation

116

3 BorgWarner



HVLP Beta

Row 1

Column Row 4

A CANTH

B Encoder Gnd Resolver excitation -
C CANTL CAN Gnd

D Not Used

E Not Used Resolver Cos

CANTL

EncU

Encoder Vcc

Resolver excitation +

CANTterm

Resolver Cos Low

Resolver Sin

Not Used

Not Used

Enc A /Sin

EncV

Resolver Sin Low

Enc B/ Cos

lgnition sw KL15

Enc W
L ControlOVKL31 | Not Used Not Used 12-24V supply KL30
M ControlOVKL31 | Not Used Not Used 12-24V supply KL30
Table 28 - HVLP Beta Molex CMC pin allocation
s 0000000 70000
T iid/ /d
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