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Introduction

1 Introduction

1.1 About this document

111 Definitions

This product manual contains technical description, installation, safety and commissioning
instructions and other relevant information for the GVI inverter frames C, D and E.

The terms GVI, motor controller and inverter are used interchangeably.

1.1.2 Terms and abbreviations

Application A customer specific use of GVI hardware and software

Application software Customer-specific configuration of GVI parameters

CAN Controller Area Network

EMC Electromagnetic compatibility

EMF Electromotive force

ESD Electrostatic discharge

HW Hardware

12t Overload protection based on a thermal model

Integration Software integration means to activate all necessary functions
to control the hardware design for a customer-specific
application

Hardware integration is the physical installation of the GVI in a
customer’s equipment

MCU Motor control unit

LED Light Emitting Diode

OEM Original equipment manufacturer

PTC Positive temperature coefficient

RMA Return of Material Authorization

PWM Pulse width modulation

Sw Software

SRP/CS Safety-related part of a control system

1.1.3 This revision

This revision replaces all previous revisions of this document. Parker has made every effort to
ensure that this document is complete and accurate at the time of printing. In accordance with
our policy of continuous product improvement, all data in this document is subject to change or
correction without prior notice.
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114

Scope
This product manual presents instructions, guidelines and other information relevant to
integration and installation of the GVI frames C, D & E.

1.1.4.1 Document structure

115

This document is structured with two main target groups in mind:

Chapter 10 is intended for installation and maintenance personnel and contains step-by-step
instructions for installation and maintenance of the inverter using Parker’s recommendations.

The other chapters in this document are mainly intended for designers and contain Parker’s
general recommendations and guidelines for integration of the motor controller.

Warning, caution and information notices

Special attention must be paid to the information presented in warning, caution and
information notices when they appear in this manual. Definitions of caution, warning and
information notices are shown below:

WARNING

This section describes the risk of the hazard, for example High
voltage - risk of personnel injury

A Warning informs the user of a hazard or potential hazard that could result in serious
or fatal injury and damage to the equipment if the precautions or instructions given in
the warning notice are not observed/followed.

CAUTION

This section describes the risk of the hazard, for example Risk of
damage to equipment

A Caution informs the user of a hazard or potential hazard that could result in damage
to the equipment if the precautions or instructions given in the caution notice are not
observed/followed.

NOTE

A note contains supplemental information or references to supplemental information on
a topic.

192-300300N3 30.03.2021 7(90)
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1.1.6 Related documents

For more information about the inverter, see the following related documents.

Reference Document Description
number
1 GVI Object Dictionary The CAN object dictionary is product/firmware

dependent. The object dictionary for each GVI
is available from Parker as an HTML file

2 GVI CAN Message Database Describes the implemented communication
objects: CANopen messages, default CANopen
PDO messages and J1939 messages

3 GVI Configuration manual General procedure for the configuration, start-
up and verification of a GVI following
installation.

4 Application Note GVI I/0 Control Mode

5 Application Note: Integration of GVI with IQAN

Table 1 : References

8(90) 192-300300N3 30.03.2021
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2 Personal safety

Parker provides this and other manuals to assist manufacturers in using the GVI inverter in a
proper, efficient and safe manner. Installation, operation and maintenance of the equipment
should be carried out by competent personnel. A competent person is someone who is
technically qualified and familiar with all safety information and established safety practices;
with the installation process, operation and maintenance of this equipment; and with all the
hazards involved.

WARNING
High voltage/high power - risk of personnel injury

The high voltage/high power levels available from a GVI inverter can cause severe or
fatal injury.

Before installation, always verify that the GVI inverter model is correct for the vehicle’s
battery supply voltage.

2.1 Safety signs on the equipment

Table 2 shows the signs used on Parker’s products. Use of the signs varies between products.

Safety sign Description

Take care to avoid coming in to contact with electricity.

Read the product manual before starting any maintenance work on the
equipment.

Persons with active implanted cardiac devices shall not be in the vicinity of
the equipment due to the strong electromagnetic field it generates.

Tighten the power connection screws to the specified tightening torque
(example shown).

Table 2 : Safety signs used on Parker GVI equipment

192-300300N3 30.03.2021 9 (90)
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3 Original Equipment manufacturer responsibility

These Parker inverter products are intended for controlling motors in electric powered mobile
machines. These inverters are supplied to original equipment manufacturers (OEMs) for
incorporation into their machines and machine control systems.

The OEM, through its own analysis and testing, is solely responsible for making the final
selection of the system and components and assuring that all performance, endurance,
maintenance, safety and warning requirements of the application are met. The OEM must
analyze all aspects of the application, follow applicable standards and regulations, and follow
the information concerning the product in the current product catalogue and in any other
materials provided from Parker Hannifin Corporation or its subsidiaries or authorized
distributors. OEMs are responsible for ensuring that the GVI inverter is used for its intended
purpose only and that their equipment functions in a safe way at all times.

To the extent that Parker Hannifin Corporation or its subsidiaries or authorized distributors
provide component or system options based upon data or specifications provided by the OEM,
the OEM is responsible for determining that such data and specifications are suitable and
sufficient for all applications and reasonably foreseeable uses of the components or systems.
The above disclaimer is being specifically brought to the user’s attention and is in addition to
and not in substitution to the Exclusions and Limitations on Liability which are set out in the
terms and conditions of sale.

10 (90) 192-300300N3 30.03.2021
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4 Technical support

Parker supports original equipment manufacturers (OEM’s) with additional information an any
topic covered in this document, or for additional information about other Parker products. End
customers and third parties are requested to refer to the OEM for support.

Addresses for Parker locations may be found on the back page.

192-300300N3 30.03.2021 11 (90)
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5 Wiarranty claims

5.11

Failure analysis and testing of the GVI is available for the OEM at Parker. The addresses may be
found on the back page.

Parker does not provide any warranty or service directly to GVI end users. End users are asked
to refer to the original equipment manufacturer for warranty issues, service and spare part
needs.

Return of material authorization

Contact Parker before a product is returned in order to ensure an efficient handling of the
product with a high level of traceability. Parker provides a return of authorization (RMA)
number for returns and a form (RMA request), which describes how to proceed.

5.2 Product warranty

The general terms and conditions of sale of goods and/or services of Parker Hannifin Europe
Sarl, Luxembourg, Switzerland Branch, Etoy, apply to this contract unless otherwise agreed.
The terms and conditions are available on our website:
www.parker.com/termsandconditons/switzerland

12 (90)
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6 Product overview

Fctric
machine 4

Figure 1 A typical system with the GVI

Figure 1 shows the implementation of the GVI in a typical electric vehicle application.

In a typical application, the GVI converts power from a DC power source (a battery in a vehicle
for example) to three phase AC power to drive a motor.

The GVI can be delivered with nominal voltages according to chapter 13.2.

6.1 Product versions

The GVI product range consists of three single drives: frames C, D and E, each with its own
size, current and power output rating characteristics.

Available peaks currents are found in chapter 13.2 while available nominal DC supply voltages
are found in 13.3.

192-300300N3 30.03.2021 13 (90)
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6.1.1 GVI drives

Figure 2 GVI Frame C

Figure 3 GVI Frame D

Figure 4 GVI Frame E
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Pos Name Pos Name

1 B- connection 2 B+ connection (frame dependent)
3 I/0 connector 4 U1, V1 and W1 connections

5 + Connection 6 Heat sink

Figure 5 Components on the GVI (GVI Frame E Shown)

6.2 Terminal posts

The terminal posts are designed for ring lug connections and are supplied with threaded
connections (screw connection).

Figure 6 Terminal posts with threads

192-300300N3 30.03.2021 15 (90)



Product overview

6.3 Product identification label

A label containing pertinent product identification information is attached to the GVI. The
product label fields relevant to product identification are described in Figure 7 and Table 3

8

Hwno: 83N20100A-0001 m

GVI-C024-035051-500-G0000

.k e LU

6— * 69IN21600C01x04
5——5”“" 0000000-000

no:

MADE IN SWEDEN 2019-09-17

4 3 2

Figure 7 Example of product identification label
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Pos Description
1 Nominal voltage
2 2D bar code containing the GVI part number and serial number
3 Date of manufacture
4 Country of manufacture
5 GVI serial number
6 GVI software number as shipped
7 Order Code
1 2,3 4,5,6 7.8 9
Order Example aGvl - coz24 - 035051 - 500 - G000D
1 Product Familiy 5 Package
GV Global Vehicle Inverter 5 Single
2 Frame Size 6 Series
C Frame Size C 1 Series 1
D Frame Size D 7 Feedback Type
E Frame SizeE 5 Sin/Cos Encoder
3 Mominal DC Supply 8 Reserved
024 24v DC 00
048 48V DC 9 Special Option
080 BOV DC G0000 Global Specification
096 96V DC EOO00 European Specification
1 Current Rating MO000 Morth American Specification
24VDC Nominal Voltage
0330 350A Frame C
0350 5330A Frame D
48VDC Nominal Voltage
0280 280A Frame C
0450 450A Frame D
0550 550A Frame D
0700 7004 Frame E
80VDC Nominal Voltage
0230 230A Frame D
0350 350A Frame D
0400 400A Frame D
0500 500A Frame E
0700 700A Frame E
96VDC Nominal Voltage
0230 230A Frame D
0350 350A Frame D
0400 400A Frame D
0500 500A Frame E
0700 TO0A Frame E
8 Hardware identification number as shipped

Table 3 Description of product identification label

6.4 LED status indicator

The LED status indicator (see 11.1), provides useful diagnostic information when
troubleshooting vehicle problems (see chapter 3).

6.5 Cooling method

The motor controller is mounted upon a heat sink, which transfers heat from the power
conversion components in the motor controller to the vehicle structure or cold plate.
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7 Integration guidelines

7.1 Introduction

This chapter describes guidelines for integration of the inverter. Integration is the installation
of the inverter into a vehicle.

The information is general in nature. Further instructions for mounting of the GVI in a vehicle or
machine are found in chapter 10.

WARNING

High voltage - risk of personnel injury and/or damage to
equipment

High power levels are exposed at each of the connection posts. Protect these
terminals from accidental contact which could result in personnel injury and/or
short circuit.

WARNING
ESD - risk of damage to equipment

Electrostatic discharges (ESD) can damage sensitive electronic components.

Do not touch the 1/0 connector pins.

The GVI meets all necessary standards for ESD-protection. However, very high
levels of static electricity can build up during handling of the equipment. The built-
in ESD-protection does not replace a professional and careful handling.

7.2 Dust and liquid ingress prevention

The dust/moisture protection of the motor controller is only valid when the mating 1/0
connector is inserted and correctly assembled with appropriate cable seals.

CAUTION
Water sensitive equipment - risk of damage to equipment

The motor controller cover provides a measure of protection from liquids and
particles dripping, splashing or spraying onto it. The motor controller must not be
subjected to liquids under high pressure.

Do not clean the motor controller using high-pressure water.
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7.3 Cooling requirements

The motor controller is mounted upon a solid heat sink. This is the surface that transfers heat
from the power conversion components to the surroundings.

In order to cool the power conversion components efficiently, it is important to consider the
thermal resistance between the heat sink and the surroundings according to chapter 7.3.1. The
motor controller operating temperature is specified in chapter 13.1.

CAUTION

Operation at reduced power - risk of damage to equipment and/or
malfunction

Higher than intended operating temperature will cause a reduction of max output
power, may result in a reduced lifetime of the motor controller and may also cause
malfunction of the GVI (see chapters 9.2 and 13.2).

The GVI is designed to operate with a maximum heat sink temperature of 85 °C. During
performance testing of a new vehicle design, it is necessary to ensure that the vehicle can fulfill
its environmental and performance specifications without exceeding this temperature of the
motor controller. If this is not possible to achieve, the OEM should consider improving cooling
of the motor controller, switching to larger motor controllers, or reduce vehicle performance.

If the heat sink temperature exceeds 85 °C the maximum available motor current is
automatically reduced. The motor controller will still operate, with reduced performance, up to
110 °C, when an emergency shutdown will take place. It should be noted though, that the motor
controller is operating outside its specification in this case, and it should only be used as a
“limp home" option.

It is strongly recommended that an error message is generated and that vehicle performance
is decreased if the motor controller temperature exceeds 85 °C.
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7.3.1

GVI with flat heat sink

The GVI comes with a flat (cold) plate heat sink and is cooled through surface contact with the
vehicle body. Specifications for surface roughness and surface flathess where motor controller
is mounted to the vehicle body must be observed (see chapter 13.5.3). Application of thermal
grease to the cold plate heat sink before mounting the motor controller will achieve the best
cooling effect.

The required heat sink-to-vehicle mounting surface thermal resistance shown in Table 4 must
be achieved by the installation in order for the GVI to meet the published current ratings in the
application.

For recommendations regarding mounting of the motor controller see chapters 7.5 and 10.5.

Motor controller model Thermal resistance
GVI Frame C 0.17 °C/W

GVI Frame D 0.12 °C/W

GVI Frame E 0.076 °C/W

Table 4 Required thermal resistance for flat heat sink
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7.4 Orientation

NOTE

The vibration test of the GVI does not include a horizontal mounting position with the
1/0 connector facing downwards.

The inverter can be mounted vertically or horizontally with the I/0 connector facing upwards.

When inverters are used in an application each of the units must be arranged such that they
have sufficient cooling for the required duty cycle.

Consideration should be given to accessibility and visibility of the I/O connector, terminals and
on-board LED status indicator (1, Figure 8) for maintenance purposes.

—C_

SuperDrive

f 15+2 Nm (11+1.4 Ib.ft)

Pos Name

1 LED status indicator

Figure 8 LED status Indicator

7.5 Selecting GVI mounting fasteners

Recommended screws and washers for mounting of the motor controller are specified in
chapter 10.5.1.
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7.6 Wiring and connections

/\ High voltage - risk of personnel injury and/or damage to
/ \ equipment
;\ High power levels are exposed at each of the connection posts. Protect these
terminals from accidental contact which could result in personnel injury and/or short
circuit.

This section provides schematic diagrams and related information for connecting the inverter
in a vehicle. This circuit diagram presents a basic - but functional - general purpose wiring
configuration. The OEM may choose to modify these generic wiring configurations to fit their
individual requirements or conventions. It is the responsibility of the OEM to develop vehicle
specific wiring schematics and instructions for each vehicle mode.

7.6.1 Motor and battery connections

Recommended fasteners for the terminal posts are specified in chapter 10.6.

NOTE

The motor connections (U, V, and W) are not interchangeable and shall be connected
to the corresponding terminals on the motor.

//\ Incorrect dimensioning of connections - risk of overheating
f \ Ring lugs for motor and battery connections must be adequately rated to carry motor

and battery currents. Otherwise cables and terminal posts may be overheated. See
also power cable sizing guidelines in chapter 12.2.

An example of basic power wiring diagram for the motor controller and its motor are shown in
Figure 11 and Figure 12.
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7.6.2 Wiring of KEY input and HIGH_SIDE_IN/PRE_CHARGE

/ CAUTION
N

\ Incorrect wiring - risk of malfunction/damage to equipment

I ) The KEY input and the HIGH_SIDE_IN/PRE_CHARGE must be separated when the start
key is turned off. The vehicle design must follow the guidelines in this chapter.

The KEY input and/or the HIGH_SIDE_IN/PRE_CHARGE must be separated when the start key
is turned off. This is to avoid that the inverter logic (KEY input) is temporarily powered by the
HIGH_SIDE_IN/PRE_CHARGE circuit after shutdown. Failure to separate them could cause an
incorrect shutdown sequence and in rare cases damage the motor controller. Parker
recommends using a two-pole start key switch as shown in Figure 9, Figure 10, and Figure 11.

If the KEY input and/or the HIGH_SIDE_IN/PRE_CHARGE are powered by the outputs of another
unit in the vehicle, separation is achieved by the wiring itself as illustrated in Figure 10

192-300300N3 30.03.2021 23 (90)



Integration guidelines

Start key

G

F1

B+

N

HIGH_SIDE_IN /
PRE_CHARGE

KEY
DIGITAL_IN_1
DIGITAL_IN_2

DIGITAL_IN_n

Figure 9 KEY and HIGH_SIDE_IN/PRE_CHARGE wiring alternative 1

Pre-charge and optional
emergency stop
(application-specific)

Start key

2r

B+

HIGH_SIDE_IN /
PRE_CHARGE

KEY
DIGITAL_IN_1

DIGITAL_IN_2

DIGITAL_IN_n

Figure 10 KEY and HIGH_SIDE_IN/PRE_CHARGE wiring alternative 2
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7.6.3

GVI 35 pin standalone controller typical wiring

Figure 11 shows an example wiring diagram for a motor controller that is used as a standalone
controller, with multiple 1/0 directly interfacing vehicle logic.

Figure 12 shows and example minimum connection drawing for a motor controller that is
connected to and controlled over CAN.

The GVI does not have multiple CAN pins, so if the motor controller is placed in the middle of a
CAN bus, care should be taken to minimize length of the stub lines.

If the motor controller is placed at one end of the CAN bus, the built in 120 () termination
resistor can be utilized by placing a jumper between pin 15 and pin 33.

In this example, the emergency stop button is placed in line with HS_IN->HS_OUT which
powers the main contactor. With this configuration logic power is still present when emergency
switch is operated, allowing logging/troubleshooting also with the emergency button
depressed.
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=

# Link Pin 15 CAN High (33) for termination if the GVI is the last item on the CAN bus
R1 to be fitted to reduce 12V from Sensor Supply 1 to 5V suitable for analog inputs

Figure 11 Typical wiring of GVI I/0 controller with 5V feedback sensor

NOTE

Figure 11 is a simplified and generic schematic drawing. The actual wiring in a vehicle
may differ. The feedback sensor wiring is shown as 5V to match the GVM encoder
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B+ is fitted to frame D and E GVI only

Figure 12 Minimum wiring of GVI controller with GVM and CANopen/J1939 communication

NOTE

Figure 12 is a simplified and generic schematic drawing. The actual wiring in a vehicle
may differ. The feedback sensor wiring is shown as 5V to match the GVM encoder

¥y
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7.7 Sizing and selection of on-board fuse

NOTE

An on-board fuse is not supplied with the Motor Controller. This component must be
sourced separately.

An on-board fuse (F1 in Figure 9, Figure 10Figure 11 and Figure 12) is installed between the B+
and + terminals* on each motor controller protects the motor controller and power distribution
circuit in the event of a short circuit fault in the power conversion section.

Consider the fuse accessibility for maintenance purposes when choosing location of the motor
controller.

Each motor controller must be fused against internal faults and short circuits. Instead of an
on-board fuse, a user may choose to locate this fuse remotely (i.e. at a central fuse panel). In
this configuration battery power is connected directly to the motor controller + terminal.

*B+ is a frame dependent terminal. It is not fitted to GVI Frame C products. The fuse should be
installed remotely to the GVI on frame C products.

NOTE

The fuse is not intended to protect the motor controller or motor against overloads.

Selection of appropriate fuse ratings is a system design issue and falls under the OEMs
responsibility. As a rule of thumb, the fuse shall be rated based on the motor controller’s
power output (2 min. rating) listed in chapter 13.2.

Calculate DC input current as follows:

Power output [kVA](2 min rating) x1 000
loc N = VDG

Select a fuse with rating and time delay characteristics which will carry Ioc_n indefinitely, but
blow within 2 - 3 seconds for 2 X loc_n.

Figure 13 shows typical dimensions of the fuse for on-board mounting. Buss (ANN series),
Pudenz and others manufacture fuses that satisfy the time delay and dimension requirements.
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8.7 mm
2 (11/32")
8.7 mm 22.2 mm
9 mm (11/32") (718"

9

Y
L 20.2 mm .
22 mm 20 - I = (7/8") N
i

1
mm /
I
|
32
M 61.9 mm (2 7/8")

60 mm

82 mm 81.0 mm (3 3/16")
Pos Name Pos Name
1 Pudenze 2 Buss (ANN series)

Figure 13 On-board fuse dimensions

7.7.1 Selecting washers for fuse mounting

WARNING

High current - risk of personnel injury and/or damage to
equipment

To avoid burning or overheating of the high-current terminals, the washers used for
the optional on-board fuse shall be made of tin-plated copper.

s
\

Pos Name Pos Name
1 On-board fuse 2 Washer (terminal +)
3 Washer (terminal +) 4 Washer (terminal B+)

Figure 14 On-board fuse washers
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The following issues shall be taken into consideration when selecting washers for mounting of
an on-board fuse:

m Both rectangular and circular washers can be used. Rectangular washers shall be
mounted according to chapter 10.6.2.

m The washers shall be tin-plated copper to conduct the high current and minimize
losses between fuse and terminal.

m  Washer (4) shall have same thickness as washer (3) for alignment of fuse. No current
goes through this washer (4).

m  Washer (2) serves to distribute pressure between on-board fuse (1) and washer (3). No
current flows through this washer (2).

m The washers (2, 3 and 4) are used as reinforcement for thin (weak) fuse terminals. If
fuse terminal thickness is > 2mm square washers are not necessary (on-board fuse (1)
is stable in itself).

7.8 Sizing of logic supply fuse

The logic supply fuse (F2 in Figure 9,Figure 10, Figure 11 and Figure 12) is part of the
KEY_INPUT protection, see chapter 8.3.2.

The fuse should be sized according to the number of motor controllers connected to the fuse
and to protect the cable area in the circuit and the current consumption of the KEY_INPUT.

Name Recommended value
Fuse size Slow acting fuse 6-10 A (depending on the load)
KEY_INPUT power input <15W

Table 5 Recommended values for sizing of logic supply fuse
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7.9 Main contactor

The main contactor in a vehicle functions both as a power distribution component and as a key
component in the motor controller protective interlock circuit.

During start-up (after voltage has been supplied to the KEY_INPUT of the motor controller), the
motor controller monitors the voltage of the capacitor bank. When the voltage over the
capacitor bank has reached a pre-defined level, the motor controller will indicate that it is
ready to switch on the main contactor. The motor controller may be configured to control the
main contactor directly, with the functionality described above.

De-energize the main contactor if motion is not permitted as a result of some error/fault
condition.

Selection and sizing of the main contactor circuit is the OEM’s responsibility. The following
power output vs. DC input current relationship may be used when sizing a main contactor and
associated cabling:

Output power [kVA] x1 000
loc_n = VDG

7.10 Preventing reversed polarity connection

The power terminals shall be protected against reverse polarity even though the logic pins of
the motor controller already are.

Make sure that the battery polarity is correct and do not activate the main contactor until the
capacitors are charged up to the predefined voltage. The capacitors will not charge to the
proper level if polarity is reversed.

7.11 Emergency stop switch

A manually operated Emergency Stop switch is required for most applications. When activated,
the emergency stop switch de-energizes the main contactor, removing battery power from the
power conversion section of the motor controllers.

WARNING

De-activated power section - risk of personnel injury and/or
damage to equipment

Note that when removing power in this manner the motor controller cannot stop
motion or produce any braking action.
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7.12 Motor feedback sensor

For information regarding correct motor sensor setup in the application software, refer to the
GVI Config manual 192-300303Nx.

NOTE

Care must be taken to ensure that the feedback sensor device matches the motor
controller sensor supply voltage and current (see chapter 13.4.8).

7.12.1 General
To minimize the possibility of electrical noise coupling into motor feedback sensor wires, avoid
routing cables next to conductors carrying high currents or high current pulses. Noise
immunity may also be improved by using twisted conductor cable for the motor feedback
sensor cables from motor to the motor controller.

WARNING

Incorrect wiring - risk of personnel injury and/or damage to

// \ equipment
v ALY

\ Wiring of feedback sensor and the relationship between feedback sensor vs. rotational
direction depends upon feedback sensor installation in the motor. Contact the motor
manufacturer to get the correct wiring and relationship between rotational direction
and feedback sensor signals. Swapping the channels from feedback sensor will lead

to improper motor operation.

/ CAUTION
N

\ ESD - risk of damage to equipment

K ) The motor feedback sensor may be ESD sensitive; see ESD related system design
suggestions in chapter 12.3.
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7.12.2  Sinusoidal motor speed sensor input
The sinusoidal speed sensor for synchronous motors provides position, speed and direction
feedback for the motor controller. The sinusoidal analog sensor produces a single-ended two-
phase sinusoidal wave output (see Figure 15).

Description Value

Phase shift 90°+10°
Frequency Max 300 Hz
Signal amplitude Min1Vtomax2V
Offset +2.5V 0.5V

Table 6 Sinusoidal motor speed sensor input data

5V

90°

VA Sine VB Cosine

/ N

Amplitude

Offset

oV - €1

Figure 15. Sinusoidal analog sensor signal

Connect the feedback sensor according to chapter 8.8.1.

Dynamic offset and gain adjustments (individual for each channel) are done in software to
compensate for minor changes in feedback sensor characteristics. For a new motor/feedback
sensor it is necessary to setup correct default values for amplitude and offset according to
sensor data sheet in the application software before testing the motor.
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7.13 Motor temperature sensor

A temperature sensor with a positive temperature coefficient embedded in the motor winding
provides a means for the motor controller to monitor motor temperature. Motor temperature is

used in the vector control algorithms and can also be used to protect the motor from
overheating.

The standard temperature sensor supported by the inverter is the KTY 84-130.

CAUTION
/ Incorrect wiring - risk of damage to equipment

Installation of the motor temperature sensor is done by the motor manufacturer.
Contact the motor manufacturer to get the correct wiring. If the temperature sensor
cables are not connected with the right polarity, the sensor readings will not be
correct and overtemperature protection of the motor will not work properly.

7.14 1/O interface

The 1/0 interface is described in chapter 8.
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7.15 Start-up and Commissioning

7.15.1 Configuring the motor controller for the application

WARNING

Testing vehicle parameters - risk of personnel injury/damage to
equipment

All motor controller settings and functionality have to be verified and validated by the
OEM before use in the field by an end user.

The complete range of parameter values that are updated by the truck controller (or
any other device) must also be verified and validated before use in the field by the end
user.

During the process when the parameter values are established it is of major
importance to take proper safety precautions when testing since incorrect parameter
values may jeopardize the operation of the truck’s safety critical functions.

It is the OEMs responsibility to ensure that the vehicle is configured and set up to
conform to applicable safety regulations.

Optionally, inverters shipped for OEM series production are programmed during manufacturing
with the correct parameters and do not require any further configuration. Refer to the OEM
documentation for any further setup required during vehicle commissioning.

Setting up a prototype inverter for a new vehicle, within a vehicle development program, may
require extensive parameterization and possibly also re-programming of the inverter via the
CAN bus. Refer to your local Parker application team for further assistance.

7.16 Incorporation of GVI in the vehicle safety system

This chapter provides the basic information for incorporation of the GVI in the vehicle’'s safety
system in accordance with Annex VI in Directive 2006/42/EC (the Machinery Directive).

7.16.1 Motor controller functions

The various input/output blocks and the logic block of the GVI can be used as part of the safety
function for the complete vehicle. However, they cannot, by themselves, perform a safety
function. OEM’s are responsible for ensuring that the motor controllers are used for their
intended purpose only, safe function of the system and for compliance with all applicable
regulations.

7.16.2 MTTFd

MTTFd is an extension of the MTTF calculation (mean time between failure). MTTFd is a
statistical (empirical) value defined as the expected mean time for dangerous failure (d for
dangerous in MTTFd). This value does not imply a guaranteed operating life or a failure-free
time. Table 7 contains both MTTF and MTTFd values for different functions in the GVI.

The typical values of MTTFd in annex C of ISO 13849-1:2015 are used for calculation of the
MTTFd for Parker's equipment.
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7.16.2.1 How to apply MTTFd calculations in an application
Any function in an actual application consists of more than one block. Schematically, a function
can be illustrated as in Figure 16.

nput block i Output block
MTTFd = a MTTFd = ¢

Figure 16 Principle illustration of a function

The MTTFd for a function as illustrated in Figure 16 is calculated as:

MTTFd =

al+b’

+c!

7.16.2.2 Travel and brake control
Performance according to EN 1175-1:1998 + A1:2010 chapter 5.9.4 Pulse control travel systems
and 5.9.5 Prevention of travel (i.e. according to ISO 13849-1 Category 2, Performance level c).

switch
monitoring

Speed
sensor

Jpen drain
output
monitoring

Figure 17 Travel and brake control
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7.16.2.3 MTTF and MTTFd values for different functions
The external interfaces are shown schematically in Figure 17. Table 7 contains calculated

MTTFd for different functions in the motor controller for Category 2 architecture, see 1ISO
13849-1 chapter 6.2.5.

Functions MTTFd [years] MTTF [years]
Input blocks

Digital input 17081 8 540

Analog input 9487 4743

Encoder input 5028 2514

Logic block

Logic MCU1 1082 541

Output block

Open Drain output 7 350 3675

Logic block TE (test equipment)

Logic MCU2 N/A 716
Output block OTE
High side switch N/A 1125

Non-safety blocks

Sensor Supply N/A 1984
DC/DC N/A 167
CAN N/A 842
Motor current measurement N/A 4228
Motor temperature sensor interface N/A 2096
Power stage M N/A 27
Power stage L N/A 12

Table 7 MTTF and MTTFd values for different functions

NOTE

MTTF for complete GVI Frame D is calculated to 18 years and for GVI Frame E 9 years
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7.16.2.4 Power stage

7.16.3

Although the power stage is an important block in the basic functionality of a motor controller,
it has not been considered in all the MTTFd calculations on the grounds that faults in the power
stage will not lead to a dangerous fault.

It is an inherent trait of AC motor controllers that hardware failures in the power stage do not
cause uncontrolled acceleration in the motor. Instead, the motor is de-energized when the
power stage is in failure mode. When designing a system around an AC motor controller
though, it is important to ensure that is doesn’t result in a dangerous situation in the
application when the motor loses power. As an example, a system shall not depend 100 % on
the motor controller to provide emergency braking power in a vehicle that must be brought to a
stop to ensure the safety of it. In such a case, some redundant braking mechanism must also
be installed.

Default parameters, EEPROM considerations

The EEPROM memory needs special considerations regarding safety. Most failures in the
EEPROM will cause the data contained in it to be corrupt.

At startup a checksum is calculated for the parameters in each EEPROM segment. The
checksum is compared to the checksum that was stored at last EEPROM wrrite. If the two
checksums do not match, it is assumed that the parameters contained in the EEPROM are not
valid, and default parameters are loaded from flash memory instead.

During normal operation, the EEPROM is only used for storing time-counters, error log details,
etc. RAM memory is used to contain parameters used for operation.

A system design where the motor controller is utilized must ensure that loading of default
parameters from a flash memory doesn’t cause a dangerous failure in the system.

NOTE

According to EN 1175-1:1998 + A1:2010 chapter 5.9.11 Parameter:

At startup of the vehicle, it is recommended that the truck master reads the EEPROM
parameter checksum from the motor controller and checks its validity.
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8.1

I/O interface description

Refer also to chapter 13.4.

Mating connector specification

Parker recommends the use of crimp pins suitable for for wire size 0.5-1.5 mm. A harness strain
relief shroud should also be fitted. Unused pins can be blanked off using cavity plugs if preferred to
maintain IP rating. The harness side (plug) connector comprises the below parts:

I/O harness side connector for GVI inverter: TE Ampseal 776164-1

I/O harness side connector strain relief: TE Ampseal 776463-1

Female pins for wire size 0.5-1.5 mm : TE Ampseal 770520-1
Blanking plug (for unused pin holes) : TE Ampseal 770678-1

m]
m]
m]
m]

Refer to TE Connectivity Product Specification 108-11329 and Application Specification 114-16016 for
assembly instructions of the harness side (plug) connector. http://www.te.com
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I/0 interface description

8.2 GVI /O Interface pinout

1 2 &
@ik (Oury L S )Y ’47: <€)
e 13148 158 168 178§

PU IR L R L SRS PSR N R O

24 525506878 8% 298

’

&% '¢,~f:"f o754 OIL',i. o")/:

Pin Name Chapter Pin Name Chapter
1 OPEN_DRAIN_OUT_5 8.9 19 DIGITAL_IN_2 8.4
2 DIGITAL_IN_7 8.4 20 ENCODER_IN_2B (N/C) 8.8
3 KEY_INPUT 8.3 21 CAN_LOW 8.14
4 OPEN_DRAIN_OUT_1 8.9 22 ANALOG_IN_2 8.7
5 SENSOR_SUPPLY_1 (+12V) 8.12 23 DIGITAL_IN_3 (mode) 8.4
6 SENSOR_SUPPLY_GND 8.12 24 OPEN_DRAIN_OUT_4 8.9
7 ENCODER_IN_1A 8.8 25 OPEN_DRAIN_OUT_3 8.9
8 ENCODER_IN_1B 8.8 26 MOTOR_TEMP+ 8.11
9 ENCODER_IN_2A (N/C) 8.8 27 MOTOR_TEMP- 8.11
10 CAN_GND 8.14 28 HIGH_SIDE_IN/PRE_CHARGE 8.10
1 DIGITAL_IN_4 (Mode) 8.4 29 HIGH_SIDE_OUT 8.10
12 DIGITAL_IN_1 8.4 30 DIGITAL_IN_6 (ID_2) 8.4
13 OPEN_DRAIN_OUT_6 8.9 31 SENSOR_SUPPLY_GND 8.13
14 ANALOG_IN_1 8.8 32 SENSOR_SUPPLY_2 (+5V) 8.12
15 CAN_120R 8.14 33 CAN_HIGH 8.14
16 OPEN_DRAIN_OUT_2 8.9 34 DIGITAL_IN_8 8.4
17 ENCODER_IN_1C 8.8 35 DIGITAL_IN_9 8.4
18 DIGITAL_IN_5 (ID_1) 8.4

Figure 18 GVI 1/0 Connector Pinout

40 (90) 192-300300N3 30.03.2021



192-300300N3 GVI Frame C, D and E

8.3 Key_Input

8.3.1

8.3.2

Function

The KEY_INPUT supplies battery voltage to the motor controller for its logic circuitry. The
vehicle start Key Switch often controls power to the KEY_INPUT, as shown in Figure 11 and
Figure 12. The KEY_INPUT voltage is monitored.

Protection
CAUTION
//\ Inrush current - risk of damage to equipment
f \ The Key Switch connected to the KEY_INPUT must handle the short inrush current

spike to the ESD protection capacitors. The current peak is depending on the external
circuit and wire.

The KEY_INPUT is protected against reverse polarity with a diode and has a capacitance to B-
for ESD protection and other filtering. This capacitance may give a high current spike at
KEY_INPUT depending on the external circuit.

An internal resistor reduces the inrush current to the DC/DC main capacitor at KEY_INPUT.
During the DC/DC startup, ripple current is drawn from the Key Switch line.

For fuse F2, shown in Figure 11 and Figure 12, see chapter 7.8.
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8.4 Digital input

841 Function

The digital inputs are intended for connection to +/B+ via a switch, as seen in the example in
Figure 11. Dependent on the mode selected (see chapter 8.6) the digital inputs shall either
control the GVI in I/0 control, or are available in the CAN object dictionary to be read by the
master controller as general purpose inputs.

NOTE

For critical functions where good diagnostic coverage is necessary, using two digital
inputs for plausibility check is recommended. For example, use of both normally open
and normally closed switches.

8.4.2 Protection

The Digital Inputs have a capacitor to B- for ESD protection.

8.4.3 Circuit

DIGITAL_IN

7>

R1 R1 100k
I 10n R2 10n
GVI model R1 R2
GVI-024
2.7k 2.7k
GVI-048
GVI-080
10k 6.8k
GVI-096

Figure 19 Schematic of the Digital input circuit

8.5 ID_PIN_1 and ID_PIN_2 inputs

8.5.1 Function

Digital input 5 and Digital input 6 are by default used for hardware 1D configuration, enabling up to
four identical GVI inverters to be connected to the same CAN network.

Hardware Digital Input Wiring CANOpen Node ID J1939 Source
ID Address

0 None 6 0xC8 (200dec)

1 HW_ID1 (pin 18) to B+ 7 0xC9 (201dec)

2 HW_ID2 (pin 30) to B+ 8 OXCA (202dec)

3 HW_ID1 (pin 18) to B+ & HW_ID2 (pin 30) to B+ 9 OXCB (203dec)
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Table 8 ID_PIN_1 and ID_PIN_2 function

8.5.2 Protection
ID_PIN_1 and ID_PIN_2 inputs have a capacitor to B- for ESD protection. The input is protected
against unintentional connection to +/B+ and B-.

NOTE

The ID_GND pins are not protected against short circuit to +/B+.

8.5.3 Circuit

= {17 | >

DIGITAL_IN :
R1 R1 i 100k
T 10n R2 T 10n
Model R1 R2
GVI 24V
2.7k 2.7k
GVI 48V
GVI 80V
10k 6.8k
GVI 96V

Figure 20 Schematic of the ID_PIN input circuit
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8.6 Interface Mode Select

8.6.1 Function
Digital input 3 and Digital input 4 are by default used to select one of three modes of operation, as
shown in Table 9

Digital Input 3 Digital Input 4 Interface Mode
0 (pin 23) 0 (Pin 11) CAN open

1 (pin 23 to B+) 0 (Pin 11) CAN open

0 (pin 23) 0 (Pin 11 to B+) J1939

1 (pin 23 to B+) 0 (Pin 11 to B+) 1/0 Control

Table 9 Interface mode selection by digital inputs

8.6.2 Protection
Digital input 3 and Digital input 4 have a capacitor to B- for ESD protection. The input is
protected against unintentional connection to +/B+ and B-.

NOTE

The ID_GND pins are not protected against short circuit to +/B+.

8.6.3 Circuit

= {1 | >

DIGITAL_IN s
R1 R1 l 100k
T 10n R2 T 10n
Model R1 R2
GVI 24V
2.7k 2.7k
GVI 48V
GVI 80V
10k 6.8k
GVI 96V

Figure 21 Schematic of the ID_PIN input circuit

8.7 Analog Inputs

8.7.1 Functions
The analog inputs are for application use, such as speed or brake potentiometers. Analog
inputs are connected to an Analog to Digital Converter (ADC).
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The Analog inputs may also be used as extra Digital inputs. The ADC-value is then used to
indicate input status. As an example: A switch supplied from +/B+ is connected to an analog
input.

8.7.2 Protection

Analog inputs are +/B+ and B- protected and have a capacitor to B- for ESD protection.

8.7.3 Circuit

Risk of injury and/or damage to material - missing data input
If an analog input is used as a speed reference to the motor controller, a system safety
strategy must be defined.
The application software must take care of analog input errors such as “out of range”,
“wire short circuit”, and “wire disconnected”.

The SENSOR_SUPPLY_GND connector pin is the ground reference for the analog
inputs.

The SENSOR_SUPPLY _GND must NOT be connected to B- externally; severe noise
problems or motor controller damage may occur.

+3.3V

ANALOG_IN )———— . -'—9%> ANA_IN
47k 10k
T 10n 18k T

Figure 22 Schematic of the Analog input circuit
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8.8 Encoder input

8.8.1

8.8.2

Function
The encoder inputs are multi-function inputs that can be used in different modes:
m Active low digital input (with internal pull-up activated). Note: the inputs shut down if
the input voltage exceeds 5 - 8 V
m Active high digital input
Analog input
The encoder inputs can be used as general purpose I/0 pins, but are primarily designed to
interface motor feedback sensors.

The encoder connections are named with numbers for feedback sensors and letters for
channels (A, B and C, see Table 10 Encoder pin connections

m Analog (SinCos) sensor : 2 x analog inputs (A, B)

Motor Feedback 1/0 pin
sensor
1 1 ENCODER_IN_1A (SIN)

ENCODER_IN_1B (COS)
ENCODER_IN_1C (N/C)

Table 10 Encoder pin connections

Examples of connections are shown in Figure 11 and Figure 12.
The internal pull-up is activated by software settings. Threshold level for low signal is 2 V and

the max usable frequency of an open-drain type encoder is 20 kHz.

ENC1 pull-up is controlled from the main MCU. ENC2 pull-up is controlled by the supervision
MCU. ENC2 is not used and is hard-wired to pull-up type.

Protection
Encoder inputs are protected against +/B+, B-, and ESD.
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8.8.3 Circuit
/\ WARNING
/ \ Electric noise - Risk of personnel injury/damage to equipment
[ ) To minimize risk of electric noise causing disruptions of encoder signals, separate
encoder cabling from motor power cables or e.g. electric brake actuation wiring.
\( +5.0V
PULL_UP_ENABLE
AD%> ANA_IN
470R
ENC_IN ) - 2] 3 O > DIGLIN
20k
A 22V
== 1n B+ H24k =— 470p
protection
100k T 100n

Figure 23 Schematic of the Encoder input circuit

8.9 Open Drain Output

8.9.1

Function
Open Drain outputs can be used for operating services such as the main contactor, relay,
hydraulic valves, parking brake, etc.

The Open Drain outputs may work in different modes depending on the expected behavior of
the connected load. The operating modes are:

On/Off

Voltage control (Pull/Hold)
Current control
Open-loop PWM control

In order to utilize the built-in free-wheeling diodes, loads connected to OPEN_DRAIN_type B
(see Figure 25) must be supplied from the HIGH_SIDE_IN, while the loads connected to
OPEN_DRAIN_type A (see Figure 25) must be supplied by HIGH_SIDE_OUT. Recommended
wiring of loads, utilizing redundant shut-off capability of the high side switch, is shown in Figure
25.
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NOTE

Care must be taken to not connect one OPEN_DRAIN_type A load to HIGH_SIDE_|IN at
the same time as another OPEN_DRAIN_type A load is connected to HIGH_SIDE_OUT
since both loads still could be powered even if the High-side switch or
OPEN_DRAIN_OUT is switched OFF.

If a OPEN_DRAIN_type A load is connected to HIGH_SIDE_IN and the High-side switch
is OFF an error message would occur since there would be voltage on
HIGH_SIDE_OUT even when the High-side Switch is OFF.

In case the vehicle design does not allow usage of the built-in free-wheeling diodes, i.e. if the
return path integrity cannot be guaranteed in all situations, external free-wheeling diodes must
be applied over the inductive loads controlled by the open drain outputs.

Open drain output # ON/OFF control PWM control Closed loop
current control

1,2 Yes Yes Yes

34 Yes Yes No

5,6 Yes No No

Table 11 Open drain functionality

PWM frequencies are settable. The setting will apply to all PWM outputs. PWM shall only be
used for inductive loads such as relays, contactors, motor brakes or hydraulic valves.

Each “open loop PWM” output can be voltage controlled with separate pull and hold voltage
software parameters.

The current measurement can be used as open-load and overload detection. Each output has
individual hardware for short circuit detection and rapid shut off to prevent damage to the
circuit.

Refer to chapter 13.4.5 for current measurement range. The current is only measured when
the Open drain MOSFET is ON, see circuit in Figure 24 Schematic of the Open Drain Output
circuit. Current measurement offset error is compensated in software.

When using current control it is possible to add dithering by giving the current a low frequency,
low amplitude oscillating waveform.

Dithering is typically used when controlling proportional valves to create microscopic
movements in the valve to prevent it from “sticking”. Successful dithering improves the valve
response for small changes.

Set value Hz

250 125 83 62 50 41
Table 12 Dithering frequency in fixed steps
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8.9.2

The dithering frequency and current amplitude are adjustable. Actual dithering amplitude is
dependent on load inductance, dithering frequency and current control regulator parameters
i.e. P-gain and I-gain.

On PDO error OPEN_DRAIN 1, 3 and 5 are switched off, the others are not affected by PDO
errors.

Protection

The Open Drain outputs are protected against inductive discharge with internal freewheeling
diodes to HIGH_SIDE_OUT/IN, internal short circuit detection and a capacitor to B- for ESD
protection.

The Open Drain outputs are not protected against reverse polarity of the battery. A way to avoid
this failure mode is to activate the contactor only after the voltage over the DC-bus capacitors
has reached the accepted pre-charge level (see picture in chapter 8.10.1).

NOTE

When driving inductive loads on PWM Open drain outputs there must always be a path
for the current to the freewheeling diodes. Do not connect any switch or fuse in series
with the diode.
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8.9.3 Circuit

CAUTION
Overvoltage sensitive equipment - risk of damage to equipment

Internal free-wheeling diodes are provided to protect the motor controller from
overvoltage at inductive load.

For OPEN_DRAIN_type A (see Figure 25); internal free-wheeling diodes are connected
to the HIGH_SIDE_OUT pin.

For OPEN_DRAIN_type B (see Figure 25); internal free-wheeling diode s are
connected to the HIGH_SIDE_IN pin.

Ensure that inductive loads are connected such that the path for the free-wheeling
diode is always intact (see chapter 8.10.1), or use an external free-wheeling diode if
this is not possible.

Use of brushless fan or other loads with built-in capacitor can give high inrush current
when turned ON, which will give an Open Drain overcurrent trip. The inrush current
must be below the Open Drain peak current.

HIGH_SIDE_IN HIGH_SIDE_OUT
P
N 1wl N
High-side
switch

( OPEN_DRAIN_OUT_type B*
Internal

A voltage
measurement

j_ ( OPEN_DRAIN_OUT_type A*

.

ANA_IN < 0.15R '_19

i 4.7n
ANA_IN <& @ 0.075R

|

* See Figure 25

Figure 24 Schematic of the Open Drain Output circuit
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8.10 HIGH_SIDE_IN and HIGH_SIDE_OUT

8.10.1 Function

/\ High current - risk of damage to equipment
/ \ Keep Cable length from +/B+ to HIGH_SIDE_IN as short as possible. High current on
d Y Open drain outputs with PWM can cause ripple voltage on the HIGH_SIDE_IN and
HIGH_SIDE_OUT.

Ripple current must be less than 2 A continuous.

In addition to the Open drain outputs there is also a high side switch for critical safety
functions, providing redundancy to turn OFF the Open Drain loads. If an Open drain output is
short circuited, it is possible to turn OFF the High side switch to disconnect load. The High side
switch is automatically switched on, as soon as the DC bus is charged.

The High side switch has a maximum output current. The high side switch has only ON/OFF
control.

Voltage to power the loads driven should be applied to the HIGH_SIDE_IN pin, and the load
should be connected between HIGH_SIDE_OUT and an open drain output as shown in Figure
25. The figure shows the two types of HIGH_SIDE_IN/OUT (type A and B).

| HIGH_SIDE_IN
X —<

|_
11 !
| HiGH_SIDE_ouT

It

N |
|
| OPEN_DRAIN_OUT_type A
I\.
D | OPEN_DRAIN_OUT type B

I\

Input
power

=l

internal ; External
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OPEN_DRAIN_1 OPEN_DRAIN_OUT type A

OPEN_DRAIN_2 OPEN_DRAIN_OUT _type A

OPEN_DRAIN_3 OPEN_DRAIN_OUT type A

OPEN_DRAIN_4 OPEN_DRAIN_OUT type B

OPEN_DRAIN_5 OPEN_DRAIN_OUT _type B

OPEN_DRAIN_6 OPEN_DRAIN_OUT_type B
Figure 25 Open drains 1 - 6

High Side In voltage has a minimum required value for correct function (see chapter 13.4.6). A
voltage below this value will shut down the High side output and indicate short circuit detection
(needs to be handled in the application). The HIGH_SIDE_OUT voltage is monitored and the high
side in is monitored by a digital input.

The GVI has an internal pre-charge PTC-resistor with a series diode connected between
HIGH_SIDE_IN and the capacitor bank. The inrush current limiting resistance can be activated
and deactivated in the motor controller software.

8.10.2 Protection

Internal hardware short circuit detection and a capacitor to B- on input and output are provided
for ESD protection.

8.10.3 Circuit
OPEN_DRAIN_OUT_type A)* S>—ppp————

OPEN_DRAIN_OUT_type B* 3 >t e
el
) .~
HIGH_SIDE_IN ) High-side HIGH_SIDE_OUT
switch
k3 /l#) 10n
” Pre-charge +3.3V H Ra I
switch ("|ke
10n == @i
0O > DIG_IN ANAIN <
B+ N 22
R2 Power
‘T‘ capacitors
* See Figure 25
GVI R1 R2 R3 R4
GVI 24V 5.4k 2.7k 6.6R 22k
GVI 48V 5.4k 2.7k 11R 47k
GVI 80V
GVI 96V 10k 6.8k 22R 82R
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Figure 26 Schematic of the High side Switch

8.11 Motor temperature measurement input

8.11.1 Function
Motor temperature sensor input for measurement of the motor winding temperature. The input
is optimized for temperature sensors KTY84 with 1 000 ) @ 100 °C or PT1000 with 1000 Q @ 0
°C, see chapter 7.13.
8.11.2 Protection
The input is +/B+ protected. Input capacitors provide ESD protection and filtering of signal.
8.11.3 Circuit
MOTOR_TEMP+ —— araN
- - (Led)
J— 10n 5
+
I — protection
MOTOR_TEMP- ——1+——
22V
i
iRal
10n [
10n 100k B+ . 1.65k
protection

Figure 27 Schematic of the MOTOR_TEMP input circuit

8.12 Sensor Supply Output

8.12.1

8.12.2

Function

Supply for external motor speed sensors and for analog inputs. The sensor supply output
current is monitored in order to detect if a load is connected. SENSOR_SUPPLY_GND pin shall
be used for ground reference.

Protection
Sensor supply output is over current protected with a thermal shut down and protected against
accidental connection to +/B+ with a diode.
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8.12.3 Circuit

SENSOR_SUPPLY_GND >

S S C SENSOR_SUPPLY
10k 10k PR OVis3y 1 100n
47k I

ANA_IN < > ANALN  ANA IN <&
_L100n _L’IOOn

AT T I R

Figure 28 Schematic of the Sensor Supply Output circuit

8.13 Sensor Supply GND

8.13.1 Function

/ CAUTION
A

Do not use this GND connection for units supplied from +/ B+ or other sources.

Ground Reference for analog sensors and sensors supplied from SENSOR SUPPLY output, i.e.
potentiometers and feedback sensors.

In sleep mode, the external sensors supply current consumption will be reduced by
disconnecting the SENSOR_SUPPLY_GND pin from the ground reference.

NOTE

The diode from the SENSOR_SUPPLY_GND will protect the sensor supply load from
reverse polarity when the SENSOR_SUPPLY_GND disconnects the load ground
reference in Sleep mode.

8.13.2 Protection

SENSOR_SUPPLY_GND is +/B+ protected with a MOSFET switch, which also used for Sleep
mode. When short circuit current is detected, the MOSFET switch is turned off.
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8.13.3 Circuit

/ SENSOR_SUPPLY_GND must NOT be connected to B- externally - severe noise
problems can be the result.

SENSOR_SUPPLY_GND must NOT be used as supply ground for +/B+ supplied units.

SENSOR_SUPPLY <% K7 (SENSOR?SUPPLY?GND

= 20n

Figure 29 Schematic of the Sensor Supply GND circuit

8.14 CAN

NOTE

Error frames counter is available in the motor controller and is a good help for
diagnostic of the CAN bus noise immunity.

8.14.1 Function

WARNING
/ Incorrect use of isolation - risk of personnel injury

Isolation is only for increased noise immunity when running high current to the motor.
The isolation must not be used for safety i.e. CAN_GND and B- shall be externally
connected together in one point in the vehicle system.

Isolated CAN bus interface with Opto-couplers and internal +5 V supply from isolated DC/DC.
Communication circuits with common-mode filter (choke and capacitor).

Physical Interface according to ISO 11898-2.
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The CAN driver gives maximum amplitude on the CAN_HIGH to CAN_LOW signal.

Ground reference for CAN, CAN_GND, must be routed together with CAN_HIGH and CAN_LOW
in the CAN-bus to avoid communication problems. There is no internal connection between
CAN_GND and B- except for ESD protection and EMC suppression components.

NOTE

Using units with +3.3 V CAN drivers in this type of application with high current motor
controllers is not recommended. The noise margins will be reduced and there will be
high risk for CAN error frames in the CAN system.

8.14.1.1 CAN_120R
CAN-cabling shall use a pair of twisted wires for CAN_HIGH and CAN_LOW wires.

The CAN-cabling shall have a characteristic impedance of 120 () and both physical ends of the
CAN Bus shall be terminated with 120 () between CAN_HIGH and CAN_LOW for best possible
noise immunity.

The motor controller has an internal 120 () termination resistor connected between CAN_LOW
and CAN_120R pin. To activate internal termination, CAN_120R shall be connected to
CAN_HIGH with a jumper in the vehicle wire harness.

8.14.2 Protection
Protected against +/B+, B- and ESD.

8.14.3 Circuit

- - - -~ -~ - -~ """ """"""">"¥">/>"¥”/\"”/-—"""™"\"”/"»"”"/-“"“"“~"“"“"“"“““““"7 1
: 5V Isolated CAN | 120R
| T CAN 120R :
|
——( CAN_L
crut 3> OFTO L trxp ca @ 8’ s S
CPU2 L 1TXD N . I
2> & < M T ' C CAN_H
51pH == 100p I
" foon !
—— = 100
470R 22p _,_ 22p ¥ p " . :
. : —( CAN_GND
|
|
|
|
|
|

Figure 30 Schematic of the CAN circuit
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9 Monitoring

9.1 General

In this chapter some standard monitoring features of the motor controller are described. The
behavior of some monitoring features may be modified to fit a specific application.

9.2 Temperature monitoring

The motor controller continuously monitors the power stage temperature and the motor
temperature. The purpose of the temperature monitoring is to avoid damage to the motor
controller or motor caused by high temperatures. An application must be designed such that
the motor controller or motor stays within the normal operating temperature for normal
operation of the vehicle. An elevated temperature can be a sign that something is amiss in the
application, for example that the cooling fans have stopped working.

9.2.1 Power stage monitoring
To protect the power stage from damage, the GVI will reduce the available power at
temperatures outside the normal operating temperature range as seen in Figure 31, and the
motor controller will shut down completely at 110 °C.

CAUTION

Operation at reduced power - risk of damage to equipment and/or
malfunction

Operation of the inverter at reduced power is meant as a ‘limp home’ opportunity for a
limited time only. Operation for longer periods of time outside normal operating
temperature will reduce the lifetime of the inverter and may also cause malfunction of
the GVI. See also chapter 7.3.

100 %

375 %

Available power

-40 -20 0 Temperature [°C] 85 110

Figure 31 Available power as a result of power stage monitoring
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9.2.2 Motor winding monitoring
100 %

60 %

37.5%

Available power

t2 1 0 Temperature t t

Figure 32 Available power as a result of motor winding monitoring

To protect the motor from damage, power will be reduced at temperatures outside the normal
operating temperature range as seen in Figure 32, and the motor controller will shut down
completely at t. Temperatures ti, t2, t-1, and t-2 are configurable in the application software.

9.3 Motor current Monitoring

m  Current measurement for V and W motor-phase, calibrated to +10 %.
m  Overload and short circuit protection.

9.4 Voltage monitoring

Voltage monitoring data GVI 24V GVI 48V Gvi 80V GVI 96V

Voltage measurement range 0-33.6 0-67.2 0-112 0-134.4

[V +5%]

Overvoltage trip [V +5%)] 33.6 67.2 112 134.4
Battery voltage range 20.4-26.4 40.8-52.8 68-88 84.6-105.6
[V £0.5%]

Table 13 Voltage Monitoring data

9.5 CANopen PDO timeout monitoring

There is a CAN communication watchdog timeout for CANopen PDO monitoring, default
timeout value is 50 ms.

9.6 Pre-charge timeout monitoring

During power up, the filter capacitor bank must be pre-charged within 10 sec (default value).
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10 Installation and maintenance instructions

10.1 Introduction

This chapter contains general instructions for installation and maintenance of the GVI inverter.
Fasteners and tightening torques for mounting of the GVI inverter must be specified in
accordance with Chapter 7. Fasteners for connection of the terminal posts on the motor
controller must be specified according to chapter 10.6.

The actual procedures for installation and maintenance of the motor controller in a specific
vehicle may vary from what is presented here or include additional steps. It is the responsibility
of the vehicle manufacturer to develop detailed instructions for installation and maintenance of
the GVI in the target vehicle.

CAUTION
//\ Sensitive equipment - risk of damage to equipment

\ The motor controller contains no user adjustable or user replaceable components
beneath its protective cover. Do not remove the cover.

[

Do not clean the motor controller using high-pressure water.

NOTE

The maintenance instructions in this chapter are general-purpose procedures that do
not address vehicle-specific requirements. Personnel performing maintenance should
consult the vehicle manufacturer’s instructions, which always supersede the
instructions in this document.
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10.2 Periodic inspection & preventive maintenance

The recommended periodic preventive inspection and maintenance for the motor controller
and associated components are minimal. Parker recommends that the below are performed
regularly. Refer also to chapter 3.

WARNING

High voltage - risk of electric chock

Disconnect the battery power supply before starting any work on the vehicle.

WARNING

High voltage - risk of personnel injury and/or damage to
equipment

To prevent personnel injury and protect the GVI from possible damage due to voltage
transients, the inverter’s internal filter capacitors shall be discharged as described in
the instruction below. Do not short the +/B+ to B- terminal as this may cause an arc.

WARNING

Hot surfaces - risk of personnel injury

After operation of the motor controller, the heat sink may be too hot to touch. Allow it
to cool before performing any maintenance work on the motor controller.

CAUTION

Water sensitive equipment - risk of damage to equipment

Do not clean the motor controller using high-pressure water.

1. Wait 5 minutes for the internal filter capacitors to self-discharge, or apply a 1000 (10W)
resistance between +/B+ and B- terminals for 15 seconds to discharge the filter
capacitors. Check that the voltage between +/B+ and B- is below 10V DC.

Check screw torque at terminal posts according to the values in chapter 10.6.
Inspect and, if necessary, remove dirt and debris from the fins of the motor controller
heat sink to ensure cooling performance is maintained.

4. Reconnect the battery power supply.
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10.3 Replacement of on-board fuse

//\

e\

WARNING
High voltage - risk of electric chock

Disconnect the battery power supply before starting any work on the vehicle.

WARNING
High voltage - risk of personnel injury and/or damage to
equipment

To prevent personnel injury and protect the GVI from possible damage due to voltage
transients, the inverter’s internal filter capacitors shall be discharged as described in
the chapter 10.2. Do not short the +/B+ to B- terminal as this may cause an arc.

WARNING
Hot surfaces - risk of personnel injury

After operation of the motor controller, the heat sink may be too hot to touch. Allow it
to cool before performing any maintenance work on the motor controller.

Replace the on-board fuse according to chapter 10.6.

10.4 GVIremoval

N\

>

WARNING
High voltage - risk of personnel injury and/or damage to
equipment

To prevent personnel injury and protect the GVI from possible damage due to voltage
transients, the inverter’s internal filter capacitors shall be discharged as described in
the chapter 10.2. Do not short the +/B+ to B- terminal as this may cause an arc.

WARNING
Hot surface - risk of personnel injury

After operation of the motor controller, the heat sink may be too hot to touch. Allow it to
cool before performing any maintenance work on the motor controller.
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/ CAUTION
/ \ ESD - risk of damage to equipment

Connecting both the motor controller heat sink and the frame of the motors to the
chassis of the truck is recommended for EMC and ESD purposes.

Disconnect the battery power supply.
Wait 5 minutes for internal filter capacitors to self-discharge, or apply a 100Q (10W)
resistance between +/B+ and B- terminals for 15 seconds to discharge the filter
capacitors. Check that the voltage between +/B+ and B- is below 10Vdc.

7. Depress locking latch on I/0 connector housing and remove mating connector from the
motor controller.

8. Mark the power cables to the terminals on the GVI (Table 15) in order to reconnect
them properly again.

9. Remove the power cables from the +/B+, B-, U, V and W terminals.

10. Remove the screws securing the motor controller to the vehicle.

M8 demounting hole/
Figure 33 Demounting hole and slot

11. GVIframe D and E:
Use the M8 demounting hole to release the motor controller from vehicle body.
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10.5 GVl installation

\ WARNING

High voltage - risk of electric chock

Disconnect the battery power supply before starting any work on the vehicle.

y, WARNING
/ \ Electric arc - Risk of personnel injury and/or damage to
f \j equipment

Do not short the +/B+ to B- terminal as this may cause an arc.

\ CAUTION
ESD - risk of damage to equipment

Connecting both the motor controller heat sink and the frame of the motors to the
chassis of the truck is recommended for EMC and ESD purposes.

NOTE

Orientation of the motor controller is the OEM’ responsibility. See Chapter 7.4.

~

1. Verify that the item number stated on the motor controller label is correct for the
application.
For flat heat sink version, apply thermal grease evenly over the heat sink surface.
Mount the motor controller to the vehicle body and tighten the screws slightly. See
chapter 10.5.1 for recommended screws.

4. Tighten the screws. Applied torque must be defined by OEM according to material used
in vehicle body.

5. Insert mating I/0 connector plug to the motor controller.
Perform initial start-up according to the procedure described in chapter 10.7.1.
Connect the power cables to the terminals (Table 15) on the motor controller according
to chapter 10.6.

8. Reconnect the battery power supply.
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10.5.1

Assembly material for GVI mounting

The following sub-chapters describe recommended assembly materials (not included with
product) for mounting of the different GVI models.

Drilling pattern for the GVI mounting holes is shown on the GVI mechanical product drawing.

Screws and nuts (when used) for the different GVI models are specified in Table 14.

WARNING

High current - risk of personnel injury and/or damage to

/ equipment
/ \ quip

i \ To avoid burning or overheating of the high-current terminals, ensure that:

] The correct torque is applied to screws or nuts at production.
[ ] The proper mounting screw length is used in installations with threaded
studs.

2
Pos Name Pos Name
1 Screw 2 Washer
L Length of screw (1).

The depth of thread in the vehicle body should be at
least 1.5 x @ mm. For calculation of L, see heat sink
dimensions in chapter 13.5.2

Figure 34 Principle illustration of assembly materials

Pos Name Characteristics Pieces

1 Screw MC6S M6 x L (see Fehler! Verweisquelle konnte nicht 4
gefunden werden.), 8.8 fzb (DIN 912),
MRT M6 x L, 8.8 fzb,
T30 (DIN 7985) or equivalent (1/4 UNC)

2 Washer BRB 8.8 HB 200 fzb (DIN125A) 4

- Thermal grease Electrolube HTC or Dow Corning 340, approximate 9 grams -

Table 14 Assembly materials for GVI

64 (90)

192-300300N3 30.03.2021



192-300300N3 GVI Frame C, D and E

10.6 Connecting terminal posts

WARNING

High current - risk of personnel injury and/or damage to
equipment

To avoid burning or overheating of the high-current terminals, ensure that the correct
torque is applied to screws or nuts at production, and that proper screw length is
used.

WARNING

High current - risk of personnel injury and/or damage to
equipment

To avoid burning or overheating of the high-current terminals, the washers used for
the optional on-board fuse shall be made of tin-plated copper.

NOTE

The motor connections (U, V, and W) are not interchangeable and shall be connected
to the corresponding terminals on the motor.

NOTE

Make sure that the battery polarity is correct and do not activate the main contactor
until the capacitors are charged up to the predefined voltage. The capacitors will not
charge to the proper level if polarity is reversed.

The following sub-chapters describe recommended assembly materials (not included with
product) for the different motor controller models.

Table 15 describes the power terminal connections on the motor controller.

Terminal name Description

B+ Frames D and E only: Terminal for on-board fuse (optional). There is no
connection to internal circuitry from this terminal.

+ Positive supply to the power stage. (When external fuse is used connection is
made directly to this terminal.).

B- Battery negative terminal.

U, Vv, w Motor U, V, W - phase terminal.

Table 15 Motor controller power terminal connections
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Terminals with threads
Figure 35 shows the assembly order for the terminal connection fasteners.

10.6.1

NOTE

Mount the optional on-board fuse according to chapter 10.6.2 if rectangular washers

are used. Circular washers can also be used.

6 1

\f\! L/f/

Pos Name Frame C Frame D Frame E
1 Screw for terminal B+ (for M6 x L M8 x L M8 x L
optional on-board fuse) Screw engagement Screw engagement Screw engagement
[1 piece] 8-12.5 mm 12-16 mm 8-12 mm
Tightening torque Tightening torque Tightening torque
8+1NmM 15+2 Nm 15+ 2 Nm
2 Flat washer ISO 708912 x6.4x 1.6 - 1SO 7089 16 x 8.4 x 1SO 7089 16 x 8.4 x
[6 pieces] 200 HV or similar 1.6 - 200 HV or 1.6 - 200 HV or
similar similar
3 Ring lug 6.5 mm hole diameter for 8.5 mm hole 8.5 mm hole
[5 pieces] battery and motor diameter for battery diameter for battery
connections and motor connection  and motor
connection
4 On-board fuse (optional) Not applicable OEM’s responsibility. ~ OEM'’s
[1 piece] See chapter 7.7.1 responsibility. See
chapter 7.7.1
5 Washer (for optional on- Not applicable Tin plated copper Tin plated copper
board fuse) washer washer
[3 pieces]
6 Screw for terminals U, V, M6 x L M8 x L M8 x L
W, B- and + Screw engagement Screw engagement Screw engagement
[5 pieces] 8-12.5 mm 28-32 mm 12-19 mm
Tightening torque Tightening torque Tightening torque
8+1Nm 15+2Nm 15+ 2 Nm
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Figure 35 Fasteners for terminal posts with threads

NOTE

On GVI Frame D, the first part of the screw holes for terminals U, V, W, B- and + is
non-threaded (see Figure 36).

Pos Name Pos Name

1 Terminal (U, V, W, B- and +) 2 Terminal B+

La Length (non-threaded) = 11.5 mm Lb Length (threaded) = 21 mm
Lc Length (threaded) =6 mm

Figure 36 Thread lengths in screw holes for terminals on GVI Frame D

10.6.2 Placement of rectangular washers for on-board fuse
The optional on-board fuse is described in chapter 7.7. and is applicable to GVI frames D and E.

This chapter describes how to place rectangular washers for mounting of the on-board fuse on
the terminal posts of the motor controller. Circular washers can also be used.

Orient the

rectangular

washers as

shown in the

picture to the

right. P TT T T 1
- Wrong: Washer l
| interferes with fuse |

Washer shall | fnierie |

honlv th . boady ifrectangular |

touch only the | washer is incorrectly |

conductive I rotated 90°. !
1 1

forks ofthe . TTTTTTTTmmmmmEEOT
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fuse, not the
fuse body.

Figure 37 Correct and incorrect placement of rectangular washer for optional on-board fuse

10.7 Start-up and commissioning

This section presents a general procedure for startup and verification of a GVI following
installation in a vehicle.

The GVI is a software configurable device. In a CAN slave system, some or all aspects of the GVI
setup and operation may be managed by a vehicle master controller communicating over the
CAN bus.

Built-in diagnostic functions monitor battery voltage, heat sink temperature, motor
temperature, and other conditions. Error and warning information is available to the master
controller, and all event information is stored in an event log for service access. (See chapter 3)
The event log provides additional information as well as procedures for pinpointing and
eliminating causes for warning and error conditions.

WARNING
Testing vehicle parameters - risk of personnel injury/damage to
equipment

Wiring errors, improper setup, or other conditions may cause the vehicle to move in
the incorrect direction or at the incorrect speed.

Take necessary precautions to prevent injury to personnel or damage to equipment
before applying power for the first time.

10.7.1 Checks before initial power up

Perform the following checks before applying power to a motor controller for the first time:

1. Verify that the proper GVI for the application has been installed. Verify that the vehicle
battery voltage matches the motor controllers Nominal DC Supply Voltage rating listed
on the product identification label (Figure 7).

2. Verify that the correct software for the application has been loaded into the GVI.

3. Verify that all power and signal wiring to the GVI is correctly connected. Refer to
chapter 10.6 for power connections.

4. \Verify that connections to battery and motor terminals are tightened with appropriate
torque (chapter 10.6).

5. Verify that the control 1/0 plug is fully mated and latched into position with the mating
connector on the GVI.

6. Verify that the GVI is correctly fused for the application. Refer to the vehicle
manufacturer’s maintenance documentation for the correct fuse size.
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For traction applications, raise up or otherwise disable drives wheels to prevent the
possibility of unexpected vehicle motion or motion in the wrong direction during initial
commissioning. For hydraulic applications, open the valve to prevent the possibility of
excess pressure build-up (in the event of a pressure relief valve malfunction).
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10.7.2  Verifying motor controller readiness for operation

The following procedure can be used to verify that a GVI is functional and able to communicate
over CAN bus.

1. Apply logic power to the GVI by applying battery power to KEY_INPUT.
Verify that the LED status indicator (see chapter 11.1) on the GVI lights steadily in on
condition.

3. Iftheindicator is flashing or off, it indicates an error/warning or other fault condition
within the GVI (see chapter 3).
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11 Troubleshooting

Refer to the relevant EPF file for a complete and product-specific error list for the specific GVI.

11.1 LED status indicator

The LED status indicator (Figure 8) informs about the current state of the motor controller
according to Table 16.

LED status indicator Drive condition

appearance

off GVl is not powered, or powered but not functional.

On (steady light) GVl is fully operational with no error condition.

Blinking very slowly (0.1 Hz) Sleep mode is activated.

Blinking slowly A warning condition is active. This may cause the GVI to reduce
1 sec—— maximum available output power to the motor.

On

Blinking rapidly An error condition is active. This may cause the GVI to shut down output

1o on power to the motor.
MU o

Intermittent blinking GVl is in software boot mode, caused either by an on-going software

1seo— download or by missing or corrupt application software.
On
— T o

Table 16 LED status indicator
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12 General considerations for system design

CAUTION

Inappropriate design and assembly - risk of damage to equipment

Follow the design and assembly guidelines in this manual to avoid damage to the
equipment.

In the following section some common causes for issues in a system are listed, together with
general information about how to avoid them through proper system design.

12.1 1/O and signal cables

m Physically separate power cables from signal cables. As a rule of thumb a minimum
separation of 100 mm is necessary.

m Do not connect any signal ground to the vehicle frame, (even if it is allowed in a
24V system according to EN1175-1).

m Verify noise levels on analog and digital inputs with different functions in operation
running (traction, hydraulics etc.).

m Very high currents may circulate between motor controller and battery. Even if cables
are dimensioned correctly, this may lead to a significant voltage drop between motor
controller B- terminal and negative terminal on the battery. This means that there may
be voltage differences between GND references of different units in a control system.
Therefore, connecting all wires of sensors supplied by the motor controller directly to
the intended GVI I/0 connector pins is strongly recommended.

m  Consider alternative paths for I/0 cables to find the one that generates least noise
(EMC).

m To avoid damage to PCs or other external instrumentation connected to the mains
network, use a galvanic isolated CAN interface.

12.2 Power cables

m  Keeping the cable length between KEY_INPUT and battery is less than 10 m is
recommended.

m To avoid burning or overheating of the high-current terminals, ensure that the cable
connection has been made according to chapter 10.6, and that the correct torque has
been applied to screws or nuts. If the power cables are not connected properly, excess
heat will be generated that could damage both the motor controller and other
equipment in the vehicle.

m Ifawasher is used between cable-lug and terminal, it must be made of copper.
Otherwise overheating may occur.

m Use sturdy ring lugs made from a tube (see Figure 38), not from a plate.

72 (90) 192-300300N3 30.03.2021



192-300300N3 GVI Frame C, D and E

Figure 38 Ring lug made from tube

m Parker recommends cable type Huber+Suhner Radox 155(S) with EMI screen.

= Motor and battery cables must be thermally dimensioned to match the power of the
motor controller and the motor. The European standard EN1175-1 (A 3.7) requires that
the battery connector parts shall withstand 90 °C. It is recommended as a minimum
that all cables are chosen to withstand this temperature.

m Cable selection depends on the cable construction, so refer to the cable manufacturers
technical documentation to choose wire sizes.

m All high voltage cables shall be shielded.

m The cable area shall be selected to match the 1 hour rating of the application, EN1175-
1(5.10.2). The rating of a chosen cable diameter will vary between manufacturers and
shall consider derating for installation method and ambient temperature.

m As an alternative to unwieldy, heavy gauge cables, two thinner cables in parallel can be
used. The total area of the thinner cables shall exceed the area of the large cable.

12.3 Electromagnetic Compatibility (EMC)

Figure 39 Example of copper braids for grounding of motors

m In order to minimize potential EMC issues, both inverter and motor must have good
electrical connection to the vehicle frame. A low ohm connection for high frequency
(EMC), between inverter heat sink and vehicle frame, is achieved by clamping the heat
sink firmly to an unpainted part of the vehicle frame and/or connecting the heat sink to
the frame with a tinned copper braid (Figure 39)

If an electric motor is placed on rubber dampers, or mounted on a plastic tank, the
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motor housing must be connected to vehicle frame with a tinned copper braid to
ensure good electric connectivity.

Battery (positive and negative) cables shall be routed in parallel to each other and close
together. If they are routed in different directions they could create a loop that leads to
EMC issues. Motor cables shall also be routed in parallel and clamped to the vehicle
frame, to avoid them acting as antennas for EMC. If motor cables must be routed in the
air, a metallic plate or a cable connected to the frame could reduce the EMC if placed
in parallel with the motor cables.

To consider at customer’s production: If a separate battery on a cart is used, connect
the frame of the cart to the frame of the truck to avoid different charge levels on truck
frame and battery. Different levels may damage the unit or motor.

The GVI has an internal resistor (>10 MQJ to prevent build-up of excessive static
electricity between frame and battery. The resistor is connected to battery minus and
to the vehicle frame through the GVI heat sink.

12.4 Start-up & Turn-off Sequences

The electrolytic capacitor bank of the motor controller unit must be charged. The time
required to charge the capacitor is monitored and an error is set if it takes longer than
the set limit for charge time-out (default value is 10 seconds).

If an external pre-charge circuit is used, required charging time and number of units in
parallel should be taken into account when dimensioning the circuit. DC bus
capacitance values for the GVI models are found in Table 17 DC bus capacitance values

Check how the master controller handles normal turn on/off of the units in the system.
No error codes should be saved during normal sequences.

GVI model DC bus capacitance [lF]
GVI-C024-0350 24000
GVI-C048-0280 10 880
GVI-D024-0550 TBA
GVI-D048-0450 15 640
GVI-D048-0550 17 680
GVI-D080-0230 4590
GVI-D080-0350 6210
GVI-D080-0400 7020
GVI-D048-0550 24 480
GVI-D096-0230 TBA
GVI-D096-0350 TBA
GVI-D096-0400 TBA
GVI-E048-0700 21760
GVI-E080-0500 8 640
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GVI-E080-0700 12 420
GVI-E096-0500 6480
GVI-E096-0700 8640

Table 17 DC bus capacitance values

12.5 Motor

m  Check that the motor phase cables are correctly connected to U, V & W
m If the motor runs only at slip-speed or oscillates, check the speed-sensor wires.
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13 Product Specifications

13.1 General

Description Value

Supported motor types Synchronous AC (PMAC)

Switching frequency 4,8,12, 16 kHz

Operating stator current frequency 0-599 Hz

Control modes Speed (rpm), Torque (Nm), Current (ARMS) or
Voltage (VDC)

Communication CAN (CANopen, J1939)

Connector AMP SEAL 23-pin

Operating temperature -40 °C to + 55 °C (-40 °F to +131 °F)

Storage temperature -40 °C to +85 °C (-40 °F to +185 °F)
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13.2 Current and power output ratings

GVI model Nominal DC Rated current  Rated Rated Rated power
supply voltage (S22 min) current power (S2 1h)
[V DC] [ARMS]** (S21h) (S2 2min) [KVA]***
[ARMS]*** [KVA]**
Frame C
GVI-C024-0350 24 350 150 10 4
GVI-C048-0280 48 280 120 17 7
Frame D
GVI-D024-0550 24 550 275 16 8
GVI-D048-0450 48 450 225 27 13
GVI-D048-0550 48 550 275 32 16
GVI-D080-0230 80 230 115 23 11
GVI-D080-0350 80 350 175 34 17
GVI-D096-0230 96 230 115 27 14
GVI-D096-0350 96 350 175 41 21
GVI-D096-0400 96 450 180 47 21
Frame E
GVI-E048-0700 48 700 350 41 21
GVI-E080-0500 80 500 250 49 25
GVI-E080-0700 80 700 350 69 34
GVI-E096-0500 96 500 250 59 29
GVI-E096-0700 96 700 350 82 41

** 2 minute rating at 8 kHz switching frequency and 25°C ambient temperature.

*** 1 h rating at 8 kHz switching frequency, 40°C ambient temperature, and 6 m/s air flow through finned heat sink (not supplied)
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13.3 DC supply voltage ratings

GVI Model Nominal DC Operating Instantaneous Instantaneous
supply voltage range min. (<100 ms) max. (<105s)
[VvDC] [VDC] [VDC] [VDC]

GVI-x024 24 16 - 32 12 34

GVI-x048 48 33-63 24 68

GVI-x080 80 50 - 104 40 112

GVI-x096 96 56 - 125 48 134

** 2 minute rating at 8 kHz switching frequency and 25°C ambient temperature

134 I/O Interface technical data

1341 Key input

Description Value
Function
Inrush current (reduced by internal resistor) <3A

The current ripple peaks may initially exceed 5 A.

Circuit

Capacitor (B-) for ESD protection Approximately 20 nF
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13.4.2 Digital inputs
Refer to Figure 19

Description Value
Function
Threshold level for logic low <2V
Threshold level for logic high >10V
Maximum input voltage +/B+
Circuit
Input impedance
GVI 24 - 48V 8.1 +0.5 k0
GVI 80V 27 1 k0
GVI 96 V 40 +2k0
Input capacitance (ESD protection) 10 nF
Analog inputs
Refer to Figure 22
Description Value
Function

Analog to Digital Converter

12 bit ADC, input range 0-5V

Maximum input frequency 100 Hz

Circuit

Input impedance 65 k0

Input capacitance (ESD protection) 10 nF
13.4.4  Encoder input

Refer to Figure 23

Description Value

Function

Threshold level for Low <2V

Analog to digital converter connection

12 bit ADC, input range 0-5V

Circuit

Input impedance (pull-down) 44k Q)
Internal pull-up to +5V (SW controlled) 470 Q)
Input capacitance (ESD protection) 1nF
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13.45 Open drain output
Refer to Figure 24
Description Value
Function
Open drain output continuous (hold) current 2 A (Opendrainl, 2, 3)
1 A (Open drain 4,5, 6)
Open drain output peak (pull) current (max 200ms) 4 A (Opendrain 1, 2, 3)
2 A (Open drain 4, 5, 6)
PWM frequency setting interval 1-16 kHz
Voltage measurement Opendrain 1, 2, 3
Current measurement and control
Current measurement 0 - 5.4 A with 12 bit resolution (Open drain 1, 2, 3)
0 - 2.7 A with 12 bit resolution (Open drain 4, 5, 6)
Dithering current amplitude up to 20% of reference value
Recommended PWM Duty cycle for closed loop > 15% for best accuracy
current control
Circuit
Capacitor (B-) for ESD protection 4.7 nF
13.46 High side in and out
Refer to Figure 26
Description Value
Function
High_side minimum input voltage +10V
High side switch maximum output current 6 A continuous
Maximum allowable ripple current 2 A continuous
Circuit
Capacitor for ESD protection 10 nF
13.4.7 Motor temperature measurement input

Refer to Figure 27

Description Value
Circuit

Internal voltage reference +3.0V
Input impedance 1.65 k0
Difference voltage measurement gain 2.2
Input capacitance 10nF
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13.4.8

13.4.9

Sensor supply
Refer to Figure 28

Description Value
Sensor supply 1 +12V
Sensor supply 2 +5V
Maximum output current 75 mA

Table 18 Sensor supply

CAN

Refer to Figure 30
Description Value
Function
Internal supply 5V

Data rate 125, 250 or 500 kbit/s
CAN driver supply +5V

Circuit

Capacitor (B-) for ESD protection 1nF

Termination resistor 120 Q

13.5 Physical characteristics

1351 Weight
Weight accuracy is + 10 % depending on actual product configuration.
GVI Size [Kdl
Frame C 2.3
Frame D 2.5
Frame E 4.8
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13.5.2 Dimensions

13.5.2.1 GVIFrame C
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13.5.2.3 GVI Frame E
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GVI Size HxWxL
[mm]
Frame C 12.5x 200 x 150
Frame D 23 x 200 x 150
Frame E 23 x 200 x 235

Figure 40 Width (W) and length (L) of heat sinks

13.5.3 Surface requirement

For all GVI frames, the mounting surface in the vehicle shall fulfill this requirement for full
rating according to chapter 13.2.

GVI Frame Tolerance Roughness

All models /7 0.1/200x150 mm 1V6/
Ra 1.6

Table 19 Roughness and flatness requirement
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13.6 Environmental testing & standards appliance

136.1 General

Subject Standard
Protection class IP65 Test IEC 60529 (with mating connector installed)
Standard UL 583 and EC declaration of incorporation of partly

completed machinery according to EN1175-1

13.6.2 Temperature

Subject Standard

Cold storage -40 °C, 16 hours IEC 60068-2-1 test Ad
Dry heat storage +85 °C, 16 hours IEC 60068-2-2 test Bd
Cold operation -40 °C, 16 hours IEC 60068-2-1 test Ad
Dry heat operation 65 °C, 16 hours IEC 60068-2-2 test Bd
Change of temperature -40 °C to 65 °C, 20 cycles IEC 60068-2-14 test Na

13.6.3 Humidity

Subject Standard
Humidity steady-state 85 % Rh 85 °C, 500 hours IEC 60068-2-78 test Cab

Composite temperature/humidity cyclic test -10 °Cto  IEC 60068-2-38 test Z/AD
+65 °C
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13.6.4

13.6.5

13.6.6

Mechanical tests

Subject Standard
Random vibration accelerated life EN 60068-2-64 test Fh
Frequency Acceleration PSD
[HZ] [92/Hz]
5 0.02
8 0.025
14 0.2
25 0.05
100 0.05
200 0.04
250 0.03
275 0.075
350 0.02
500 0.02
Total g RMS 4.5
Duration 50 h in each direction

The drive was in operation during the test

Bump 25 G 2 500 positive and 2 500 negative half sine pulses
with acceleration of 25 g, pulse length 6 ms for all 3
octagonal axis, tested as described in EN60068-2-27
Test Ea

Shock 50 G 5 positive and 5 negative half sine pulses with
acceleration of 50 g, pulse length 6 ms for all 3
octagonal axis, tested as described in EN 60068-2-27
test Ea

Subject Standard

Emission According to EN12895, Industrial Trucks (radiated

emission test EN 55022 class B)

Immunity 27 -1 000 MHz 20V/m

EN 61000-4-3

ESD 8 kV contact 15 kV air discharge

EN 61000-4-2

Electrical fast transient /burst

EN61000-4-4 level 2

Isolation
Subject Standard
GVI 24-48V According to EN 1175-1 and UL 583

B- terminal to heat sink
500 Vac (50 Hz/60 Hz)

GVI 80-96 V

According to EN 1175-1 and UL 583
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B- terminal to heat sink
1200 Vac (50 Hz/60 Hz)
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Declaration of Incorporation

14 Declaration of Incorporation

Parker Hannifin Manufacturing Germany GmbH & Co KG

Robert-Bosch-Strale 22 Tel.: +49 (0) 781-509-0

D-77656 Offenburg Fax.: +49 (0) 781-509-98176
DECLARATION OF INCORPORATION

DocuMenT: Dol010-R1.0 - DECLARATION OF INCORPORATION GVI DEF.poCX

www.parker.com/eme

Manufacturer Parker Hannifin Manufacturing Germany GmbH & Co KG
Address Robert-Bosch-StraBe 22

77656 Offenburg

Germany

declares under sole responsibility compliance of the following products
Product GVI Mobile Inverters
Product name GVIFramesC,D & E

Complies with the provisions of the following standards related to Machinery Directive 2006/42/EC. Essential
requirements in the directive that apply to the partially completed machinery are documented in a Technical
Construction File (TCF) including references to all relevant technical documentation in accordance with part B of
Annex VIl. The TCF and all relevant documentation can, in response to a reasoned request by the national
authorities, be sent in electronic or paper form.

The partly completed machinery must not be put into service until the final machinery into
which It Is to be incorporated has been declared in conformity with the provisions of this Directive.

Applied harmonized standard:

EN 1175-1:1998+A1:2010

Safety of industrial trucks. Electrical requirements.
General requirements for battery powered trucks

Complies with the provisions of the following standards related to EMC Directive 2014/30/EU
Applied harmonized standard:

EN 12895:2015

Industrial trucks — Electromagnetic compatibility

-
O e /
Offenburg, 22. Marz 2021 &7 C A e
PPN 3 . . Sy P
Frank Durban, Division Marketing & Engineering Manager {4
Page 10f2

Parker Hannlfin GmbH Commerzbank Offenburg Geschiftsfithrung:
Silz Bielefeld HRB 35489 BLZ 664 400 84 Dr.-Ing. Hans-Jirgen Has, Achim Kohler, Kirsten Stenvers, Kees Verast
USt-1dNr.: DE 122 802 922 Konto-Nr. 45019 1200 Vorsitzender des Aufsichtsrates: Dr-Ing Gerd Scheffel
Steuernammer: 5349 5747 1543 BIC/Swift-Code: COBADEFF

TBAN DE95 6644 0084 0450 1912 00
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Parker Hannifin Manufacturing Germany GmbH & Co KG
m Robert-Bosch-Strale 22 Tel.; +49 (0) 781-509-0
D-77656 Offenburg Fax.: +49 (0) 781-509-98176 www parker.com/eme
APPENDIX: ORDER CODE FOR EU DECLARATION OF
INCORPORATION OF PARTLY COMPLETED MACHINERY

DOCUMENT: DoI010-R1.0 - DECLARATION OF INCORPORATION GVI DEF.poCX

Order Code
1 23 45,6 7,8 9
Order Example GVI - co24 - 035051 - S00 - G0000
1 Product Familiy 5 Package
GVI Global Vehicle Inverter S Single
2 Frame Size 6 Serles
C Frame Size C 1 Series 1
D ~ Frame Size D 7  FeedbackType
E Frame Size E S Sin/Cos Encoder
3 Nominal DC Supply 8 Reserved
024 24V DC 00
048 48V DC 9  Special Option
080 80V DC GO0000 Global Specification
096 96V DC EQ000 European Specification
a Current Rating NOOOO North American Specificatic
24VDC Nominal Voltage
0350 350A Frame C
0550 5504 Frame D
48VDC Nominal Voltage
0280 280A Frame C
0450 450A Frame D
0550 550A Frame D
0700 700A Frame E
80VDC Nominal Voltage
0230 230A Frame D
0350 350A Frame D
10400 400A Frame D
0500 S00A Frame E
0700 700A Frame E
96VDC Nominal Voltage
0230 230A Frame D
0350 350A Frame D
0400 400A Frame D
0500 500A Frame E
0700 700A Frame E
)
f
Offenburg, 22. Mérz 2021 “ /{ 2
Frank Durban, Division Marketing & Engineering Manager s
Page 2 of 2
Parker Hannifin GmbH Commerzbank Offenburg Geschiiftsfilhrung:
Sutz: Biclefeld HRB 35489 BLZ 664 400 84 Dr-lng Hans-diirgen Haas, Achim Kohler, Kirsten Stenvers, Keoes Veraart
USt.-IdNr,; DE 122 802 922 Konto-Nr. 450 19 120 Vorsitzender des Aufsichtsrates: Dr -log. Gerd Scheffel
Steuemummer: 3349 §747 1543 BIC/Swift-Code: COBADEFF

TRAN DE95 6644 0084 0450 1912 00
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Parker Worldwide

Europe, Middle East, Africa

AE - United Arab Emirates,
Dubai

Tel: +971 4 8127100
parker.me@parker.com

AT - Austria, St. Florian
Tel: +43 (0)7224 66201
parker.austria@parker.com

AZ - Azerbaijan, Baku
Tel: 4994 50 2233 458
parker.azerbaijan@parker.com

BE/NL/LU - Benelux,
Hendrik Ido Ambacht
Tel: +31 (0)541 585 000
parker.nl@parker.com

BG - Bulgaria, Sofia
Tel: +359 2 980 1344
parker.bulgaria@parker.com
BY - Belarus, Minsk

Tel: +48 (0)22 573 24 00
parker.poland@parker.com

CH - Switzerland, Etoy
Tel: +41 (0)21 821 87 00
parker.switzerland@parker.com

CZ - Czech Republic, Klecany
Tel: +420 284 083 111
parker.czechrepublic@parker.com

DE - Germany, Kaarst
Tel: +49 (0)2131 4016 0
parker.germany@parker.com

DK - Denmark, Ballerup
Tel: +45 43 56 04 00
parker.denmark@parker.com

ES - Spain, Madrid
Tel: +34 902 330 001
parker.spain@parker.com

Fl - Finland, Vantaa
Tel: +358 (0)20 753 2500
parker.finland@parker.com

FR - France, Contamine s/Arve
Tel: +33 (0)4 50 25 80 25
parker.france@parker.com

GR - Greece, Piraeus
Tel: +30 210 933 6450
parker.greece@parker.com

HU - Hungary, Budaérs
Tel: +36 23 885 470
parker.hungary@parker.com

IE - Ireland, Dublin
Tel: +353 (0)1 466 6370
parker.ireland@parker.com

IL - Israel
Tel: +39 02 45 19 21
parker.israel@parker.com

IT - Italy, Corsico (M)
Tel: +39 02 45 19 21
parker.italy@parker.com

KZ - Kazakhstan, Almaty
Tel: +7 7273 561 000
parker.easteurope@parker.com

NO - Norway, Asker
Tel: +47 66 75 34 00
parker.norway@parker.com

PL - Poland, Warsaw
Tel: +48 (0)22 573 24 00
parker.poland@parker.com

PT - Portugal
Tel: +351 22 999 7360
parker.portugal@parker.com

RO - Romania, Bucharest
Tel: +40 21 252 1382
parker.romania@parker.com

RU - Russia, Moscow
Tel: +7 495 645-2156
parker.russia@parker.com

SE - Sweden, Borés
Tel: +46 (0)8 59 79 50 00
parker.sweden@parker.com

SK - Slovakia, Banska Bystrica
Tel: +421 484 162 252
parker.slovakia@parker.com

SL - Slovenia, Novo Mesto
Tel: +386 7 337 6650
parker.slovenia@parker.com

TR - Turkey, Istanbul
Tel: +90 216 4997081
parker.turkey@parker.com

UA - Ukraine, Kiev
Tel: +48 (0)22 573 24 00
parker.poland@parker.com

UK - United Kingdom, Warwick
Tel: +44 (0)1926 317 878
parker.uk@parker.com

ZA - South Africa, Kempton Park
Tel: +27 (011 961 0700
parker.southafrica@parker.com

192-300300N3 GVI Frame C, D and E

North America

CA - Canada, Milton, Ontario
Tel: +1 905 693 3000

US - USA, Cleveland
Tel: +1 216 896 3000

Asia Pacific

AU - Australia, Castle Hill
Tel: +61 (0)2-9634 7777

CN - China, Shanghai
Tel: +86 21 2899 5000

HK - Hong Kong
Tel: +852 2428 8008

IN - India, Mumbai
Tel: +91 22 6513 7081-85

JP - Japan, Tokyo
Tel: +81 (0)3 6408 3901

KR - South Korea, Seoul
Tel: +82 2 559 0400

MY - Malaysia, Shah Alam
Tel: 460 3 7849 0800

NZ - New Zealand, Mt Wellington
Tel: 464 9 574 1744

SG - Singapore
Tel: +65 6887 6300

TH - Thailand, Bangkok
Tel: +662 186 7000

TW - Taiwan, Taipei
Tel: +886 2 2298 8987

South America

AR - Argentina, Buenos Aires
Tel: +54 3327 44 4129

BR - Brazil, Sao Jose dos Campos
Tel: +55 800 727 5374

CL - Chile, Santiago

Tel: +56 2 623 1216

MX - Mexico, Toluca
Tel: 462 72 2275 4200

EMEA Product Information Centre
Free phone: 00 800 27 27 5374
{from AT, BE, CH, CZ, DE, DK, EE, ES, FI, FR, IE, IL,

IS, IT, LU, MT, NL, NO, PL, PT, RU, SE, SK, UK, ZA)

US Product Information Centre
Toll-free number: 1-800-27 27 537

www.parker.com

Your local authorized Parker distributor
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