MUCIEES e
L g¥ g w

Innovation in energy storage

MG Master HV

- Manual -

MGMHV800300 and MGMHV800500

MG Energy Systems B.V.

MG Master HV 800V / 600A

Hattery manag

- MG

—AO

» 4 Chargers/Loads »

Version: 2.1
Date: 07-05-2020

MG Energy Systems B.V. | Foeke Sjoerdswei 3 | 8914 BH Leeuwarden | The Netherlands

+31 (0)58 750 89 47 | info@mgenergysystems.eu | www.mgenergysystems.eu




M EHEE?TJ?L?IH:!S : Innovation in energy storage

Copyrights © 2020 MG Energy Systems B.V.
All Rights Reserved

This publication or parts thereof, may not be reproduced in any form, by any method, for any
purpose.

For conditions of use and permission to use this manual for publication in other than the English
language, contact MG Energy Systems B.V..

MG ENERGY SYSTEMS B.V. MAKES NO WARRANTY, EITHER EXPESSED OR IMPLIED, INCLUDING BUT

NOT LIMITED TO ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR

PURPOSE, REGARDING THESE MG ENERGY SYSTEMS B.V. PRODUCTS AND MAKES SUCH MG ENERGY
SYSTEMS B.V. PRODUCTS AVAILABLE SOLELY ON AN “AS IS” BASIS.

IN NO EVENT SHALL MG ENERGY SYSTEMS B.V. BE LIABLE TO ANYONE FOR SPECIAL, COLLATERAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF PURCHASE
OR USE OF THESE MG ENERGY SYSTEMS B.V. PRODUCTS. THE SOLE AND EXCLUSIVE LIABILITY TO MG
ENERGY SYSTEMS B.V.., REGARDLESS OF THE FORM OF ACTION, SHALL NOT EXCEED THE PURCHASE

PRICE OF THE MG ENERGY SYSTEMS B.V. PRODUCTS DESCRIBED HERE IN.

MG Energy Systems B.V.. reserves the right to revise and improve its products as it sees fit. This
publication describes the state of this product at the time of its publication and may not reflect the
product at all times in the future.

MG Energy Systems B.V. | Foeke Sjoerdswei 3 | 8914 BH Leeuwarden | The Netherlands

+31 (0)58 750 89 47 | info@mgenergysystems.eu | www.mgenergysystems.eu




N (5 ENERGY SYSTEMS
wation | ay L @

Innovation in energy storage

TABLE OF CONTENTS
L1 GENERAL ettt ettt et e e e e ettt et e e e e e e bbb ee e e e e e e e st rteeeeeeee e e brraaeeeeeeenannrnes 6
1.1 [ TeTolU T g V=Y ol oY1) o Y P SRSP 6
1.2 Terms, definitions, and abbreviations ...........eooeciiei i 6

2 SAFETY INSTRUGCTIONS. .. .eeitteittertteiite et ettt ettt st ettt et e bt e s b e sae e st e et e e bt e sbeesseesanesabeeabeeneennes 8
2.1 Safety message level definition ..o i s 8
2.2 User health and Safety ... saaee e 8
2.2.1 GENETrAl PrECAULIONS . ...iiii ittt e ittt e e e e e see e e e sbee e e s sbae e e e sbee e e esabeeeesnarenas 8
2.2.2 Qualifications and trainiNg.......ccveiiiriiiii e 8
2.2.3 NON-COMPIANCE FISKS ...t ae e e s rae e e e naeeaean 9
2.2.4 Unacceptable modes of Operation .......cc..eeeeciiieeeiiiee e e 9

3 TRANSPORT, STORAGE, AND UNPACKING......cccctertirterieeieeiteesiee st site sttt sbeesmee st eee e s 10
3.1 L1 41 o Lo T ST RTNN 10
3.2 (0] =1L PP PUPTPTPTPTPTPPPPRPPRt 10
3.3 L1 0T o =Tl {1 o =PSRRI 10
33.1 Y ole] 0Tl e Xl L= F1VZ<T o USSRt 10

4 GENERAL DESCRIPTION ...cuttiitteitteetteeteeteesteesttesttesate st et e bt esbeesbeesaeesatesateenbeesbeesaeesaeesabesabeenseennes 11
4.1 B o N 0= o A (= o PR 11
4.2 Battery system COMPONENTS ......uueeiiii s 11
4.3 Battery management CONLIOIIEN ......coiviiiiiiie e e 11
4.4 (ST Ta Yot o) aF=1 e (Yol o1 o) 1o o O RUPR 11

5 DEVICE MODELS ...ttt ettt sttt ettt e b e s bt e sat e sat e sabe et e e bt e sbeesmeeeaeeenteentean 13
5.1 Y oY =] O OO OSSO P RO PP TPURUPPTUPRUPON 13
5.2 1dentification 12D ........o it 13

6 CONNECTIONS. ...ttt ettt st st sttt e bt e b e s st e s et e sane e bt e b e e s neesmeesmeeenneenneen 14
6.1 GENEIAI OVEIVIEW ..ttt sttt ettt et s e sttt e r e r e s meesmeeeaneennees 14
6.2 Detailed CONNECLION OVEIVIEW ......eiiuiiiiiiieiie ettt ettt sttt e b e saeesaee e 15
6.2.1 Logic I/0 and power supply connector details .........cccocveceeveenieniisceece e 15
6.2.2 CAN-bus cONNECOr details.......cceeieeiiiiiiiie e 17
6.2.3 POWET CONNECLONS ...viiiiiiiiiiiiiiiiciiii e 18
6.2.4 Equipotential bonding Point ........ccuveiieiiii s 19

7 OPERATION ..ottt st sttt ettt sttt e bt e s bt e s bt e s at e sabe e bt e b e e s meesmeesmeeenneenneen 20
7.1 MG Master HV block SCheMatiC.....cceiiiiiiiiiieeeeeee ettt 20
7.2 Theory Of OPEIAtION ......uiii et e e e e ettt e e e e ba e e e s ataeeeeaabaeeeeannseeaann 21

MG Energy Systems B.V. | Foeke Sjoerdswei 3 | 8914 BH Leeuwarden | The Netherlands

+31 (0)58 750 89 47 | info@mgenergysystems.eu | www.mgenergysystems.eu




N (5 ENERGY SYSTEMS
wation | ay L @

Innovation in energy storage

7.3 Battery PACK STALES...ciii e ee e e s nreeas 21
7.3.1 INItIAlIZATION STALE.....ei it 22
7.3.2 (0] o1 =Y d o] o -1 ISRt 22
7.3.3 (D10 o TU I olo] o] o[ Yot 4 o= - IR 22
7.3.4 DC-bUS CONNECLEA STALE ....eotieieeieeriierte et 23
7.3.5 FailSafe SEAtE .eeiueieiiieeie e s s 23

7.4 High-voltage iNterloCK 100D ... .uuii i e e 23

7.5 L g =T == oYY o o JE N 24

7.6 SEAtUS INAICATION .eeeiiiieiieiee ettt sttt et e b e s b s e e s 24

7.7 Master HV boundary HMiS .......ooocciieieeiee ettt vae e e aree e e e 25
7.7.1 External auxiliary power supply (24 VDC) ..ococuueeeecieee ettt e et 25
7.7.2 Internal power SUPPIY (12 VDC) . ..oiiiiieeciieeiee ettt eee et te e et e e saae e s aae e eanas 25
7.7.3 Battery pack VOILAZE ..cc..vieiiciiee ettt 25
7.7.4 POSItive DC-DUS VOITAEE. ....ccc it e et e e e 25
7.7.5 Negative DC-DUS VOIAZE .....ccueeieeeeee ettt e e et e e e 26
7.7.6 2 LY AV o T Yol (ol U o =] o | SRR 26
7.7.7 PCBA Master temMPerature ... ... . s 26
7.7.8 Bottom plate Master tEMPErature .......ccceeevciiieeeiiiiee e 26
7.7.9 Pre-charge resistor tEMPErature ... 27
7.7.10  Private CAN-bus communication timeoULt .........ceeieriiiniiiniiiiiee e 27
7.7.11  Public CAN-bus communication tiMEOUL.........cccuerieiiierienierie e 27
7.7.12  Pre-charge DC-DUS .....ooo ettt e et e e e tte e e e e e e e eareeas 27
7.7.13  Internal CAN-bUS POWET SUPPIY .eeeeeeieeiiiiie e 27
7.7.14  Diagnostic CAN-bUS POWET SUPPIY ..oveiiiiiiiiiiiiie et e 27

8  INTEGRATION REQUIREMENTS AND INSTRUCTIONS .....oiiiiiiieiieniiereeeic e 28

8.1 RISK @SSESSMENT ...ttt ettt ettt ettt e b e s bt e sbe e sae e eate e beesbeesaeesanenas 28
8.1.1 Y T a1 =R o o] ToF 1 4 o o S 28

8.2 [T or=1 o o T PSR PPPROT 28

8.3 Connections and COMMUNICAtION ...ouviriiriiiiieieeree ettt 28
8.3.1 POWET CONNECLION ...eeiiiiiiiiiciiiitcc e e 28
8.3.2 BMS CAN-DUS CONNECTION ...uieiiiiiieieeiiie ettt sttt sttt sre e s s e 29
8.3.3 EMS CAN-DUS CONNECLION ..ttt ettt s 30

O INSTALLATION ettt ettt ettt e e e e ettt e e e e e e e et e e e e e e e e nabeeteaeeeeaaansseeeeeeeaesannssneaeaaeesanan 31

9.1 INStAllatioN PrOCEAUIES .....cii e e et e e s bae e s s abae e s e rabeee e easeeas 31

MG Energy Systems B.V. | Foeke Sjoerdswei 3 | 8914 BH Leeuwarden | The Netherlands

+31 (0)58 750 89 47 | info@mgenergysystems.eu | www.mgenergysystems.eu




M (5 ENERGY SYSTEMS .
vatian | ay g

Innovation in energy storage

9.2 Y ToT0 g N aT Y=o o Tol=To [V TSR OPR 31
9.3 Equipotential bonding CONNECLION......cccviiiiiiiie e s 33
9.4 Electrical conNECtioN ProCERAUIE .......ciiciiiiiecee et e e e e eabre e e e 33
9.4.1 Logic I/0 and power sUPPIY CONNECLION .....ccveevveeireeeieerecreeete e ereeeveeereeeteesaeeeane e 33
9.4.2 CAN-buUs cONNECLION PrOCEAUIE .....ccevieeeeciieee ettt e et e e e e rtee e s sraeeeeeanes 34
9.4.3 Power conNEction ProCEAUIE ....ciccviiii ittt ettt sree e e e s bee e e s sbee e e s sareeas 36

10 SERVICE ...ttt et ettt e e e e e s ettt e e e e e s s s asbe e e e e eeeesassbeaaeeeeessaannneeeaeeas 38
O T R AV - 110 =T o I= 1o Lol O SPPRRPOT 38
10.1.1 CONNECLIONS ..eeviiiiiiiiieiiiiitect ettt s b e e st e e s s ba e e s sarae s 38
TS 0 1 1Y o 11 =P 38
0 B T - -4 To 1) o (ot 3PNt 38
F0.2. 1 STATUS ettt sttt ettt et st st b e r e s re e s et e n e e r e e reesaeesane e 39
10.2.2  EVENEIOZEING .uiiiiiiiiiie ettt ettt e s e s be e e e s abe e e e s be e e e e nabeee e enreeas 39
0T8T U T oo F=1 i = SR 41
11 TECHNICAL SPECIFICATIONS ...ttt ettt ettt ettt sttt sttt esbe e sae e st s e sabeebeenbeenns 42
I 0 Yo Y=Y | 1 Tor= Y To ] [ 42

I A B 14 =T 0 15 o o PP 43
12 ORDERING INFORMATION ....otiiiitieiieeeeete ettt sttt ettt sme e s e ene s 44
13 CONTACT DETAILS ..ottt ettt ettt s st b e st s san e sn e e n e meesmeesmeeemneennees 45

MG Energy Systems B.V. | Foeke Sjoerdswei 3 | 8914 BH Leeuwarden | The Netherlands

+31 (0)58 750 89 47 | info@mgenergysystems.eu | www.mgenergysystems.eu




M ENERGY SYSTEMS
Innowvation | ay L @

1 GENERAL

Before continuing read the instructions in this chapter carefully and be sure the instructions are fully

Innovation in energy storage

understood. If there are questions after reading the instructions please consult MG Energy Systems.

1.1 Document history

Revision Changes Revision author
11-03-2019 Initial document. A.T. Rienstra
15-04-2019 Changed main contactor state to “Closed” only in chapter | M. Scholten
7.8.
07-05-2020 Changes made to this revision: A.T. Rienstra
= Section 7.3.5 clarified on the definition of “safe M. Scholten
situation”; F. Schothorst

= Updated Terms, Definitions and abbreviations;

= Updated scope of delivery. Now with cable assembly
1/0 cable;

= Changed text of chapter 4;

= Changed text and structure of chapter 7;

1.2 Terms, definitions, and abbreviations

The smallest building block in a battery, a chemical unit with a positive and

Battery cell negative terminal.

Battery cell cassette | An assembly of a cassette with a battery cell.

Battery cell block An assembly of multiple battery cassettes.

Battery module An assembly of battery cell cassettes including BMS.

Consists of one or more battery modules in combination with a battery

Batt k
attery pac management controller (BMS).

Battery system Consists of one or multiple battery packs connected to a common DC-bus.

Battery management .
U & Controls, manages and protects one or multiple battery modules.

controller

BMS Battery Management System that is integrated in the battery pack.
Master BMS Ezﬁtr;r;ss:zrrj battery management controller in a MG energy systems
Slave BMS The part of the BMS that is integrated in the battery module.
Redundancy BMS The redundancy BMS that is integrated in the battery module.

A boundary limit consists of two level values, a set and a clear value,
combined with a time condition.
Energy Management System; The EMS controls all power sources and

Boundary limit

EMS . . .
consumers in a system in which a battery system may be a component.
Is the main DC-bus of the application where all user equipment is

DC-bus connected too, like generators, propulsion systems and other chargers
and loads.

CAN-bus Controller Area Network bus; CAN-bus is a standard serial data bus that

provides data communication between two or more devices.
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High Voltage Interlock Loop; is a wire loop which is created for protection
of disconnecting cables from the battery system while in operation. It
isolates the electrical connections of the batteries from the system when
loop is not closed.

Innovation in energy storage

HVIL

ATC Allow-to-charge - A digital output used to control chargers.

ATD Allow to discharge — A digital output used to control loads.

A warning is a condition of such level causing the BMS to report a warning
not critical to system operation, however counter action is needed to
Warning avert triggering fail-safe state.

According the rules of DNV-GL the definition of a condition of this level is a
pre-warning.

A condition of adequate level that causes an Alarm causing the battery
pack to go into failsafe state.

State-of-Charge — reflects the level of charge of a battery pack or battery
SOC module relative to its capacity. The units of SOC are percentage points
where 0% indicates fully discharged and 100% indicates fully charged.
State-of-Health — reflects the level of health of a battery pack or battery
module relative to its initial capacity.

Failsafe

SOH
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2 SAFETY INSTRUCTIONS
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2.1 Safety message level definition

WARNING:
A hazardous situation which, if not avoided, could result in death or serious injury.

ELECTRICAL HAZARD:
A The possibility of electrical risks if instructions are not followed in a proper
manner.

NOTICE:
= A potential situation which, if not avoided, could result in an undesirable
result or state.
= A practice not related to personal injury.

2.2 User health and safety

2.2.1 General precautions
This product is designed and tested in accordance with international standards. The equipment
should be used according the intended use only.

ELECTRICAL HAZARD:
The product is used in combination with a permanent energy source (battery).
Even if the equipment is switched off.

A =  Wear applicable personal protective equipment when working on a
battery system.
= Use insulated tools during when working on a battery system.
=  Make sure the locale regulations for working on battery systems are
followed.

2.2.2 Qualifications and training
The personnel responsible for the assembly, operation, inspection, and maintenance of the battery
system must be appropriately qualified. The user company must do the following tasks:

= Define the responsibilities and competency of all personnel working on the battery system.

=  Provide instruction and training.

= Ensure that the contents of the operating and safety instructions have been fully understood
by the personnel.

= Check the local safety rules and guidelines they have higher priority over the manufacturers
specification in this manual in case of regulatory conflicts.

Instruction and training can be carried out by MG Energy Systems B.V. by order of the user company.
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2.23

Non-compliance risks

Failure to comply with all safety precautions can result in the following conditions:

2.24

Death or serious injury due to electrical, mechanical, and chemical influences.
Environmental damage due to emission of hazardous substances.

Product damage.

Property damage.

Loss of all claims for damages.

Unacceptable modes of operation

The operational reliability of this product is only guaranteed when it is used as intended. The

operating limits on the identification tag and in the data sheet may not be exceeded under any

circumstances. If the identification tag is missing or worn, contact MG Energy Systems B.V. for

specific instructions.
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3 TRANSPORT, STORAGE, AND UNPACKING
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3.1 Transport
The Package and transport instructions provided by the manufacturer must be followed in all
circumstances.

Notes on transport:

= Transport in original packaging.

NOTICE:

No liability can be accepted for damage during transport if the equipment is not
transported in its original packaging or if the original packaging is opened before
the destination is reached.

3.2 Storage
The storage instructions provided by the manufacturer must be followed in all circumstances.

Notes on storage:

= Storein adry and clean location.

3.3 Unpacking

Follow these handling guidelines when handling the product to prevent damage during unpacking:

= Use care when handling the product.
= Leave protective caps and covers on the product until installation.

CAUTION:

é Always take the applicable standards and regulations regarding the prevention of
accidents into account when handling the product. Be aware of the total mass of
the product and do not lift heavy objects unassisted.

3.3.1 Scope of delivery
The scope of delivery is as following:

= MG Master HV 144-800V/300A or MG Master HV 144-800V/500A.
= Master HV I/O cable assembly 2m (MGCAA0010014).

NOTICE:
Not within the scope of delivery:
= Power cables and connectors (details can be found in chapter 0).
= Communication cables and connectors (details can be found in chapter
6.2.2).
= Fuses.

MG Energy Systems B.V. | Foeke Sjoerdswei 3 | 8914 BH Leeuwarden | The Netherlands

+31 (0)58 750 89 47 | info@mgenergysystems.eu | www.mgenergysystems.eu




M ENERGY SYSTEMS
innowation In enar ¥ itarage
——A®

4 GENERAL DESCRIPTION
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DC-bus Energy Management System (EMS)
4.1 The battery system

The battery system is one or more battery packs that can
be connected to an energy management system (EMS). A
battery pack consists of one battery management s Batiory Sysiem )
controller that is monitoring and protecting a single or up
to 48 battery modules. These battery modules can be
connected in series or in parallel to meet the required p N 7 I \
. Battery pack Battery pack
system voltage and capacity :
Battary management controiien Batery smanagiment conteuliuy
4.2 Battery system components master BMS master BMS
MG’s Lithium-lon battery system consists of the following
components: [
( Battery module Battery module
n AT TS e
One or more MG Master HV battery . @ slave BMS
management systems (see 5.1 for available | (redundant BMS i BUS
models). , :
= One or more Lithium-lon battery modules, e.g. :
RS series or HE series. ’—_Banew S 7R Battery module
- [ slave BMS ] slave BMS
Consult MG Energy Systems B.V. for compatibility of oo
. . dundant BMS dundant BMS
Master HV models with the different battery types and Ssrdeonieloaizidl ) boseubizook
L . - > J

numbers.

4.3 Battery management controller

The battery management controller, the MG Master HV, is the safety and control unit of the battery
pack. It communicates with the battery modules and provides information to the EMS. The master
BMS functionality is added to provide all the safety and control measures. All the hardware to
connect the battery pack to, or disconnect the battery pack from the DC-bus is integrated. This
includes main contactors and pre-charging. Each battery management controller protects the
connected battery modules against overcharging, over-discharging, over- and under-temperature,
and controls the balancing of the battery cells.

Also safety features like, E-Stop and HVIL functionality are present. There is support to provide easy
diagnostics and system configuration.

4.4 Functional description

The main function of the BMS is to avoid electrical abuse of the battery cells and therefore limit the
risk of thermal abuse coming from electrical origin. In order to avoid electrical abuse the BMS
monitors different parameters to detect failures.

MG’s system philosophy is to have one master BMS, e.g. a MG Master HV, per string of battery
modules which communicates with one or more slave BMSs integrated in the Lithium-lon battery
module(s). The slave BMSs are measuring the battery cell parameters i.e cell voltage, cell
temperature, and humidity inside the enclosure. Besides measuring, the slave BMS also controls
balancing of cells based on the input of the master BMS.
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All these parameters are send to the MG Master HV via a dedicated CAN-bus which collects all the
data and monitors these parameters with different thresholds. When a parameter exceeds the
threshold this will be communicated to the EMS by CAN-bus. If the exceeded threshold stays, the

master BMS has the possibility to electrically isolate the battery pack from the DC-Bus by opening its
main contactors.
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5.1 Models
There are two models of the MG Master HV. The MGMHV800500 and MGMHV800300.

The differences between the two models are the power connectors. Table 4 shows an overview of
the connector types in relation with the models and the maximum current.

MGMHV800300 MGMHV800500
Connector series Amphenol PowerLok™ 300-Series Amphenol PowerLok™ 500-Series
Maximum current 300 Al 500 A!

1 Maximum current is depending on the cross section of the connected battery cables. For details and options

see chapter 0.

5.2

Identification label

The identification label of the MG Master HV is located at two positions; one user accessible label at
the left side of the enclosure as shown in figure 1, and one inside the enclosure where it is protected

from the wear from the environment.

M (G ENERGY SYSTEMS i Eneray Systems B.V. |
_— A0 NL-8941 BH Leeuwarden {
The Netheriands ‘
www.mgenergysystems.eu
Made in the Netherlands

MG Master HV SOV / 6004

HV connection

:IP65
:11 kg

Protection class

Type :MGMHVS800500

Supply voltage :18 - 32 Vdc c E [:[E
Supply current :2.5A

Max. HV ratings :800V; S00 A

: PowerLok 500 series

Serial number:
18090039

Weight

The identifications label shown in figure 1 contains written information about the product. The
explanation of the symbols used on the identification label is stated in table 5.

Declaration of conformity with health, safety, and environmental protection
standards for products sold within the European Economic Area as per directive
2014/35/EU.

™
m

Symbol indication the manual must be red before installation and use of the device.

Device is treated according the Waste Electrical and Electronic Equipment (WEEE)
Directive 2012/19/EU.

GS1 data matrix type barcode containing detailed product information.

B2 | &
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6 CONNECTIONS

This chapter shows an overview of the connections and parts of the MG Master HV.

6.1 General overview

Part Description
A Status LEDs; indicating the system status.
B Equipotential bonding point.
C Bottom side of the device containing all electrical connections.
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6.2 Detailed connection overview
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Item Description

Logic I/0 and power supply connections.

BMS CAN-bus connections.

EMS CAN-bus connections.

CAN-bus diagnostic port. Used to connect with the “Diagnostic Tool” software.
Negative (-) terminal for power connection of battery string.

Positive (+) terminal for power connection of battery string.

Negative (-) terminal for power connection of charger/loads.

Positive (+) terminal for power connection of charger/loads.

O IN(ODUN|DIW|IN|F-

6.2.1 Logic I/O and power supply connector details
The following tables give the types and pinning of the 1/O connector of the Master HV.

Article Website
Connector brand | TE Connectivity
Connector type AMPSEAL 1-776228-5 | http://www.te.com/usa-en/product-1-776228-5.html|

Mating type AMPSEAL 770680-5 http://www.te.com/usa-en/product-770680-5.html
Pin type 770520-1 http://www.te.com/usa-en/product-770520-1.html|
Wire diameter 0,5-1,5mm?2
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6.2.1.1 1/0 connector pinning

Pin Name Description Specifications
1 24VGND Power supply: GND
2 24VGND Power supply: GND
3 24VGND Power supply: GND
4 Output_2+ Common alarm output | Relay contact: Max. 30 VDC fused 1,5 A
5 Output_2- Common alarm output | Relay contact: Max. 30 VDC fused 1,5 A
6 - N.C.

Output voltage = Supply voltage;
E-Stop_OUT E-Stop input Fuse: 140 mA
E_Stop_IN E-Stop input 24 VDC, 5 mA (opto isolated)

9 24V_IN Power supply: + 18 VDCto 32 VDC
10 ATC+ Allow to Charge Relay contact: Max. 30 VDC fused 1,5 A
11 ATD+ Allow to Discharge Relay contact: Max. 30 VDC fused 1,5 A
12 Output_1+ Programmable output | Relay contact: Max. 30 VDC fused 1,5 A
13 Digital_Input_3+ | Programmable input 24 VDC, 5 mA (opto isolated)
14 Digital_Input_2+ | Programmable input 24 VDC, 5 mA (opto isolated)
15 Digital_Input_1+ | Programmable input 24 VDC, 5 mA (opto isolated)
16 24V_IN Power supply: + 18 VDCto 32 VDC
17 24V_IN Power supply: + 18 VDCto 32 VDC
18 ATC- Allow to Charge Relay contact: Max. 30 VDC fused 1,5 A
19 ATD- Allow to Discharge Relay contact: Max. 30 VDC fused 1,5 A
20 Output_1- Programmable output | Relay contact: Max. 30 VDC fused 1,5 A
21 Digital_Input_3- | Programmable input GND of Digital_Input_3+
22 Digital_Input_2- | Programmable input GND of Digital_Input_2+
23 Digital_Input_1- | Programmable input GND of Digital_Input_1+

1.1.1.1 Connector view

TE Connectivity: AMPSEAL 770680-5

Back view of connector

ll]

R =TH

U seeesese

23 /
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6.2.2 CAN-bus connector details
The MG Master HV communicates with the connected battery modules via CAN-bus. This is a
dedicated CAN-bus where only MG battery modules of the same type or other MG devices may be

Innovation in energy storage

connected.
The CAN-Bus connection is used for several functions:

= Data communication between battery module(s) and master BMS;
= The battery module uses the V+ to enable the power of the internal BMS;
= The V+is also used as HVIL;

Contact MG Energy Systems B.V. for cable options and possibilities.

6.2.2.1 Connector details
The connectors used for connecting the battery, auxiliary, and diagnostics CAN-bus are all of the
same type, namely a circular M12 connector with 5 positions and A-coded keying.

Pin Description Connector view (mating side)
1 Shield M12 plug/socket, 5-pin, A-coded
2 V+
3 GND
4 CAN-H
5 CAN-L Male Female

Cables to be used for the battery system are typically referred to as NMEA 2000 or DeviceNet
compatible cables. The minimum requirements for cables are:

= Twisted pair connected to pins 4 and 5 for communication with a minimum wire cross
sectional area of 0.2 mm? (24 AWG).

=  Pair of conductors connected to pin 2 and 3 for power and HVIL with a minimum wire cross
sectional area of 0.34 mm? (22 AWG).

=  Cable with braided shielding connected to pin 1.

NOTICE:
® Do not use sensor/actor cables. They often don’t have any twisted pairs and are
therefore not suitable for this application.
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6.2.3 Power connectors

Innovation in energy storage

Table 7 and table 8 show an overview of the standard connector types in relation with the models
and the maximum current. Contact MG Energy Systems B.V. for cable options and possibilities.

Power connectors on the MGMHV800500

Brand/type

Amphenol PowerLok™

Series

500-series

Positive terminal (orange)

Negative terminal (black)

Receptacle types
(mounted on MG Master HV)

PLOOX-501-10-M10

PLOOY-501-10-M10

Plug types
- HVIL type required.
- Use only straight
versions.
- Over-moulded cable
assembly only.

Over-moulded cable assembly:

PL10X-501-120: 350A
PL10X-501-135: 400A
PL10X-501-150: 500A

Over-moulded cable assembly:
PL10Y-501-120: 350A
PL10Y-501-135: 400A
PL10Y-501-150: 500A

Power connectors on the MGMHV800300

Brand/type

Amphenol PowerLok™

Series

300-series

Positive terminal (orange)

Negative terminal (black)

Receptacle types
(mounted on MG Master HV)

PLOOX-301-10-M10

PLOOY-301-10-M10

Plug types
- HVIL type required.
- Use only straight
versions.

Over-moulded cable assembly:

PL10X-301-35: 150A
PL10X-301-50: 200A
PL10X-301-70: 250A
PL10X-301-95: 300A
Plug connector:

PL18X-301-35: 150A
PL18X-301-50: 200A
PL18X-301-70: 250A

Over-moulded cable assembly:
PL10Y-301-35: 150A
PL10Y-301-50: 200A
PL10Y-301-70: 250A
PL10Y-301-95: 300A

Plug connector:

PL18Y-301-35: 150A
PL18Y-301-50: 200A
PL18Y-301-70: 250A
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6.2.4 Equipotential bonding point
The equipotential bonding point location of the Master HV is on the lower left side of the enclosure

Innovation in energy storage

as shown in figure 2.

NOTICE:
® Depending on the situation additional insulation resistance monitoring might be
required.
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7 OPERATION

This chapter describes the operation of the Master HV in a battery system.

7.1 MG Master HV block schematic

Figure 3 shows the internal schematic overview of the MG Master HV.
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7.2 Theory of operation
The system will start initializing the battery pack when an external auxiliary power is applied. In this

Innovation in energy storage

state, the communication is setup to detect the connected battery modules and parameter
monitoring is started. After a successful initializing, the battery pack will wait for a command from
the EMS. In this state the battery pack is isolated from the DC-bus. The battery pack will start to
connect the DC-bus when a connect-command is received from the EMS. Pre-charging will be
performed first to slowly rise the output voltage on capacitive loads, preventing damage on the
connected equipment and internal contactors of the battery pack due to high inrush currents. The
main contactors will close when pre-charging is successful. If pre-charging fails, and the DC bus
voltage did not rise to the correct level, the battery pack will go to the failsafe state. During
operation, when the battery pack is connected to the DC-bus, the master BMS is monitoring the
state and health of the battery modules.

NOTICE:
(D All commands and statuses are described in the communication guide. Contact
MG Energy Systems B.V. for a copy.

7.3 Battery pack states
The battery pack can be in different states:

= |nitialization;

= DC bus isolated;

=  DC bus connecting;
=  DC bus connected;

= Failsafe;
Powerwp el
Initelisation - 3
valid Operational
lnlllalnsy ‘,,,
," DC bus
Initiaksation /' isolated ‘-‘
failed r
"Restart Failsafe *Connect”
esta \
triggered command '
command oz H

‘Desconnect” :
command

DC bus
connecting
Start conditions

invalid Start
conditions
vakd

Failsafe
", triggesed
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7.3.1 Initialization state
Initialization state is defined as the transition state between when 24 VDC power is supplied to the

Innovation in energy storage

moment the system goes into operational state.

7.3.2 Operational

The battery pack is in “DC bus isolated” state by default when entering operational mode. The
battery pack is isolated from the DC-bus and waits for a connect-command from the EMS in this
state. When a connect-command is received, the battery pack will start pre-charging the DC-bus.
This is the “DC bus connecting” state. Once the “DC bus connecting” is finished it will go to the “DC
bus connected” state, in this state the battery pack is connected to the DC-bus and can be charged
and discharged.

The following functions will be executed during operational mode:

=  Monitoring slave BMS parameters;

= Monitoring master BMS parameters and I/Os;
= Cell balancing control;

=  Monitoring battery module communication;

=  Monitoring EMS communication;

= Control and verify contactors;

= Charge and discharge parameter control;

7.3.3 DC-bus connecting state

When the system is in start-up state, before the main contactors are closed, the voltage difference
between the load and the battery string can be several hundreds of volts. Closing the main
contactors at this point in time might cause excessive current flowing from the battery string to the
load. This excessive current can lead to contactor welding and/or damage load connected
equipment. Therefore pre-charging is required, in this phase it will pre-charging the load towards the
battery string voltage level.

CAUTION:
The system integrator must ensure the following conditions are met during

f system design:

The pre-charge system is calculated to handle capacitive loads up to
30mF.
= The pre-charge system cannot handle resistive loads.

The degree of current flowing from the battery string to the load upon closing of the main
contactors depends on the battery string voltage and the type of load connected. The largest
currents are to be expected with large capacitive loads connected.

In order to limit the current a pre-charge contactor is used to apply the battery string voltage to the
load through a resistor. In this way the load voltage ramps-up controlled with limited current. The
next sections describe the checks done during pre-charging.
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7.3.3.1 Short-circuit
During pre-charging the load voltage is monitored. If the voltage not ramps-up to a minimum of 10%

Innovation in energy storage

of the battery string voltage within 500 ms, there is the probability of a short-circuit in the load’s DC
connections. The system will go into fail-safe state.

7.3.3.2 Ramp-up time-out

If the voltage not reaches 95% of the battery string voltage within 10 seconds, the DC-Bus has a too
high load to pre-charge and the system will go into fail-safe state. If pre-charging is successful and
the voltage has reached 95% of the battery string voltage, it will close the main contactors.

7.3.3.3 Pre-charge resistor temperature
The temperature of the pre-charge resistor is measured to prevent overheating during multiple pre-
charge attempts in a short time.

7.3.4 DC-bus connected state
During operational state the system continuously monitors all batteries in the string together with
the system level parameters.

During operation the HVIL and E-Stop are continuously monitored.

7.3.5 Failsafe state

The fail-safe state can be entered from any other state at any time. In this state the system goes to a
safe situation, i.e. DC-bus disconnected, monitoring of the system keeps running and the EMS is
informed about the battery system status.

In sections 7.3.4 the possible trigger conditions to go into failsafe state are described. Besides the
software triggers, there are also two hardware triggers to enter failsafe state, by means of:

=  Opening of the HVIL loop;
= Activation of the E-Stop;

These hard-wired connections are based on a loop which must be broken to trigger a failsafe
condition. If the system is reset from failsafe state by receiving the “reset” command, it will enter
the DC-bus isolated state. This is done to prevent the system from automatically continue if the
failsafe situation is resolved, i.e. the battery system’s main contactors remain open until the “start”
command is received.

7.4 High-voltage interlock loop

The HVIL hard-wired loop to the positive and negative main contactors intended for the battery
system. The battery system is operable when the loop is closed. If for some reason the loop is
broken, the main contactors will open without intervention of the software. The software however
will detect the HVIL trigger and enters failsafe state and informs the EMS.

All the power, I/0 and connectors of the MG Master HV has a built-in HVIL for safety. If one of the
connectors is disconnected from the battery module or MG Master HV the main contactors are
opened. In case of the power connectors this will happen before the connector breaks the power
circuit. This will prevent arcing if the power connector is disconnected from the battery module and
lowers the risk of injuries.
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Depending on the battery module model and type the HVIL also runs through the battery module.
This gives the redundancy BMS the ability to open the main contactors independently from any

software.

7.5 Emergency stop

The E-Stop is a dedicated hardwired input for the emergency stop feature. The battery pack is
immediately disconnected from the DC-bus when the E-Stop is activated. This triggers a failsafe
condition.

Optionally there is an input available for an externally added E-Stop functionality feedback circuit.
This input will be monitored and the state will be send to the EMS.

Requirements for the emergency stop implementation depend on the application.

NOTICE:
® If the battery pack does not make use of an emergency stop, make sure the
contact is bridged.

7.6 Status indication
The MG Master HV is equipped with three status indication LEDs on the front.

. _ Main contactor
Status LED Function Description
state
. Run: system is in Open
Green Flashing . y . P
initialising
Run: system is
Green On y .
operational
Warning: system is Closed
Yellow On operational, but needs
attention
Failure: system is in fail- Open
Red On y P
safe state
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7.7 Master HV boundary limits
The boundary limits that are used for internal measurements and timeouts are listed in this chapter.

Innovation in energy storage

A level will be triggered when a boundary condition is true for a defined period of time.
The tables with the boundary limits consist of:

= Name, description of the situation;

= Action, action on respond of the boundary, set/clear or fail-safe;

=  Boundary condition, contains a value that is needed for an action in combination with the
time. This depends on the master strategy setting, default or performance;

= Time that the boundary condition has to be present before it will be triggered. Times
indicated with “+” start counting if the previous boundary condition above is set;

7.7.1 External auxiliary power supply (24 VDC)

Name Level Boundary condition Time
Hardware failure warning Set =invalid 30 sec.
Clear = valid 30 sec.
Over voltage warning Set >= 32000 mV 10 sec.
Clear < 32000 mV 10 sec.
Over voltage critical Fail-safe >= 35000 mV +20 sec.
Under voltage warning Set <=18000 mV 10 sec.
Clear > 18000 mV 10 sec.
Under voltage critical Fail-safe <=15000 mV +20 sec.

7.7.2 Internal power supply (12 VDC)

Name Level Boundary condition Time
Hardware failure warning Set =invalid 30 sec.
Clear = valid 30 sec.
Under voltage warning Set <=11500 mV 10 sec.
Clear > 11500 mV 10 sec.
Under voltage critical Fail-safe <=11000 mV and power supply | +20 sec.

feedback is bad.

7.7.3 Battery pack voltage

Name Level Boundary condition Time
Hardware failure warning Set =invalid 30 sec.
Clear = valid 30 sec.
Hardware failure warning Set >= Qver voltage critical or <= 10 sec.
under voltage critical®
Clear < Over voltage critical or > 10 sec.

under voltage critical®

1 Critical battery cell over or under voltage times number of cells per battery module in series times number of battery

modules in battery pack in series.

7.7.4 Positive DC-bus voltage

Name Level Boundary condition Time
hardware failure warning Set = invalid 30 sec.
Clear = valid 30 sec.
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Name Level Boundary condition Time
Hardware failure warning Set >= Qver voltage critical or <= 10 sec.
under voltage critical®
Clear < Over voltage critical or > 10 sec.
under voltage critical®
Service request Set Contactors closed and >= 104%2 | 2 sec.

of the battery pack voltage or
<= 96%? of the battery pack
voltage

Clear System restart

! Critical battery cell over or under voltage times number of cells per battery module in series times number of battery

modules in battery pack in series.

2 The 4% has a minimum of 2000mV and a maximum of 10000mV

7.7.5 Negative DC-bus voltage

Name Level Boundary condition Time
hardware failure warning Set =invalid 30 sec.
Clear = valid 30 sec.
Service request Set Contactors closed and >= 4%! of | 2 sec.
the battery pack voltage
Clear System restart

1 The 4% has a minimum of 2000mV and a maximum of 10000mV

7.7.6  Battery pack current

Name Level Boundary condition Time
Hardware failure warning Set =invalid 30 sec.
Clear =valid 30 sec.
Hardware failure warning Set Contactors opened and 1 hours
hardware sensor wires failure
detected
Clear System restart
Hardware failure warning Set Contactors closed and hardware | 24 hours
sensor wires failure detected
Clear System restart
Hardware failure critical Fail-safe Hardware sensor wires failure on start-
detected up

7.7.7 PCBA master temperature

Name Level Boundary condition Time

Hardware failure warning Set = invalid 30 sec.
Clear = valid 30 sec.

Over temperature master warning Set >=90,0 °C 30 sec.
Clear <90,0°C 30 sec.

7.7.8 Bottom plate master temperature

Name Level Boundary condition Time

Hardware failure warning Set = invalid 30 sec.
Clear = valid 30 sec.

Over temperature master warning Set >=90,0 °C 30 sec.
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Name Level Boundary condition Time
Clear <90,0°C 30 sec.

Innovation in energy storage

7.7.9 Pre-charge resistor temperature

Name Level Boundary condition Time

Hardware failure warning Set =invalid 30 sec.
Clear = valid 30 sec.

Over temperature master warning Set >=90,0 °C 30 sec.
Clear <90,0°C 30 sec.

7.7.10 Private CAN-bus communication timeout

Name Level Boundary condition Time
Private CAN-bus communication Set = not received all required data | 10 sec.
timeout warning Clear = received all required data 0 sec.
Private CAN-bus communication Fail-safe = not received all required data | 30 sec.

timeout critical

7.7.11 Public CAN-bus communication timeout

Name Level Boundary condition Time
Public CAN-bus communication Set = no command received from 600 ms.
timeout warning EMS

Clear = command received from EMS. | O sec.
Public CAN-bus communication Fail-safe = no command received from 2 sec.
timeout critical EMS

7.7.12 Pre-charge DC-bus

Name Level Boundary condition Time
Short-circuit Fail-safe DC-bus voltage does not rises to | 500 ms.
a boundary of 10% of the
battery pack voltage
Overloaded Fail-safe DC-bus voltage does not reach 10 sec.
+5%! of the battery pack
voltage

T with a boundary of +10 V

7.7.13 Internal CAN-bus power supply

Name Level Boundary condition Time
Service request Set = Power switch over load 0 ms.
detected
Clear = Power switch good 1200 m:s.

7.7.14 Diagnostic CAN-bus power supply

Name Level Boundary condition Time
Service request Set = Power switch over load 0 ms.
detected
Clear = Power switch good 1200 m:s.
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8 INTEGRATION REQUIREMENTS AND INSTRUCTIONS

Innovation in energy storage

8.1 Risk assessment
Integration of a battery system requires, in any case, an assessment of the risks. Depending on the
application, rules need to be applied.

MG Energy Systems B.V. can supply the necessary basic documentation for the risk assessment.

8.1.1 Marine application

Integrating a battery system in a marine application, e.g. a vessel, yacht or work boat, specific rules
are required. For example a large vessel can be build according to a class register like Lloyds, DNV-GL
or Bureau Veritas. In this case the class register need to be informed about the battery installation.
Each class register has its own requirements and rules for integrating a battery system.

NOTICE:
® Before integration design check the applicable rules for the application where the
battery system will be integrated in.

8.2 Location

The location of the battery system needs special attention, since some regulatory categorize
Lithium-lon battery systems as hazardous. Check for the local rules for the requirements of the
battery system location in the used application.

General recommendations and requirements for the battery space with respect to the MG Master
HV are as following:

= Place the MG Master HV close to the battery modules in order to keep the battery string
connection cables as short as possible.
= Ensure that the equipment is used under the correct operating conditions.

8.3 Connections and communication
When the battery system is integrated special attention must be given to the connections from and
to the MG Master HV.

8.3.1 Power connection
Requirements for the power connections are:

=  Place fuses in-line with the positive and the negative battery string connection cables.
= Place fuses in-line with the positive and the negative load connection cables.
= Make sure all components used in the power lines can handle the load profile as designed.

NOTICE:
® The MG Master HV does not contain main fuses. The fuses must be place
externally.
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CAUTION:

The correct fuse values must be applied according to the regulations and
guidelines. The fuse value must fit the cable cross section and battery system
short circuit currents.

8.3.2 BMS CAN-bus connection
The BMS CAN-bus is used for communication between the connected battery modules and the MG
Master HV. All relevant data is send from the battery modules to the MG Master HV.

Figure 5 shows an example of how the BMS CAN-bus must be connected.

CAN-bus

Figure 5 - CAN-bus connection example

The CAN-bus connection starts at the MG Master HV and will be daisy chained through all the
batteries back to the MG Master HV. By creating a loop back to the MG Master HV the HVIL is closed
and can be monitored. Refer to chapter 7.47.4 for details about the HVIL.

NOTICE:
Only MG equipment may be connected to the BMS CAN-bus.
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8.3.3 EMS CAN-bus connection

For correct operation it is important that the MG Master HV is controlled via the EMS CAN-bus.
Therefore the communication between an EMS, inverters, converter, or chargers and the MG
Master HV must be considered.

Since integration differ from case-to-case the MG Master HV has no internal termination resistors.
For correct operations external termination resistors must be applied.

NOTICE:

A communication guide to control the MG Master HV through the auxiliary CAN-
bus connection is available which describes the communication protocol and
possibilities.
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9 INSTALLATION

Read the installation instructions in this chapter before commencing installation activities.

Innovation in energy storage

WARNING:
Before continuing make sure the following instructions are met:
=  Ensure that the connection cables are provided with fuses and circuit
breakers.
= Never replace a protective device by a component of a different type.
Refer to the ordering information sections of this manual or contact
manufacturer for a correct replacement.

f = Before switching the device on check whether the available voltage source
conforms to the configuration settings of the product as described in the
manual.

= Ensure that the equipment is used under the correct operating conditions.
Never operate it in a wet or dusty environment.

= Ensure that there is always sufficient free space around the product.

= |nstall the product in a heatproof environment. Ensure therefore that
there are no chemicals, plastic parts, curtains or other textiles, etc. in the
immediate vicinity of the equipment.

9.1 Installation procedures
Below the basic installation procedures at battery module level.

1. Mounting procedure of the device.
2. Equipotential bonding procedure of the device.
3. Electrical connection procedure of the device.

During installation a check form needs to be used to log the installation procedure. This log will be
checked during commissioning.

9.2 Mounting procedure
This procedure describes how to mount the battery module with respect to the integration
requirements stated in chapter 8. Mounting is done in the following steps:
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1. Prepare the mounting holes according the measurements [mm] given in the picture below.
Since the way of mounting strongly depends on the mounting surface it is left up to the

Innovation in energy storage

personnel mounting the device to use the proper materials, i.e. the correct bolts, screws,
plugs, etc. for the situation. Make sure the construction is rigid and is able to support the
weight of the device.

. MG Master HV

L8

3. Mount the device onto the mounting holes using the appropriate materials and tighten
them accordingly.
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9.3 Equipotential bonding connection
The equipotential bonding point thread size is M8 with a maximum fastening torque of 11 Nm.

Equipotential bonding connection scheme and the required wire cross-section depend on local
standards and regulation. The typical used wire cross-section is 10 mm?2.

9.4 Electrical connection procedure

The MG Master HV has several connection each for a dedicated purpose. Refer to chapter 6 for
information about the available connections. Refer to the system installation manual for instructions
on wiring, routing, and used cable lengths.

9.4.1 Logic 1/O and power supply connection

For the power supply, emergency stop connection, logic inputs, and logic outputs the MG Master HV
is equipped with a 23 pin AMPSEAL header from Amphenol. The mating connector is composed from
a connector housing and terminals which must be crimped onto the wire-ends.

NOTICE:

Refer to Amphenol Instruction Sheet 408-3229 (link) for a details description on
how to mount the mating part onto the wire or cable. To mount the terminals
dedicated crimp tooling is required.
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WARNING:
A Before mating the connector to the MG Master HV make sure that the 24 VDC
power supply is turned off or disconnected.

9.4.2 CAN-bus connection procedure
Connection of the CAN-bus cable connectors is done in the following way:

1. Locate the key in both connectors.
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2. Bring the connections face of the cable connector up the device connector in such a way

Innovation in energy storage

that the position of the key matches to that of the opposing connector.

3. Lock the connector by rotating the locking nut clockwise. Hand-tightened will be sufficient,
do not use tooling to tighten.
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4. Connectors in place.

Un-mating of the connector CAN-bus connectors is done by the above steps in opposite order.

9.4.3 Power connection procedure
The power connections make use of the Amphenol PowerLok™ connectors. See chapter 0 for

detailed information about types and cable sizes available.

ELECTRICAL HAZARD:
A The battery modules can be placed in series up to 800 VDC. Make sure to wear

proper insulation gloves.

Follow this procedure to connect the Amphenol PowerLok™ connectors to the battery module:

1. Pluginthe Amphenol PowerLok™.

NOTICE:
® Orange is the positive terminal of the battery and black is the negative terminal of
the battery. This cannot be switched because connectors are keyed.
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2. Push the orange/black lip forward to lift the locking mechanism.

Un-mating of the connector Amphenol PowerLok™ connectors is done by the above steps in
opposite order.
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10 SERVICE

Innovation in energy storage

10.1 Maintenance
The device does not require specific maintenance. When any maintenance or user intervention is
required, the user will be notified via status information received by the auxiliary CAN-bus.

ELECTRICAL HAZARD:

Do not poor or spray water directly onto the device. When cleaning the device be
A aware that the connected battery string is a permanent energy source. Even when

the device is turned off, the battery power connections might carry dangerous

voltage levels.

10.1.1 Connections
It will suffice to check all connections once a year. Check if all connectors are mated correctly
according the instructions given in section 6.2 of this manual.

10.1.2 Cleaning
Cleaning of the device is best done using a dry or moist cloth. Limit the use of cleaning agents. If a
cleaning agent is to be used, use an electrically non-conductive cleaning agent is advised.

In order to minimise the need of cleaning it is important to keep the battery spaces clean and tidy.
Prevent the use of moisture, vaporizing agents, oil, grease, etc. in the vicinity of the device.

10.2 Diagnostics
With the MG Diagnostic Tool it is possible to read all the information from the battery systems. This
information contains all the individual cell voltages, temperatures, current etc.

Refer to the MG Diagnostic Tool software manual for a detailed description on features and
operation. This chapter highlights only some of the most important features.
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10.2.1 Status
After start-up the MG Diagnostics Tool shows an overview of the status of the system. In the status
screen the most relevant parameters are shown as can be seen in figure 6.

Innovation in energy storage

MG DIAGNQSTIC TOOL 210 H - 0 X

Status

OK 100+ 27 -0.21»  26.32v  26.32,

3.300v 3.300v 25« 25+

25°c 26.4v

Master LV 0.4 (Rrmware: 1.10) (Urique dentifier: BADD1234)

10.2.2 Event logging

The MG Master HV stores information on an internal memory with daily reports and special events,
such as fail-safe triggers that have occurred. The recorded information can be extracted from the
MG Master HV and saved to a file by the MG Diagnostics Tool.

Daily reports will be stored with the following information; uptime, energy charged, energy
discharged, average cell temperature, highest cell voltage, lowest cell voltage, highest cell
temperature, and lowest cell temperature.

Fail-safe events are stored with a time-stamp and the origination fail-safe trigger.

A complete log could look like the screenshot shown in figure 7.
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Status Events

TIME OF OCCURRENCE
8/4/2017 2:44:54 PM
8/4/2017 2:45:01 PM
8/4/2017 2:45:03 PM
8/4/2017 2:45:08 PM
B/4/2017 2:50:07 PM
B/4/2017 2:51:36 PM
B/4/2017 2:51:38 PM
B/4/2017 2:51:38 PM
B/4/2017 2:51:41 PM
B/4/2017 2:51:46 PM
B/4/2017 7:44:10 PM
B/4/2017 7:44:13 PM
B8/6/2017 4:01:19 PM
8/8/2017 4:01:20 PM
8/8/2017 4:01:24 PM
8/8/2017 7:18:07 PM
8/8/2017 7:18:10 PM
8/9/2017 5:09:01 PM
8/9/2017 5:09:02 PM

Day: 2017-08-08 UTC
Uptime: 196 minutes
Energy charged: 0.00 kwh

Energy discharged: 0.04 kwh

MESSAGE
Shutting down
Slave update started
Slave update completed
Battery configuration successfully detected
Shutting down
Slave update started
Slave update completad
Slave update started
Slave update completad
Battery configuration successfully detected
Shutdown requested becauss the button is pressed
Shutting down
Starting up becauss the button is pressed
Daily summary created
Battery configuration successfully detected
Shutdown reguested because the button is pressed
Shutting down
Starting up becauss the button is pressed

Daily summary created

Average cell temperature: 26 °C

Highest cell voltage: 3709 mV (battery: BADD0002, cell 6)
Lowest call voltage: 3686 mV (battery: BADODOO1, cell 1)
Highest cell temperature: 22 °C (battery: BADDODD1, c2ll 0)
Lowsest cell temperature: 20 °C (battery: BAD0O0001, cell: 2)

Bf9/2017 5:09:06 PM
Bf9/2017 5:12:46 PM
Bf9/2017 5:12:49 PM
Bf14/2017 10:26:06 AM
B/14/2017 10:26:07 &M
B/14/2017 10:26:11 &AM

Battery configuration successfully detected
Shutdown requested because the button is pressed
Shutting down

Starting up becauss the button is pressed

Daily summary created

Battery configuration successfully detected

Figure 7 - Screenshot of event list in the diagnostic tool
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10.3 Updating
The firmware of the MG Master HV can be updated using the MG Diagnostic Tool. Contact your

supplier for more information.

WARNING:

Firmware updates while charging/discharging may cause damage to the battery

c Updating firmware may only be done when the system is in maintenance.

system and/or other connected equipment.

NOTICE:
The instructions in this section assumes the MG Diagnostics Tool software is
already installed and configured on a computer. If in this section a reference is

® made to “computer”, the computer running the MG Diagnostics Tool software is

meant with it.

For a full instruction of the MG Diagnostic Tool refer to the manual of the
software.

Updating procedure

1.

No v hs~wN

Connect the M12-connector of the Kvaser Leaf Light HS v2 M12 to the diagnostic port of the
MG Master HV (see section 6.2).

Connect the USB-connector of the Kvaser Leaf Light HS v2 M12 to the computer.

Start the MG Diagnostic Tool software on the computer.

Power-on the 24V power supply to start the MG Master HV (see section 6.2).

The MG Diagnostic Tool will ask for confirmation to update to the new firmware version.
System will shut-down and perform the firmware update.

When the update was successful, the system will start-up automatically. During start-up the
firmware of the battery modules are checked and will be updated automatically if necessary.
This means start-up of the system takes more time than a normal start-up.
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11 TECHNICAL SPECIFICATIONS

Innovation in energy storage

11.1 Specifications

Supply voltage 24 VDC (18 VDC to 32 VDC)
Supply current 2,5A
Maximum load voltage 800 VDC
Maximum load current continuous 300 A 500 A
Weight 11 kg
Dimensions (I x w x h) 430%x329x121 mm
| Featyres | |
Fuse No, external fuse need to be added
Integrated main contactors In positive and negative HV lines
Integrated pre-charge circuit Yes
Event logging Internal event logging memory
| Logicinput /foutput [ |
Emergency switch connection Yes
Allow-to-charge (relay output) Max. 30 VDC fused 1,5 A
Allow-to-discharge (relay output) Max. 30 VDC fused 1,5 A
Programmable output 1 (relay Max. 30 VDC fused 1,5 A
output)
Common alarm output 2 (relay Max. 30 VDC fused 1,5 A
output)
Digital input 1! 24 VDC, 5 mA
E-Stop status (input 2) 24 VDC, 5 mA
Leakage detection (input 3) 24 VDC, 5 mA
| Environmental | |
Operating temp. charge -20to +50 °C
Humidity < 95% (non-condensing)
IP-Protection class IP65
| connections | |
Power connections Amphenol PowerLok™ Amphenol PowerLok™
300-series 500-series
CAN-Bus connection (batteries) 2x M12 5 pin A-coded
CAN-Bus connection (auxiliary) 2x M12 5 pin A-coded
Diagnostic port (CAN-Bus) 1x M12 5 pin A-coded
| standards | |
EMC: Emission CISPR 16-2-1:2014, CISPR 16-2-3+A1+A2:2010
EMC: Immunity IEC 60533:2015, IEC 61000-4-2:2008, IEC 61000-4-3+A1+A2, IEC

61000-4-4:2012, IEC 61000-4-5:2014, IEC 61000-4-6:2013
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11.2 Dimensions
Dimensions, lay-out, and mounting hole positions can be found in figure 8. Unless otherwise stated

all dimensions are stated in millimetres [mm)].
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12 ORDERING INFORMATION

This chapter describes the MG order numbers for spare-, service-, and replacement-parts for the MG

Innovation in energy storage

Master HV.
Item | Description Manufacturer | Type MG order number

Master HV 1/O cable

1 | assembly 2m. MG Energy MGCAA0010014

Systems B.V.

Power connector 300-series

2 200A orange positive Amphenol PL18X-301-50 MGPL18X-301-50
terminal
Power connector 300-series

3 250A orange positive Amphenol PL18X-301-70 MGPL18X-301-70
terminal

g | Power connector 300-series | o henol | PL18Y-301-50 MGPL18Y-301-50

200A black positive terminal

Power connector 300-series
5 250A black positive terminal Amphenol PL18Y-301-70 MGPL18Y-301-70

MG Energy
Systems B.V.
7 USB-CAN Transceiver Kvaser Inc. Leaf Light HSv2 M12 | MGUSBCANOO2

6 USB-CAN Transceiver MGUSBCANOO1
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13 CONTACT DETAILS

For specific questions please feel free to contact us.

Innovation in energy storage

M G ENERGY SYSTEMS
ova ) qy sto hg“v@

MG Energy Systems B.V.

Foeke Sjoerdswei 3
NL-8914 BH Leeuwarden
The Netherlands

i :www.mgenergysystems.eu
e :info@mgenergysystems.eu
t :+31(0)58 7508947
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