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72 Vdc and 96 Vdc

48 Vdc up to 900 Vdc

MG Master




72 Vdc and 96 Vdc

48 Vdc up to 900 Vdc
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Part | - 72 Vdc and 96 Vdc systems



Why >48 Vdc ?

Lower currents and
smaller electric engines

High power output:
e Electric and hybrid propulsion
e Hydraulic powerpacks
e Electric engines

> 400 Vdc:

Hybrid and full-electric systems on
large vessels / mobility

(mostly between 400 and 9ooV)
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From diesel to electric

Diesel Nominal Electric
Engine (ICE) Diesel Power Power
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Electric

Power 80%
70%

Nominal power Duration Battery bank
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Example: 6kW electric motor

1C 0.5C 0.25C

5.8 kKWh 11.6 kKWh




Power:

Power
W, KW or MW/

Voltage
V

rule

Amperage
A



rule:

The maximum current in an efficient DC
electric drive system Is 300A

(Cable diameters, fuses, efficiency)
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Master LV and Master HV
BMS for systems from 12V up to gooV



(Touch)safe up to 48V systems
Available components

Easy to install Master LV

Price

Limited in power
Less efficient
Thick cables

MG Master HV

H

More efficient

Higher power outputs
Engines are more compact
Inverters are more compact

Complexity of the system
Less availability of standard
components

CAN-bus and EMC



Master LV
72V and 96V
500A



M_as.ter AV

Cell balancing (BMS)
Safety contactor
Pre-charge

Shunt

DC distribution

Fuse box

Bluetooth




Safety and Control Unit

Protection against:

Over-charging
Over-discharging
Over-temperature
Under-temperature
Balancing




Balancing (BMS)

Main function: battery bank protection

Gathering cell voltage and temperatures from
the battery modules

Monitors cell voltage, temperatures and current
Monitors communication time-out on the batteries
Controls balancing

Event logging to internal flash memory

Charger/loads control




Safety Contactor

Safety contactor

Integrated
pre-charge system
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Safety Contactor

Integrated safety contactor as second level protection

Models:
e 150A / 400A / 600A / 1000A
(12 and 24 / 48 VVdc)

e 500A
(72 Vdc and 96 Vdc)
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Pre-Charge

Automatic at startup

Safety contactor closes when 80% of the
battery voltage is reached

e No welding of the safety contactor
e No sparks




DC Distribution
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DC Distribution

w
A

Positi Positive
osi |\;§ connection
connection chargers and loads
batteries (4x) (4x)

» » @0 @@ @ G
Negative connection

p | Negative connection
for the batteries (4x) : 9‘ ?G

b‘! "’ — for the charger/loads (4x)

..............
|||||||||||||

Insulation caps



DC Distribution

e Bolt down M8
e 4inputsand
4 outputs available
e Fuse holder (+) MEGA Fuse
e Max cable diameter: 1220 mm2 » ® @ 0O @ @ & G
(depending on cable lug) A




Fuses

Fuse main Pre-charge
control unit (PCB) fuse (10A)

w
A

Fuse holders . X , " ' , Fuse holders
to protect WA WA WA D ‘ \ ) 0@ @e @ to protect
parallel battery banks — —— ____— chargers and loads
(4x) (4x)
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|||||||||||||
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Shunt

Shunt



CAN-Bus

Battery CAN-Bus
Mi12

RJ45

Auxiliar CAN-Bus
Mi12

RJ45

CAN-Bus communication

e NMEA2000
e SMA
° Custom



|/0 Connections

|/O connector A

|/O connector B

To control chargers and loads
(allow to charge / allow to discharge)

Programmable contact

Remote on/off switch and status LED



|/0O Connections

Connector pins and specif ns

T

Out Allow-to-Discharge
[ exemalsarbunon |
55V
—

5.0 ==' 0,8A @ 60 VDC | Allow-to-charge
RONONORON y
. ) @ 60 VDC | Allow-to-discharge
A @ 60 VDC | Programmable output




External Start Button &

Status Indication

Connector A
Pin 4: External Start button

Pin 5. External Status output
Pin 6: GND



External Start Button &
Status Indication

Pin 4,5,6
Start button must be momentary
(Y« Status LED must be 12V type

N



Programmable Relay

Switching possible on the following parameters:
- State-Of-Charge
- Current
- Temperature
- Cellvoltage
- Failsafe
- Warning
- System Active
- Discharge almost not allowed



Programmable Relay

Conn.A Conn.B

Connector A
Pin 6 GND

Connector A
Pin 1 Aux. power output (13.5V - 1A)

Connector B

Pin 5 GND
Connector B
Pin 6 Programmable output

..... Relay
12 Vdc - 230 Vac

Connector pins and specifications

Conn. | Pin | I/O | Voltage Current Purpose

1 | Out 135V 1A Aux. power output
2 | Out| 13,5V 1A Allow-to-Charge

" 3 | Out 13,5V 1A Allow-to-Discharge
4 In External start button
5 | Out 13,5V 140 mA External status output
6 - GND
;_ Out 6:;"3’[‘)‘ - | 08A@60VDC | Allow-to-charge

B =Jout| M™ | 08a@60VDC | Allow-to-discharge
4 60 VDC
2 Out ifsix: 0,8 A @ 60 VDC | Programmable output
6 60 VDC




Programmable Relay

Conn.A Conn.B

Connector A Connector B
Pin 6 GND Pin 6 Programmable output

..... Relay

12 Vdc - 230 Vac

INE
|

Heating or Cooling

Connector A

Pin 1 Aux. power output (13.5V - 1A)

Connector B
Pin 5 GND

Connector pins and specifications

Conn. | Pin | I/O | Voltage Current Purpose

1 | Out 135V 1A Aux. power output
2 | Out| 13,5V 1A Allow-to-Charge

" 3 | Out 13,5V 1A Allow-to-Discharge
4 In External start button
5 | Out 13,5V 140 mA External status output
6 - GND
;_ Out 6:;"3’[‘)‘ - | 08A@60VDC | Allow-to-charge

B =Jout| M™ | 08a@60VDC | Allow-to-discharge
4 60 VDC
2 Out ifsix: 0,8 A @ 60 VDC | Programmable output
6 60 VDC




Mi12 CAN-Bus
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M12 | M12
Terminator Terminator

(male) M12 - RJ45 (male)



Master Slave

|

MCU

|
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Master LV: BMS State Machine

Waiting for “Start”
‘ pressed Start-button pressed

(press 3sec)
~—\“Start" is pressed

Initialization Failed

Start-button pressed
(press 3sec)

Start-button pressed
(short press)

Waiting for “Reset”
command

System initialization.

Initialization OK?
Pre-charge and close
main contactors

Operational

Failsafe triggered
Open main contactor
Monitor values and
check limit




Power-up Sequence

3.

4.

Make sure that all energy consumers are switched off before starting up the system,
because the MG Master LV will pre-charge the system before closing the safety
contactor.

Press the START-button (green button) on the front of the MG Master LV to start the
system.

The system is pre-charging now. The safety contactor is closed as soon as the voltage
rises above 80% of the battery voltage.

If the status LED is continuously on, the system is running and ready for use.

NOTE: Pre-charge can handle a max. of 10A.
Make sure DC-users are off during pre-charging.



Pre-Charging

e Before closing the main safety contactor, the output of the MG Master
LV will be pre-charged by a relay and resistor.

e Pre-charge circuit can handle up to 10A of constant DC-consumers.

e The main contactor closes if the output voltage is more than 80% of the
system battery voltage within 10 seconds (in future firmware it will be
30 seconds). If this condition is not reached within the specified time
the MG Master LV will go to failsafe (error 5).

e FError 6 will occur when pre-charge fuse is broken.



Accessories



USB CAN-Interface




Diagnostic Tool

Tool to read status on pack and battery level, shows event list, history values and used to do
settings.

Connect a laptop or PC with windows with an USB-CAN interface to the BMS CAN-Bus of
the Master LV,

Supported USB-CAN interfaces: MG USB-CAN, Kvaser, PCAN (Victron)

Old tool versions don't work with new firmware versions. For example Diagnostic tool 2.08

works only with firmware 1.8. If firmware is update to 1.10, Diagnostic tool 2.10 needs to be
used.



Diagnostic Tool

- Overview status

- Event logging

- Tracking values (history)
- Settings

- Programmable relay

- Emergency button

- Updating firmware

= MG Diagnostic Tool - 32
Master LV 24-48V 400A
Serial number: 22230053

LFP Battery 24V 280Ah Energy Monitor

Ok

Devices  Events  Tracked Data

Settings

% MG Energy Systems USB-CAN (#21350083)



Diagnnctic Tanl

Combined battery
mode

Programmable
relay

* MG Diagnostic Tool - 3.2

Master LV 24-48V 400A
Serial number: 22230053

£ Configure 3 Export 2] Import ) Syncronize master date and time

Automatically detected
Automatically detected

Enabled

Economic

Disabled
Disabled

Disabled
Disabled

Discharge almost not allowed
Open

Devices Events TrackedData  Settings

1,06
600 Minutes
When almost discharged

Disabled

MG NMEA 2000
|

Disabled

Enabled

55,63706 mV
0,9982545
97,71626 mV
0,9985784
-15,146125 mA
1,0018768

Yr MG Energy Systems USB-CAN (#21350083)

Auto-shutdown

Emergency
Switch

Charger support




Connect App

> Experionce BMS Right
- [ - (=]
State
o Ok |
Temperatures
/ Highest temperature Lowest tempearature
21 - 20 \
Battery terminal tempe
p==0e

Voltages -~
Highest cell voltage Lowest cell voltage
349494 v 3.491 v

Voltage
/ 24.448 v




Connect App

Overview status

Event logging

Tracking values (history)
Settings

Programmable relay
Emergency button
Updating firmware (Coming)

09:15

02T w 871%

X  Experience BMS Right

o System

MG Master LV 48V 600A M12

1916000C
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Chargers

Power
Voltage
CAN-Bus

Value / Price

3.3 kW and 6.6 kW
Up to 450V
Yes *

++

* SmartLink MX required

3 kW
Up to 520 V
Yes

+/-



Charging on 24, 48, 72 and 96V




R_obust Series

24 Vdc, 48 Vdc,
72 Vdc and 96 Vdc

CAN-Bus controlled
by MG Master LV

IP66 rating

Passive cooling

Designed for harsh
environment



CAN-Bus Controlled

Master LV sends charge voltages and current continuously
Master LV sets the charger with a default start-up voltage and current. This
makes automatic start-up of the Master LV possible when the 230 Vac

connection is powered.

MG Master LV

RJ45 to HDP26 M12 to HDP26
Cable 2mtr. Cable 2mtr.



Robust Chargers Models

MGROB3000024
MGROB2300024
MGROB3000048
MGROB3000096

MGROB3000280

Robust charger 3000W, 24V, IP66, CAN
Robust charger 2300W, 24V, IP66, CAN
Robust charger 3000W, 48V, IP66, CAN
Robust charger 72V/96V, 30A, IP66, CAN, Up to 144 Vdc

Robust charger 280V, 10A, IP66, CAN, Up to 520 Vdc



72 Vdc System M12 CAN-Bus 3S2p

72 Vdc configuration, 3x MG batteries in series, 2 paralallel strings (3S2P)

Master LV 72 / 96 Vdc Charger 72 / 96 Vdc
MG Energy Monitor

Aow 0 (3Nge
Motor controlier Electric motor
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96 Vdc system

Auto shutdown

to save energy Chargers
MG Energy Monitor for CAN-Bus controlled
showing battery status
Fast start-up for electric =~ - —

driven applications

Stop discharge when battery empty
Stop regenerative braking (charging) when battery is full

Programmable contact: limp-home mode
(battery almost empty then reduce motor power)



96 Vdc system starboard - port

?.

Starboard Port




M12 Interlock Adapter




3x Chargers

—A®

EV charging solution general example A Install chargers insulated from the hulll

Version: 1.5
Pay attention to earth connections. Wrong
connection can lead to dissolving the hull due to
uncontrolled current flows. Optinal a isolation
transformer can be used.

x : To Man DC-gktrbeton

- SmartLink MX

CAN R o - HORT 1

12-24VOC ) 200 mA Pawer supply
8-60VDC/1A
[ 1
ut
2v0C 08 input (pin 10) | NMEAZ000
Sop U charging ind srisch 1
| ; J— Victran Cerbo GX
v i Pous sy
To e Verd8 Y 8-80VDC/1A

| : W B5m

‘ Ui 4 gabvsic st Power suppht

H Ieguit Depanding on spsham design VE.Can To Master BMSs

Terminator at 120 Ohm (jumper setting)
Dapundng on physical CAN-O. ispost

EV charger script is required!

TR-LS2 pinning

BLACK CONNECTOR 1

PIN | SGNAL COMNENTS

1 LED 7 cabiw hochund Fieeral sesesay 2700 on SV {15 mA mac )
2 [Cumwt sarmer; ) Sarmert marocr

3 [Cumont sereor (ehack] et mannor

a [ [ gy réet (outde curmard en )
s ! rabow) Al 1)

[} M2 (B Ua) LOK PIGERN S 138 gt

1 [A ] Lo [

8 [ Acuateed (rod) Lo suwo ectuatr A

e [+ or stecrg ne [EVEL currart m )
» [Sopoogng 307 pubeo hput

Crarger snat [ Boct (2 A mmexe |
10__ Charper anatie 1o g mein aronr (1 A mas_peckecind)
11 CANH Convedtion mn BUS
12 CA L Conrection wih BMS
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EV charging solution SmartLink MX example (Non-isclated)

Version: 1.1

EV charge controler Box

3x Chargers

| Use
L mate

. Stop npet
1 Al 12VOC on input (pee 10)
| 1o skop Be chirging and uskock
| e charge comecior,

acvawy pranhintion
od)

L

1t
ooy, -

M12 CAN-Bus pinning

TR-LS2 pinning

Power supply
1zvoc*

BLACK CONNECTOR 1 (GREY CONNECTOR 2
PN _JIGNAL CONRMENTS N
1 LED 1 canhe loced Irdurnal resalor 20000 on S (1S muA mus ) 1 | N
2 _Cume eansor [y ow) AL Qurmer sensoe 2 LED,,. MN orank | imemal rosetor 2700 on 5 (35 mA mas.|
3 .u e SONS0r |back) AL curent sensor 3 imeriock sgeed my. side dewer (1 A man prolectns)
1 FP charging ket |cate cprent b | 4 [ Contober intecock IND| | Rty cootnct (3 A o,
[3 me 1 yedon) Lock £O10n Fwich susoly s 5 Contcler itedock (COM) | Redpys contncs (2 A max
& Acuar-d ) Lock pereten swich bjut 6 1 =) Chassis ard ¢ malk PE
14 Ak 'mw Lock senvo achiator B 7SV 30V eput | Conptare sppy [emaly Land 4 A)
& Actowne.S jred| Lock sero whisor A [ “rorper anabie (COM} Reloys contnct (2 A mas )
? P T charpre irbe! (FVSE curmen bee | L) weped enatle (NO| | Rudinys coctmct (2 A mas.
10__Skep charging V.30V putsa npd J L HIGh 3kte dewver (1 A s pectec

. o 1 [ Conrechon with 8IS

1 Conmacton wih 8ME

SmartLink MX MG Connect App

3]

Pawar supply”
8-60VDC/1A
NMEA2000 )
VE.CAN

To MG Master BMS

*Pawer supply from Aux. power of MG Master LV
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