
High Voltage Systems
Part I



High Voltage Systems
Part I

#
#
#
#


Part I
72 Vdc and 96 Vdc

Part II
48 Vdc up to 900 Vdc



Part I
72 Vdc and 96 Vdc

Part II
48 Vdc up to 900 Vdc



Part I - 72 Vdc and 96 Vdc systems



Why >48 Vdc ?
Lower currents and 
smaller electric engines

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

> 400 Vdc:
Hybrid and full-electric systems on 
large vessels / mobility 
(mostly between 400 and 900V)



Calculation example
From diesel to electric

Nominal 
Diesel Power

90 kW
Electric
Power

60-70 kW
Diesel 

Engine (ICE)

120 pk

#
#
#
#


Duration

8 h
Battery bank

160 kWh

Electric
Power

60-70 kW

Nominal power

20 kW

D.O.D. 80%
E.O.L. 70%

Calculation example
From diesel to electric

#
#
#
#


C-Rating
1C

5.8 kWh

0.5C

11.6 kWh

0.25C

23.2 kWh

Example: 6kW electric motor



P
Power

W, kW or MW

U
Voltage

V

I
Amperage

A

= x

Power:
300A 
rule



300A rule:

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

(Cable diameters, fuses, efficiency)



300 A

15 kW 48 V

30 kW 96 V

300 A45 kW 144 V

300 A

P U Imax

300 A60 kW 200 V



Master LV and Master HV
BMS for systems from 12V up to 900V



+
(Touch)safe up to 48V systems
Available components
Easy to install Master LV
Price +

More efficient
Higher power outputs
Engines are more compact
Inverters are more compact

-
Limited in power
Less efficient
Thick cables -

Complexity of the system
Less availability of standard 
components
CAN-bus and EMC 



Master LV
72V and 96V
500A



Master LV

● 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



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

Balancing (BMS)



Safety Contactor
Integrated 

pre-charge systemSafety contactor

On/Off
Switch

Status LED



Safety Contactor
Integrated safety contactor as second level protection

Models:
● 150A / 400A / 600A / 1000A 

(12  and 24 / 48 Vdc)

● 500A 
(72 Vdc and 96 Vdc)



Pre-Charge

Automatic at startup

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

 
● No welding of the safety contactor
● No sparks



DC Distribution

Chargers & load
connections

Battery 
connections



DC Distribution

Positive 
connection

batteries (4x)

Negative connection
for the batteries (4x)

Positive 
connection

chargers and loads 
(4x)

Negative connection
for the charger/loads (4x)

Insulation caps



DC Distribution

● Bolt down M8
● 4 inputs and 

4 outputs available
● Fuse holder (+) MEGA Fuse
● Max. cable diameter: 120 mm2 

(depending on cable lug)



Fuses
Pre-charge 
fuse (10A)

Fuse main
control unit (PCB)

Fuse holders 
to protect

parallel battery banks
(4x)

Fuse holders 
to protect

chargers and loads
(4x)



Shunt

Shunt   



CAN-Bus

Battery CAN-Bus
    M12

RJ45

Auxiliar CAN-Bus    
M12
RJ45

CAN-Bus communication
 

● NMEA2000
● SMA
● Custom



I/O Connections

I/O connector A    I/O connector B

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

Programmable contact

Remote on/off switch and status LED



I/O Connections



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
Status LED must be 12V type

External Start Button & 
Status Indication



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

Programmable Relay



Programmable Relay



Programmable Relay



M12 CAN-Bus

M12
Terminator

(male)

M12
Terminator

(male)M12 - RJ45



Master Slave



Master LV: BMS State Machine

Standby

Start-up

Operational

Failsafe

Waiting for “Start” 
pressed

"Start" is pressed

System initialization.

Initialization OK?
Pre-charge and close 

main contactors

Monitor values and 
check limit

Initialization Failed

Failsafe triggered
Open main contactor

Waiting for “Reset” 
command

Start-button pressed
(short press)

Start-button pressed
(press 3sec)

Start-button pressed
(press 3sec)



1. 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.

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

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

4. 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. 

Power-up Sequence



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

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

● Error 6 will occur when pre-charge fuse is broken.

Pre-Charging



Accessories



USB CAN-Interface



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

Diagnostic Tool



Diagnostic Tool

Combined battery
mode Emergency 

Switch

Auto-shutdown

Charger support

Programmable 
relay



Connect App



● Overview status
● Event logging
● Tracking values (history)
● Settings
● Programmable relay
● Emergency button
● Updating firmware (Coming)

Connect App



Chargers

TC Charger Robust

Power 3.3 kW and 6.6 kW 3 kW

Voltage Up to 450 V Up to 520 V

CAN-Bus Yes * Yes

Value / Price ++ +/-

* SmartLink MX required



Charging on 24, 48, 72 and 96V



Robust Series 

IP66 rating

Passive cooling

24 Vdc, 48 Vdc,
72 Vdc and 96 Vdc 

CAN-Bus controlled
by MG Master LV

Designed for harsh 
environment



CAN-Bus Controlled 

RJ45 to HDP26
Cable 2mtr.

M12 to HDP26
Cable 2mtr.

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.



Robust Chargers Models

MGROB3000024 Robust charger 3000W, 24V, IP66, CAN

MGROB2300024 Robust charger 2300W, 24V, IP66, CAN

MGROB3000048 Robust charger 3000W, 48V, IP66, CAN

MGROB3000096 Robust charger 72V/96V, 30A, IP66, CAN, Up to 144 Vdc

MGROB3000280 Robust charger 280V, 10A, IP66, CAN, Up to 520 Vdc



72 Vdc System M12 CAN-Bus 3S2p
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96 Vdc system
Chargers 
CAN-Bus controlled

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)

MG Energy Monitor for  
showing battery status 
Fast start-up for electric 
driven applications

Auto shutdown 
to save energy



96 Vdc system starboard - port 

Starboard Port



M12 Interlock Adapter
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