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!ōōǊŜǾƛŀǘƛƻƴǎ 

ABS: Anti-lock Brake System 
AC: Alternative Current 
BMS: Battery Management System 
BOM: Bill Of Material 
BP: Battery Pack 
CAN: Controller Area Network 
CC: Cooling Circuit 
DC/DC: DC converter 
DC: Direct Current 
HMI: Human Machine Interface 
HV: High Voltage 
ICE: Internal Combustion Engine 
IM: Induction Motor 
IMD: Insulation Monitoring Device 
LV: Low Voltage 
PB: Power Braking 
PM: Permanent Magnet 
PS: Power Steering 
PWM: Pulse-Width Modulation 
SOC: State Of Charge 
Synrel: Synchronous reluctance 
VCU: Vehicle Control Unit 
WLTP: Worldwide harmonized Light vehicles Test Procedure 
WP: Work Package 
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1 9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

This document is a description of the activities that have been carried out on the Mercedes 
Sprinter demonstrator after the end of work package (WP) 5. The purpose of the WP7 ς Task 7.3 is 
to electrify the van to integrate the powertrain into the vehicle, bench testing of the powertrain 
components, testing the motors on the vehicle on the road. For simplicity, we have divided it into 
three main areas. 

1. Integration: 

This task is the set of activities (disassembly, new supports, new connections, new wiring, 
etc.) to electrify the van, based on the projects and guidelines already defined in 
deliverables 5.4 and 5.5. In particular, these activities had as main focus the realization of 
the high (HV) and low voltage (LV) wiring, the safety of the prototype and a motor 
installation system in the vehicle that ensures correct operation and also make it easier to 
exchange the drivetrain.  

2. Test at component level: 

Privé, before and during the integration, tested the battery and the main components of 
the vehicle in stand-alone conditions or on a test bench custom-designed for such 
activities. This allowed for faster debugging on the vehicle and reduced the risk of 
component failure. 

3. Test at vehicle level: 

This phase has been performed in two parts. The first had as main concern the debugging 
of the vehicle parameters and the optimization of the communication between all the 
components. In the second part, the final tests were carried out aimed at acquiring the 
data that were used for the characterization of the motors and the electronics. 

The task initially scheduled from month 25 to month 36 of the project, due to delays in the 
previous WPs owing to Covid-19, has been extended by 6 months. 

The task involved testing the 4 motors of 75 kW produced in the project (Induction Motor (IM) 
die-cast, IM fabricated, Permanent Magnet (PM) assisted and Pure Synchronous reluctance 
(Synrel) motor) due to the delays already mentioned and unexpected issues it was possible to test 
only one motor, the pure Synrel. 

The testing of the pure Synrel motor aboard the electrified Mercedes-Benz Sprinter was 
successfully performed. The tests gave good driving sensations at low speeds, thanks to the good 
torque of the e-motor. However, the maximum speed reached by the vehicle/motor and the 
cooling system performance are lower than the expected ones. 
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2 /ƻƳǇƻƴŜƴǘ LƴǘŜƎǊŀǘƛƻƴ 

2.1 Battery pack 

In the deliverables 5.4 and 5.5, we had defined the design of the battery and started the 
manufacturing process according to our production drawing. In Fig. 1 it is possible to see a 
rendering of the battery pack (BP) with the 7 modules connected by 6 steel bars, the cooling 
circuit (CC) in blue and the power connectors on the left side of the housing. 

 

Fig.1 final rendering of the BP 

The manufacturing and assembly process has been supported by six main suppliers, each of them 
has carried out specific tasks listed below supported by our engineering team: 

¶ Aluminium cooling plates production 

¶ Modules and battery management system (BMS) production, sub-assembly and test 

¶ Wiring harness setup 

¶ Cooling system installation on the vehicle and sub-component production (liquid tank, in 
and out manifold)  

¶ Steel frame production  

¶ Battery assembly and integration on the vehicle 

The final component can be seen in Fig. 2 installed in the rear part of the sprinter to keep the 
centre of the mass low and to minimize the polar moment of inertia of the vehicle. 
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Fig.2 BP installed in the vehicle and HV routing 

2.2 E-motor and Inverter 

The electric motor and inverter were installed on the vehicle with a specific steel frame designed 
by our engineers for the ReFreeDrive purpose. As already specified in D5.4 and D5.5 this activity 
started with a 3D scan of the van's underbody after the internal combustion engine (ICE) was 
removed. 

The chassis was positioned on 3 supports, considering X the vehicle's advancement axis and Y its 
transverse axis: 

¶ 2 supports at the same value of the X-axis and with a symmetrical position with respect to 
the Y-axis, using the rear engine supports with anti-vibration dumpers. They have been 
designed to lock the Z displacement of the frame and rotation in the YZ plane. 
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¶ The third has been positioned further back on the X-axis, on the fixing that was initially of 
the rear part of the gearbox in the original configuration. This fixing is of the hinged type 
and has been equipped with an anti-vibration dumper that blocks displacements in X and 
Y. 

In Fig.3 and Fig.4, it is possible to see the e-motor mounted and part of the frame that wraps the 
right side of the reduction box. 

 

Fig.3 Motor and inverter assembled on the reduction gearbox and side view of the frame 
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Fig.4  View of the inverter with the power connector, CC and motor support frame 

  

2.3 Electrical Routing and sub-components   

The electrical routing manufacturing and installation has been one of the main tasks carried out 
during the final integration phase.  

The HV wiring connects the alternative current (AC) inlet ς Charger ς battery box ς direct current 
(DC) converter (DC/DC) ς Inverter ς Motor. The AC inlet has been installed on the left side of the 
vehicle replacing the original fuel inlet. In Fig.5 is shown the HV internal battery wiring and in Fig.6 
we can find a view of the power connections between charger, DC/DC and BP. 

A new controller area network (CAN) line has been developed and realized to ensure safe and 
stable communication between components. The components connected are BMS, Inverter, 
vehicle control unit (VCU) 1, VCU 2, human machine interface (HMI), DC/DC and charger. Can Line 
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baud rate is 500 kbit/s and the status data are published by the components every 100ms, 
compliant with automotive standards.  The main aims of the new CAN line are: 

¶ Managing the basic functionalities of the vehicle such as braking pump (PB), steering 
pump (PS), Anti-lock Brake System (ABS), lights and so on. 

¶ Putting in communication the BP with the inverter and the charger to ensure the safety of 
the system and the required performances in a different mode of operation of the vehicle 
such as charging, drive mode, power derating or faults. 

¶ Ensuring the correct functioning of the HMI and data collecting for testing purposes. 

 

 

Fig. 5  View of the HV wiring inside the battery box 
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Fig. 6  View of the HV wiring harness 

 

2.4 Charger 

The charger has been installed in the back of the vehicle in proximity to the BP and the DC/DC to 
keep the routing short and organized. On the left side of the charger (Fig. 6), it is possible to see 
the AC input and the CC inlet and outlet. On the right side, we can see the direct current (DC) 
output that goes directly into the BP through a specific connector.  

The CC of the charger is the same as the motor, or better, they share the main components: water 
pump, tank and radiator. There is a 3-way valve to select the direction because the motor and the 
charger always work alternately. 

The component has been connected directly to the chassis of the Mercedes Sprinter using custom 
made steel plates, as seen in Fig. 7. 
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Fig. 7  Connection of the charger with the Sprinter chassis 

 

2.5 Drive Train 

The custom-made drive train as designed in D5.4 and D5.5 has the function of replacing the 
gearbox of the engine propelled vehicle ensuring the correct reduction ratio at the wheels. This 
group is made of 2 main parts: 

- Reduction box (with two parallel shafts and opposite input and output has the function of 
reducing the rpm of the e-motor and aligning the output with the transmission shaft). 

- Transmission shaft (made of 2 main shafts connected with specific homokinetic joints has 
been manufactured to connect the reduction box to the differential of the vehicle on the 
rear axle). 
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The reduction box is connected to the chassis by the motor support frame and through a front 
flange visible in Fig. 8, they guarantee a structural connection with the e-motor stator. At the 
centre of the flange in Fig. 8, it is possible to see the input shaft that has been connected through 
a dedicated spline with the shaft of the e-motor. 

 

Fig. 8  A frontal view of Reduction box 

 

2.6 HMI 

The HMI system is made of hardware (10.1 Inch Double Din Android 8.1.0) and custom made 
software based on the TORQUE platform. The system communicates with the CAN line of the 
vehicle and it can provide information related to the performances (speed, rpm, current) the 
power consumptions, the status of the battery, and so on. 

Below the touch screen, as shown in Fig. 9, we can find 4 buttons that have the following 
functions: 


















































