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ABS Anttlock Brake System

AC Alternative Current

BMS Battery Management System
BOM BiIll Of Material

BP. Batery Pack

CAN Controller Area Network
CC Cooling Circuit

DC/DCDC 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 PowerBraking

PM: Permanent Magnet

PS Power Steering

PWM: PulseWidth Modulation
SOC State Of Charge

Synrel Synchronous reluctance
VVCU VehicleControl Unit

WLTP Worldwide harmonized Light vehicles Test Procedure

WP. Work Package
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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; Wésk 7.3s
to electrify the van tantegrate the powertrain into the vehicJdenchtesting of the powertrain
componentstesting the motors on the vehicle on the rodeor simplicitywe 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 amdo@r
instdlation system in the vehicle thansurescorrect operationand also male it easier to
exchange the drivetrain.

Test at omponent level:

Privé, before and during the integration, tested the battery and the main components of
the vehicle in stanéilone caditions or on a test bencltustomdesigned for such
activities. This allowed for faster debugging on the vehicle and reduced the risk of
component failure.

Test at vehicle level:

This phasehas beerperformed in two parts. The first had as main concera tiebugging

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 thetorsand the electonics.

The task initially scheduled from month 25 to month 36 of the project, due to delays in the
previous WPswingto Covid19, has been extended by 6 months.

The task involved testing the 4 motoo$ 75 kWproduced in theproject (Induction Motor (M)
die-cast, IM fabricated,Permanent Magnet (PM) assisteahd Pure Synchronous reluctance
(Synrel) motoy due to the delays already mentioned and unexpedtsiiest was possible to test
only one motor, the puré&ynrel

The testing of the pureSynrel motor aboard the electrified MrcedesBenz 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 vehioldor and the
cooling systenperformanceare lower than the expected orge
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2.1 Battery pack

In the deliverables 5.4 and 5.%ve had defined the design of the battery and started the
manufacturing process according twr production drawing In Fig. 1 it is possible to sea
rendering of the battery packBP)with the 7 modules connected by 6 steel bars, the cooling
circuit (CC)n blue and the power connectom the left side of thehousing.

Fig.1final rendering of theBP

The manufacturing and assembly process has Isegaported bysixmain supplierseach of them
has carried out specific tasks listed below supported by our engineering team

1 Aluminiumcooling plates production

1 Modules andbattery managementystem(BMS production, subassembly and test

1 Wiring harness gap

1 Cooling system installation on the vehicle and -somponent production l{quid tank, in
and out manifold)

Steel frame production

Battery assembly and tegrationon the vehicle

The final component can be seen in Fig. 2 installed in the rear paheo$printer to keep the
centre ofthe mass low and to minimize the polar moment of inertia of the vehicle.
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Fig2 BPinstalled in the vehicle and HV routing

2.2 Emotor and Inverter

The electric motor and inverter were installed on the vehicle with a sigestiéel 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 theernal combustion enginelCE was
removed.

The chassis was positioned ors@ports, considering X the vehicle's advancement axis and Y its
transverse axis:

1 2 supportsat the same value of the-Xxis and with a symmetrical position with respect to
the Y-axis, using the rear engine supports with anbration dumpers. They haveebn
designed to lock the displacemenbf the frame and rotation in the YZ plane.
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1 The third has been positioned further back on the@xs, on the fixing that was initially of
the rear part of the gearbox in the original configuration. This fixing if@fhinged type

and has been equipped with an awibration dumper that blockslisplacenents in X and
Y.

In Fg.3and Fig.4it is possible to see the-motor mounted and part of the framéhat wraps the
right side of the reduction box.

Fig3 Motor and nverter assembled on theeduction gearbox and side view of the frame
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Fig4 View of the inverter witithe power connectorCCand motor support frame

2.3 Electrical Routing and sttmmponents

The electrical routingnanufacturing and installatiohas be@ one of the main tasks carried out
during the final integration phase.

The HWviring connectsthe alternative current AQ inlet ¢ Chargerg battery box¢ direct current
(DQ converter PC/DQ ¢ Inverter ¢ Motor. The AC inlet has been installed the Idt side of the
vehicle replacing theriginalfuel inlet.In FHg.5 is shown the HV internal battery wiring andHg.6
we can find a view of the power connections betwedrargerf DGDC andBP.

A newcontroller area network (CAN line has been developednd realized to ensure safe and
stable communication between components. The components connected are BMS, Inverter,
vehicle control unitYCU 1, VCW2, human machine interfacéHMI), DC/DC andharger Can Line
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baud rate is 500 kbit/s and the status datae published by the components every 100ms,
compliant with automotive standards. The main aims of the new CAN line are:

1 Managing the basic functionabits of the vehicle such as braking puniPB) steering
pump (PS)Anti-lock Brake SysteihBS, lightsand so on

1 Putting in communication thé8Pwith the inverter and the charger to ensure the safefy
the system and the required performancesaulifferent mode of operation of the vehicle
such as charginglrive mode power derating or faults

1 Ensuringhe correct functioning of the HMI and data collecting for testing purgose

(L |
Fig.5 View of the HWviring inside the battery box
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Fig.6 View of the H\MWviring harness

2.4 Charger

The charger has been installed in the back of the vehicle in proximttye BPand the DC/DC to
keep the routing short and organize@n the left side of the charggiHg. 6), it is possible to see
the AC input and theCCinlet and outlet. On the right sideve can see thalirect current DQ
output that goes directly into th&Pthrough a specific connector

TheCCof the charger is the same as the motor, or better, they share the main componeatist
pump, tank and radiator. There is arngy valve to select the direction because the motor and the
charger always work alteately.

The component has been connected directly to the chassis of the Mercedes Sprinter using custom
made steel platesas seen irHg. 7.
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Fig.7 Connection of the charger with the Sprinter chassis

2.5 Drive Train

The custommade drive train as designechiD5.4 andD5.5 has the function of replacing the
gearbox of theengine propelled vehicle ensuring the correct reduction ratio at the wheels. This
group ismade of 2 main parts:

- Reduction boxwith two parallel shafts and opposite input and output has thaction of
reducing the rpm of the -enotor and aligning the output with theeansmission shatft)

- Transmission shafimade of 2 main shafts connected with specifamokinetic joints has
been manufacturedo connectthe reduction box to the differential athe 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 visiblein Fig.8, they guarantee astructural connection with the -enotor stator. At the
centre of the flange in Fi@, it is possible to see the input shaft that has been conneckedugh

a dedicated spline with thehaft of the emotor.

Fig.8 A frontal view & Reductionbox

2.6 HMI

The HMI system is made of hardward@.1 Inch Double Din Android 8.1.0) and custom made
software based on the TORQUE platforithe system communicates with tl@ANIine of the
vehicle and it can provide information related to the performances (speed, rpm, current) the
power consumptions, the status of the battegnd so on.

Below the touch scren, asshown inFig 9, we can find4 buttons that have the following
functions:
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