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Hybrid Drive Systems for Vehicles

L9 - Charging

© Mats 
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Static Charging



© 2018 LTH - LU 3

On boardOff board

On board / Off board = AC / DC

• ”AC Charging”
• Automation missing
• High power plug missing?
• 10...100 MW/m2

• ” DC Charging”
• Automation missing

• 10...100 MW/m2

• ”Wireless Charging”
• 10...100 kW/m2
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• Commercial Vehicles
– May be Opportunity Charged  up to 10 ... 

20 times a day
– The power level is high!
– Automatic connection absolutely 

necessary !!!

• Autonomous private (?) vehicles
– Maybe a Spotify/Netflix/Uber kind of 

vehicle
– Must be able to autonomously arrange 

washing, charging, workshop visit, ...
– Usually connected 1...3 times per day
– Automatic connection absolutely 

necessary !!!

Who needs an Automatic Charging Connection ... ?
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ABB TOSA
Panto on BUS, Drives bus cost

BYD
Manual, Low Cost Infra

OPPcharge
Panto on infra = Low Bus cost

Bombardier Primove
Inductive, BIG and heavy
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Even the Car industry is trying ...
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And also Off Road ....
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The gardening industry is leading ...
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But we are still pushing 
the limits ... 

• Same CCS-plug, now called ”CCSplus”, 
boosted with water cooling.

• Current limits pushed towards 350 
Ampére and beyond.

= 260 ... 500 kW, depending 

• Still no automation!
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Normal fuse levels
• Home

– 1 phase
• 10 Ampére -> 2,3 kW
• 16 Ampére -> 3,7 kW

• Other places
– 3 phase

• 16 Ampére -> 11 kW
• 32 Ampére -> 22 kW
• 63 Ampére -> 44 kW
• 125 Ampére -> 87 kW

IEC 60309
Color -> Voltage
Diameter -> Current
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Charging Mind Map

Charging

Conductive

DC AC

Inductive
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Dedicated Charging Stations
IEC 62196
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The Chademo Charging Station

”CHaDeMo” = ”CHarge DE Move”
in English 

OR
”o CHA DEMO ikaga desuka”

in Japanese
= ”Let’s have tea while charging”
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Chademo
suppliers

44 kW
max 63 A AC

OR

50 kW
max 500 V, max 125 A DC
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Current
Control

a b c 0 pe

Current
Control

NO PE !

AC

DC1

DC2
DC/DC

2bl Isol

Current 
Control
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a b c 0 pe

Current
ControlAC

• 3 phase plug limited to 63 A
• Max charging power 44 kW
• Available from all OEMs for night time 

charging

• E.g. 200 kWh in 5 hours night time.

• NOT Enough for Opportunity Charging at 
+100 kW?  There is a possibility!

• New Plug Needed for higher power levels!

DC&AC
63 -> 150 A/pin
= 104 kW AC
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Current
Control

a b c 0 pe

AC

DC1

DC2

• OppCharge an open ”standard”, capable of up to 600 kW
• Expensive stations, not compatible with most truck applications

• CCS/DC normally limited to 200 A.
• @ 750 V this gives 150 kW, e.g 4x0.25h = 150 kWh
• NOT automatic

• Pushed towards 500 A with water cooling = 375 kW 
@ 750 V
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a b c 0 pe

NO PE !

DC2
DC/DC

2bl Isol

Current 
Control

• Siemens eHighway is currently leading
• Others follow very soon
• Significant battery size reduction (-60%...-80%)
• 150 kWh instead of 600 kWh

• No protective earth – requires special safety 
solutions
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Tesla Semi Analysis ...
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• GVW = 80000 lbs = 36 287 kg

• Drag Coefficient = Cd = 0.36

• Drivetrain: 4 PM motors from Model 3

• Acceleration 0-60 mph = 0-97 km/h
– Tractor only: 5 seconds

– Full load (80000 lbs): 20 seconds

• Hill climbing: 5 % slope @ 65 mph = 105 km/h

• Range: 300/500 miles = 483/805 km 

• Charging time: 400 miles = 644 km in 30 
minutes

Technical facts
Given Facts Calculated Facts

• Energy consumption = about 1 kWh/km

• Tractor weight = 9 tons

• Traction motors = 4 x 137/192 kW (cont/peak)

• Battery Energy = 850 – 950 kWh (depends on DoD)

• Battery Weight = 4.2 – 4.7 tons (@ 0.2 kWh/kg)

• Charging power

= almost 1.3 Megawatt for Fast Charging

= 100 kW for Night Time Charging

• MEGA Charging Connector: Seems to be 4xSUPER 
Charging Connector

X 4 =
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Is automatic
Works with both

small and BIG vehicles

Can be used both when
standing still and when moving

Can be used both
in the city and on the highway

The Perfect Charging Connection ...
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Dynamic Charging
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• Charging when the vehicle is moving
• Also called ”Electric Road Systems” (ERS)
• Traditionally used in Trams, Trains and Trolley 

buses
• Different technologies, different connections
• Many new suppliers developing
• Several demonstrations on public road

Dynamic charging ?

Above Side Under

Conductive

Inductive

Capacitive
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Some ERS versions interesting for Sweden

SiemensAlstom

https://www.alstom.com

Elways ElonroadElectreon Honda
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Additional equipment needed
Tank Engine

Transmission Wheel

Battery Electric Drive

Pick Up Electric 
Power

Conditioner

Power
Supply

Transformer

Conventional vehicleHybrid VehiclePlug In Hybrid VehicleSlide In Hybrid Vehicle
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ERS inter city and static/night in city

City 1
City 2

Static car charging

Static car charging
Truck static depot charging

Bus dynamic & stop charging

Higway dynamic charging
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• No ERS
= High battery costs, No ERS costs

• Some ERS
= Lower battery costs and ERS costs

• Only ERS
= Low battery cost and high ERS cost

• ERS cost + Battery cost has an 
optimum

Not ERS all the way No ERS

Some ERS

Only ERS

”Every 
2nd km”
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Impact on battery range

D

A

B A

B

”Battery range for infinite range”

All National & 
European roads

50 % of National & 
European roads

25 % of National & 
European roads

D = 61 km D = 134 km D = 336 km
Charge 
& Drive

DriveDrive
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Vision of one technology supplier ...
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A technology example...
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Cost of Charging
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• Static chargers priced at 350 € /kW 
based on the previous models

• ERS cost modelled as: 

COST OF INFRASTRUCTURE

𝐶ாோ௦ =   𝑘଴ 𝑃ாோௌ  + 𝑘ଵ 𝐿ாோௌ +  𝑘ଶ 𝑘ாோௌ𝐿ாோௌ 𝑁௅௔௡௘௦

POWER TERM

• Proportional to the 

traffic flow

• 2.5 peak to average 

ratio

• Transforming and 

rectifying stations

k0 = 300 103 €/MW

DISTRIBUTION TERM

• Proportional to the 

length of the ERS

• Distribution cables 

going along the road 

supplying the rectifying 

stations

k1 = 150 103 €/km

HARDWARE TERM

• Proportional to the 

electrified section of the 

ERS

• All hardware installed 

“on the road”

k2 = 500 103 €/kW
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Some cost analysis ...

• 5 million cars á 15 kWh 
batteries á 1000 SEK/kWh
@ 10 years lifetime
-> 7 Billion SEK/year

• 50 000 Heavy Duty Trucks á 
100 kWh batteries á 1000 
SEK/kWh @ 2 years lifetime

-> 2 Billion SEK/year

• 15 600 km National and 
European road á 10 Million 
SEK/km @ 20 years lifetime
-> 8 Billion SEK/year 

-> 17 Billion

SEK /year

• 5 million cars á 75 kWh 
batteries á 1000 SEK/kWh
@ 10 years lifetime
-> 38 Billion SEK/year

• 50 000 Heavy Duty Trucks á 
500 kWh batteries á 1000 
SEK/kWh @ 2 years lifetime

-> 12 Billion SEK/year

• 50 000 ”SuperChargers” á 150 
kW á 6000 SEK/kW @ 25 years 
lifetime
-> 1 Billion SEK/year

500 ”MEGAChargers” á 1000 
kW á 6000 SEK/kW @ 25 years 
lifetime
-> 0,12 Billion SEK/year

-> 51 Billion

SEK /year
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Fuel cells
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All over the news

• Benefits:
– Higher energy density than 

batteries.
– Faster “charge time”

• Drawbacks
– Lower efficiency
– No infrastructure



https://insideevs.com/news/406676/battery-electric-hydrogen-fuel-cell-efficiency-comparison/


