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What is new energy vehicle?

New energy vehicle refers to a technically advanced vehicle that is powered by a unconventional fuel (or a conventional fuel together with 

a new on-board powertrain), integrates advanced technologies in vehicle power control and driving, and applies new technologies and 

structures.

I. Overview of new energy vehicle system

Advantages

No pollution, low noise

Simple structure, easy 

maintenance

High energy conversion efficiency

Controlled peak-to-valley 

difference of power grid

Wide energy source 

(coal/wind/water/nuclear power)

Disadvantages

Low specific energy

High battery cost

Immature technology, high cost, long 

charging time

Immature charging network construction

Classification by vehicle 

performance
Â  Small battery electric vehicle: a battery electric vehicle with maximum 

speed not exceeding 40 km/h and with short range, mainly designed for 

specific users;

Â  Urban battery electric vehicle: a battery electric vehicle below class A, 

mainly used for urban and suburban operation, with overall vehicle 

performance comparable to that of a conventional vehicle;

Â  E-REV: GM defines extended-range electric vehicle (E-REV) as a 

vehicle which can achieve desired EV performance, and the engine of 

which starts running only when the battery is low;

Â  High-performance battery electric vehicle: a battery electric vehicle 

with performance comparable to that of a conventional vehicle, and 

with maximum speed of greater than 160 km/h and range of greater 

than 160 km, but being costly.
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Â New energy vehicles are divided into: 

hybrid electric vehicles, battery electric 

vehicles, range-extended electric 

vehicles, plug-in hybrid electric vehicles, 

fuel cell electric vehicles.

Class

ificati

on

According to powertrain structure

HEV

(Hybrid Electric Vehicle)

BEV/EV

Battery Electric Vehicle

REEV

Range-Extended Electric Vehicle

PHEV

Plug-in Hybrid Electric Vehicle

Blend/REEV/AEREV

FCEV

Fuel Cell Electric Vehicle

Archi

tectur

e

Defini

tion

É Driven by motorand/or engine, with two 

drive systems

É Driven by motor, with only one 

drive system

É Driven by motor, with only one drive 

system

É With both series and parallel system 

mechanisms and three drive systems

É Due to oxidation reaction, 

electrons are continuously 

transferred to form the current 

required to drive the vehicle

Chara

cteris

tics

É 3 drive modes: EV, CV and HEV

É Driven by engine and motor at the same 

time

É Short battery life of only 5-15 KM

É Complicated and costly parallel structure 

causes difficult battery layout for models 

with a range of more than 15 KM

É Supporting EV mode only

É Simple structure, convenient 

parts layout, higher intelligence, 

and simple maintenance, 

making this vehicle an ideal 

new energy vehicle

É High battery cost and 

complicated power 

management

É 2 drive modes: EV and parallel

É Simple powertrain structure and low noise 

in EV mode

É Fuel economy is not higher than that of 

conventional vehicles

É The kinetic energy of engine needs to go 

through secondary conversion in order to 

power the motor, which will cause great 

energy loss

É As the engine is not used for driving, the 

HV power motor incurs difficult layout due 

to large size.

É 4 drive modes:EV, CV, HEV and 

charging

É Driven by engine and motor at the same 

time to achieve more superior power 

performance.

É The engine may be used to charge the 

power battery in HEV mode

É Drive system features complicated 

structure, difficult control and high cost

É The battery life is not long, generally 

around 80 KM

É Fully charged within 5 min, with 

range up to above 500 km

É Convenient and free application, 

making up for the shortcomings 

of electric vehicles

É Extremely strict requirements for 

hydrogen storage and refilling, 

making the vehicle not suitable 

for civilian use

Plug-in hybrid 

electric vehicles

New energy vehicles

Range-extended electric 

vehicles
Hybrid electric 

vehicles

Fuel cell electric 

vehicles

3 
3 

Battery electric 

vehicles

Common types of new energy vehicles

I. Overview of new energy vehicle system

http://price.pcauto.com.cn/cars/image/1843540-1.html
http://price.pcauto.com.cn/cars/image/1843535-1.html
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Basic information on new energy vehicle

1. BEV/EV (Battery Electric Vehicle)

I. Overview of new energy vehicle system

A battery electric vehicle is driven by motor only, without a engine. Energy is stored through the 

battery and the vehicle is charged with an external power supply.

Battery 

electric 

vehicle

(BEV)

Drive mode Drive energy Energy storage Power unit Characteristics

Driven by motor only and 

charged by external 

power supply

Electrical energy Battery Motor
Range dependent on battery 

capacity
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Basic information on new energy vehicle

2. HEV (Hybrid Electric Vehicle)

I. Overview of new energy vehicle system

The hybrid electric vehicle combines the engine and motor in the powertrain. Common hybrid electric 

vehicles include hybrid electric vehicles (normal), plug-in hybrid electric vehicles, and range-extended 

electric vehicles.

Hybrid electric vehicle Plug-in hybrid electric 

vehicle

Range-extended electric 

vehicle

Drive mode Drive energy
Energy 

storage
Power unit Characteristics

Hybrid electric 

vehicle (HEV)
Driven by more than two power sources, including 

engine and motor; not supporting external charging
Gasoline Battery and fuel tank

Engine and 

motor

Auxiliary start and acceleration from low speed by 

motor, for higher fuel efficiency; small battery, with 

range of only 2-3 km

Plug-in hybrid 

electric vehicle 

(PHEV)

Similar to HEV, but supporting external charging
Electrical energy 

and gasoline
Battery and fuel tank

Engine and 

motor

An advanced version of HEV, with a larger battery, 

and range of more than 50 km in EV mode

Range-extended 

electric vehicle 

(REEV)

The engine is used for power generation only and 

does not directly provide power; external charging 

is supported

Electrical energy 

and gasoline
Battery and fuel tank Motor

Long range in EV mode: the engine does not directly 

provide power and can always run at the best speed, 

achieving low noise and high fuel efficiency; but the 

vehicle performance on an expressway is not as good 

as hybrid electric vehicles and plug-in hybrid electric 

vehicles.
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Basic information on new energy vehicle

3. FCEV (Fuel Cell Electric Vehicle)

I. Overview of new energy vehicle system

Fuel cell electric vehicles are powered by electricity generated from on-board fuel cells (generally hydrogen fuel 

cells), which are technically difficult and rarely available on the market.

BMS
Fuel cell stack

High pressure 

hydrogen 

storage tank

Motor

Fuel cell booster converter
Power battery

Fuel cell

(FCV)

Drive mode Drive energy Energy storage Power unit Characteristics

Driven by motor only; 

generating electrical 

energy through hydrogen 

fuel cell, without external 

charging

Hydrogen Ÿ electrical 

energy

Battery

Hydrogen storage 

tank

Motor
Limited hydrogen source; 

immature technology
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Basic composition of battery electric vehicles

Battery electric vehicles are vehicles powered solely by rechargeable batteries (such as lead-acid batteries, nickel-cadmium batteries, nickel-metal hydride 

batteries or lithium-ion batteries), with the motor as the drive system.

Conventional internal combustion engine vehicles are mainly composed of engine, chassis, body, and electrical equipment. Different from a conventional 

vehicle, a battery electric vehicle is not equipped with engine and applies different transmission mechanism. And depending on the drive mode, some vehicle 

components are simplified or eliminated. Moreover, new mechanisms such as power supply system and HV power motor have been added. Due to the 

change in the above systems and features, a battery electric vehicle is instead composed of four new parts: electric drive control system, chassis, body, and 

auxiliary system.

For a battery electric vehicle, the electrical energy is output by the power battery, so that the motor is driven to generate power by the motor control unit, 

which then is transmitted to the driving wheels through the reduction mechanism to move the vehicle.

The core technology that distinguishes new energy vehicles from conventional vehicles is the EIC system: battery, electric drive (motor), and electric control.

Core components of new 

energy vehicles

Main EIC Auxiliary EIC
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I. Overview of new energy vehicle system

Charger

Compres

sor

Battery

Power battery pack

Motor control 

unit (MCU)

Motor

Electric vacuum pump



EIC technology: An electric vehicle consists of not more than 900 parts, while a conventional vehicle consists of thousands of parts; the core 

technology that distinguishes new energy vehicles from conventional vehicles is ñEIC systemò: battery, motor and electric control, where the battery 

accounts for 45% of the manufacturing cost and ñEICò accounts for over 56% of the cost.

Power battery is the energy storage of an electric 

vehicle, which during charging, stores electrical 

energy to drive the vehicle. It is generally controlled 

by the BMS, mainly through the control of the cell 

voltage/temperature, control of the cell voltage 

consistency, in order to ensure stable voltage of the 

vehicle. Power battery is generally installed under 

the chassis, which poses a stringent requirement on 

the IP rating of the battery, which should be 

generally IP67 or IP68.

Power battery

HV power motors are mainly divided into 

permanent magnet synchronous motors 

and AC asynchronous motors, with power 

ranging from 40 KW to hundreds and 

thousands of kilowatts. The motor applies 

water or air cooling mode. A high-power 

motor generally applies water cooling, 

while a low-power motor applies air 

cooling. If the temperature rises, the motor 

will work at reduced power. When 

temperature rises to a certain limit, the 

motor output will stop.

HV power motor

As the powertrain controller of the electric 

vehicle, it collects accelerator pedal 

signals, brake pedal signals and other 

component signals, and makes 

corresponding judgments to control the 

lower-level control units, achieving vehicle 

drive, braking and energy recovery.

Vehicle control unit (VCU)

EIC system of battery electric vehicles

I. Overview of new energy vehicle system



High 

voltage

Low 

voltage

Signal

DC/AC             Hydraulic pump DC/AC                             Pneumatic pump

PTO MOTOR

MCU

BMS

DC/DC

converter

DC to DC

Water pumpIg
n
itio

n
 lo

c
k

Remote 

terminal

VCU

Powertrain 

control

Electric control logic

converter

DC to AC

converter

DC to AC

I. Overview of new energy vehicle system



Main functions of battery

I. Overview of new energy vehicle system

Main functions of battery

Power battery

Battery 

management 

system

Pneumatic 

pump 

controller

Hydraulic pump 

controller

High voltage 

auxiliary control 

box

Drive system Motor control unit

Air compressor
Power steering fluid 

pump

Three-in-one controller
Electric A/C 

defroster



Power battery

B

M

S

B

D

U Powertrain 

control

Power transmission method - schematic diagram

Motor

Transmissio

n

Drive shaft

Drive axle

I. Overview of new energy vehicle system



Power transmission method - main types

Classification

Item

Direct drive

(Independent motor, motor 

integrated with rear axle)

Matching reducer drive Wheel drive Hub drive

Architecture

Application Mature technology, wide application Cutting edge technology, in research

┼꜠Ⱶ

꜠

꜠

⁯

┼

┼

꜠Ⱶ

꜠

⁯

꜠

┼

┼

꜠Ⱶ

꜠

꜠

┼꜠Ⱶ

꜠

꜠

⁯

Passenger car, small VAN: motor + reducer

Large VAN, truck, bus: direct drive, motor + reducer / 2- & 4-speed transmission

Reduced speed and increased torque

The direct drive method with the motor integrated into the rear axle has been increasingly applied thanks to the ease of 

battery arrangement.

I. Overview of new energy vehicle system

Power battery
Motor

control unit
Motor

Driving 

wheel

Electrical 

connection

Driving 

wheel

Power battery

Motor

control unit Motor

Driving 

wheel

Electrical 

connection

Driving 

wheel

R
e
d

u
c
e

r

Power battery

└ Wheel 

motor

Driving 

wheel

Electrical 

connection

Driving 

wheel

└
Wheel 

motor

Reducer

Reducer

Power battery

└

Hub 

motor

Driving 

wheel

Electrical 

connection

Driving 

wheel

Hub 

motor
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BDU

A/C 

Compressor

Radiators

EPS

LHD for 

example

Aux Battery

12Vx2

VCU

Charge 

inlet 

DC&AC

OBC EHP 

Pump
Traction 

Motor

Traction 

BatteryBMS

Coolant tank 

of traction 

system

Aux 24V 

main switchCabin lock 

mechanism

I. Overview of new energy vehicle system

New energy vehicle - light truck illustration
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II.   Terms and definitions

Items Full name Chinese name

VCU Vehicle control unit └

MCU Motor control unit └

DCDC DC to DC buck converter

PTO (HV) Power take out port

EAC Electrical air conditioner ꜚ

EHP Electro-Hydraulic Power pump ꜚ ꜛⱬ

PTC Positive Temperature Coefficient (heater) ⱴ

PEU Power electronic unit ⱬ ᾝ

IGBT Insulated-gate bipolar transistor (module) ᵣ

OBC On board charger (AC) ᾟ

HVIL High Voltage Internet Lock ԑ

DC/AC Direct Current /Alternating Current Convertor /֜

PE Protective Earthing Conductor Ḡ ᵣ̂ ̃

HV/LV High voltage /Low voltage /ᵞ

NTC Negative Temperature Coefficient 

PTC Positive Temperature Coefficient Thermistor 

BMS Battery Management System
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3.1 Overview of high-voltage harness system:

There are two types of harnesses for electric vehicles: LV harness and HV harness. Only the high-voltage harness is explained in this course.

The HV harness is a harness used to transmit high voltage, which is quite different from the LV harness. The main difference lies in the cable insulation and withstand 

voltage. The eye-catching orange cable is the standard high-voltage harness.

ƷOrange cable = High Voltage standard

III. High-voltage harness system
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III. High-voltage harness system

3.2 High voltage system:
Composition concept diagram
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3.2 High voltage system:

No. CHINESE NAME NAME

1 PTCⱴ PTC heating HV harness

2 Air compressor HV harness

3 ᾟ -1AC AC charge HV harness Filter-OBC

4 ᾟ -2AC AC charge HV harness OBC-PEU

5 ꜚ Motor HV harness

6 ꜚⱬ HV cable between power battery packs

7
ꜚⱬ ⱴ Heating HV harness between power battery packs

8 ᾟ Charging inlet HV harness

9 ꜚⱬ ₮  1/2 Power battery output HV harness 1/2

10 └ꜚ ꜛⱬ Braking system EHP pump HV harness

11 PEU ₮ PEU output HV harness

III. High-voltage harness system

Harness description
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3.3 PTC heater harness assembly:

To PEU PTC connector

To PTC

III. High-voltage harness system

B 

negati

ve

A 

positi

ve

Cable cross-sectional 

area: 2.5 mm2

B 

negati

ve

A 

positi

ve

AVIC 

Jonhon 

Optronic 

Technology 

Co., Ltd.

Cable cross-sectional 

area: 2.5 mm2

2 

negati

ve

1 

positi

ve

To PEU PTC 

connector

Sheath: F01-720000-PYO

Terminal: matching (crimp)
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3.4 A/C compressor harness assembly:

To air compressor To PEU EAC connector

III. High-voltage harness system

A 

posit

ive

B 

nega

tive
1 

posit

ive

2 

nega

tive

1 positive

2 negative

ToBellows color: Ral2009
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3.5 HV harness assembly for external charging -1:

To OBC AC input
To filter

III. High-voltage harness system

Bellows color: Ral2010

Interlo

ck A

Interlo

ck B Interlo

ck B

Interlo

ck A
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3.6 HV harness assembly for external charging -2:

To OBC DC output

To PEU

III. High-voltage harness system

2 

negati

ve

Bellows color: Ral2010

1 

positiv

e

6mm2 6mm2

1 

positiv

e

2 

negati

ve

View A

To OBC

Sheath: HVC2P63FS406

6mm26mm2

2mm2
1 

positiv

e
To PEU

Sheath: HVC2P63FS406
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3.7 Motor harness assembly:

To PEU To motor

III. High-voltage harness system
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3.8 HV harness assembly between power battery packs:

To left battery pack negative
To right battery pack positive

III. High-voltage harness system

Adhesive-lined heat 

shrink tube heat shrunk 

to the end of connector

Two sections of ◖80*35 heat 

shrink tube sheaths attached 

to the harness Adhesive-lined heat shrink 

tube heat shrunk to the 

injection end of connector              

[B]

Bellows color: Ral2010
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3.9 Heating HV harness assembly between power battery packs:

2. To left battery pack

1. To BDU

3. To right battery pack

III. High-voltage harness system
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3.10 Vehicle inlet HV harness 

assembly:

To BDU

+

-

 

To OBC

Charge Inlet DC+AC

Electric lock 
mechanism

III. High-voltage harness system

Adhesive-lined heat shrink tube to 

the end of bellows

DC charging signal 

interface

6195-0152 (Sumitomo)

Rubber 

sheath

AC charging 

signal interface

(Detection L1 L2 L3)

6195-0054 (Sumitomo)

Adhesive-lined heat shrink tube heat 

shrunk to the end of connector
Ground

Single-conductor/unshielded/ 25mm2/black 

bellows

(outside diameter of 

bellows)

Adhesive-lined heat shrink tube 

heat shrunk to the end of 

connector
Bellows color: Ral2010

(outside 

diameter of 

bellows)

Adhesive-lined heat shrink tube 

heat shrunk to the end of 

connector
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3.11 Power battery output HV harness assembly 1:

To BDU battery pack positive
To left battery pack+

III. High-voltage harness system

Adhesive-lined heat shrink tube heat 

shrunk 120 mm from the end of connector 

to end of harness

◖80*120 heat shrink tube 

sheath attached to the 

harness
Adhesive-lined heat 

shrink tube heat shrunk 

to the injection end of 

connector

Bellows color: Ral2010

50mm2

BDU battery main positive

Sheath: PL28W- 301-50-M

Terminal: matching (crimp)

Battery left BDU positive

Sheath: REB-TBPH-50-AC

Terminal: matching (crimp)

50mm2
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3.12 Power battery output HV harness assembly 2:

To BDU battery pack negative
To right battery pack-

III. High-voltage harness system

Adhesive-lined 

heat shrink tube 

heat shrunk to the 

end of connector

◖80*120 heat shrink tube 

sheath attached to the 

harness
Adhesive-lined heat 

shrink tube heat shrunk 

to the injection end of 

connector

Bellows color: Ral2010

50mm2

BDU battery main negative

Sheath: PL28T-301-50-M

Terminal: matching (crimp)

Battery right BDU negative

Sheath: REB-TAPH- 50-AC

Terminal: matching (crimp)

50mm2

Characteristic: [B]
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3.13 HV harness assembly of brake system EHP:

To PEU "PDU" connector To brake EHP

III. High-voltage harness system

1Pin: positive, 4mm2 wire

2Pin: negative, 4mm2 wire

Electric power steering motor input HV 

harness assembly - PEU

Sheath: HVC2P28FS304

1Pin: positive, 4mm2 wire

2Pin: negative, 4mm2 wire

Electric power steering motor input HV harness 

assembly - EHP

Sheath: HVC2P28FS304

Bellows color: Ral2010
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3.14 PEU input HV harness assembly:

To PEU "power battery" connector

To BDU HV main circuit negative

To BDU HV main circuit positive

III. High-voltage harness system

Bellows color: Ral2010
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IV. Bus network topology

Definition: CAN is the abbreviation of Controller Area Network. 

  It is a local field bus serial communication protocol jointly developed by various automobile companies in the 1980s for purpose of 

the real-time data exchange between many control units and testers in modern automobiles, which is more concise, convenient and 

efficient than conventional vehicle communication;

4.1 Definition of CAN

Function:

It is used for information interaction between vehicle modules and OBD port diagnosis, and features high efficiency communication;
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IV. Bus network topology

A mature vehicle network communication architecture, commonly used in vehicle control systems of 

commercial vehicles, supporting internet interactive information after loading TBOX;

ÉCharacteristics

  1. CAN bus ISO-11898-2 protocol, OBD ISO-15767 protocol, and J1939CAN communication protocol field 

bus control;

  2. New energy vehicle power CAN transmission rate of 500 KB (250 KB for vehicle information CAN, 250 

KB for charging).

4.2 Network communication mode for Foton light trucks



ÉECAN, VCU and MCU each with a 

terminal resistor, featuring platform 

design;

ÉOne terminal resistor set for DC charging 

CAN and BMS;

ÉOne terminal resistor set for information 

CAN (body CAN) and VCU, and one for 

instrument cluster.

ÉSimple structure and easy troubleshooting

3

IV. Bus network topology

4.3 Network control topology for new energy light trucks

ÉThe terminal resistance is 120ɋ, 

and the terminal resistors are 

connected in parallel, so the CAN 

line resistance measured from the 

OBD port is 60ɋ

Power

Informa

tion

OBC: On-board Charger

DCDC: DC-DC converter

Diag: Diagnostic Link 

Connector

EACP: Electronic Air 

Conditioning Compressor 

Pump

WPTC: Water Positive 

Temperature Coefficient

BMS: Battery Management 

System

Tbox: Telematics box

VCU: Vehicle Control Unit

ABS: Anti-lock Braking 

System

ECC: Electronic Climate 

Control

DCChargePlug: DC charging 

plug

MCU: Motor Control Unit

ICU: Instrumentation Control 

Unit

GSM: Gear Shift Module



Abbreviation Full name Abbreviation Full name 

CAN Controller area network EACP
Electronic air conditioning compressor pump

VCU vehicle control unit AVM Around view monitor 

TCM Transmission control module Audio Audio-visual system 

EGSM Electronic gear shifting module ICM Instrument cluster module 

SRS Supplemental restraint system TBOX Telematics box 

ABS Anti-block braking system DDCM Driver' door window control module 

OBC
On-board charger

RLS Rainfall light sensor 

DC/DC
DC-DC Converter transformers

DC-DC Converter transformers
RPAS Rear parking assist system 

BMS
Battery management system

FPAS Front parking assist system 

ESC Electronic stability control FRS Front radar sensor 

SAS Steering angle sensor FCS Front camera 

IV. Bus network topology



IV. Bus network topology

4.4 Operating characteristics of CAN

ü Strong real-time performance, long transmission distance, strong anti-electromagnetic interference ability, 

low cost, etc.

ü Two-wire serial communication, with strong error detection ability, adapting to environments with high 

noise interference 

ü Allowing priority and arbitration; multiple control modules can be hooked up to CAN-bus through CAN 

controller to form a parallel structure with multiple hosts

ü Receiving or blocking messages according to the message ID

ü Reliable error handling and detection mechanisms; 

BCM

VC

U
ICM

AB

S

AC

U

Max. 30cm
Min. 10cm

Max. 40cm



ü Do not disconnect the CAN bus harness by more than 

40 mm

ü Keep the CAN wire break at least 100 mm from the next 

crimp node

ü Do not stretch the CAN bus harness

ü  Do not connect the CAN bus harness to other wires

ü Perform diagnosis with the diagnostic scan tool 

recommended by the manufacturer

IV. Bus network topology

4.5 CAN repair



Normal waveform of CAN bus

4.6 Common fault diagnosis of CAN

IV. Bus network topology

Two mirror oscillograms of normal CAN bus
É After bus wake-up, the oscilloscope voltages of CAN H and CAN L are both 2.5 V when no data is uploaded. And when there is data transmission, the 

oscilloscope voltage of CAN H is 3.5 V and that of CAN L is 1.5 V.

É When no oscilloscope is available, the analog voltage may be measured with a multimeter. The analog voltage of CAN H is 2.52-2.89 V, and that of 

CAN L is 2.29-2.67 V.



CAN-H shorted to ground:

Å CAN-H and CAN-L both have low voltages.

No effective voltage difference can be formed between two network cables.

Waveform signal of CAN-H shorted to ground

IV. Bus network topology

4.6 Common fault diagnosis of CAN



CAN-H shorted to positive: 
The serial data bus (H) has a voltage close to the battery voltage and approaches the high-speed CAN. The serial data bus (L) still has a waveform 

but its voltage has been raised.

Waveform signal of CAN-H shorted to positive

IV. Bus network topology

4.6 Common fault diagnosis of CAN



CAN-L shorted to ground: 

For high-speed CAN bus, the serial data bus (H) still has a waveform and the serial data bus (L) is a straight line close to zero

Waveform signal of CAN-L shorted to ground

IV. Bus network topology

4.6 Common fault diagnosis of CAN



CAN-L shorted to positive: 
Both the serial data bus (H) and the serial data bus (L) of high-speed CAN bus are a straight line close to the battery voltage with a slight 

waveform jitter, similar to clutter.

Waveform signal of CAN-L shorted to positive

IV. Bus network topology

4.6 Common fault diagnosis of CAN



CAN-L shorted to CAN-H: 
Å The serial data bus (H) and serial data bus (L) of the high-speed CAN bus have similar waveforms. Two nearly consistent waveforms 

generally indicates short circuit between H and L.

IV. Bus network topology

Oscillogram of CAN-L and CAN-H shorted to each other

4.6 Common fault diagnosis of CAN
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V. Structure, composition and working principle of power battery system

5.1 Main functions of power battery

A power battery refers to a battery that provides energy for the powertrain of an electric vehicle. Inherently different 

from the battery on conventional vehicles, the power battery system mainly consists of battery modules, battery 

management system (BMS), manual service disconnect (MSD), sensors, electrical connectors, vent valves, battery 

structural components, and others, and may be considered as the fuel tank in a conventional fuel vehicle.
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Status management according to Fotonôs power-on and power-off 

process

Calculate the vehicle insulation value and monitor the key electrical 

components through HVIL

Acquire current, total battery voltage, cell voltage and temperature, and process the 

information to calculate key parameters such as SOC, SOH and SOP

Battery status management

Electrical protection

Signal acquisition

Control the charging and discharging status of the battery as needed by the vehicle to 

ensure the safe use of the battery

CAN communication

Battery charging and 

discharging control

Communication with VCU, OBC and charging CAN

Power battery system is a vehicle energy storage system, providing energy for the vehicle and storing regenerative energy. The 

battery management system provides core control and safety protection for the power battery.

Battery thermal 

management
Keep the battery working in the appropriate temperature range, and carry out thermal 

management of the battery temperature

V. Structure, composition and working principle of power battery system

5.1 Main functions of power battery
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Vehicle control 

information

High-voltage power ON/OFF 

command

Key position
Voltage acquisition

Battery status information

Current sensor

HV relay control

Pre-charge relay

Positive relay

Battery status 

information

SOC, SOE,

Temperature sensor

Negative relay

BMS

High-voltage power OFF 

request

Diagnostic information

Charging voltage

Charging current

Charger status

Fault information

Charger control

Charging control

Total battery voltage

Total battery current

Charging/discharging 

power limit

Relay status

VCU

HV relay

HV battery pack

Charger

ü  Control functions:

VSOC, SOH and SOE 

calculation

VRelay control

VAcquisition board control

VBattery protection

VBalancing control

VThermal management

VElectrical protection

VCharging management

ü  Core purpose:

VUnified vehicle energy 

management

VDC and AC charging control

VSafe and reliable high voltage of 

vehicle systems

V. Structure, composition and working principle of power battery system

5.1 Main functions of power battery
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ü Battery cell (cell): a basic unit that directly converts chemical energy into electrical energy and is designed to be a rechargeable 

electrical energy storage unit, which consists of electrode, separator, electrolyte, shell and terminal

ü Battery module (module): a group of cells connected in series and/or parallel with only one pair of positive and negative output 

terminals for use as a power source

ü Battery distribution unit (BDU): a unit generally consisting of relays, current sensor, fuses, precharge resistors, etc., mainly for 

transferring or transmitting energy from HV battery to other HV systems

ü Battery management unit (BMU): an electronic unit which collects heat and electricity data related to battery cells (integrated) or 

modules (integrated), and transmits them to the battery control unit

ü Battery control unit (BCU): an electronic control component that controls or manages the electrical or thermal performance of the 

battery system and allows information exchange with other control units on the vehicle

ü Battery management system (BMS): an electronic device consisting of BMU and BCU

ü Battery pack (PACK): an energy storage system consisting of battery cells or modules integrated together, BMU, HV circuits, LV 

circuits, cooling device and mechanical assembly.

ü MSD: manual service disconnect. Main function of MSD: In order to protect the safety of technicians who repair electric vehicles in HV 

environments or to respond to incidents, it can disconnect the HV circuits quickly so that maintenance and other work can be done 

safely. In case of external short circuit protection, disconnect HV system before maintenance.

V. Structure, composition and working principle of power battery system

5.2 Battery system composition - terms
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ü Nominal voltage: also called rated voltage, the approximate voltage specified by the manufacturer to identify the type of battery, 

expressed in volts.

ü End-of-charge voltage: the max. battery voltage allowed during normal charging.

ü End-of-discharge voltage: the min. battery voltage allowed during normal discharging.

ü Rated energy: the energy generated by a battery fully charged at room temperature when it is discharged at a 1C rate to the end-of-

discharge voltage, usually expressed in watt hours (Wh) or kilowatt hours (kWh). Battery energy is an indicator directly related to the 

range. Relatively speaking, the higher the energy, the longer the range, and vice versa.

ü State of charge (SOC): the percentage of the current available capacity in the rated capacity. The lower the SOC, the less the 

available energy. When the SOC indicator on the instrument cluster enters the red alert area (subject to the user manual of the 

vehicle), indicating that the power battery is low, timely charging is recommended.

ü SOC jump: single SOC change greater than 1% as indicated on the instrument panel during driving or charging.

ü SOC rapid drop: a situation in which the change rate of SOC is 1% within less than 12s and single SOC change is less than or equal 

to 1%.

ü Depth of discharge (DOD): the percentage of discharged capacity in rated capacity of the battery during use.

ü Overcharge: the behavior of continued charging of a fully charged battery.

ü Overdischarge: the behavior of continued discharging of a battery having been discharged to the end-of-discharge voltage.

V. Structure, composition and working principle of power battery system

5.2 Battery system composition - terms
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ü Voltage (V)

VOpen-circuit voltage: the voltage of the battery not connected to an external circuit or load. The open-circuit voltage 

is, to a certain extent, related to the remaining energy of the battery, which is the basis of SOC display.

VOperating voltage: the potential difference between the positive and negative terminals of the battery in operating 

condition, i.e. when the circuit is live. During battery discharging, when the current flows into the battery, the internal 

resistance must be overcome, so the operating voltage is always lower than the open-circuit voltage.

                   V = Vopen -  IR

ü Capacity (Ah)

      Capacity refers to the amount of electricity obtained by the battery or the amount of electricity that the battery can 

store. It is an important performance indicator of the battery, which is determined by the active material of the 

electrodes. If the capacity of single electrodes is not equal, the battery capacity depends on the electrode with the 

smaller capacity, and is not the sum of the capacity of positive and negative terminals.

V The capacity is represented by C and expressed in Ah (ampere-hour) or mAh (milliampere-hour).

V C = It, that is, battery capacity (Ah) = current (A) x discharge time (h)

V A 10Ah battery can be discharged at 5A for 2 hours and at 10A for 1 hour. C2 represents the capacity of the battery 

measured after 2 hours of discharge, and C5 represents the capacity of the battery measured after 5 hours of 

discharge.

V The actual capacity of a battery mainly depends on the quantity and quality of active substances, and the utilization 

rate of active substances.

V. Structure, composition and working principle of power battery system

5.2 Battery system composition - terms
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ü Battery energy (Wh): the amount of electricity (energy) stored by the battery, expressed in Wh.

VMeaning: The energy of a 3.7V, 15Ah cell is 55.5Wh, and the energy of a 37V, 10Ah battery pack is 370Wh. 

Battery energy is an important measure for the work done by devices driven by the battery.

ü Energy density (Wh/Kg)

It is also called specific energy, which refers to the energy released per unit volume or mass, usually expressed in 

volumetric energy density (Wh/L) or mass energy density (Wh/kg).

VIf a lithium battery has a weight of 325g, a rated voltage of 3.7V, and a capacity of 10Ah, its energy density is 

113Wh/kg

VThe table below lists the theoretical energy density of several types of batteries, which depends on the material 

density and structure.

Energy density
Lead-acid 

battery

Nickelïcadmium 

battery

Nickelïmetal 

hydride battery
Lithium battery

Wh/kg 30ḑ50 50ḑ60 60ḑ70 130ḑ150

Wh/L 50ḑ80 130ḑ150 190ḑ200 350ḑ400

V. Structure, composition and working principle of power battery system

5.2 Battery system composition - terms
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ü Discharge rate (A)

Discharge rate refers to the current required to release the rated capacity (C) of the battery within a specified 

time, which is numerically equal to the multiple of the rated capacity of the battery.

 Taking 10Ah battery as an example:

 5 h discharge rate = C/5 = 10Ah/5h = 2A = 0.2C

 0.5 h discharge rate = C/0.5 = 10Ah/0.5h = 20A = 2C

Discharge curve of lithium iron phosphate

V. Structure, composition and working principle of power battery system

5.2 Battery system composition - terms
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ü Consistency: Battery consistency refers to the consistency of important characteristic parameters (such as capacity, internal 

resistance, voltage, etc.) of a lithium battery pack. Preferably, multiple cells in one battery pack should be relatively identical in every 

parameter, in order to achieve a good consistency.

  

A battery pack consists of multiple cells connected in series and parallel. The overall performance and life of the battery pack depends 

on the battery cell with poor performance, which requires a high consistency in the performance of all cells in the battery pack.

Self-discharge: the phenomenon that the capacity of a charged battery decreases during storage. It is also known as charge retention, 

which refers to the ability of an open-circuited battery to retain the power stored under certain conditions. The percentage of self-

discharge in the total capacity of the battery is called "self-discharge rate", which is measured in a certain period of time.

Cycle life: the number of times a battery can be charged and discharged before its capacity decreases (fades) to a specified value.

V. Structure, composition and working principle of power battery system

5.2 Battery system composition - terms
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ü Consistency of battery packs

Multiple battery cells connected in series and parallel constitute a battery pack. The overall performance and 

life of the battery pack depends on the battery cell with poor performance, which requires a high consistency 

in the performance of all cells in the battery pack. The most critical factor in the consistency is manufacturing 

process, in addition to the performance error of battery cells and the quality of raw materials. Therefore 

process improvement is crucial to quality improvement of the battery.

Overvoltage

Battery pack off

Undervoltage

Battery pack off

O
p

e
ra

tin
g

 ra
n

g
e

Balanced Unbalanced (discharge)
Unbalanced (charge)

V. Structure, composition and working principle of power battery system

5.2 Battery system composition - terms
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ü Self-discharge rate (%/month): the ratio of the capacity decrease to the battery capacity during storage of the battery.

V Reason: Due to the instability of the electrodes in the electrolyte, the two electrodes of the battery undergo a chemical 

reaction, where the active material is consumed and the chemical energy converted into electrical energy is reduced, 

thus causing the battery capacity decrease.

V Influencing factor: ambient temperature has a great impact on the self-discharge of the battery, which will be 

accelerated at too high or too low temperatures.

V Expression method: the battery capacity fade (self-discharge rate) is expressed in %/month.

V Result: self-discharge will directly reduce the capacity of the battery, and self-discharge rate directly affects the 

storage performance of the battery. The lower the self-discharge rate, the better the storage performance.

ü Cycle life (cycle): Each battery charge and discharge is called a cycle. The battery capacity will gradually drop 

after repeated charging and discharging. Under certain discharge conditions, the number of cycles before the 

capacity drops to the specified value is the cycle life of the battery.

VDefinition: The cycle life refers to the number of charge and discharge cycles when the battery capacity 

decreases to 80%, against the rated capacity of the battery.

VInfluencing factors: The battery cycle life may be affected by incorrect use of the battery, battery materials, 

electrolyte composition and concentration, charge/discharge rate, depth of discharge (DOD%), temperature, 

manufacturing process, etc.

V. Structure, composition and working principle of power battery system

5.2 Battery system composition - terms
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Item Battery system scheme

Battery system 

capacity/kWh
81.14kwh

Cell Ah (LFP) 150Ah

Production condition of cell Mass-produced

Assembly of standard 

battery pack
TX8 standard pack, 2 in series

Battery system scheme 1P168S

Dimensions of standard 

battery pack
1720*540*240

Energy density of standard 

battery pack/Wh/kg
̘ 135

Rated voltage (V) 540.96

Working voltage range (V) 420~613.2

Cooling/heating

Forced water cooling/heating by 

heating film, with heating rate 

0.25ᴈ/min

Max. continuous charging 

current (A)
150

Rated output current (A) 150

Weight/kg 1620± 30kg

81.14kwh battery PACK system scheme for light truck M4-6T-

CATL
Meeting the requirements of export to Europe, 81.14kwh battery system 

(100kwh battery system for later stage)

V. Structure, composition and working principle of power battery system

5.4 Battery system composition
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üBattery system: battery system is an energy storage unit consisting of battery cells or battery modules which are 

integrated together, battery management system (BMS), HV circuits, LV circuits (for control and communication), 

cooling system and mechanical assembly of the pack.

Structure of battery system

Battery 

pack

Battery 

distributi

on unit 

(BDU)

Thermal 

management 

accessories

HV/LV harness

5.4 Battery system composition

V. Structure, composition and working principle of power battery system

Battery management unit 

(BMU)

LV harness

Electrical 

components

Battery 

control unit 

(BCU)

Battery 

pack

HV 

charging 

interface

Vehicle 

communica

tion 

interface

HV output 

interface

Battery mounting 

beam

Manual service 

disconnect (MSD)

Battery 

pack

Inter-pack HV 

harness

Battery mounting 

column

Battery 

module

Battery 

module

Battery pack 

cover
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Schematic diagram 

of interior of power 

battery

10

BMU RDB CMU

LV harness 

connector

Power battery 

power output 

and charging 

input

12/24V

12/24V

1
2

/2
4

V

1
2

/2
4

V

V. Structure, composition and working principle of power battery system

5.5 Schematic diagram of battery internal components

Positive relay

Pre-charge relay

Interlocking 

signal

PTC heater

Negative relay
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s
u
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Self-test process

ü MSD is the abbreviation of manual service disconnect. V1 monitors the connection of the MSD and the series 

circuit of the power battery.

ü V2 monitors the voltage after precharging resistance.

ü V3 monitors the precharge voltage to the load, and judges the connection status of each contactor by comparing 

voltages of V1, V2 and V3.

ü PTC heating element insulates the power battery system.

Power-on process

  1. Turn the ignition switch to ñONò position. 2. Close the negative contactor. 3. Close the precharge contactor. 4. 

Close the positive contactor. 5. Open the precharge contactor. 6. READY indicator lamp is on, indicating successful 

switch-on of HV system.

Power-off process:

 1. Turn the ignition switch to ñOFFò position. 2. Open the positive contactor. 3. PEU discharges to the vehicle. 4. 

Open the negative contactor. 5. The indicator lamp on the instrument cluster is off, indicating successful power-off.

V. Structure, composition and working principle of power battery system

5.6 Power-on process of HV battery pack of electric vehicle
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6.1 Basics of motor - basic concepts

A motor is a device that realizes the 

conversion of electrical energy and mechanical 

energy based on the principle of 

electromagnetic induction.

The process of converting input electrical 

energy into mechanical energy for output is 

called motorization;

Conversely, the process of converting input 

mechanical energy into electrical energy for 

output is called power generation.

Q: What is a motor?

The device that is used to drive the electric vehicle and makes use of regenerative braking

The device that is used to drive the electric vehicle and makes 

use of regenerative braking

ÂThe motor cannot work independently. It can output electrical or mechanical energy only when external 

energy is input.

VI. Electric drive system

Electrical 

energy

Mecha

nical 

energy

The simplest motor.flv
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Motor system is one of the core systems of a new energy vehicle. The motor system is mainly composed of motor and 

motor control unit.

6.1 Basics of motor - function

VI. Electric drive system
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Motor

Motor 

control unit 

Motor system

VCU
Commu

nication Resolver signal

Temperature signal

Power 

battery

High voltage

DC busbar

Command

Feedback

Three-phase

AC line

¸ HV power motor

It refers to an electrical device that converts electrical energy into mechanical energy to drive the vehicle, and can also convert 

mechanical energy into electrical energy.

¸ HV power motor control unit

It refers to a device that controls the energy transmission between the power supply and the HV power motor, and consists of control 

signal interface circuit, HV power motor control circuit and drive circuit.

VCU

6.1 Basics of motor - function

VI. Electric drive system
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6.2 Motor drive force generation method

VI. Electric drive system

Rotation 

direction

Magnetic field 

(rotor)
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ÂBasically, the motor works to realize electromechanical energy conversion through mutual induction and 

interaction between electric current and magnetic field.

Stator magnetic 

field effect

Stator magnetic 

field effect

Stator magnetic 

field effect

Stator magnetic 

field effect

Stator magnetic field
(when the coil is energized, a magnetic field 

along the thumb direction is formed)

Rotor magnetic field
(it can be imagined as a suspended, freely 

rotating permanent magnet)

Basic principle of motor operation
(it can be imagined as a moving magnet at the periphery (stator alternating magnetic 

field) attracting an internal magnet (rotor fixed magnetic field))

6.2 Motor drive force generation method

VI. Electric drive system

Rotation 

direction

Rotating 

shaft
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ÂSynchronous means that the motor speed is synchronous with the electromagnetic speed, and asynchronous 

means that the motor speed is lower than the electromagnetic speed.

ÂThe speed of a synchronous motor will not change as long as the motor is not out of step regardless of load. 

The speed of an asynchronous motor will always change with the variation in the load.

Common automotive power 

motors:

ÂPermanent-magnet 

synchronous motor (PMSM)

Â Asynchronous motor (ASM)

Â Electrically excited 

synchronous motor (ESM)

ASM (typically characterized by squirrel-cage rotor)

Water 

jacket

Housing Stator assembly

Rotor core with permanent 

magnet assembly

Rotor shaft

End capDynamic balance 

plate
Junction 

box

Bearing

Permanent magnet synchronous motor (typically characterized by a permanent magnet on the rotor or stator)

Structural decomposition animation of motor

Structural decomposition animation of motor

6.2 Common types and composition of motor

VI. Electric drive system
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Structural assembly of CCM motor.wmv


68

ÂMain performance includes power, economy, comfort, etc.;

ÂThe power, torque and electrical efficiency of the motor system determine the main performance of the 

vehicle. In terms of function, the motor is similar to a conventional engine.

6.3 Permanent magnet synchronous motor - important parameters

VI. Electric drive system
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6.4 Basics of motor - motor 

control

ÂConverter, consisting of housing, control unit, drive unit, power device, etc., among which the power device is 

the core component.

Upper 

housing

Control unit

HV busbar

Busbar capacitor

Drive unit

IGBT

Lower housing - 

cooler

CAN BUS

ת

DC

AC

꜠Ⱶ

Power device

Converting HV DC into HV AC 

to drive the motor

Control unit

Converting the CAN signal 

from the vehicle into PWM 

signal to control the current

Drive unit

Amplifying the PWM 

signal to drive IGBT

Main performance 

parameters

An electric 

passenger car

Peak current Arms 300

Max. voltage V 403

Power density kW/L 18.5

Power motorVehicle signal

VI. Electric drive system

Torque command

Power 

battery
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6.4 Basics of motor - motor 

control

VI. Electric drive system

converter

control unit

Status control
Status control scheduler

Ignition power-on

Converter IDLE

LV system switch-off

Motor diagnostics

Speed control mode
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EEPROM writing
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