
1. Suspension
Physically supports the axles to ensure a better 
ride.

Front suspension
Rear suspension
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2. Steering
Changes the direction of travel of the vehicle. 

Chassis

Chassis

Chassis

Along with the exterior, interior, and engine, the 
chassis makes up a vehicle. It manages the driving, 
turning, and stopping function.
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4. Tires & Disc Wheels
Support the vehicle through contact with the road 
surface.

Suspension

The suspension system joins the wheels to the 
body or the frame in order to support the vehicle 
physically.

• Improves the ride by dampening the impact that 
the tires receive from the road surface. 

• Ensures driving stability. 

Front suspension 
Rear suspension 
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Suspension

3. Brakes
Decelerate or stop the vehicle. 

Foot brakes
Parking brakes
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Shock absorber 

Stabilizer bar 

Spring
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Types of springs
The role of the springs is to absorb the impact from 
the road surface and reduce the vibration that 
transmits to the body.

Coil spring
The coil spring is superior in damping impact in 
addition to being light, and gives an excellent ride. 
It is used primarily on passenger cars.

Ball joint 

(1/2)
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Torsion bar spring
A type of spring that utilizes the steel bar's 
elasticity against torsion. It is used on trucks due to 
its simple construction and good ride

(2/2)

Leaf spring
Serves as an arm to support the axle, in addition to 
functioning as a spring. It is excels in durability, but 
gives an uncomfortable ride because of its heavy, 
sturdy construction. It is used primarily on trucks.
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Shock Absorbers

The shock absorbers restrain the movement of 
springs by the resistance of the oil that flows 
through a path in the piston. They also absorb the 
vibrations of the vehicle body, and give a good ride. 

Piston
Valve
Orifice
Spring
Shock absorber 

REFERENCE:

Types of shock absorbers

Shock absorbers classified according to their 
operation, construction, and by working medium.

(1/1)
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Classification by construction
 Mono-tube shock absorber

Type with only one cylinder (no reservoir)
 Twin-tube shock absorber

Type with a cylinder consisting of a working 
chamber (inner cylinder) and a reservoir chamber 
(outer cylinder).

 Reservoir chamber
 Working chamber
 Air
 Fluid
 Valve

Classification by working medium
 Hydraulic shock absorber

Type that uses the fluid (shock absorber fluid) as 
the medium to operate the shock absorber.

 Gas-filled shock absorber
Nitrogen gas is enclosed in the shock absorber. 
This pressures the fluid and prevents the 
cavitation, in which the gas melted in the fluid 
separates and bubbles are made.

 Valve
 Low-pressure gas
 Fluid
 Free piston
 High-pressure gas

Classification by operation
Single-action shock absorber

Type that damps the vibration of the spring when 
the shock absorber extends, but doesn't damp it 
when it shrink.

 Multi-action shock absorber
Type to damp the vibration of the spring when the 
shock absorber both extends and shrinks.

Orifice
Valve
Fluid

(1/1)
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TEMS (Toyota Electronic Modulated Suspension) 
The TEMS system uses an ECU (Electronic 
Control Unit) to change the operating strength 
(damping force) of the shock absorbers in 
accordance with the driving conditions. 
While TEMS is operating, it secures a good ride or 
driving stability, depending on the state of driving.
ECU controls the damping force of the shock 
absorber to keep the vehicle flat. 

ECU
Absorber control switch 
Sensors
Absorber control actuator 
Shock absorber

Starting-off
Strong damping force to stabilize the vehicle's 
posture.
Normal driving
Weak damping force to give a comfortable ride.
Turning
Strong damping force to stabilize the vehicle.
High-speed driving
Medium dampening force to give both a 
comfortable ride and driving stability.
Braking
Strong dampening force to stabilize the vehicle.

Ball Joint

Ball joints bear vertical as well as horizontal loads, 
and also act as pivots for the steering knuckles 
when the steering wheel is turned. 

Stud
Boot
Seat
Housing
Rubber Cushion 

(1/1)

(1/1)

Stabilizer Bar

When the vehicle turns a corner, it leans to the 
outside because of the centrifugal force. The 
stabilizer bar controls it with the power of the spring 
that twists, and keeps the tires close to the ground. 
It also operates if the tires on one side runs onto a 
different on level. 

When the vehicle leans and the tires sink to one 
side, the stabilizer bar is twisted and operates as a 
spring, which lifts up the tires) the body on the 
sinking side. 
In case the tires on both sides sink equally, the 
stabilizer bar does not operate as a spring because 
it is not twisted. 

Stabilizer bar
(1/1)
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Types of Suspension

There are two types of suspensions, depending on 
how they support the wheels.

Rigid axle suspension 

Independent suspension 

(1/3)
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Rigid axle suspension
Both wheels are joined to a single axle, which is 
mounted to the body via springs.
Because both wheels and the axle move vertically 
in unison, the movements of the wheels affect each 
other. This type of suspension has a simple and 
solid construction.

Torsion beam type
Consists of left and right trailing arms connected to 
the crossbeam. Similar to the link-type suspension, 
the springs support only the vertical force. It has a 
simple construction and gives a good ride. This 
type of suspension is used on the rear suspension 
of lightweight FF vehicles.

 hock absorber
 Coil springS
 Cross beam
 Trailing arm
 Stabilizer bar

 4-link type
Upper and lower control arms are mounted 
longitudinally to the vehicle body at each end of the 
axle, and another arm is mounted latitudinally from 
one end of the axle to the body. These arms 
support the longitudinal and latitudinal forces that 
act on the axle, enabling the springs to support 
only the vertical force. The construction of this type 
of suspension is slightly complex, although it gives 
a better ride than the leaf springs. It is used on the 
rear suspension of 1-box, SUV (Sports Utillity 
Vehicle), FR, and 4WD vehicles.

 Coil spring
 Lateral control rod
 Upper control arm
 Shock absorber
 Lower control arm
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Leaf spring type
Each end of the axle that joins both wheels is 
attached to a leaf spring. The leaf springs, which 
are parallel to each other, are mounted 
longitudinally to the vehicle body. The force that 
acts on the axle is transmitted to the body via the 
springs. This type is used primarily on the rear 
suspension of vans and trucks due to its simple 
and sturdy construction.

Rear axle housing
Shock absorber
Leaf spring

Independent suspension
Each wheel is supported by an independent arm, 
which is mounted to the vehicle body via a spring. 
This type of suspension can efficiently absorb the 
roughness of the road, and gives an excellent ride 
because each wheel moves up and down 
independently from the other wheel.

(2/3)

Macpherson strut type
This is a type of suspension that does not have an 
upper arm, resulting in a simpler construction than 
the double wishbone type.
It can be serviced more easily because it has fewer 
components.
It is used primarily for the front suspension of FF 
vehicles.

 Stabilizer
 Lower arm
 Coil spring
 Shock absorber
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Double wishbone type
Consists of upper and lower arms that support the 
wheel and a knuckle that links the arms. The arms 
receive the longitudinal and latitudinal forces, 
enabling the spring to support only the vertical 
load.
Although this construction is complex because it 
involves many parts, it is highly rigid to firmly 
support the wheels.
Because the layout of this suspension can be 
designed freely, it offers both a comfortable ride 
and driving stability. It is widely used for FR 
vehicles.

Upper arm
Shock absorber
Coil spring
Lower arm
Stabilizer

Semi-trailing arm type
The rear suspension arm is mounted at a 
prescribed angle to the rear suspension member in 
order to withstand a greater lateral force. This 
design offers the same effect as if the arm had 
been made more rigid. It is used on the rear 
suspension of some FR vehicles.

Shock absorber
Stabilizer
Coil spring
Rear suspension member
Rear suspension arm

(3/3)

REFERENCE:

Air suspension 
Uses air springs which utilize air elasticity, instead 
of metal springs. Absorbs small vibrations and 
gives the better ride, because the elasticity of the 
pressed air is used. 
As the computer changes the air pressure and 
volume in accordance with the driving conditions, 
the softness of the springs and their length (Thus 
vehicle height) can be changed. 

Air spring 
Sub air chamber 
Main air chamber 
Rolling diaphragm 
Compressor

HINT:
There is another type of suspension called "AHC" 
(Active Height Control), which uses hydraulic 
pressure to adjust the vehicle height. 

(1/1)
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 Camber
This is the angle of the inclination of the wheel as 
viewed from the front of the vehicle.

It affects the grip of the tires, which influences the 
vehicle's cornering performance.

   a : Camber angle

This angle is formed by the centerline of the wheel 
and the line that extends perpendicularly from the 
ground.

Steering axis (Kingpin) inclination
This is the inclination of the kingpin axle, which 
dampens the impact from the tires.

   b: Kingpin angle
This is the inclination of the kingpin axle.

L: Kingpin offset
This is the distance measured along the road 
surface between the tire centerline and the point at 
which the extended line from the kingpin axle 
intersects with the road surface.

HINT:
The kingpin angle is the line that links the upper 
ball joint and the lower ball joint, and the rotational 
centerline of the front wheel when the steering 
wheel is turned.

Upper ball joint
Lower ball joint

Wheel Alignment

Vehicle must have proper straightline performance 
for stable driving, and cornering performance for 
driving around curves.
Therefore, the wheels of a vehicle are mounted at 
specific angles to the ground and specific 
suspensions for each purpose. This is called wheel 
alignment.

HINT:
Both front and rear wheels of vehicles are aligned, 
with the exception of the wheels of rear rigid axle 
suspension FR vehicles.
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Turning radius
This is the turning angle of either front wheel when 
the steering wheel is turned.
The inner and outer front wheels turn at different 
angles so that they can draw circles around the 
same center, in order to ensure the cornering 
performance of the vehicle.

   o:Turning angle of the outer wheel
   i :Turning angle of the inner wheel
O: Center of turning

Toe angle (Toe-in and Toe-out)
When the vehicle is viewed from the top, both front 
and rear wheels generally point inward. This 
condition is called "toe-in", and it helps the vehicle 
track straight. It is called "toe-out", when the front 
wheels point outward.

Toe in
Toe out

(1/1)

Caster
When viewed from the side of the vehicle, the 
kingpin axle is tilted rearward.

    c : Caster angle
This is the angle between the kingpin axle and the 
plumb line. This angle creates a force to return the 
wheels to the straightline position, thus enabling 
the vehicle to track straight.

L : Caster trail
This is the distance between the ground contact 
center of the tire and the ground contact point of 
the line that extends from the kingpin axle.
The ability of the vehicle to drive in a straight line 
increases according to the caster trail distance.
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REFERENCE:
Recirculating-ball type 
There are many balls between the worm shaft and 
the nut at the sector shaft. 

Steering wheel
Steering main shaft & column tube
Steering gear
Steering linkage
Steel balls
Ball nut
Sector shaft
Worm shaft

(1/1)

Steering Wheel

The steering wheel is the part that changes the 
direction of the front wheel according to the driver's 
intention.
Maintenance items include the inspection of the 
steering wheel freeplay.

Steering Wheel 
Steering Main Shaft 
Column Tube 

Steering

In the steering system, the front wheels of a vehicle 
are steered by turning the steering wheel. There 
are two types of steering; rack-and-pinion type and 
recirculating-ball type. 

Rack-and-pinion type 
Changes the rotational movement of the steering 
wheel into the left or right movement of steering 
rack. The construction is simple and lightweight. 
The steering is solid, and the steering wheel 
response is very sharp. 

Steering wheel
Steering main shaft & column tube
Steering gear
Steering rack housing
Pinion
Rack

Steering

(1/1)

(1/1)
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Tilt steering
Enables the driver to adjust the vertical angle of the 
steering wheel in accordance with the driver's build 
and preference.

Telescopic steering
Enables the driver to move the steering wheel 
longitudinally in accordance with the driver's build 
and preference.

REFERENCE:
Various steering system functions 
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Steering lock mechanism
This is a theft deterrent feature that disables the 
steering wheel by locking the steering main shaft to 
the column tube when the ignition key is pulled out. 

Free state 
Locked state 

Ignition key 
Lock
Steering main shaft 

(1/1)

Impact - absorbing mechanism
If a strong impact is applied to the steering wheel in 
the event of a collision, the main shaft and the 
column tube absorb the energy of the impact 
through compression and deformation.

Normal condition
After a collision

(1/1)
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Power Steering

The device for the steering effort is installed in the 
steering mechanism to reduce the amount of 
steering effort exerted by the driver. 
There are two types of the device for steering 
effort: a hydraulic type and an electric motor type. 

Hydraulic power steering 
The power steering system uses the power of the 
engine to drive the vane pump that generates the 
hydraulic pressure. When the steering wheel is 
turned, an oil circuit is switched at the control valve. 
As oil pressure is applied to the power piston in the 
power cylinder, the power needed to operate the 
steering wheel is reduced. It is necessary to 
inspect for leakage of power steering fluid 
periodically.

Reservoir tank
Vane pump
Control valve
Power cylinder 
Power piston
Steering wheel
Engine

REFERENCE:

EHPS (Electric Hydraulic Power Steering)
Generally, a power steering system uses the power 
of the engine to drive the vane pump that 
generates hydraulic pressure. However EHPS uses 
the motor, and reduces the power necessary to 
operate the steering wheel.

EMPS (Electric Motor-assist Power Steering)
EMPS assists the steering operation directly with 
the driving power of the DC motor, not the 
hydraulic pressure.

Reservoir tank
Vane pump with motor
EMPS ECU (Electronic Control Unit)
DC motor

(1/1)

(1/1)
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Brakes

The brakes decelerate or stop a vehicle in motion, 
or prevent a parked vehicle from moving.

Brake

Foot brakes 

Parking brakes

(1/1)


