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Front axle foot brake released:- 

 When the brake pedal is released the foot travel sensors signal the electronic control 

module (ECM) to release the brake, accordingly the proportional relay valve is de-

energized. As a result the proportional valve's (of the proportional relay valve unit) upper 

valve opens and its lower inlet valve and exit valves close and open respectively, 

whereas the relay valve's part of the proportional relay valve unit inlet closes and its exit 

opens. Hence air is released from the right hand wheel brake-diaphragm actuator via 

the right hand ABS solenoid control valve and the proportional relay valve exit, whereas 

with the left hand wheel brake-diaphragm actuator, compressed air is released via the 

left hand ABS solenoid control valve, 3/2-way valve and then out by the proportional 

relay valve exit. 

 

Front axle foot brake applied:- 

Air supply pressure from the front axle reservoir is directed to both the brake value 

sensor (BVS) and to the proportional relay valve (PRV). 

When the driver pushes down the front brake pedal, the travel sensors incorporated 

within the brake value sensor (BVS) simultaneously measure the pedal movement and 

relay this information to the electronic control module (ECM). At the same time the brake 

switches close, thereby directing the electronic control module (ECM) to switch on the 

stop lights. Instantly the electronic control module (ECM) responds by sending a variable 

control current to the proportional valve situated in the proportional relay valve (PRV) 

unit. The energized solenoid allows the top valve to close whereas the lower control 

valve partially opens. Electronic-pneumatic control pressure now enters the relay valve's 

upper piston chamber, causing its piston to close the air exit and partially open the 

control valve, thereby permitting pre-calculated controlled brake pressure to be delivered 

to the wheel-diaphragm actuators via the ABS solenoid control valves for the right hand 

wheel and via the 3/2-way valve for auxiliary braking effect and the ABS solenoid control 

valve for the left hand wheel. For effective controlled braking the individual wheel speed 

sensors provide the electronic control module (ECM) with instant feed-back on wheel 



retardation and slip; this with the brake pedal movement sensors and pressure sensors 

enable accurate brake pressure control to be achieved at all times. Note the electronic-

pneumatic brake (EPB) circuit has priority over the pneumatic modulated front pressure 

regulated by the brake value sensor (BVS) unit. 

 

Front axle foot brake applied under ABS/TCS conditions:- 

If the brakes are applied and the feed-back from the front axle speed sensors indicates 

excessive lock/slip the electronic control module will put the relevant ABS solenoid 

control valve into ABS mode. Immediately the ABS solenoid control valve attached to 

the wheel axle experiencing unstable braking energizes the solenoid valve, causing its 

inlet and exit valves to close and open respectively. Accordingly the wheel brake-

diaphragm actuator will be depressurized thus avoiding wheel lock. The continuous 

monitoring of the wheel acceleration and deceleration by the electronic control module 

calculates current signal response to the ABS solenoid control valve to open and close 

respectively the inlet and exit valves, thus it controls the increase and decrease in 

braking pressure reaching the relevant wheel brake-diaphragm actuator; consequently 

the tendency of wheel skid is avoided. 

 

Front axle foot brake applied with a fault in the electronic-pneumatics:- 

If a fault develops in the electronic-pneumatic system the proportional relay valve shuts 

down, that is the solenoid proportional valve is de-energized causing its inlet valve to 

close and for its exit valve to open. Consequently when the brakes are applied the 

proportional relay valve's relay piston chamber is depressurized, making the relay 

valve's inlet and exit to close and open respectively. As a result, with the right hand ABS 

solenoid control valves de-energized air will exhaust from the right hand wheel brake-

diaphragm actuator via the ABS solenoid control valve and the proportional relay valve. 

However, the collapse of the electro-pneumatic control pressure in the proportional relay 

valve causes the closure of the 3/2-way valve passage connecting the proportional relay 

valve to the left hand wheel brake actuator and opens the passages joining the auxiliary 

relay valve to the left hand wheel brake actuator via the left hand ABS solenoid control 

valve. Thus if the supply pressure from the front axle brake circuit is interrupted, the 

redundancy (pneumatic) rear axle brake pressure regulated by the brake valve sensor's 

foot control valve shifts over the 3/2-way valve into auxiliary braking effect position, that 

is, the 3/2-way valve blocks the passage between the proportional relay valve and the 

ABS solenoid control valve and then supplies modulated brake pressure from the 3/2-

way valve to the left hand wheel brake-diaphragm actuator. Therefore the left hand front 

axle brake only, is designed to support the rear axle braking when the electronic-

pneumatic brake circuit fails. 

 



Front axle braking without trailer attached:- 

When the semi-trailer is disconnected from its tractor the electronic control module 

responds by energizing the pressure-limiting valve solenoid. This results in the solenoid 

valve closing the direct by-pass passage leading to the proportional relay valve and 

opening the valve leading to the relay valve within the pressure-limiting valve unit. This 

results in the solenoid valve shutting-off the front axle reservoir tank air supply from the 

proportional relay valve and at the same time re-routing the air supply via the pressure-

limiting valve's relay valve which then reduces the maximum braking pressure reaching 

the proportional relay valve and hence the front axle brakes. 

Limiting the air pressure reaching the front axle of the towing vehicle when the trailer is 

removed is essential in retaining the balance of front to rear axle braking power of the 

now much shorter overall vehicle base, thereby maintaining effective and stable vehicle 

retardation. 

 

 

Diagonal springing:- 

Front and rear axle trailing links and longitudinal pairs of links mostly have a vehicle pitch 

pole. The wheels then no longer move vertical to the ground when they rebound and 

compress, but on arcs ± f around the existing pole. The driving safety is not impeded by 

the wheels moving out, to the back or the front. When the wheels compress, they move 

∆l in the direction of the radius-arm axes (if these are at the height of the wheel centre 

or below it) and away from them as long as they are above the wheel centres. When the 

body moves downwards, the axes go down with it. 

The diagonal springing angle χ on trailing and semi-trailing links is entered. This angle 

also applies to compound crank suspensions and multi-link suspensions and to 

appropriately sprung rigid suspension 

 

Suspension Kinematics:- 

The positioning of the front and rear axles is one of the most fundamental design 

decisions to be made. For a vehicle with equal cornering stiffness tyre front and rear, it 

is best to place the centroid of the suspension on the centre of gravity. If the design of 

vehicle requires the centre of gravity to be away from the centroid of the suspension, 

then tyre sizes can be made different front to rear to keep the car neutral steering. 

https://www.sciencedirect.com/science/article/pii/B9780128126936000079


 

Centre of gravity location and track to wheelbase ratio.  

The ratio of track to wheelbase influences high-speed stability. Long cars, with higher 

yaw inertia, are more stable at high speed and respond less in yaw to the same yaw 

inputs from the road through the suspension. Short cars are less stable and respond to 

steering inputs more quickly. In many cases, the designer will have little or even no 

control over the track and wheelbase. In racing, it is common for the regulations to 

specify them. In road car design, there is generally more flexibility, but road dimensions, 

together with the need to house an engine and a given number of occupants, generally 

mean the dimensions are largely dictated. 

 

Suspension and drive:- 

On double wishbone suspensions the drive shafts require free passage in those places 

where the coil springs are normally located on the lower suspension control arms. This 

means that the springs must be placed higher up with the disadvantage that (as on 

McPherson struts) vertical forces are introduced a long way up on the wheel house 

panel. It is better to leave the springs on the lower suspension control arms and to attach 

these to the stiffer body area where the upper control arms are fixed. Shock absorbers 

and springs can be positioned behind the drive shafts or sit on split braces, which grip 

round the shafts and are jointed to the lower suspension control arms. The axle is flatter 

and the front end (bonnet contour) can be positioned further down. The upper 

suspension control arms are relatively short and have mountings that are wide apart. 

This increases the width of the engine compartment and the spring shock absorber unit 

can also be taken through the suspension control arms; however, sufficient clearance to 

the axle shaft is a prerequisite. Due to the slight track width change, the change of 

camber becomes favourable. Furthermore, the inclination of the control arms provides 

an advantageous radius arm axis position and anti-dive when braking. 

https://www.sciencedirect.com/science/article/pii/B9780750650540500018


 

Double wishbone front axle assembly of the Audi A4. The Audi A6 of 1997, the Audi A8 

(1996) and the VW Passat of 1996 are similar. Four individual transverse ‘arms’ on each 

side form what is effectively a double wishbone arrangement which provides lateral and 

longitudinal wheel location. The two upper members (1 and 2) are attached to the 

spheroidal graphite iron hollow-section stub-axle post (18) by low-friction ball and socket 

joints. The track rod (3) provides the steering input through a horizontal extension of this 

stub-axle post which forms a steering arm. The two lower suspension members consist 

of the radius arm (4) and the transverse arm (5). This latter must be capable of reacting 

high loads from the anti-roll bar (6) and spring/damper (7) attachment points. The co-

axial spring/damper assembly incorporates a polyurethane rubber bump-stop, as well as 

the hydro-mechanical tension rod stop. The spring/damper unit (7) and the inner 

bearings of the upper members (1) and (2) are mounted on the upper suspension 

bracket. 

The inner ends of suspension members (4 and 5) are located by substantial rubber 

mountings on the inside of the sub-frame (10). The rear mounting (11) is hydraulically 

damped to absorb any harshness associated with radial tyres. The vehicle body is 

mounted on four rubber mountings (12 to 15) of specified elasticity to ensure a high 

standard of ride comfort. 

The inner drive shafts are located to the rear of the spring dampers (7) and are 

connected to the drive-line by ‘tripot’ flexible couplings (16). The outer ends of the drive 

shafts transmit the drive to the wheels through double-row angular contact bearings. The 

inner races of these bearings are integral with the wheel hubs. 

The hydraulically assisted steering rack is mounted on the vehicle’s scuttle, with the 

steering damper (17) located on one side of the steering housing, and the other side 

attached to the steering rack. 

The high location of the wheel-joint facilitates space saving and a consequent reduction 

of the lever-arm forces, and allows the inner valences of the mudguard to be located 

further outboard. 

The advantages of this type of four-link suspension include the location of the points E 

and G of the paired arms 1 and 2, likewise 4 and 5, which are subjected to outward 

thrusts resulting from steering input to the steering-arm, which are thereby compressed 

through r = 10 mm. Moreover the high location of the point E together with the negative 

steering roll radius r = –7 mm helps to reduce the loads in all components of the front 

suspension system. 
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