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ABSTRACT 

Accurate calculation method of drum brake braking 
torque of mining truck air brake was studied in this paper at 
first, then hydro pneumatic suspension features and the tire 
characteristic parameters were studied. The dump truck vir-
tual prototype model was established, service brake and 
emergency brake performance were simulated. The simula-
tion results of braking deviation show that the rear wheel 
braking force is greater than that the front wheel. Under cor-
nering braking condition, the brake deviation increases 
about 85 mm for each 5% difference between the left and 
right brake forces of the front wheel; 5% difference between 
the left and right brake forces of the rear wheel, the brake 
deviation increases about 120 mm. Braking locking sideslip 
simulation shows that when the front wheel is locked, the 
side slip of the vehicle deviates from the track up to 2m, 
which is very dangerous in the mountain mining area. The 
truck performance field tests were carried out such as ser-
vice brake, emergency brake, hydraulic retarder and brake 
system response time, etc. The results show that the truck 
braking performance can also be improved. Because brak-
ing pressure rise time is slightly long, that it can be improved 
by gas circuit improvement (equipped with the quick-acting 
valve and wet-road valve, etc.), and the superiority of the 
improved gas path is also verified by virtual prototype sim-
ulation and real vehicle experiment. The truck braking 
torque can be further promoted by increasing air pressure or 
brake friction coefficient or brake design rationality. 
Through the implementation of these methods, the braking 
performance of the mine dump truck has been improved sig-
nificantly. 
 

INTRODUCTION 
Mining dump truck is widely used in mining and infra-

structure areas. Due to its poor driving conditions and large 
capacity, it must have a very stable and reliable braking sys-
tem (SAE, 1990). Maxym (2014) proposed an algorithm of 

ABS modulators controller for truck, but they only has car-
ried out by simulation analysis, not proceeded real vehicle 
experiment, the actual control effect need to be examined. 
S.Mithun (2014) described the detailed modeling of the in-
dividual brake system products, right from the actuating 
valves, control valves, actuators and foundation brakes. Re-
sponse time prediction for a typical 42 Heavy commercial 
vehicle has been done. Also a study on comparing the tran-
sient torque generated by the existing drum brake and an 
equivalent disc brake model was carried out, but he did not 
carry out vehicle braking performance experiments in the 
paper. Subhajit (2009) developed a mathematical model for 
the overall longitudinal dynamic response of a commercial 
vehicle equipped with an electropneumatic braking system. 
Selim (2012) examined the computer-aided vehicle dynam-
ics analysis of a 6×2 heavy-duty commercial vehicle by Me-
chanical Simulation Corporation's Truck-Sim multibody 
dynamics simulation and SuspensionSim multibody statics 
simulation softwares, but they only has carried out the vehi-
cle dynamics simulation analysis and have not carried out 
the response characteristics of the braking system for exper-
iments. D. B. Sonawane (2011) presented a mathematical 
model for the mechanical subsystem of the air brake system 
that can be used to monitor the clearance between the brake 
shoe/pad and the brake drum. This mathematical model cor-
relates the push rod stroke transients and the brake chamber 
pressure transients. A kinematic analysis and a dynamic 
analysis of the mechanical subsystem of the air brake system 
were performed, and the results were corroborated with ex-
perimental data, but they have not carried out the response 
characteristics experiments of the entire pneumatic brake 
system. Shimanovsky (2016) analyzed the influence of 
spring stiffness and wheel weight on partially filled tanker 
truck oscillations at braking. Li (2015) introduced the con-
figuration and operation principle of the hydraulic in-wheel 
motor drive system for heavy truck. Hemant (2016) imple-
mented stress analysis and predicted life of front axle for 
vertical and braking loading case using analytical, experi-
mental and FEA method. Daniel (2016) carried out analysis 
of truck braking system in terms of construction and opera-
tion. 
 

VIRTUAL PROTOTYPE MODELING 
Drum Brake Model Analysis 

The truck front and rear brake are drum brake with 
internal expansion shoe (normal pressure is 0.86MPa). 
Front and rear brakes circuit are independent and con-
trolled by foot valve and auxiliary handbrake valve. 
When driving on slippery roads, the driver can open the 
wet/dry road valve, which can make the front wheel 
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brake pressure reduce half, thus keeping direction stabil-
ity under Braking-In-Turn. The alarm indicator will light 
up in driving indoor when the system pressure reduces to 
550kPa. If the system pressure reduces to 310kPa, the 
truck front and rear brake will work automatically (Zhang, 
2008). Parking brake will work when operating Parking 
brake switch on manipulation dashboard. The torque cal-
culation process of pneumatic drive drum brake is as fol-
lows. 

(1)The force Ce and Ct acting on leading and trail-
ing shoe of brake 

Brake chamber pressure acts on leading and trailing 
shoe by slack adjuster and cam shaft, as shown in Fig.1. 
Brake chamber thrust force Q is as follows. 

2( / 2)Q d pπ=   (1) 
where, d is effective diameter of brake chamber, p is 
brake chamber pressure. By the force balance acting on 
the cam, there are equations as follows. 

( ) 





 ⋅+⋅+=⋅ SUcDgCtCercQ

2    (2) 

SUcDg
rcQCtCe

⋅+

⋅
=+

2      (3) 

where, rc is the length of the cam leverage (here, refers to 
the length of the slack adjusters); Dg is cam base circle di-
ameter; Uc is the friction coefficient between the cam and 
roller, and Uc=0.1; S is shown in Fig.1; Ce is the cam driv-
ing force on tight shoes; Ct is the cam driving force on hoof 
shoes. 
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Fig.1  Brake force diagram 

(2) The friction force of per unit area 
The plate friction force is shown in Fig.2. According 

to the moment balance, there have equations as follows. 
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For trailing shoe 
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Fig.2  The friction plate force diagram  

where, B is the friction plate width (mm); b is the 
width of the friction plate grooving (mm); rd is the radius 
of the drum (mm); Ue is the friction coefficient of friction 

plate; Pe is turn tight shoe maximum pressure per unit 
area (Kg/mm2); Pt is turn loose shoe pressure per unit 
area (Kg/mm2); θ1 and θ2 are friction plate position angle; 
ψ1, ψ2, ψ3 and ψ4 are the angle of the friction plate 
grooving position; me, mt, ne, nt and l are shown in Fig. 
3; r is effective radius of brake chamber. 

Because the cam has a fixed axis, so friction should be 
equal of turn tight shoe and turn loose shoe on the geometry, 
thus the maximum pressure per unit area of the friction piece 
should be equal (Wong, 2001). Namely: Pe=Pt=P. X, Y, Z, 
U, V and W are set as follows. 
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So, the simplified form of Ce and Ct can be got as follows.  
{ }( )B rd l X Ue rd Z l Y

Ce P
me Ue ne

⋅ ⋅ − ⋅ − ⋅
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From equation (3), equation (6) and equation (7), the following equation can be obtained. 
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(3) The brake torque 
Leading shoe brake torque is as follows. 

2 2 2

1
( ) sin ( )Te UePB rd d UePB rd Z

θ

θ
θ θ= =∫   (9) 

Trailing shoe brake torque is as follows. 
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The total brake torque is as follows. 

2 2[ ( ) ( ) ( )]bM UeP B rd Z rd BZ bw η= + − ⋅  
where, η is braking efficiency reduction factor considered 
the cam lever tilt and relative moving parts friction, etc. 
Here, η=0.8. 

The front and rear brake parameter are shown in Table 
1 and Table 2. Substituting parameters into equations, we 
can obtain front and rear brake torque constant as 23487 
N∙m/MPa and 41264 N∙m/MPa respectively. According to 
the test results (Fig. 8), front brake system pressure is 0.63 
MPa, clearance elimination time is 0.1s, air pressure rise 
time is 0.95s; The rear brake system pressure is 0.64MPa, 
clearance elimination time is 0.1s, air pressure rise time is 
0.35s. Front and rear brake system braking torque are 
29594N∙m and 52819N∙m respectively. 

Table 1. Front brake parameters 
parameter value parameter value 

r (mm) 205 ψ1 (º) 13 
rc (mm) 160.47 ψ2 (º) 87 
Dg (mm) 26.2 ψ3 (º) 91 
rd (mm) 254 ψ4 (º) 144 
B (mm)  152 θ1 (º) 13 

Ue 0.3 θ2 (º) 144 
Uc 0.1 me (mm) 334.3 

b (mm) 21 mt (mm) 315.6 
S (mm) 13.4 ne (mm) 267.5 
l (mm) 214.3 nt (mm) 240.7 

 
Table 2. Front brake parameters 

parameter value parameter value 
r (mm) 205 ψ1 (º) 8 
rc (mm) 171.5 ψ2 (º) 74 
Dg (mm) 26.2 ψ3 (º) 78 
rd (mm) 254 ψ4 (º) 141 

B (mm)  190 θ1 (º) 8 
Ue 0.3 θ2 (º) 141 
Uc 0.1 me (mm) 334.3 

b (mm) 21 mt (mm) 315.6 
S (mm) 13.4 ne (mm) 267.5 
l (mm) 206.2 nt (mm) 240.7 

 
Hydro-Pneumatic Suspension Structure and Parame-
ters Calculation 

The front and rear suspension adopts helium/oil varia-
ble ratio self-contained cylinder, it deliveries pressure by the 
oil uses inert gas nitrogen as elastic medium. Which is com-
posed of energy accumulator (gas spring) and suspension 
cylinder with shock absorber function. Suspension installa-
tion and structure diagram are shown in Fig.3 (a) and Fig.3 
(b) respectively. Among them, the biggest impact stroke of 
front suspension is 225 mm, maximum impact stroke of rear 
suspension is 160 mm. 

Left, right 
rear suspension

 

(a) 

(b) 
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Fig.3 Suspension cylinder installation and structure 

1- air cavity A; 2-fluid cavity B; 3- fluid cavity C; 4- 
damping hole; 5- fluid cavity D; 6- rod cylinder; 7- one-

way valve; 8- cylinder 
When rod cylinder 6 enters cylinder 8, nitrogen in air 

cavity A is compressed and stores energy, and when stretch-
ing out, nitrogen in air cavity A is expanded and releases 
energy. When rod cylinder has reciprocating motion, the 
volume of fluid cavity C is changing, the volume C increas-
ing when rod cylinder comes into, and the oil flow comes 
into the B and D cavity from C. C cavity volume decreases 
when stretching out, and the oil is discharged to B and D 
cavity. Oil discharge and supplement relies on the damping 
hole 4 and one-way valve 7, so as to control the speed of the 
hydraulic reciprocating flow and produce certain damping 
effect. This damping effect will consume energy and have 
the effect as a two-way shock absorber. When the rod cyl-
inder stretches out, only the damping hole 4 works and the 
flow area is small and the damping effect increases. When 
the rod cylinder comes into, damping hole 4 and one-way 
valve 7 work at the same time, the damping effect is less, 
and the suspension damping function mainly relies on the 
elastic effect of the gas. The output force of hydro pneu-
matic suspension is mainly composed of gas elastic force Fg, 
the oil damping force Fc and friction force under the external 
excitation (Yibin Wang,2005; Decheng Zhou, 2005). The 
friction force is set to a fixed value 3 kN. Elastic force Fg(x) 
is calculated by R-K equation, the calculation process is as 
follows. 
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where, R is the universal gas constant, 296.8 J/kg∙K; T is 
the actual gas absolute temperature, 283.15K; P0 is initial 
charge pressure of suspension cylinder, 1.4MPa; V0 is ini-
tial air volume, 0.005m3; Ps is the gas pressure at balanced 
position, 3.3481MPa; m is the mass of the gas, 0.0195kg; 
M is the gas molecular weight, 28.013; Ag is the air cavity 
cross-sectional area, 0.0154m2; a and b are constants re-
lated to the gas species, 1.5575 and 2.6781×105 respec-
tively. x is the rod cylinder displacement relative to the cyl-
inder, the unit is m. Damping force Fc(v) calculation is as 
follows. 
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       （12） 
where, ρ is the oil density, 850kg/m3. t is the oil tem-

perature, 10℃; t0 is the oil temperature, 50℃; μ0 is the oil 

power viscosity at t0, 0.85 Pa∙s; λ is the oil viscosity-temper-
ature index, 0.0501; As is one-way valve flow area, 
0.00005m3; Ad is damping orifice flow area, 0.00002m3. Ls 
is a one-way valve flow length, 0.03m; Ld is damping orifice 
flow length, 0.03m; ds is one-way valve hydraulic diameter, 
0.004m; dd is hydraulic damping hole diameter, 0.005m; Ac 
is the ring cavity cross-sectional area, 0.0073m2; v is the rod 
cylinder speed relative to the cylinder, the unit is m/s. The 
working characteristic test curve of front and rear hydro 
pneumatic suspension are shown in Fig.4 and Fig.5 respec-
tively, and which will be entered into the virtual prototype 
model file. 
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Fig.4 Experimental curve of working characteristics of 

front suspension (exciting frequency is 1.67 Hz) 
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Fig.5  Experimental curve of rear suspension working 

characteristics 
Tire Parameters 

The tire model file in MSC. ADAMS consists the fol-
lowing parameters: the UNITS (including length, force, an-
gle, quality, time, etc.), MODEL (MODEL type), R1 (free 
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radius) and R2 (tire crown radius), CNORMAL (radial stiff-
ness), CSLIP (longitudinal slip stiffness) and CALPHA 
(cornering stiffness), CGAMMA (camber stiffness), CRR 
(rolling resistance coefficient), RDR (radial relative damp-
ing coefficient), U0 (static friction coefficient), U1 (dy-
namic friction coefficient) (H.B.Pacejka, 2006), the mining 
truck tire parameters are shown in Table 3. 

Table 3. Tire parameters 
parameter 

name unit front tire rear tire 

model  

18.00-25 28 
ply  

rating E3 
tubeless 

18.00-25 28 
ply  

rating E3 
tubeless 

R1 mm 808.5 808.5 
R2 mm 317.5 317.5 
CN N/mm 4000 8000 

CSLIP N/mm 15000 30000 
CALPHA N/rad 300000 500000 

CGAMMA N/rad 25000 50000 
CRR none 0.015 0.015 
RDR none 0.7 0.7 
U0 none 1.0 1.0 
U1 none 0.9 0.9 

quality kg 261*2 261*4 
Ixx/Iyy/Izz kg∙mm2 (4.8,4.8,8.6)e7 (4.8,4.8,8.6)e7 

section 
width mm 495 495*2 

 
Full Vehicle Virtual Prototype Model 

According to the manufacturers’ drawings, the 3D pro-
totypes of major components were built firstly and these 
quality and inertia moment are acquired and imported into 
ADAMS software and assembled. The whole vehicle virtual 
prototype model is shown in Fig.6. Brake pressure was im-
plemented on the braking system according to the measured 
results (shown in Fig.7). There were some assumptions 
made in the modeling process as following: 1) Because the 
truck speed is small, the effect of wind resistance is ignored; 
2) The parts were connected by ideal motion pair, the influ-
ence of friction and damping were ignored; 3) Power trans-
mission system was simplified, namely the driving or brak-
ing torque was directly applied on revolution joint between 
the wheel and axle. 

 
Fig.6 Vehicle virtual prototype model 
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Fig.7 Brake pressure test curve 

BRAKING PERFORMANCE VIRTUAL 
PROTOTYPE SIMULATION 

Service Brake Simulation 
Substituting field test results, braking performance 

simulation results on dry concrete pavement (μ is Tire / 
pavement friction coefficient, μ=0.8) were acquired. It can 
be seen that the mean fully developed deceleration (MFDD) 
is 2.155m/s2 and consistent with real test results (2.156m/s2); 
Braking distance is 49.67 m, the braking time is 6.80s, the 
front wheel slip rate is 0.069, the rear wheel slip rate is 0.062, 
the front wheel provides the ground braking force as 40.52 
kN, the rear wheel provides ground braking force as 68.9 
kN, the load transfer is about 32%. 

According to SAE J1473, emergency brake standards 
are: under initial speed of 25km/h and on 9% grade road, the 
braking distance S25_9 is as follows (SAE, 1990). 

2

25_ 9

25 18.51m
34 2.6 0.09

s = =
− ×

 

According to the braking distance calculation for-
mula, there has the following equation. 

'' 2
' 2

25_ 9 2

25_ 9

1 2525
3.6 2 25.92

s
a

ττ = + × + 
 

                   (13) 

where, '
2τ  is brake clearance elimination time; ''

2τ  is 
brake pressure rise time. The maximum braking decelera-
tion a25_9 of standard requirements can be calculated by 
equation (14) as follows. 

2

25 _ 9 ''
' 2

25 _ 9 2

25
1 25 25.92

3.6 2

a
s ττ

=
  − + × ⋅    

                (14) 

Due to the field test road as straight, so the standard of 
average deceleration a25_9 should be converted to straight 
roads as 

25 _ 0 25 _ 9 sin( tan(0.09))a a g arc= + × , that is MFDD 

should not be more than 25 _ 0a . 
Braking performance simulation results under various 

adhesion road are shown in Table 4. We can see the front 
wheel is locked ahead of the rear on μ=0.25 road, the front 
and rear wheel are both locked when μ=0.1; Even if the wet 
road valve is open (front braking torque is in half), the front 
wheel is still locked when μ＝0.09, namely on this road we 
can't guarantee the direction stability under turning and 
braking. In this case, ABS(Antilock Brake System) should 
be installed.  

Table 4. Braking performance simulation results 

μ va  
(m/s2) 

MFDD 
(m/s2) 

bD  
(m) 

bt  
(s) 

bfF
 

(kN) 
brF  

(kN) 
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0.8 2.033 2.155 49.67 6.80 40.52 68.97 
0.5 2.033 2.155 49.67 6.80 40.52 68.97 
0.2
5 1.69 1.73 59.75 8.32 40.4 47.4 

0.1 0.62 0.62 151.8 22.23 9.82 21.02 
Emergency Brake 

When the system pressure drops to 310kPa, front and 
rear brake mechanism will lock chamber push rod, front and 
rear brake will work automatically. Namely, the emergency 
braking torque is equal to the service brake, but system re-
action time will become shorter. In this case the front emer-
gency braking torque is 14.56kN and the rear is 25.58kN∙m. 
There are two different conditions: the first is the rear brake 
circuit failure, the front service brake and the rear emer-
gency brake work at the same time. The other is the front 
brake circuit failure, the front emergency brake and the rear 
service brake work at the same time. The simulation results 
under rear brake circuit failure are shown in Table 5 and the 
simulation results under front brake circuit failure are shown 
in Table 6. 
Table 5. Simulation results under rear brake circuit failure 

μ va  
(m/s2) 

MFDD 
(m/s2) 

bD  
(m) 

bt  
(s) 

bfF
 

(kN) 
brF  

(kN) 
0.8 1.42 1.55 18.23 4.88 41.8 36.8 
0.5 1.42 1.55 18.23 4.88 41.8 36.8 
0.2 1.28 1.32 19.5 5.41 30.1 37 

 
Table 6. Simulation results under front brake circuit failure 

μ va  
(m/s2) 

MFDD 
(m/s2) 

bD  
(m) 

bt  
(s) 

bfF
 

(kN) 
brF  

(kN) 
0.8 1.69 1.84 15.2 4.08 22.6 70.9 
0.2 1.17 1.23 21.4 5.92 22.4 39.8 
 
The simulation results are basically consistent with the 

experimental results. In order to improve the braking perfor-
mance of mine trucks, we have improved the braking effi-
ciency and braking direction stability of the whole truck 
through the quick-acting valve and the wet road valve re-
spectively. 

 
Braking Deviation Simulation on Straight Road 

The braking deviation of flat road braking, front/rear 
wheel braking force unequal (the left braking force is 
larger) is simulated at initial braking speed 30km/h. Figure 
8 and Table 7 are the simulation result. Among them, the 
inequality 

rFµ∆  of left and right braking force is as follows. 

%100×
−

=∆
b

lb
r F

FF
F

µ

µµ
µ

 

Where, bFµ  is the braking force of the large brake, and 

lFµ  is the small brake force. 

 
Fig.8  Deviation by unequal braking force of front and rear 

wheels 
Table 7. Deviation by unequal braking force of front and 

rear wheels  (Unit: mm) 
 μ 5% 10% 15% 20% 25% 30% 

Front 
wheel 

left 
and 
right 
une-
qual 

0.8 20.8 40.6 60.9 81.8 103.2 125.2 

0.4 24.4 47.9 71.9 96.6 122 148.1 

Rear 
wheel 

left 
and 
right 
une-
qual 

0.8 42.3 84.9 129.7 176.7 225.9 277.4 

0.4 48.6 97.6 149 202.6 258 316 

The simulation results show that the deviation of the 
rear wheel braking force is greater than that the front 
wheel. The simulation results are basically consistent with 
the experimental results. 
Corner Braking Deviation Simulation on Straight Road 

The vehicle trajectory was shown in Fig.9 when the 
front and rear wheels braking force is unequal under the 
front wheel turns left 4° on μ=0.8 road. The X coordinate 
is the longitudinal displacement of the vehicle (from right 
to left is the direction of driving), the Y coordinate is the 
lateral displacement of the vehicle, and the swa in the fig-
ure is steering angle. 

 
Fig. 9 Vehicle trajectories under turning and braking with 

left and right unequal braking force of rear wheels 
The simulation results show that the brake deviation 

increases about 85 mm for each 5% difference between the 
left and right brake forces of the front wheel. 5% differ-
ence between the left and right brake forces of the rear 
wheel, the brake deviation increases about 120 mm. Which 
are greater than the deviation of the straight brake. 
Sideslip Simulation Under Lock Braking 

Fig. 10 is the trajectory of vehicle center underside-
slipping caused by centrifugal force (lateral force) during 
front and rear wheel lock braking on steering braking 
(swa=4°, initial braking speed 30 km/h) on μ=0.8 road. In 
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the figure, these curves are: trajectory, body_yaw, 
body_slip_angle, longitudinal force between rear left inner 
wheel and ground, lateral force between front left wheel 
and ground, lateral force between rear left inner wheel and 
ground. 

It can be seen from the figure that no matter the front 
wheel is locked, the rear wheel is locked or all is locked, 
the vehicle is unstable (the sideslip angle is much larger 
than 5°). Among them, when the front wheel is locked, the 
side slip of the vehicle deviates from the track up to 2m, 
which is very dangerous in the mountain mining area. 

 
Fig. 10 Wheel lock influence on high friction road 

DUMP TRUCK BRAKE REAL VEHICLE 
TEST 

Braking deceleration, braking distance and reaction 
time were tested by real vehicle. The collected data have 
front/rear brake pressure, velocity, braking distance, etc. and 
by loading steel plate to simulate the full load (as shown in 
Fig.11 a). Test instrument have RT3100 inertial measure-
ment system, ACME portable industrial PC, air pressure 
sensor (type: CYB-20S), data acquisition system (as shown 
in Fig.11 b). Tire pressure is as follows: right front 0.54Mpa, 
left front 0.54 MPa, right rear outer 0.48MPa, right rear in-
ner 0.55MPa, left rear outer 0.47MPa, left rear inner 0.55 
MPa. Full front axle load is 17620kg and rear is 30920kg. 
Pressure sensors installation is shown in Fig.11 c, service 
brake system pressure measured should be near the brake, 
gas pressure should achieve maximum value before test 
(barometric is 0.8MPa). We should start the vehicle and 
speeding up to the standards required and keep stability.  

    

 
Fig.11 Vehicle field test 

Service Braking Test 
Service braking tests were conducted five times with 

front and rear wheels didn’t lock. The 4th group test data is 

shown in Fig.12. There are front service brake pressure, rear 
service brake pressure, velocity and pedal signals respec-
tively. Test results are shown in Table 8 for each group test. 
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Fig.12  Truck service brake test (4th group) 

Table 8. Truck service brake test 
Test No. 001 002 003 004 005 

Initial velocity 
(km/h) 36.55 37.86 38.89 37.89 40.13 

front max 
braking pres-
sure (×10-

1MPa) 

6.56 6.14 6.46 6.12 6.48 

rear max brak-
ing pressure 
(×10-1MPa) 

6.44 6.14 6.44 6.14 6.46 

average max 
deceleration 

(g) 
0.21 0.22 0.24 0.21 0.22 

braking dis-
tance (m) 28.81 29.11 31.2 31.98 35.17 

Emergency Brake 
Restricted by test conditions, emergency brake is con-

ducted under the front and rear pipeline in good conditions. 
Emergency braking test was conducted three times, the front 
and rear wheels didn’t lock. The 2th set experimental results 
are shown in Fig.13, each test results are shown in Table 9. 
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Fig.13  Emergency brake test (2th group) 

Table 9. Emergency braking test (clearance elimination 
time 0.3s) 

Test No. 001 002 003 
braking original speed (km/h) 29.81 27.97 28.32 
average max deceleration (g) 0.26 0.27 0.28 

front max braking pressure (×
10-1MPa) 6.52 6.3 6.72 

(a) (b) 

(c) 
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rear max braking pressure (×
10-1MPa) 6.56 6.3 6.72 

braking distance (m) 26.03 23.75 24.53 
Hydraulic Retarder Downhill Ability 

Since there is no 9% grade and enough long road to test, 
retarder working ability test was replaced with straight road. 
Transmission has 10 forward gears, hydraulic retarder has 
two gears with high and low. Using the transmission 9th 
gear, 3 groups were tested under hydraulic retarder high and 
low gear respectively. Hydraulic retarder with higher gear 
test results (2th group) are shown in Fig.14. There are 
front/rear brake pressure and velocity respectively. 
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Fig.14  Retardance test results (2th group) 
Braking force provided by retarder is as follows (roll-

ing resistance is not considered). 
tr t tF maδ= (15) 

where, δt is rotating mass conversion coefficient, δt=1; m is 
the weight of the vehicle, 48460kg; at is the deceleration 
provided by retarder. The dump truck can drive on αtr 
grade road under this speed. 

%100))(tan(arcsin ⋅=
mg
Ftr

trα

The hydraulic retarder test results under high and low 
gear are shown in Tables 10 and Table 11. From the test 
results, the dump truck can drive on 4.9% grade road under 
retarder high gear and can drive on 3.2% grade road under 
retarder low gear with transmission 9th gear. 

Table 10. Hydraulic retarder test results (high gear) 
Test No. 001 002 003 

initial speed (km/h) 38.85 37.06 38.2 
engine speed (r/min) 2061.5 1966.5 2027 

average deceleration (g) 0.048 0.049 0.049 

trF  (kN) 22.8 23.3 23.3 
retarder braking power 

(kW) 246.05 239.86 247.24 

road grade can drive (%) 4.8 4.9 4.9 

Table 11. Hydraulic retarder test results (low gear) 
Test No. 001 002 003 

initial speed (km/h) 34.89 36.99 37.33 
engine speed (r/min) 1851.4 1962.8 1980.8 

average deceleration (g) 0.034 0.031 0.032 

trF  (kN) 16.2 14.7 15.2 
retarder braking power 

(kW) 157 151.04 157.62 

road grade can drive (%) 3.4 3.1 3.2 

4.4 System Response Time 
Service brake system pressure response time under 

parking was tested three times. The 2th group test data is 
shown in Fig.15. 
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Fig.15  Service brake system pressure response time 
The clearance elimination time is the duration from the 

moment step on the pedal to brake pressure rise moment. 
Pressure rise time is the duration from zero to needed max-
imum pressure. Service brake pressure system response 
time is shown in Table 12. 

Table 12. Service brake pressure system response time 

Test No. 001 002 003 aver-
age 

front brake clear-
ance elimination 

time (s) 
0.076 0.1163 0.1193 0.1039 

front brake pres-
sure rise time (s) 0.9297 1.0618 1.0226 1.0047

rear brake clear-
ance elimination 

time (s) 
0.0533 0.0999 0.1027 0.0853 

rear brake pres-
sure rise time (s) 0.9079 1.0726 1.0392 1.0066

Emergency braking pressure system response time is 
shown in Table 13. 
Table 13. Emergency braking pressure system response 

time 

Test No. 001 002 003 aver-
age 

front brake clear-
ance elimination 

time (s) 
0.2082 0.291 0.383 0.2941 

front brake pres-
sure rise time (s) 1.1824 1.1455 1.1873 1.1717

rear brake clear-
ance elimination 

time (s) 
0.2712 0.2842 0.361 0.3055 

rear brake pres-
sure rise time (s) 1.3666 1.4192 1.5173 1.4344

CONCLUSIONS 
The accurate braking torque calculation method of 

mining truck pneumatic drum brake was studied firstly in 
this paper. Then hydro pneumatic suspension features and 
the tire characteristic parameters were studied. And then the 
vehicle virtual prototype model was established, vehicle ser-
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vice braking and emergency braking performance were sim-
ulated; The simulation results of braking deviation show 
that the rear wheel braking force is greater than that the front 
wheel. Under cornering braking condition, the brake devia-
tion increases about 85 mm for each 5% difference be-tween 
the left and right brake forces of the front wheel; 5% differ-
ence between the left and right brake forces of the rear wheel, 
the brake deviation increases about 120 mm. Braking lock-
ing sideslip simulation shows that when the front wheel is 
locked, the side slip of the vehicle deviates from the track 
up to 2m, which is very dangerous in the mountain mining 
area. Finally, the driving downhill braking, emergency brak-
ing, hydraulic retarder ability and the system response time 
field experiments were carried out. The results show that the 
truck braking performance can also be improved. Because 
braking pressure rise time is slightly long, that it can be im-
proved by gas circuit improvement (equipped with the 
quick-acting valve and wet-road valve, etc.), and the supe-
riority of the improved gas path is also verified by virtual 
prototype simulation and real vehicle experiment. The truck 
braking torque can be further promoted by increasing air 
pressure or brake friction coefficient or brake design ration-
ality. Through the implementation of these methods, the 
braking performance of the mine dump truck has been im-
proved significantly. 
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礦用汽車氣壓制動系統能力虛

擬樣機和實車實驗

范小彬 宋增
河南理工大學機械與動力工程學院

摘要

本文首先研究了礦用汽車空氣制動器鼓型制動器制動

力矩的精確計算方法，研究了液壓氣動懸架和輪胎能

力參數。設立了自卸車虛擬樣機模型，對行車制動和

反應制動能力進行了模擬。制動偏差模擬結果表明，

背向輪制動力大於前輪。在曲線制動條件下，前輪左

右制動力差每增加 5%，制動偏差增加約 85 mm；背向

輪左右制動力差每增加 5%，制動偏差增加約 120 mm 
。制動鎖止側滑模擬表明，前輪鎖止時，車輛側滑偏

離軌道可達 2米，在山區開採極為危險。對自卸車進行

了常用制動、緊急制動、液壓緩速器、制動系統回應

時間等能力現場試驗，結果表明，車輛制動能力也有

了改善。由於制動壓力上升時間稍長，可通過氣路改

進（配速動閥、濕路閥等），並通過虛擬樣機模擬和

實車試驗驗證了改進氣路的優越程度。通過提高氣壓

或制動摩擦係數或制動設計的合理程度，可以進一步

提高車輛的制動力矩。通過這些方法的實施，使礦用

自卸汽車的制動能力有顯著提高。
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