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Abstract 

Sweeping Vehicle is an important tool to beautify the city 
environment with the characteristics of low cruise speed, less 
driving power consumption, and small operating area, which 
provides a good application prospect for the development of 
the electric sweeping vehicle. The characteristics of excellent 
stability at low speed, efficient energy conversion, convenient 
operability, and environment-friendly make it the first choice for 
cleaning road surface. In the study, the structure of vacuum 
dust collection system without sweeping brush is adopted in 
the designed electric sweeping vehicle. What is more, no dust 
particles generate when a sweeping vehicle is dumping. 
Therefore, it is worthy of the name "clean" vehicle. 

Firstly, electromotor and exhaust fan model is established, the 
joint performance between working electromotor and exhaust 
fan and the electromotor efficiency features are analyzed. 
Combining with the driving speed, it is analyzed that the 
suction and subsidence system's influence on the effect of dust 
collection. Taking into account coupling of the dust control 
system and the working state of the vehicle, vacuum dust 
control structure is designed, the dust removal efficiency is 
analyzed and the simulation is conducted. Finally, the dust-free 
dumping is realized.  

The result shows that, comparing traditional sweeping vehicle, 
electric sweeping vehicle system energy consumption is 
reduced by about 50%, noise is lowered significantly, direct 
emissions don’t exist, and working time can meet the demand 
of regional cleaning.   

Introduction 

Relative to the traditional sweeping vehicle with internal 
combustion engine, in the study, the electric sweeping vehicle 
has the characteristics of excellent stability at low speed, 
efficient energy conversion, convenient operability, and 
environment-friendly. What is more, no dust particles generate 
when a sweeping vehicle is dumping. 

The characteristics of low cruise speed, less driving power 
consumption, and small operating area provide a good 
application prospect for the development of the electric 
sweeping vehicle. 

Description 

 Electric sweeping vehicle mainly includes electric drive system, 
vacuum system, dust subsidence system, and dust removal 
system. 

Electromotor provides power for electric sweeping vehicle 
relying on car battery. Electric drive system transforms electric 

energy into mechanical energy to drive the vehicle running. 
Meanwhile, the mechanical energy can be transformed into 
electrical energy in order to produce renewable energy. 
Electric drive system is mainly composed of traction motor on 
electric transmission system, traction inverter, and the control 
system. The system can generate large output torque under 
the base speed to adapt to the vehicle's start, acceleration, and 
stop. Besides, it can realize constant power operation above 
base speed to adapt to maximum speed and efficiency 
optimization in the range of all rotational speed in order to 
improve the travel distance of the vehicle.  

Sweeping vehicle is powered by a DC brushtype motor. 
Relative to AC motor, it has the advantages of linear control 
character, independent torque and flux control; brushtype 
motor is chosen because it can make all current converted to 
the magnetic field, with high utilization rate of power supply. 

In the working status, garbage is sucked in from the dust 
suction mouth, subsides in the dust subsidence system, and 
escaping dust is disposed by dust removal system to ensure 
that sweeping vehicle cleans the ground without dirt, dumps 
without dust. Suction cup for cleaning road surface is fixed in 
front of the rear wheel, and suction mouth for sucking dust 
particles is fixed arranged at the edge on the outside of hatch 
cover. Fan is positioned at the top of cabin. 

Comparing traditional sweeping vehicle, electric sweeping 
vehicle system energy consumption is reduced by about 50%, 
noise is lowered significantly, direct emissions don’t exist, and 
working time can meet the demand of regional cleaning. 

 

Figure 1.  Electric drive system schematic diagram 
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Theoretical Basis 

DC motor mechanical properties 

Mechanical characteristic of the DC motor is the relationship 
between torque and rotational speed when the power supply 
voltage and the excitation branch resistance are constant. That 
is n= f(T).  

Motor mechanical properties with the example of excitation 
type DC machines  

a fI I I= +                                          (1) 

Where, fI  is the exciting winding current, A; aI  is the 

armature winding current, A. 

The exciting current when the applied voltage and excitation 
circuit resistance is constant. 

                                     f
f

U
I

R
=                                              (2) 

Where, U is power voltage, V; fR  is the resistance of the 

field winding, � . 

Due to the excitation current is far less than the armature 
current, therefore, 

a f a
a

U E
I I I I

R

−
= + ≈ =                    (3) 

Where, E is armature electromotive force , V; aR  is armature 

resistance, �. 

Equation (2) shows that when the power supply voltage and 
the resistance of the excitation circuit including the exciting 
winding resistance and excitation adjustment resistance 
remain constant, and field current and magnetic flux produced 
by it also remain unchanged, as a result, the torque of the 
motor is proportional to the armature current. That is, 

T aT K Iφ=                                       (4)  

Where,  TK  is torque constant; φ  is stator flux , Wb. 

When DC motor turns, the induction electromotive force 
caused by cutting of magnetic induction lines is called the 
armature electromotive force. The armature electromotive 
force is proportional to the stator flux and rotational speed. 
That is, 

EE K nφ=                                        (5)  

Where, EK  is electromotive force constant. 

Due to equation (3) and equation (5), it can be inferred that, 

 a a
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−
=                                           (6) 

According to equation (4), equation can be described as, 
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Where, 0
E

U
n

K φ
=  is the rotational speed when the torque is 0. 

0n   is called the ideal no-load rotational speed. 
2

a
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is rotational speed drop. It shows when the load increases, the 
speed of the motor will decline.[1] 

The fan load characteristic 

According to the fan similarity law, it can be obtained that the 
torque of the fan is proportional to the square of the rotational 
speed. It can be expressed as the following formula, 

2
f MM Cn M= +                                        (8) 

Where, fM   is the torque of the fan, N�m;  C is fan torque 

coefficient; MM  is friction torque, N�m .; n is rotational speed 

of fan, r/min. 

Due to the dynamic and static friction torque of the fan bearing 
is small in the process of starting, it can be simplified that 

0MM ≈ . 

In the process of speed change, the relation between arbitrary 
rotation speed and the power under the speed is described as 
following. 

 3( )i
i e

e

n
N N

n
=                                           (9) 

Where, iN  is corresponding power under the rotational speed, 

kW; eN  is rated power, kW; in  is arbitrary  rotational speed, 

r/min; en  is rated rotational speed, r/min. 

 Further, the torque under arbitrary rotation is described as 
following. 

2

22 2
i i

fi e
i e

N n
M N

n nπ π
= =                            (10) 

Where, fiM  is fan torque, N�m. [2]             

Joint working characteristic of motor and fan 

Motor and fan joint job matching equation is described as 
following. 
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fT M=                                                     (11) 

Above all, using the load characteristic above, the joint work 
curve of the motor and fan is shown in figure 2.  

 

Figure 2.Motor and fan joint working characteristic curve 

Curve of a and b, respectively express the fan load 
characteristic curve of the main suction cup and vacuum 
suction mouth , and the curve 1, 2 and 3 respectively express 
electric motor load curve under different speed regulation. 
Through the speed regulation structure, different electric motor 
speed curve can be described. As is shown in the Figure 2, 
according to the load and rotating speed of the fan, the electric 
motor and fan’s joint working point is matched to the 
intersection point of the load characteristic curve. When the fan 
speed need to increase, electric motor characteristic curve is to 
be near external characteristic curve, curve 2 is to be curve 3, 
on the contrary, when the fan speed need to reduce, curve 2 is 
to be curve 1. The joint working point changes as well. 

Motor drive efficiency model 

When motor drives vehicle, motor and controller system 
efficiency is the ratio of the output power and input power.  The 
input controller power is shown as following. 

.                              1 / 1000P U I= ×                                   (12) 

The motor output power: 

2P Q / (3600 1000 )f trp η η= × × ×                       (13) 

System efficiency: 

2 1/ 100%P Pη = ×                              (14) 

Where, 1P  is input controller power , kW; 2P  is the electric 

motor output power, kW; U is output voltage, V; I is current of 
circuit , A; Q is fan air volume, m�/h; p is total pressure of the 
fan, Pa; fη  is the fan efficiency; trη  is the transmission 

efficiency. 

Dust starting velocity model for different 
diameter 

Dust starting velocity can be defined as the minimum air 
velocity when dust begins to slide and roll. That is to say, the 
wind speed must be greater than the starting speed so that it is 
likely to make dust particles move. 

Mote starter formula of critical speed is showed in Equation 17. 

p
tu A gd

ρ ρ

ρ

−
=                                   (15) 

Where, tu  is dust starting critical velocity, m/s; pρ  is the 

density of dust, 3/kg m ; ρ  is the density of airflow, m/s; g is 

gravitational acceleration, 2/m s ; d is the diameter of dust, m; 
A is correction factor. [3] 

Cyclone dust removal force model   

Outward centrifugal force of dust particle is showed in  
Equation 18. 

23

3
t

c p

vx
F

d

π
ρ=                               (16) 

Inward resistance of dust particle is showed in Equation 19. 

3r rF x vπ μ=                                    (17) 

Where, cF  is outward centrifugal force, N; rF  is inward 

resistance, N; tv  is tangential velocity, m/s; rv  is radial 

velocity, m/s; pρ  is the density of dust, 3/kg m ; x is the 

diameter of dust, m; μ  is gas viscosity, Pa ⋅ s; d is the 
diameter of cyclone dust removal, m; In addition, in the 
process of calculation, Gas density can be neglected 
compared with the density of particles. 

When the inward resistance and outward centrifugal force is 
equal, dust removal efficiency is 50%. The diameter of the dust 
particles is called cutting size under the circumstances. 

50X  

stands for the cutting size.  

50 2

9 r

p t

v d
X

v

μ

ρ
=                                  (18)  

rv and tv  can be calculated as following,[4] 

r

Q
v

dhπ
=                                      (19) 

0.52.15 ( )
bH

v v
Ddθ = × ×                            (20) 
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Where, pρ  is the density of dust, 3/kg m ; and it is set as 
32.0 10×  kg/m³; μ  is gas viscosity, Pa ⋅ s; and gas viscosity is 

set as -51.8 10× pa ⋅ s; d is the diameter of vent, m; D is the 
diameter of cylinder, m; b is the width of air inlet, m; H is the 
height of air inlet, m; h is distance from the bottom of the vent 
to the intersection point of the exhaust port and the cone, m; v 
is the airflow velocity at air inlet, m/s; Q is the air flow at air 
inlet, 3 /m s . 

According to the above formula of cut size, fitting for the dust 
removal efficiency of computation formula is as following. [5] 

1 6.4

50

1

1
x

x

η =

+

                                      (21)   

1η  is the dust removal efficiency when the dust diameter is x. 

2

min
s

g D
d K

v BH

π μ

ρ
= ×                                (22)  

Where, K is set to 0.25 for the size of cyclone dust removal, g 

is the gravity acceleration, 2/m s ; μ  is gas viscosity, Pa ⋅ s; 

D is the diameter of cylinder, m; B is the width of air inlet, m; H 
is the height of air inlet, m. 

The energy utilization model 

For electric sweeping vehicle: 

Vehicle dynamic performance and energy consumption index 
is contradictory, in order to increase the power performance, 
more power is required. However, high power is bound to 
reduce the rate of power system, resulting to energy 
consumption. One-sided pursuit of power or economical 
energy consumption is Unreasonable,  and optimization must 
be obtained between vehicle power performance and 
economical energy consumption . Considering the vehicle's 
power performance, define the electric car energy utilization as 
following. 

/E e bE Eη =                                             (23) 

Where, eE  is effective drive energy, kJ; bE is the total energy 

consumption, kJ;  

(t)dte e sT
E G f v=                                  (24) 

Where, eG  is the deadweight of electric vehicle, N; sf  is the 

wheel rolling resistance coefficient; v is the speed of vehicle, 
km/h; t is running time, h. 

dE   is the electric car wheel drive energy, therefore, 

d e
E te uw

b d

E E

E E
η η η= =                                (25) 

Where, teη  is drive energy efficiency by battery energy 

through the motor and transmission system. 

te b m tη η η η=                                              (26) 

Where, tη  is transmission system efficiency; mη  is the motor 

efficiency; bη  is battery discharging efficiency. 

uwη  is the efficiency that drive power transforms into effective 

drive energy eE . 

(t)dts ee T
uw

d d

f G vE

E E
η = = =   

2

(t)dt

(t) (t)
[ ] (t)dt

21.15

ts e T

tDt
tT

G vf G

GkC AvG dv
G v

g dt

ϕ

δϕ
ϕ + +

                  (27) 

Where,  tG  is total gravity of sweeping vehicle, N; ϕ  is the 

road resistance coefficient; k is the increase level of the air 
resistance loss when the vehicle  drives in a unstable condition 
than at constant speed, 21 ( v/ v )ak = + Δ ; g is gravitational 

acceleration, 2/m s ; DC  is coefficient of air resistance; A is the 

vehicle windward area, 2m ;  δ  is the electric sweeping vehicle 
rotating mass scaling factor; /g sfη ϕ=  is Road using 

coefficient of resistance, and it is the ratio of drive power and 
the actual road resistance in one work cycle; f iϕ = + ,  i is 
road slope, /e e tG Gη =  is the efficiency of vehicle gravity. 

2

(t)dt

(t) (t)
[ ] (t)dt

21.15

tT
d

tD
tT

G v

GkC Av dv
G v

g dt

ϕ
η

δ
ϕ

=

+ +

 is the utilization 

efficiency of the electric car driving force, that is the ratio of 
useful work overcoming road resistance produced by the total 
mass of  vehicle driving force. Under the condition of constant 

speed, (t) / t 0dv = , k= 1, and dη  can be simplified as 

following. 

2

1 / (1 )
21.15

D
d

t

C Av

G
η

ϕ
= +                                (28) 

Therefore, the electric vehicle energy utilization can be 
expressed as E b m t g e dη η η η η η η=  

As is seen in the derivation process of the energy utilization, 
the index has the inherent characteristics of battery, motor, 
transmission system and combining the actual conditions of 
use of electric vehicle and reflects. Therefore, use it as the 
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electric vehicle power transmission system matching and 
economy comprehensive evaluation index and it reflects 
electric vehicle power transmission system's matching degree 
with the operating conditions, and can improve potential 
transmission system. [6] 

For traditional sweeping vehicle: 

1 2
e d

E
d b

E E

E E
η η η= =                                      (29) 

2 b hη η η=                                             (30)  

Where, 1η  is effective drive energy utilization, and according to 

equation (28),
2

1 1 / (1 )
21.15

D

t

C Av

G
η

ϕ
= + , 2η  is efficiency of fossil 

fuel energy transforming into drive energy, bη  is transmission 

efficiency, hη  is heat energy efficiency of fossil fuel. 2η is set to 

0.3. 

Design and Simulation Analysis  

Electric drive system parameter design 

 

Figure 3. Electric sweeping vehicle diagram 

Drive motor has constant torque characteristic in low rotational 
speed, and has constant power characteristic at high rotational 
speed. 

The relation between vehicle and rotational speed is shown as 
following. 

0

0.377
g

nr
v

i i
=                                        (31) 

Where, v is the vehicle speed, km/h; n is rotational speed of 

electric motor, r/min; r is the radius of wheel; 0i  is the main 

reducer gear ratio; gi  is the transmission gear ratio. 

The relationship between vehicle speed and maximum speed 
with the first gear is shown as following. 

max min max

max

g
b

g x

v i v
v

xi D
= =                                  (32) 

Where, xD  is extension speed ratio; maxgi  is the maximum 

transmission gear ratio; mingi  is the minimum transmission gear 

ratio. 

As the only source of power, electric drive motor should meet 
the needs of peak power to drive electric vehicle, that is: 

max max(P , P , P )e p i accP ≥ .                           (33) 

Where, Pp  is drive motor output power, kW; Pi  is climbing 

drive power demand, kW; Pacc  is the demanded accelerating 

power, kW.  

When electric vehicle runs at top speed, according to the 
proportion of the drive system relations, the highest speed of 
the driven motor must satisfy the demand as following. 

max 0 g min
max 0.377

v i i
n

r
≥                                    (34) 

Where, maxn  is maximum rotational speed of electric motor, 

r/min; maxv  is the maximum vehicle speed, km/h. 

According to equation (29), rated speed of the motor can be 
obtained as following. [7] 

max maxmax

min

g
nom

x g

n in
n

x D i
= =                             (35) 

Main suction cup simulation analysis 

 

Figure 4. Velocity distribution of the nozzle in the process of suction 
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When dust particles are sucked in, zone of negative pressure 
generates around the suction cup, so the pressure exists 
between negative pressure zone and ambient zone. Under the 
action of pressure difference, the air flow is sucked into the 
suction cup from all directions to form a suction air flow.[8] 

In the process of suction, radial line and isovelocity surface 
form with the center of the suction cup. Due to the gas flow 
resistance and suction cup structure, as is shown in Figure 4, 
the air isovelocity surface of negative pressure zone usually 
assumes the ellipsoid.  

The isovelocity surface near the suction cup is approximate 
parallel, with the increase of distance, isovelocity surface far 
away from the suction cup gradually becomes ellipsoid. For 
suction cup with certain structure, whatever air velocicy of the 
suction cup, the isovelocity surface shape is approximately the 
same. With the difference of suction cup structure, it forms 
different attenuation law of airflow.[9] 

According to equation 15, critical take-off velocity curve of dust 
particles is shown in Figure 5. 

 

Figure 5. Critical take-off velocity curve of dust particles 

As is shown in Figure 5, with the increase of dust diameter, the 
critical take-off velocity of dust particles increases.  When the 
particles’ diameter reaches 5 mm, the critical take-off velocity 
is about 7.2 m/s. 

Velocity of main suction cup outlet is respectively set to 50 m/s, 
and the fluid simulation result of suction cup is shown in Figure 
6. 

 

Figure 6. The fluid simulation of main suction cup 

Figure 6 shows that main suction cup structure has airflow 
velocity attenuation. Flow velocity distribution inside the suction 
cup is symmetrical, and flow velocity of suction cup inlet is 
about 20m/s. It makes great contributions to carrying dust 
particles into the exhaust pipe. In addition, the air velocity in 
main suction cup pipe ranges from 40m/s ~ 70m/s, enlarging 
the ability to convey dust particles. Make the same ground 
clearance of 6 mm, and it meets the demand of dust collection 
effect. 

According to equation 13, fan power-fan inlet velocity curve is 
shown in Figure 7.Assume that the velocity of fan inlet ranges 

from 0~60m/s. In equation 13,
2 /16p v≈ , and Q=vS, S is 

the total area of fan inlet. S is set to 160
2cm , and fη is set to 

0.85, trη  is set to 0.95. 

 

Figure 7. Fan power- inlet velocity curve 

Vacuum dust suction mouth simulation 
analysis 

In the working status, garbage is sucked in from the dust 
suction mouth, subsides in the dust subsidence system, and 
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escaping dust is disposed by dust removal system to ensure 
that vehicle dumps without dust.  

Dust particles pour out from the dust, and then are sucked in 
by double vacuum suction mouth. In order to ensure the dust 
collection efficiency, the external fluid simulation is adopted. 
Computational fluid dynamics method is carried out.  

 

Analysis 
Type Fluid Grids Edge Grids Solid Grids Total Grids 

Flow 
Analysis 965,634 345,891 213,218 1,524,743 

 
Table 1. Grid quantity of the dust control system 
 

Velocity of vacuum suction mouth is respectively set to 20 m/s, 
25 m/s, and 30 m/s. Through the simulation result, it can seen 
that dust particles are almost entirely sucked in by vacuum 
suction mouth when the velocity is 30m/s. Within a certain 
speed range, vacuuming efficiency increases with the increase 
of the vacuum suction mouth speed. When the vacuum suction 
mouth speed is 30 m/s, the dust collection efficiency is best, 
and escaping dust particles are less than 5%. Meanwhile, it is 
found that a few dust particles escape along the longitudinal 
direction, but the velocity is very small, about 0.3 m/s, frictional 
resistance will make them settlement. The horizontal dust 
collecting range is up to 4m, which meets the demand of 
working condition. 

 

20m/s 

 

25m/s 

 

 

30m/s 

Figure 8. The horizontal dust control simulation analysis 

Energy utilization of drive condition analysis 

 For the traditional sweeping vehicle, double engines are 
power supply devices, and main engine drives vehicle, vice-
engine supplies power for dust control system. However, for 
electric sweeping vehicle, single motor is enough, and torque 
is distributed reasonably through transfer case according to the 
working condition, so that it reduces the occupies space of 
power system and improves the efficiency under the premise 
of same fan speed and dust collection effect. 

According to equation(23)~(28), When the transmission 
efficiency is equal, electric and traditional sweeping vehicle’s 
energy utilization efficiency curve is shown as Figure 9. 

 

Figure 9. Energy utilization efficiency curve 

It can be seen from Figure 9, compared with the traditional 
sweeping vehicle, electric sweeping vehicle’s energy utilization 
has obvious advantages. Both energy utilizations show the 
declining trend with the increase of vehicle speed. Under the 
same speed, electric sweeping vehicle’s energy utilization rate 
is always higher than the traditional sweeping vehicle. Within 0 
~ 60 km/h operating speed, electric sweeping vehicle energy 
utilization rate is at least 30% higher than traditional sweeping 
vehicle, and up to about 50%. 

Emission analysis 

For electric sweeping vehicle, batteries provide power for 
electric sweeping vehicle, and it has reliable energy free from 
contamination, even taking into consideration emissions 
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caused by power generation equipment, air pollution is still 
greatly reduced. 

For traditional sweeping vehicle, when consuming 1L of 
gasoline, it will release 2SO of 0.295g. [10] The traditional 

sweeping vehicle's fuel consumption is 8L per 100km, so its 
emissions are 2SO of 0.023 6g/km, 2CO of 180.3 g/km, CO of 

0.0394g/km, HC of 0.0046g/km and xNO  of 0.0022g/km. The 

exhaust from traditional sweeping vehicle has various harmful 
ingredients, and does great harms to air pollution. 

Conclusions 

 Electric dust absorption effect of sweeping vehicle is obvious, 
through the vacuum suction device, no dust particles generate. 
In theory, dust particles diameter are above 6um, capture 
efficiency is above 90% (equation 21). 

Through electric drive device, electric sweeping vehicle 
achieves zero emissions, and reduce the pollution of the 
environment on a large scale. 

Electric drive system satisfies the requirement of power and 
energy saving, and energy utilization efficiency is much larger 
than traditional cars up to 50%. (Figure 9) There are no direct 
emissions, faint noise and work time meets the requirements. 
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