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The thermal balance state of high-speed and heavy-load gear transmission 
system has an important influence on the performance and failure of gear 
transmission and the design of gear lubrication system. Excessive surface 
temperature of gear teeth is the main cause of gluing failure of gear con-
tact surface. To investigate the gear heat distribution in meshing process 
and discuss the effect of thermal conduction on heat distribution,a finite 
element model of spur gear is presented in the paper which can represent 
general involute spur gears. And a simulation approach is use to calculate 
gear heat distribution in meshing process. By comparing with theoretical 
calculation, the correctness of the simulation method is verified, and the 
heat distribution of spur gear under the condition of heat conduction is 
further analyzed. The difference between the calculation results with heat 
conduction and without heat conduction is compared. The research has 
certain reference significance for dry gear hobbing and the same type of 
thermal-structural coupling analysis.
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1. Introduction

With the development of machinery industry, the 
requirement of gear transmission is increasing-
ly raised, and gear transmission is developing 

towards high speed and heavy load [1]. The friction of gear 
engagement will produce a large amount of heat in high 
power transmission with high speed or low speed and 
heavy load. Thus thermal deformation and thermal stress 
will dominate the gear stress distribution and further cause 
failure or pitting gear scuffing [2].Gear surface temperature 
is an important factor affecting the gluing of gear surface 
and has an important influence on the performance and 
failure of gear transmission [3]. Therefore, it is crucial to 

study the temperature field of gear surface and establish 
an accurate gear analysis model for the thermal design and 
verification of high-speed and heavy-duty gears. 

Many scholars at home and abroad use different an-
alytical methods and means to study the temperature of 
the contact surface of gear teeth. At present, the most 
influential international standards for calculating the 
transmission capacity of gears, such as AGMA American 
Gear Standard [4], have established the calculation criteria 
for the anti-gluing ability of the tooth surface according 
to the flash temperature theory of tooth surface proposed 
by H. Blok in 1973 [5] and the theory of partial tempera-
ture on the tooth surface proposed by H. Winter in 1975 
[6]. The theoretical analysis method gives the estimated 
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value of gear tooth temperature under hypothetical con-
ditions [7], but it is not suitable for the analysis of com-
plex practical systems. The experimental measurement 
technology provides the temperature value of the dis-
crete points of the gear contact surface under the actual 
operating conditions[8], but the measurement technology 
is complex and requires special testing equipment and 
measuring equipment. The numerical simulation, which 
combines finite element analysis with theoretical cal-
culation, can accurately solve the temperature field and 
heat flux distribution by establishing accurate meshing 
model and thermal boundary conditions, and can provide 
more effective means for gear meshing [9].

In order to accurately obtain the instantaneous heat of 
gears in meshing process, a Thermal-Solid coupling tran-
sient finite element model is established in this paper. The 
transient heat and heat flux of gears in meshing process 
are calculated by using finite element software ABAQUS. 
By comparing with theoretical calculation, the correctness 
of the simulation method is verified.

And the analysis theoretical method generally does 
not consider the heat conduction of gears when calculat-
ing the meshing heat flux density of gears,which is in-
consistent with the actual situation. To discuss the effect 
of thermal conduction on heat distribution,subsequently 
the thermal conduction is added to numerical simula-
tion,and their different behaviour will be explained in 
more detail later.

2. Determination of Thermal Boundary Con-
dition

2.1 Thermal Conductivity and Heat Transfer Co-
efficient

The thermal conductivity is expressed as the modulus of 
the heat flux density passing through a unit temperature 
gradient, which reflects the thermal conductivity of an 
object. It is an important thermal physical parameter of a 
substance. In engineering calculation, the values of ther-
mal conductivity of various substances applied to practical 
analysis are obtained by experimental measurements. Re-
ferring to the relevant literature, the thermal conductivity 
of carbon steel can be calculated by the following empiri-
cal formulas: 

λ = − − −70 10.1 16.7 33.7C Mn Si  (1)

Note: In above formula, C is carbon content in steel;  Mn denotes man-
ganese content in steel; Si represents silicon content in steel.

Convective heat transfer refers to the heat transfer 
in the condition where fluid and solid contact directly. 
In calculating the temperature field of gears, the heat 

DOI: https://doi.org/10.30564/jmer.v2i2.725

transfer coefficient of gears mainly depends on the 
operating conditions and lubrication modes. The con-
vective heat transfer coefficients of different surfaces 
of gears are different, which are mainly divided into 
two parts: the heat transfer coefficient of tooth surface 
and the heat transfer coefficient of end surface. Under 
the condition of no lubrication, the temperature of the 
end surface is consistent with that of the environment, 
mainly considering the heat exchange between the 
tooth surface and the environment. For the determina-
tion of heat transfer coefficient of gear tooth surface, 
many scholars at home and abroad have made theo-
retical analysis and research on it, and summarized 
some empirical formulas. The computational formula 
of forced convection heat transfer coefficient between 
tooth surface and fluid is as follows[10]：

α λi e r= 0.228 /R p L0.731 0.333  (2)

Note: In the formula, Re is the Reynolds number; Pr devotes the Prandtl 
number of fluid; λ presents the Thermal conductivity of fluid; L refers to 
the setting size of gear.

2.2 Friction Coefficient 
The friction coefficient of the gear tooth surface varies 
with the change of speed and contact load, and is affect-
ed by the meshing position of the gear, the roughness of 
the tooth surface, the dynamic viscosity of lubricating 
oil and the average temperature of the gear [11]. For any 
meshing position C, the friction coefficient can be ex-
pressed as [12]:

µ η= × ×0.002 / 0.001  F b Xt r( ) 0.2  
 
  cos 0.001α ρ(V V1 2+ ×

2
) e

0.2
−0.05

 (3)

Note: In the formula, Ft is the tangential load of gear meshing point; b 

denotes the tooth width of gear meshing point; Xr represents the tooth 
surface roughness factor; η refers to the dynamic viscosity of lubrication 
oil.

2.3 Material Property

The material used in this paper is 12 4CrNi A . Gear param-
eters are shown in Tables 1 and 2. The speed of driving 
gear is 4200 r/min, and the resistance moment of driven 
gear is 500 N·m.

Table 1. Geometric parameters of gear

Tooth 
Number Z1

Tooth 
Number Z2

modulus m/m Center Distance 
a/mm

Pressure Angle
a/m(○)

33 34 4 96 20
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Table 2. Material parameters of gear

Poisson 
Ratio μ

Density /
(t/mm3)

Thermal Conduc-
tivity λ1,λ2/(mW/

(mm·K))

Specific Heat 
Capacity c/
(mJ/(t·K))

Thermal Expand 
Coefficient/ aT/(1/

K)

0.3 7.85×10-9 30.98 0.5×10-9 1.3×10-5

3. Theoretical Calculation of Gear Friction

This paper uses the finite element software ABAQUS to 
simulate the gear friction heat. In order to compare the 
correctness of the results, the theoretical formulas for cal-
culating the friction heat generation in gear meshing are 
given below.

3.1 Calculation of Gear Sliding Speed
Tangential velocity of gear contact point is affected by 

angular velocity and meshing point position. As shown in 
Figure 1, the relative sliding speed of each point on the 
meshing line is different. Tangential velocity of driving 
and driven gears can be expressed as:

v v r N K

v v r N K
t k k k k

t k k k k

1 1 1 1 1 1 1 1

2 2 2 2 2 2 2 2

= = =

= = =

α ω α ω

α ω α ω

sin

sin

Then the relative motion velocity of gears:

v v v N K N K CK21 2 1 2 2 1 1 2 1= − = − = +t t ω ω ω ω( )

Figure 1. Gear meshing relative motion model

According to the calculation, the tangential velocity of 
the meshing point are obtained shown as Figure 2 

Figure 2. Relative motion velocity of gears

3.2 Heat Flux Distribution
The friction heat per unit time per unit area produced by 
the gear meshing (i.e. density of heat flow rate) is as fol-
lows:

q p v= 1
J eµ  (4)

In the formula, q is the total friction heat flux den-
sity; J denotes thermal work equivalent; ep presents 
average contact pressure of the tooth surface;µ refers to 
surface friction coefficient; v is relative sliding speed of 
the tooth surface.

Assuming that the heat distribution coefficient is ψ ,the 
friction heat of big gear and small gear is respectively:

( )



−=
=

qq
qq
ψ

ψ
12

1
 (5)

Thermal distribution coefficientψ  is expressed as [13]:

22221111

1111

tt

t

vcvc
vc
ρλρλ

ρλ
ψ

+
=  (6)

In the formula, 1λ 、 2λ are the thermal conductivity 
of the material for two transmission gears, 1ρ 、 2ρ
denotes the density of the material for two transmission 
gears, 1c 、 2c  present the specific heat capacity for two 
transmission gears, 1tv 、 2tv refer to the tangential veloci-
ty at the meshing point for two transmission gears.

Thermal distribution coefficient ψ shows the heat flux 
distribution rules of master-slave gears at each meshing 
point shown as Figure 3. The gear with large tangential 
velocity at meshing points have larger distribution coef-
ficient and can be allocated more heat. And at the picth 
line where their tangential velocity are equal,they have the 
same distribution coefficient. To compare with numerical 
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simulation conclusion,the friction heat flux of driving gear 
by theoretical calculation method is displayed on Figure 4.

Figure 3. Heat flux distribution coefficient(ψ ) of gears

Figure 4. Friction heat flux of driving gear

The above analysis shows the following results: (1) 
The heat flux density at the pitch line is zero, because 
the relative sliding velocity at the pitch line is zero. (2) 
The heat flux of the driving gear is higher than that of the 
driven gear. The main reason is that the driving gear has 
fewer teeth and higher speed, and produces more heat per 
unit time. (3) The heat flux density at the root of the driv-
ing gear and driven gear exceeds that at the top of gears. 
(4) Heat production and heat distribution formulas do not 
involve heat conduction within gears and heat exchange 
between gears and environment.

4. Finite Element Simulation

4.1 Basic Equation

Because of frictional heating and plastic deformation,the 
gear temperature increases during in rotating. The thermal 
conduction equation with internal heating will be em-
ployed as follows:

∂ ∂ ∂ ∂ ∂ ∂ ∂
∂ ∂ ∂ ∂ ∂ ∂ ∂
x x y y z z t
   
   
   

k k k q cx y z
T T T T

+ + + =
 
 
 

 ρ

where q is the internal heat intensity, ρ is the densi-
ty, c the specific heat,and zyx kkk ,,  are the thermal con-
ductivity in the x , y and z directions,respectively.

If kkkk zyx === ,and the k  is constant,then 

∂ ∂ ∂ ∂
∂ ∂ ∂

2 2 2

x y z
T T T q T
2 2 2+ + + =

k t


α
1
∂

Where α = k / ρc is the heat conduction coefficient.

4.2 Pretreatment Stage
First of all, the standard spur gear geometrical model
with 33 and 34 teeth numbers in UG (Unigraphics NX) is
established and subsequently discretized in Hypermesh.
The minimum size of the grid is 1mm, and the number is
500 thousand. The grid element adapts “temperature-dis-
placement coupling” thermal element C3D8RT: “An8-
node thermally coupled brick,trilinear displacement and
temperature,reduced integration”.

Subsequently,material properties are assigned to mod-
el as shown in Table.2. Release only Y-direction rotation
constraint on gears. The boundary conditions choose con-
vection and heat transfer with air and setting room tempera-
ture 20C . Meanwhile,setting “power, temperature-dis-
placement, display” analysis steps,driving wheel speed
4200r / min , driven wheel resistance moment 500N ⋅m.
The finite element mesh model of gear meshing.

Figure 5. Finite element mesh model of gear meshing

Because the theoretical calculation method does not 
consider the influence of heat conduction and thermal ex-
pansion, in order to facilitate the comparison and ensure 
the correctness of simulation results, the gear meshing 
model simulation is divided into two parts: not consider-
ing heat conduction and considering heat conduction.

4.3 Simulation Results without Heat Conduction
The calculation results of meshing temperature field of 
spur gears without heat conduction are shown in Figure 6 

DOI: https://doi.org/10.30564/jmer.v2i2.725
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and Figure 7. Figure 6 and Figure 7 are the simulated tem-
perature nephogram of the whole model when the calcu-
lation is completed. In order to study the temperature time 
history of the gear tooth surface, the temperature-time his-
tory curves of three points near the root, top and boundary 
are respectively extracted, as shown in Figure 8.

From Figure 6 Figure 7 and Figure 8, it can been seen 
that: (1) No heat is generated at the pitch line and the 
temperature remains constant at room temperature. (2) 
The temperature increases gradually along the two sides 
of the pitch line away from the pitch line and reaches the 
maximum at the root and the top of the tooth. (3) The 
temperature of the root of the tooth is higher than that of 
the top of the tooth, which is consistent with the trend of 
theoretical calculation. (4) Without heat conduction, the 
temperature could not be transmitted after the gear mesh-
ing is completed, and remains unchanged until entering 
the next meshing. Therefore, the temperature-time curve 
of the gear surface presents a “ladder” growth trend.

Figure 6. Temperature nephogram of friction heating

Figure 7. Temperature nephogram of drivinggear

Figure 8. Temperature time history curve of meshing area

By further extracting the surface temperature-time 
diagram of a certain gear tooth of the driving wheel, and 
obtaining the surface heat flux of the driving gear through 
conversion, and then the finite element simulation results 
are compared with the theoretical calculation results, as 
shown in Figure 9.

Figure 9. Heat flux diagram of driving gear tooth surface

The comparison of the curves shows that the simulation 
results are in agreement with the theoretical analysis. The 
heat flux reaches the maximum value at the root and top 
of the teeth, and the minimum one at the pitch line. The 
biggest difference lies in the root and top of the teeth. It is 
mainly because of the deviation while contacting, which 
makes the simulation value deviate from the calculation 
value slightly.

4.4 Simulation Results with Heat Conduction
In actual working conditions, heat conduction exists in the 
material, which has a certain influence on the temperature 
distribution of gears. Therefore based on the above simu-
lation, heat conductivity is added to observe the change of 
tooth surface temperature and its trend with time.

Figure 10 and Figure 11 are transient temperature sim-
ulation nephogram of gears with heat conduction. Friction 
heat flux mainly distributes in meshing area. Similarly, se-
lecting the elements near the top, root and pitch line as the 
example of analysis, the temperature time history curves 
of three points are shown in Figure 12.

Figure10. Temperature nephogram of friction heating

DOI: https://doi.org/10.30564/jmer.v2i2.725
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Figure 11. Temperature nephogram of driving gear

Figure 12. Heat flux diagram of driving gear tooth surface

Comparison of temperature distributions with and 
without heat conduction shows that: (1) During the same 
meshing period, the temperature variation of the model 
with thermal conductivity is smaller than that without 
thermal conductivity; (2) Because of the existence of 
heat conduction, the temperature of the model with ther-
mal conductivity increases in the meshing area, and it 
decreases gradually in the non-meshing area, showing a 
“zigzag” growth trend as shown in Figure12, while the 
model without thermal conductivity presents a “ladder” 
trend in Figure 8; (3) Because of the existence of ther-
mal conductivity, the heat transfer from the tooth surface 
to the inner and tooth width, and the temperature in the 
middle of tooth width is slightly higher than that at the 
edge of tooth.

5. Conclusion

While calculating the heat flux on the meshing surface of 
gears by analytic method, the influence of heat conduction 
and expansion is not taken into account, and the results 
are idealized. Numerical simulation can more truly simu-
late the situation and take all kinds of factors into consid-
eration. Thus numerical simulation on gear heat flux dis-
tribution in meshing process based on thermal-structural 
coupling analysis technique is apparently expected and it 
is increasingly paid to attention.

Finite element analysis of gear meshing based on ther-
mal-structural coupling in this paper shows that the tem-

perature distribution of meshing tooth surface is basically 
symmetrical along gear pitch line. When considering heat 
conduction, the temperature conducts towards the tooth 
edge and internal structure, and the intermediate tempera-
ture of tooth structure is slightly higher than the tempera-
ture on the side surface of tooth.

Because the heat generated by each meshing is equal, 
but when the thermal conductivity is added, the heat gen-
erated by the meshing friction of the gear will be trans-
ferred to the internal direction, the direction of tooth width 
and the direction of tooth height. Therefore, the tempera-
ture in the meshing area will decrease. So the trend of 
the temperature-time curve with the thermal conductivity 
model increases first and then decreases, showing a “zig-
zag” shape, while the non-thermal conductivity model 
shows a “ladder” shape.
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1. The Origin of Automotive Electromechani-
cal Maintenance Skills Competition in China

With the advancement of China’s reform and 
opening up, China’s automobile industry has 
also developed rapidly in the 1990s, and the 

performance and high-tech content of automotive products 
have been significantly improved. As the use of automotive 
products, its performance will gradually decline, and the 
service life will be gradually shortened. In order to maintain 
the car’s good performance and technical conditions and 
extend the service life of the car, the maintenance of au-
tomotive products has become an issue of public concern. 
The auto repair industry practitioners quickly changed from 
early single mechanical maintenance and electrical mainte-
nance to mechatronics maintenance, that is, electromechan-
ical maintenance. The occupational capacity and skill level 

of automotive electromechanical maintenance practitioners 
also became an urgent problem to be solved. The Ministry 
of Education recognizes that this is a matter of national 
prosperity so it take immediate measures to deal with it. For 
example, learning the “three-element system” in Germany, 
introducing the “TEAM 21” tutorial from Toyota, and orga-
nizing domestic experts to analyze and construct the knowl-
edge system of such occupations as well as to promote and 
advance the level of professional skills by holding voca-
tional skill competitions. In July 2007, the “First National 
Secondary Vocational School Automobile Application and 
Maintenance Skills Competition (Toyota Cup) [1] was suc-
cessfully held by the Ministry of Education, FAW Toyota 
Co-organizer and Chongqing Industry Polytechnic College. 
Since then, the “Auto Maintenance Skills Competition” has 
been launched in China. In November 2009, it was spon-
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sored by the Transportation Vocational Education Teaching 
Steering Committee,the first national transportation voca-
tional college “FAW Toyota Cup” automobile maintenance 
skill competition was held in Chengdu, Sichuan province [2], 
which opened a new chapter in such kind of competition.

2. The Current Situation of Automotive Elec-
tromechanical Maintenance Skills Competi-
tion in China

2.1 Types and Holding Methods of Automobile 
Electromechanical Maintenance Skills Competi-
tion

Nowadays there are various kinds of automotive electrome-
chanical maintenance skills competition in China, and its 
organizational form and participants have changed a lot.

Classified in accordance with the mode of organiza-
tion and the scope of the participants: There is a skill 
competition within the unit, which is  sponsored by an 
independent unit and aimed at holding the vocational 
skill competition among the internal personnel; There are 
county-level regional skill competitions, organized by 
county-level administrative departments. These compe-
titions are designed for personnel (students or in-service 
employees) of relevant units within the administrative 
area; There are provincial-level skill competitions, orga-
nized by provincial administrative departments. These 
competitions aim for personnel of relevant units within 
the administrative area of the province. Due to the large 
number of participants and the long competition time, 
such competitions usually allocate fixed quota to each 
region and then conduct provincial-level competitions; 
There are national-level skill competitions, organized by 
the administrative departments of the relevant ministries 
and commissions of the state. These competitions involve 
relevant personnel from all over the country, such com-
petitions will also allocate fix quotas of the participating 
teams to the provinces and municipalities directly under 
the Central Government, and then conduct national-level 
competitions. There are world-class skill competitions, 
which are undertaken by the state and are aimed at profes-
sional skill competitions involving people from the same 
industry around the world. Such competitions are also re-
quired to allocate the number of teams to all participating 
countries and then conduct competitions on the host coun-
tries.

Classification from the participants, there are two ma-
jor categories: student skill competitions and in-service 
employee skill competitions. The skill competition for 
students in school is organized by the administrative de-
partment of education so as to evaluate and improve the 

teaching quality, encourage students to be more interested 
in their profession; The in-service employee skill competi-
tion consists of two types: the teaching skill contest of the 
professional teachers in and the automobile maintenance 
skill competition of the front-line employees. Such kind 
of competitions usually organized by the the internal orga-
nization of the unit or local industry associations and trade 
union organizations.

2.2 The Changes of Automobile Electromechani-
cal Maintenance Skill Contest Competition
In July 2007, the competition for the first secondary vo-
cational student auto repair skill competition was divided 
into two types: individual project and group project: the 
personal project is the basic skill competition for automo-
bile maintenance, that is, the inspection of engine parts, 
including the dismantling and installation of the cylin-
der head of Toyota 5A engine, the inspection of engine 
cylinder wear and the fault diagnosis of the electronic 
control system of Toyota Vios engine; The group proj-
ect is a two-person joint maintenance project for Toyota 
Vios Auto for 40,000 kilometers [3]. In November 2009, 
the first vocational high school student auto repair skill 
competition included two practical projects, one was the 
disassembly and repair of the A340E automatic transmis-
sion, and the other is to diagnose and eliminate the fault 
diagnosis of automotive power modules (including engine 
electronic control system and automatic transmission con-
trol system) [4]. Nowadays, whether it is a skill contest for 
students in school or a skill contest for in-service employ-
ees, the form of the competition has changed from simple 
content to fault diagnosis of complex control systems in 
vehicles [5].

2.3 The Characteristics of the Automotive Elec-
tromechanical Maintenance Skills Competition 
Nowadays China’s Automotive Electromechanical Main-
tenance Skills Competition presents the following charac-
teristics:

(1) A wide range of participants with a large number of 
participants. In a county-level administrative region, there 
are dozens or even hundreds of enterprises engaged in au-
tomobile maintenance business, and hundreds or thousands 
of employees engaged in mechanical and electrical mainte-
nance. If each enterprise sends 1 or 2 people to participate 
in the competition, there will be more than 100 people in 
each competition. If a provincial motor maintenance skill 
contest is held for employees, the number of participants 
can be imagined. Therefore, this kind of competition is 
also called a “skills contest for millions of workers in * 
regions”. For the students in the school, the motor vehicle 
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maintenance skill contest is held at least in the administra-
tive region of the local urban area, besides the intra-school 
competition, and then at the provincial level and the nation-
al level. As far as Sichuan Province is concerned, there are 
as many as 222 schools with automobile specialty, of which 
56 secondary vocational schools with automobile specialty 
are established under the direct management of Sichuan 
Human Resources and Social Security Department, and 166 
higher schools with automobile specialty are established 
under the direct management of Sichuan Education Depart-
ment [6]. This shows that the number of students participat-
ing in each skill competition is large.

(2) Each competition will cost a lot of manpower 
and financial resources so these competitions are often 
sponsored by companies or government authorities.Each 
competition will spend a lot of manpower and financial 
resources, often enterprises sponsor the competition or the 
competent government departments allocate special funds 
to support the competition. As mentioned above, owing 
to the large number and wide range of participants, it is 
time-consuming, laborious and costly to organize a skill 
competition. In order to solve this outstanding problem, 
in the early skills competitions, enterprises often provide 
equipment sponsorship, technical support or financial sup-
port, and crowned with the “×× Cup” skills competition. 
Nowadays, with the enhancement of national strength and 
the prosperity of the industry, the competent government 
departments often allocate special funds for competitions 
to support competitions, such as those organized by local 
trade unions. The skills competition for millions of em-
ployees and the competition organized by the competent 
departments of the people’s and social sciences. Skills 
Competition for Secondary Vocational Students and Com-
petition organized by the competent department of Educa-
tion College Students Skills Competition, etc.

(3) The top contestant will finally stand out after 
strict selection, earnest assessment.High-level compe-
titions need to select contestants from the middle level 
of low-level competitions, and ultimately determine the 
level. Because of the large number of participants, wide 
range, time-consuming, laborious and money-consuming 
in each competition, in order to avoid lengthening the 
front and reducing the fairness of the competition, the 
measures of allocating the number of participants first and 
then concentrating the competition are often adopted to 
organize the competition. First of all, the low-level com-
petition screens the Lady, and then in the high-level com-
petition to select the best, ranking.

(4) The setting of each competition event fully re-
flects the will of the expert team in the organizer and the 
contractor, and request wich the technical method in the 

competition is the only feasible way. Through the compe-
tition, we can check the skill level of the competitors in 
certain aspects of automobile maintenance and repair, and 
it is the only way to select the person with ability. Several 
factors should be considered in the setting of events: (A) 
the equipment conditions provided by the organizers; (B) 
whether most of the participating units have the equipment 
designated by the organizers; (C) what the organizers and 
the expert teams of the organizers intend to let the compet-
itors compete, which reflects the will of the expert teams; 
(D) whether the organizers have the equipment designated 
by the organizers. In order to check the regularity and ra-
tionality of the players’ maintenance operation, the team of 
experts should consider that the players can only adopt the 
only feasible path to complete the competition operation 
when setting the content of the competition, and not solve 
many problems (or can not complete the same maintenance 
and inspection work in many ways).

For example, in the basic skills of mechanical and 
electrical maintenance, the project of “engine cylinder 
wear detection” should be set up. It is necessary to check 
whether the athletes can use measuring tools regularly, 
whether the process of testing operation is reasonable, and 
whether they can read measuring tools quickly and ac-
curately. Correct and reasonable operation specifications 
should be as follows:

(a) Check whether all the preparatory items are in 
place, including cloth, maintenance and inspection work 
sheet, measuring tools (vernier calipers, micrometers, 
internal diameter scale), workpiece to be tested (engine 
cylinder block and work bench), etc.

(b) Use clean cloth to clean the workpiece (engine cyl-
inder to be tested) and measuring tool.

(c) Check and align the “zero” or “zero marking” of 
vernier calipers.

(d) Use vernier calipers to measure the diameter of 
cylinder head of the cylinder to be measured (the measur-
ing position is shown in Figure 1). Fill the readings in the 
inspection work sheet quickly and accurately, and lock the 
vernier calipers temporarily, place them reasonably on the 
workbench and wait for use.

Figure 1. Measuring the diameter of cylinder head with 
vernier caliper

(e) Assemble the inner diameter scale and make sure 
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that the length of the measuring rod in free state is 0.5-1.0 
mm larger than that measured by vernier caliper. The cor-
rect form after assembling is shown in Figure 2.

Figure 2. Internal Diameter Scale Assembled

(f) Calibrating the “zero position” of the micrometer, 
even using the standard measuring rod to calibrate the ref-
erence reading of the micrometer, the method of calibrat-
ing the micrometer is shown in Figure 3, and then using 
the readings measured by the vernier caliper as the basic 
size to set the reading of the micrometer and calibrate the 
length of the micrometer to measure the rod.

Figure 3. Zero-calibration method of micrometer

This shows that the above steps of (e) and (f) can be 
interchangeable without harming elegance and ultimately 
will not affect the detection accuracy.

(g) The assembled inner diameter gauge is placed in 
the micrometer which has set the basic size, and the per-
centage indicator of the inner diameter gauge is zeroed, 
that is to say, the percentage indicator is aligned with the 
“0” marking of the dial. The calibrated percentile state of 
the inner diameter gauge is shown in Figure 4.

Figure 4. Percentimeter status after calibration of internal 
diameter scale

(h) The calibrated inner diameter gauge is put into the 
cylinder to be tested according to the method shown in 
Figure 5. When the inner diameter gauge pointer is in the 
most shrinking position, the indicator reading is read and 
recorded in the maintenance and inspection work sheet.

Figure 5. Correct method of inserting inner diameter 
gauge into cylinder

(i) After all the test data are obtained, the whole contest 
test work will be completed by calculating and perfecting 
the work order.

It is worth noting that when the inner diameter gauge 
is put into the cylinder for testing, the upper, middle and 
lower detection sections should be determined correctly, 
and each section should be measured at least one point in 
two measuring reference directions. That is, the crankshaft 
axis direction and transverse direction (perpendicular to 
the crankshaft axis direction). Usually the upper section 
is 10-15 mm away from the cylinder head (the upper 
plane of the cylinder block), the middle section is in the 
middle of the cylinder, and the lower section is 10-15 mm 
away from the bottom of the cylinder. In order to improve 
the accuracy of locating the maximum wear position in 
the cylinder, each measuring reference direction of each 
section should be deflected from right to left at a certain 
angle (15 to 20 degrees is appropriate), and the maximum 
reading is used as the measurement value in this direction.

For example, in the comprehensive troubleshooting 
of automotive mechanical and electrical maintenance, 
the power assembly, active safety (including braking and 
lighting) and comfort system (air conditioning) are set up. 
Mainly examines the contestants from the acceptance of 
work tasks, to the fault detection, diagnosis, elimination 
of the whole process of work ideas. For on-the-job em-
ployees, they should independently complete all the tasks 
of contest maintenance. For the students in school, three 
groups are often used to complete the task of competition 
maintenance. One of them is responsible for fault diagno-
sis and maintenance work flow (train of thought), and the 
other two cooperate with the implementation of the task 
of fault detection, diagnosis and elimination.

It is also worth mentioning here that in the course of 
the competition, the actual operators and report writers 
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lack on-site communication, and the evaluation of the re-
port is a separate referee, which is also not on-site. There-
fore, there are some limitations in the evaluation of the 
team’s overall performance.

There are many technical details on the issues dis-
cussed above, which will not be elaborated here.

(5) Any competitor is not only an individual, but also 
a team. The team includes competitors, coaches, logisti-
cians and so on. Every competing team wants to be suc-
cessful in the competition, so the level of performance of 
the competitors in the competition reflects the level of the 
competing team from one side. The following questions 
will be reflected by the contestants in the end.

(A) The attention, concern and support of the leaders 
of the units are indispensable to the success of the partici-
pating teams in the competition. If the leader only delivers 
the target task with a caring attitude, usually less than on-
site supervision or care, it will inevitably affect the morale 
of the coaches and competitors as a whole team, then the 
winning ticket will not be grasped. Leaders should not 
only pay attention to their concern, but also to their pe-
ripheral work. They should probe into the interior of the 
formulation of the technical plan of the competition and 
make good relations so that they can obtain first-hand ma-
terials than other teams, or even lead the formulation of 
the technical plan, and even understand the composition 
of the referee team and other important information.

(B) The selection of coaches is a key link to achieve the 
goal. This requires leaders to have a deep vision, a clear 
understanding of the autumn, be good at learning horses 
from Bole, and employ people appropriately.

Those who can be selected as coaches must also pos-
sess the following basic qualities:

(a) Only with a high degree of Ideological and political 
awareness can we recognize the importance of achieving 
the goals and tasks.

(b) Only with a strong sense of responsibility and mis-
sion can we carefully study the technical documents of 
the competition in the coaching work, tighten every small 
link, tighten the wonderful string of “details determine 
success or failure”, and regard the completion of coaching 
work as the current historical mission.

(c) Only by possessing excellent professional accom-
plishment and knowing how to teach and what to teach, 
can we not disgrace our mission.

(d) To have a noble sense of teachers’ morality, to cul-
tivate and educate people as their own responsibility, to 
accomplish the task of the target task first, and to form a 
good mentor-friend relationship with the players, coaches 
and players all want to think about one place, strive for 
one place, and ultimately can be invincible.

(C) The selection of competitors is the most important 
link in the overall work of the competition. The selection 
of players can be carried out in many ways, forming a ech-
elon construction mechanism within the unit, making the 
selection of players a benign mode of operation. First, the 
principle of voluntariness, in line with the basic require-
ments of the competition (such as age, length of service) 
in the collection of volunteers to fill in; secondly, individ-
ual recommendation, unit leaders, colleagues according 
to the usual assessment and observation can recommend 
potential personnel to the ranks of competitors; thirdly, 
the preliminary screening of personnel to do the corre-
sponding. Basic knowledge testing, and stratified training, 
so that players firmly rooted, and gradually grow. At the 
same time, the selected competitors should also have 
corresponding qualities, such as broad national feelings, 
love for the motherland and home, sober understanding 
and ideological awareness of the correct relationship be-
tween everyone and family, confidence and determination 
to obey command, to be able to fight and to win in bat-
tle, good physical quality and automobile opportunities. 
Electrical maintenance is also a very hard work to test the 
physical fitness and endurance of practitioners. Therefore, 
players preparing for battle should strengthen physical ex-
ercise and strengthen their health consciousness.

(D) Logistics support system and the staffing of se-
curity personnel are also important links that can not be 
ignored in the formation of participating teams. In the lo-
gistic support system, we should fully consider the supply 
and replenishment of materials and consumables needed 
in training, and also consider the incentive measures to 
the team, to solve the worries of the participants, and to 
promote all members to advance bravely, overcome diffi-
culties and finally achieve brilliant victory.

(E) Each contest will have two major events: theo-
retical test and skill contest. Therefore, contestants are 
required to have solid theoretical foundation and excellent 
skill level.

(F) First, second and third prizes will be set up in every 
competition. Usually the first prize accounts for 10% of 
the teams (or players), the second prize for 20% and the 
third prize for 30%.

(G) The original intention of each competition is com-
petition style (team cooperation spirit, execution level of 
members), competition quality (whether the competitors 
can reflect the quality consciousness of customer first, 
safety production first, product quality first) and competi-
tion level (whether the competitors have a certain degree 
of comprehensiveness in mastering relevant knowledge 
or not). Width and depth, race skills (competition compet-
itors in vehicle maintenance skills in the normative and 
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proficient level, etc.).

3. The Future Development Trend of Automo-
tive Mechanical and Electrical Maintenance 
Skills Competition in China

Throughout the above-mentioned motor vehicle me-
chanical and electrical maintenance skills competitions, 
relevant technical documents will be issued before the 
competition, and the setting of the events and the scope of 
the competition will be limited to a certain extent. In my 
opinion, there are still considerable limitations, which is 
not conducive to the real selection of outstanding talents 
or large-scale craftsmen. Therefore, the future automo-
tive electromechanical maintenance skill contest will be 
normalized in order to comply with the requirements of 
the 20 articles of the State Council vocational education. 
Competition will be organized by a third party to’... Invi-
tational tournament or’... Challenge competition can be 
organized in the form of students and staff competing on 
the same platform. The pre-competition technical docu-
ments only mention the scope and basic requirements, and 
do not mention specific event settings. Relevant personnel 
within the organizer of the competition do not participate 
in any competition, and the organizer or the main respon-
sible person should comply with the People’s Republic of 
China. The confidentiality law [8] restricts the completion 
of the relevant work, and can not be related to the inter-
ests of any participating units and competitors, ultimately 
ensuring the openness, fairness and fairness of the compe-
tition.

4. Summary

Although the form of motor vehicle maintenance skill 
contest is various, the core of the contest is to promote 

the improvement of professional level and skill ability of 
motor vehicle maintenance and testing posts, and to play 
an active role in the development and growth of China’s 
automobile maintenance industry, in shaping the position 
of technical experts and craftsmen in the industry, and in 
revitalizing the motherland. Effect. In order to truly re-
flect the selection and reuse of talents, a more fair and just 
competition mode will be adopted.
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1. Introduction

Confronted by increasingly tight energy security 
and deteriorating ecological environment, coun-
tries adopt differentiated technical routes in dif-

ferent fields of energy-saving and new energy vehicles. In 
the face of the differentiated technical routes, how to eval-
uate the technical route of energy-saving and new energy 
vehicles is significant. In addition, as an emerging sector 
of strategic importance, energy-saving and new energy 
vehicles represent the important development direction 
of future vehicles, and business model innovation plays 
a crucial role in the leapfrog development of new energy 
vehicles. In the context of intensifying competition and 
growing business models in the energy-saving and new 

energy vehicle industry, evaluating the business model of 
energy-saving and new energy vehicles is expected to pro-
vide useful policy reference for government departments 
in facilitating business model innovation, and promoting 
long-term healthy and stable development of the industry. 

At present, life cycle assessment of vehicles is common 
at home and abroad. For example, in 1996, Volkswagen 
AG [1] for the first time completed the full life cycle energy 
consumption and emission analysis of a Golf car, providing 
an important reference for the research of vehicle life cy-
cle assessment. Daimler AG [2] began to issue environment 
evaluation certificates for each model in 2009, covering the 
environmental impact from material production to scrap re-
cycling. German Volkswagen, Daimler, BMW, GM, Volvo, 
Honda, Toyota and other world-renowned auto groups [3] 

http://www.baidu.com/link?url=4awC8jNwWzF-v5oJ9BdXTlS8ltNh8x6R7jSEqsScvme
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conducted life cycle studies on their new cars and released 
relevant life cycle environmental impact assessment re-
ports. Huang Zhijia et al. [4] established a vehicle fuel life 
cycle assessment model based on overseas studies. In terms 
of life cycle assessment of auto parts and finished vehicles, 
Wang Shoubing et al. [5] studied the energy consumption 
and environmental emissions of traditional gasoline cars of 
China during the whole life cycle. Xu Jiefeng [6] established 
the life cycle assessment model of radial tyres and evalu-
ated the whole life cycle. Chen Xiaoru et al. [7] proposed a 
green manufacturing mode with the life cycle assessment of 
parts and components as the main technical route.

In recent years, business model study has also gained 
widespread attention from the academic circles. For exam-
ple, Wang Yuning et al. [8] (2005) divided business models 
into three types: R&D enterprise-led, operation enter-
prise-led and government-led type, and then compared 
and analyzed these three types. Ye Ruike et al. [9] (2010) 
conducted studies from the perspectives of economy and 
technology, and proposed the commercialization path of 
new energy vehicles from the perspectives of public pol-
icy, technology development and fundamental guarantee. 
Ye Qiang and Wang Hewu [10] (2012) put forward sugges-
tions for the construction of business model of new energy 
vehicles from the perspective of system theory, and drew 
a roadmap for the commercialization and promotion of 
new energy vehicles in China.

From the above, although there are many studies on 
life cycle assessment and business model of energy-sav-
ing and new energy vehicles at home and abroad, most 
of them only focus on a single aspect and thus cannot 
reasonably evaluate the entire ecosystem from technical 
route selection to commercial operation of energy-saving 
and new-energy vehicles. Based on the life cycle theory, 
this paper analyzes and solves the key problems of ener-
gy-saving and new energy vehicles, and establishes a rea-
sonable technical route evaluation system, and then sum-
marizes and compares the existing business models, and 
finally puts forwards a complete and systematic evaluation 
system. Through the dynamic combination of technical 
route life cycle assessment and business model life cycle 
assessment, it is feasible to realize dynamic evaluation 
and optimization of the wholes system of energy-saving 
and new energy vehicles, which can provide a reference 
for China to scientifically formulate the development di-
rection of its energy-saving and new energy industry.

2. Assessment Method 

2.1 Definition of Objectives and Scope
At present, LCA method is widely used to quantify the 

impact related to energy and material consumption and 
environmental emissions of a product or service during 
its life cycle. With the help of LCA, we can compre-
hensively understand the impact of various aspects of a 
product or service and seek actions to reduce the afore-
said negative impact. Based on the LCA method theory, 
the paper innovates and extends the method so that it 
not only stays at the product level, but also focuses on 
the life cycle impact assessment of energy-saving and 
new energy vehicles. In this way we can seek effective 
actions to optimize the negative effects of the whole sys-
tem dynamically based on the research and analysis of 
key problems. 

This paper aims to provide reference for the optimiza-
tion allocation of technical resources in the automobile 
industry and technology R&D under industry-universi-
ty-research cooperation, provide direction for the R&D 
department of automobile enterprises, and provide ref-
erence for the scientific formulation of business model 
development direction of China’s energy-saving and new 
energy industry . This paper firstly divides the whole eco-
system of energy-saving and new energy vehicles into two 
subsystems, namely, technology planning of and business 
model of energy-saving and new energy vehicles. Among 
them, technology planning of energy-saving and new en-
ergy vehicles also includes the raw materials acquisition 
stage, parts manufacturing stage and assembly stage of ve-
hicle production; the business model of energy-saving and 
new energy vehicles also includes vehicle operation and 
use stage and scrap recycling stage. The system boundary 
is shown in Figure 1.

Figure 1. Ecosystem boundary conditions of energy-sav-
ing and new energy vehicles

2.2 Assessment Objects and Functional Unit 
It is crucial for life cycle assessment to select appropriate 
assessment objects which determine whether the assess-
ment result is representative and accurate. The assess-
ment objects of this paper is extended to energy-saving 
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and new energy vehicles of various technical routes.
Based on the above boundary conditions, the functional 

unit is extended into the whole life cycle of energy-saving 
and new energy vehicles from driving on China’s roads 
through to scrapping through various business models un-
der various technical routes.

3. Technical Route of Energy-Saving and New 
Energy Vehicles

3.1 Overview of Technical Route of Energy-saving 
and New Energy Vehicles at Home and Abroad

In terms of energy-saving vehicle technology, Japan pri-
marily popularizes the technical route of “miniaturization 
+ hybrid”, and will energetically develop the optimization 
of gasoline engine with natural aspiration and multi-speed 
AT, DCT and other technologies. In the future, the United 
States will implement the technical route of “engine opti-
mization + transmission upgrading + electronic and elec-
trical energy saving + hybrid power”, comprehensively 
develop energy-saving technology, and achieve the goal 
of fuel economy regulations. The fuel economy standard 
in Europe is very rigor. At present, Europe implements 
the technical route of “clean diesel engine + 48V system”, 
and it is expected to develop multi-speed transmission, 
low friction and other technologies in the future. In gen-
eral, foreign countries follow the technical path of taking 
advanced electronics & electrical appliances, optimized 
power assembly and the vigorous development of minia-
turization and hybrid vehicles as the energy-saving skills.

In terms of new energy vehicles, the United States 
follows the technical route by taking the development of 
electric vehicles (mainly hybrid) as the supplement and 
the exploitation of “bioethanol + biodiesel” as the main. 
The hybrid technology in Japan has been very mature, 
and the plug-in vehicles that the typical representative is 
Toyota Prius plug-in hybrid are developed rapidly based 
on it. Represented by Audi A6e-tron and BMW 530Le, 
the development of plug-in hybrid in Europe is relatively 
mature. In conclusion, the development of international 
electric vehicles mainly takes into account lightweight, re-
liability, intelligence and battery safety, and incompletely 
concentrates on improving driving range. Plug-in hybrid 
electric vehicle is mainly to improve the efficiency of 
hybrid engine, showing the trend of more compact cou-
pling mechanism, integrated control unit, consideration of 
power performance and safety, as well as the coexistence 
of special engine to high compression ratio, high thermal 
efficiency value and lightweight multi-technical route.

According to the current development status of ener-
gy-saving and new energy vehicles, in order to achieve 

the goal of reducing fuel consumption, China has imple-
mented the overall path of paying equal attention to struc-
ture and technology, advanced electronic and electrical 
technology to support the optimization and upgrading of 
hybrid power assembly, and development of alternative 
fuel vehicles when it comes to energy-saving vehicles. 
The overall technical path of new energy vehicles main-
ly takes into account electric vehicles (EV) and plug-in 
hybrid electric vehicles (PHEV), as shown in the figure 2 
below.

Figure 2. Overall technical route of energy-saving and 
new energy vehicles

As can be seen from Figure 2, the energy-saving tech-
nologies of passenger vehicles in China are mainly con-
centrated in six major paths.

Lightweight and miniaturization. vigorous develop-
ment of hybrid vehicles, optimization and upgrading of 
power assembly, energy-saving of electronic & electrical 
appliances, reduction of friction loss, and sharing of al-
ternative fuels. The overall route of new energy vehicles 
is mainly embodied in two main paths: pure electric and 
hybrid.

The general technology roadmap of energy-saving 
vehicles is subdivided into traditional power passenger 
vehicles, hybrid power passenger vehicles and alternative 
fuel passenger vehicles for description, as shown in the 
following figure 3.

Figure 3. Technology roadmap of energy-saving vehicles

In the field of energy saving of traditional power pas-
senger vehicles, it mainly concentrates on five aspects. 
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Engine: develop advanced intake and exhaust technology, 
and turbocharged direct injection technology to improve 
thermal efficiency in the preliminary stage. In the medium 
stage, twin turbo, GDI + PFI double injection and other 
technologies will be developed to improve the compres-
sion ratio. In the later stage, HCCI and other combustion 
technologies are developed, and electronic control logic 
is continuously optimized. Transmission: development of 
multi-speed automatic transmission and continuous opti-
mization of transmission control logic and calibration, so 
as to optimize the matching with the engine and improve 
combustion efficiency. Electronic & electrical appliances: 
the 48V system is adopted to reduce the energy consump-
tion of the vehicle. On this basis, electric air conditioning 
and other technologies are developed to continuously 
reduce the electric energy loss of the vehicle-mounted 
electrical equipment. Friction loss: low rolling resistance 
tyres are adopted in the first place, oil with low viscosity 
is adopted to reduce friction loss in the second place, and 
wind resistance coefficient is mainly reduced in the end. 
Miniaturization and lightweight: effectively limit the trend 
of enlargement and increase the proportion of compact 
vehicles.

In the field of hybrid passenger vehicles, five parts are 
placed particular emphasis. Special engine: at present, 
such special engines as Atkinson / Miller cycle are main-
ly developed to improve combustion level and reduce 
friction, and HCCI technology is adopted to improve 
compression ratio. Motor: the efficiency of drive motor 
is improved through miniaturization, lightweight, wind-
ing improvement and other ways, and carry out the goal 
of high power density and reasonable price in different 
stages. Battery: gradually reduce the weight and volume 
of battery in different stages, and finally achieve the 
goal of boosting power density and life, reducing cost 
and boosting the homogeneity of cooling temperature. 
System structure control: continuously optimize the hy-
brid system structure and battery control strategy, and 
combine with the intelligent network technology in the 
middle and later stage to dynamically optimize the pow-
er system and reduce energy loss. Other technologies: 
focus on the development of special transmission in the 
early stage, continuously improve the efficiency of spe-
cial coupling mechanism and braking energy recovery, 
and gradually reduce the quality and wind resistance co-
efficient.

In the field of alternative fuel passenger vehicles, it 
focuses on three major paths. Engine: in the near future, 
it is necessary to focus on the development of special 
engines for alternative fuels. In the middle and later 
stages, it is necessary to combine advanced pressuriza-

tion and intake and exhaust technologies to achieve high 
compression ratio. Control strategy: continuously opti-
mize vehicle control strategy, and refine combustion and 
oil-gas collaborative technology to boost combustion 
efficiency based on fuel characteristics. Special parts: 
at present, the focus is on the development of high-per-
formance fuel storage system. In addition, the exception 
is to accelerate the development of such special parts as 
nozzles with high reliability and high precision, so as to 
improve the overall performance of the vehicle.

The overall technical route of new energy vehicles is 
subdivided into EV and PHEV, as shown in the following 
figure 4.

Figure 4. Technology roadmap of new energy vehicles

It can be seen from Figure 4 that the technical route of 
EV in China focuses on chassis and power system. In the 
aspect of chassis, it is necessary to research the technol-
ogy of electric drive, electric braking system, integrated 
design of chassis system in the preliminary stage to finally 
realize the integrated design of chassis, so as to improve 
the performance of the vehicle. In the aspect of power, 
it mainly focuses on the research of driving forms, espe-
cially the research and development of high-performance 
driving system, and drive motor with high-efficiency and 
high specific power in the middle and later stage. System 
integration and optimization technology, improve vehi-
cle control technology, research new materials and new 
structures, and form large-scale production capacity of 
the vehicle. Energy management system is the research 
emphasis, and the high-performance battery and high-pre-
cision battery management system shall be developed to 
optimize control strategy, so as to improve vehicle energy 
efficiency.

The PHEV is still in the preliminary stage of indus-
trialization in China, and there is a big gap compared 
with the PHEV with foreign advanced level in terms of 
reliability and driving smoothness. In terms of power 
assembly, the focus is to research the electromechanical 
coupling mechanism with compact structure and high 
transmission efficiency, and develop the motor with 
high-performance, as well as the technology of coupling 
mechanism and motor integration. At the same time of 
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researching and developing the power system, it is nec-
essary to carry out matched research on the power con-
trol system and other auxiliary functions, such as driver 
intention recognition, fuel control, management strategy 
of system efficiency, etc., so as to realize the optimal 
control of the vehicle. In addition, in order to improve 
safety, comfort and prolong service life, technologies 
such as remote fault diagnosis and high-precision energy 
management system shall be developed.

3.2 Application of Life Cycle Assessment in Tech-
nical Route Analysis of Energy-saving and New 
Energy Vehicles

3.2.1 Key Problems of Boundary Division

By sorting out the technical route of energy-saving and 
new energy vehicles, the evaluation system boundary in-
cludes the production stage of raw materials, parts manu-
facturing and assembling stage of energy-saving and new 
energy vehicles. Through the evaluation of the three stag-
es of technology item and typical technology combination 
of energy-saving and new energy vehicles, the life cycle 
analysis of technical route subsystem of energy-saving 
and new energy vehicles is completed. As shown in Fig-
ure 1 above.

3.2.2 Key Problems of System Modeling
According to the idea of full life cycle assessment of “from 
cradle to gate”, a life cycle dynamic evaluation model 
of technical route subsystem of energy-saving and new 
energy vehicles from raw material acquisition to vehicle 
production is constructed, which is based on the dynamic 
model of linear matrix algorithm and nonlinear system 
dynamics, and can carry out accurate LCA evaluation and 
calculation. The demonstration data of different technol-
ogy item and typical technology combination substitute 
into the evaluation model for calculation. Based on the 
calculation results, a scientific and systematic solution can 
be provided for enterprises to achieve the goal of energy 
saving and emission reduction. The key problems of sys-
tem modeling are shown in Figure 5.

Figure 5. Key problems of system modeling

3.2.3 Key Problems of System Development
By taking technical route subsystem of energy-saving 
and new energy vehicles as research object, based on the 
dynamic model of life cycle assessment, and the use of 
Simulink simulation module of MATLAB platform, a 
optimization and simulation system of technical route of 
energy-saving and new energy vehicles is constructed ac-
cording to the characteristics of technology item and typi-
cal technology combination of various energy-saving and 
new energy vehicles. The system can carry out scenario 
simulation and optimization and simulation on various 
technology items and typical technology combinations, 
which is an upgrading, extension and innovation of tradi-
tional life cycle assessment methodology.

4. Energy-saving and New Energy Vehicle 
Business Models

4.1 Summary of Energy-saving and New Energy 
Vehicle Business Models

At present, typical overseas business models include 
e-car4all model in Germany, time-based sharing mode in 
Paris, France, rent-a-car mode in Nagasaki, Japan, Tesla 
Model in the U.S.A. and so on.

The demand of markets at different layers should be 
considered in the innovation of electric vehicle business 
models in China. The electric vehicle use models include 
leasing and purchasing; the energy supply models include 
battery charging and replacing models. At present, many 
domestic cities actively explore the business operation 
models of electric vehicles and obtain the following typ-
ical business models by arrangement and combination of 
leasing, purchasing, replacing and charging: i.e. Potevio 
Financing & Leasing Model in Shenzhen, battery leasing 
and replacing model in Hangzhou, directional purchasing 
mode in Hefei, etc.

The analysis of advantages and disadvantages of all 
models is shown in Table 1.

In the field of public transport, the “quick charge” 
mode in Chongqing can be promoted. At present, the leas-
ing mode is mainly adopted in the taxi field and private 
car field. The leasing mode includes financing leasing, 
time-based leasing, complete vehicle leasing, vehicle 
(without battery) + battery leasing, etc. Because the time-
based leasing mode is cheaper and more convenient than 
the traditional leasing mode, it will become more conve-
nient and flexible after becoming into large scale. There-
fore, it is easily promoted in private car field. At present, 
the financing leasing mode is widely used in taxi field. 
However, in the future, the time-based leasing mode may 
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Table 1. Comparison of main business models at home and abroad

Business model Main characteristics Payment Ownership Subsidies Applicable 
scope

(Germany)
e-car4all model

The company or organization 
provides 24h convenient services 

to the fixed users or members. The 
renting is rapid and the management 
is convenient. Only one smart card is 
required. The vehicle utilization rate 

is high.

The user pays the management 
person the rent based on use time 

and driving mileage.

What the user 
buys is the right 
to use the car. 
The ownership 
entirely belongs 
to the manager.

——

Only being 
leased in 

demonstra-
tion city

(Japan)
rent-a-car model

The advanced intelligent manage-
ment system has high information 
transfer efficiency and convenient 

management; the division of works 
of government, agents, distributors, 
leasing companies and end users is 

clear. The risks are effectively shared.

End users or taxi passengers pay 
rent or taxi fees; agencies pay 

commissions to local committees.

The ownership 
entirely belongs 
to local commit-

tee.

The state 
government 
grants the 

subsidies to lo-
cal committee 
to introduce 
the electric 

vehicles and 
PHEV.

Leased

(U.S.A.)
Integrated operation 

model

The integration operator is execu-
tor and the government is mainly 
responsible for supervision and 

management. Functions of all bodies 
are clear.

The buyer pays vehicle fees.

The vehicle 
ownership 

entirely belongs 
to the buyer.

The govern-
ment grants 
subsidies to 
technology 

R&D persons 
and battery 

buyers

Private 
vehicle and 

leased

(China)
Vehicle and 

battery 
integration

Complete 
vehicle sales

The purchase cost pressure is high 
and the vehicle use risks are high. The buyer pays vehicle fees.

The vehicle 
ownership 

entirely belongs 
to the buyer.

The govern-
ment directly 
grants sub-
sidies to the 

buyer.
Complete 

vehicle oper-
ating lease

(Time-based 
leasing and 
long-term 
leasing)

The leasing company establishes an 
operation network and is responsible 

for the daily charging and mainte-
nance of vehicles.

The lessee pays certain rent to the 
leasing company based on driving 

mileage or time.

The ownership 
belongs to the 
leasing compa-

ny

——
Private 

vehicle and 
leased

Complete 
vehicle 

financing 
leasing

The leasing company acts as an agen-
cy and is responsible for maintenance 

of faults not caused by human fac-
tors. It effectively transfers all risks 

and rewards related to the ownership 
of assets.

The lease term and lease fees are 
determined based on ROI of this 
business of the leasing company.

Consumers can 
get the car free 
of charge after 

the car rental pe-
riod reaches the 
period specified 
by the leasing 

company.

Subsidies from 
governments 
at all levels 

belong to the 
leasing compa-

ny.

Leased

(China)
Vehicle and 

battery 
separation

Vehicle 
(without bat-
tery) opera-
tion leasing 
+ battery 
service

The financial leasing company 
purchases vehicles (without battery) 
to provide vehicle (without battery) 

rental services, and the charging 
facility operator purchases batteries 

to provide charging services.

The lessee pays the rent of vehicle 
(without battery) and charging 

service fee.

Vehicle (without 
battery) and 

battery belong 
to corresponding 
leasing compa-

nies.

—— ——

Vehicle 
(without 

battery) fi-
nancing leas-
ing + battery 

service

The charging facility operator 
cooperates with the financial leasing 

company to provide the financing 
leasing services of vehicle (without 

battery) to the enterprise. It can effec-
tively reduce the financial pressure of 

enterprises.

Charge the principal and interest 
in installments at the level not 

higher than the loan interest rate 
of the bank in the same period. 
The payment is changed from 

lump sum to payment in 8 years. 
The charging service fees shall be 

paid.

After the ex-
piration of the 

term, the vehicle 
(without battery) 

belongs to the 
lessee.

——

Public 
transport and 

municipal 
services

Vehicle 
(without bat-

tery) sales 
+ battery 
operation 

leasing

Only the vehicle (without battery) is 
purchased. The battery is purchased 
by the professional battery leasing 

company and leased to the consum-
ers. It can reduce the purchasing 

costs. As time goes on, consumers 
will pay less and less for replacing 

the battery.

After paying a certain amount of 
deposit to the leasing company, 
when the battery runs out, the 

lessee can replace the battery in 
the battery replacement outlet 

by paying the charging fees and 
battery depreciation based on the 

driving mileage.

The vehicle 
(without battery) 

belongs to the 
buyer and the 

battery belongs 
to the leasing 

company.

—— ——
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be promoted. As for the private directional purchasing 
mode, due to its simple market, it is more suitable for the 
consumers who have fixed routes and need single purpose. 
In order to expand the market, multiple vehicle models 
should be developed to adapt to wider consumer groups.

4.2 Research on Assessment Indicators of Ener-
gy-saving and New Energy Vehicle Business Mod-
el

4.2.1 Construction Idea of Assessment Indicator 
System

On the basis of analysis of connotation of energy-saving 
and new energy vehicle industry business models, com-
bining the life cycle assessment method, based on the 
thought from source to recovery, the assessment indicator 
system shall be constructed in aspects of vehicle, electric-
ity and battery, purchase, use, maintenance and recovery, 
economic efficiency, convenience, safety and environmen-
tal friendliness, etc., as shown in Figure 6.

Figure 6. Construction idea of assessment indicator 
system of energy-saving and new energy vehicle business 

model

4.2.2 Composition of Assessment Indicator Sys-
tem
The assessment indicator system constructed based on 
connotation of energy-saving and new energy vehicle 
business model and full life cycle assessment method 
mainly includes two levels, i.e. first level indicators and 
second level indicators. The first level indicators include 
internal and external elements of enterprise operation in 
energy-saving and new energy vehicle business model. 
The second level indicators are further explanation and 
description of all elements. Finally, the indicator system 
shown in Table 2 is constructed to assess the energy-sav-
ing and new energy vehicle business model.

Table 2. Assessment indicator system of energy-saving 
and new energy vehicle business model

Energy-saving and 
new energy vehicle 

business model

First level indicator Second level indicator

Main structure
Production costs of vehicles
Electricity supply efficiency

Battery service

Consumption 
cycle

Purchase
Use

Maintenance
Recovery

Use performance

Economic efficiency
Convenience

Safety
Environmental friendliness

The main structure is assessment of production costs of 
vehicles, electricity supply efficiency and battery service 
from the perspective of energy-saving and new energy 
vehicle product structure. The consumption cycle involves 
the whole consumption process of energy-saving and new 
energy vehicles ranging from purchase, use, maintenance 
to final recovery. The performance is a key element con-
cerned by consumers and can measure consumers’ using 
feeling and satisfaction, including economic efficiency, 
convenience, safety, environmental friendliness and other 
performance indicators.

4.3 Application of Life Cycle Assessment in Re-
search on Assessment of Energy-saving and New 
Energy Vehicle Business Models

4.3.1 Combination of System Boundary and As-
sessment Indicators

It can be known from assessment indicators of ener-
gy-saving and new energy vehicle business models that 
the system boundary includes manufacturing stage, use 
stage and recovery stage of energy-saving and new energy 
vehicles. The assessment indicator in manufacturing stage 
is production costs of vehicle. The assessment indicators 
in use stage are electricity supply efficiency, battery ser-
vice, purchase, use, maintenance, economic efficiency, 
convenience, safety, environmental friendliness, etc. The 
assessment indicator in recovery stage is recovery. As 
shown in Figure 1.

4.3.2 Combination of System Modeling and 
Quantitative Calculation
Based on the life cycle assessment idea from production 
“from gate to regeneration” to scrap, the life cycle dynam-
ic assessment model for typical energy-saving and new 
energy vehicle business model sub-system shall be built. 
The model is a dynamic model based on linear matrix 
algorithm and nonlinear system dynamics. Accurate LCA 
assessment calculation can be carried out. Substitute the 
empirical data of business models of different enterprises 
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into the assessment model for calculation. The calculation 
result can provide the scientific and systematic solutions 
for realizing the energy saving and emission reduction ob-
jective of an enterprise. The system boundary and quanti-
tative modeling are shown in Figure 7.

Figure 7. System modeling and quantitative calculation

4.3.3 Combination of System Development and 
Assessment System
The energy-saving and new energy vehicle business mod-
el sub-system is regarded as the research objective. An 
energy-saving and new energy vehicle business model 
optimization and simulation system is constructed by 
combining the assessment indicator system of energy-sav-
ing and new energy vehicle business model, based on life 
cycle assessment dynamic model, by utilizing Simulink 
simulation module on MATLAB platform and consider-
ing the characteristics of energy-saving and new energy 
vehicle business models. The system can simulate and 
optimize many kinds of business models, and it is also the 
extension and innovation of traditional life cycle assess-
ment methodology.

5. Conclusions

Through the research on assessment of ecological benefits 
of the whole ecosystem of energy-saving and new energy 
vehicle technical routes as well as business model based 
on life cycle theory, the following results are mainly ob-
tained:

The energy-saving and new energy vehicle technical 
routes in China are summarized. The passenger vehicle 
energy-saving technologies in China mainly have 6 routes, 
i.e. lighter and smaller, vigorous development of hybrid 
vehicles, optimization and upgrading of powertrain, ener-
gy saving of electronic and electrical products, reduction 
of friction loss, and alternative fuels. The general new 
energy vehicle technical path mainly includes PEV and 
PHEV.

The typical energy-saving and new energy vehicle 
business models at home and abroad are analyzed and 

advantages and disadvantages of all business models are 
compared. It can be seen that “vehicle and battery separa-
tion, financing leasing and real-time monitoring” mode is 
applicable to public transport and municipal services and 
other fields in uniform procurement; in public transport 
field, the “quick charge” model in Chongqing can be pro-
moted. The leasing model is mainly adopted in taxi field 
and private car field.

The establishment of system boundary and life cycle 
dynamic assessment model for energy-saving and new en-
ergy vehicle technical routes and business model full life 
cycle assessment, the development of assessment indicator 
system and optimization simulation system of energy-sav-
ing and new energy vehicle business model as well as key 
factors influencing the assessment are researched so as to 
carry out scenario simulation and optimization simulation 
of the influence of multiple technology items and typical 
technology combinations in multiple business models. 
The business models are driven by innovation of technical 
routes and the technical routes are adjusted based on the 
dynamic feedback of business model. It is the upgrade and 
innovation of traditional life cycle assessment methodol-
ogy and can provide the scientific and systematic solution 
to realize the energy saving and emission reduction objec-
tive of an enterprise.
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1. Introduction

Modern and new business conditions require a 
constant reserve search productivity growth de-
clines operational costs and cost products, re-

lease competitive products. Due with this current value It 
has improvement of technology and technology of pro-
cessing raw cotton, ensuring high quality fiber, preserv-
ing him natural properties and reduce the loss of strand 
fiber with waste.

Earlier studies have found that one of the main reasons 
for reducing the natural properties of fiber is the unfavor-

able state of the technological surfaces of the working 
bodies of machines interacting with processed cotton [1]. It 
leads to destruction and to a decrease in fiber length, to 
mechanical damage and reduce their strength to growth 
defects and the content in the pulp fluff.

This in turn leads to a decrease in the spinning prop-
erties of the fiber, manifested in an increase in breakage 
in the spinning industry, a decrease in the strength of the 
yarn and the quality of the fabric produced, which causes 
significant losses in the textile industry.

The number of the most consumed spare parts in the 
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process of cotton preprocessing includes gin and linter 
grates. The annual need of the industry is more than 100 
thousand of gin and 200 thousand of linter grates. Grate 
undergoes rapid deterioration in the due to the friction 
of them drank and fibrous material. The working area of 
currently used cast iron grates is bleached in order to in-
crease wear resistance. But, at the same time due to the 
shortcomings of the bleaching process, hardens mainly the 
“bed” of the grates and only partly, quickly wearing out, 
the lateral surface and this reduces their service life.

Experience of using steel grate by making proxy steel 45 
based on the application of methods rolling with subsequent 
machining on machine tools gave good results. But they 
had one major drawback - rapid wear during operation due 
to the lack of heat treatment.

2. Materials and Methodology

Studies have shown that the most optimal of ways en-
hance durability of steel grate bars is an surface hardening 
of the working area.

Currently in engineering applied high-frequency heat 
treatment for products with a hard, wear-resistant surface 
layer and a relatively soft and viscous core.

Due to a significant decrease in the tendency to 
brittle fracture, achieved during the transition from 
through to surface hardening, increasing the tolerance lim-
its of hardness and resistance to wear.

The second advantage of quenching with surface heat-
ing is a significant reduction in strain. during heating 
and cooling achieved by the stiffness of the cold core.

The third advantage is the almost complete elimination 
of decarburization, which, while reducing the strain, in 
some cases, allows the hardening of finally finished parts 
without grinding.

When superficial hardening, applied for the manufac-
ture of grates of steel grade 45, it is possible to obtain a 
hardness HRC 58-62. However, fluctuations in the com-
position of the steel, quenching modes, as well as the 
need for self-tempering or tempering to crack cracks, lead 
to the lower the permissible limit of hardness in practice 
it may be understated to about one level I hardness of 
chilled cast iron grate.

Important role for quality hardening working The 
surface of the grate has the right choice of basic parame-
ters - the design and dimensions of the inductor, heating 
rates frequencies current, heating time, cooling system, 
etc.

With surface induction heating up excerpt at in most 
cases, it is unacceptable or undesirable, since the effect 
of surface heating is lost due to thermal conductivity. A 

limited heating time may not be sufficient to complete the 
phase, structural transformations when heated to tempera-
tures recommended this steel. The completeness or degree 
of transformations is determined, in addition to the final 
heating temperature, by the residence time of the steel in 
the temperature range of phase transformations - the total 
time of austenization.

For surface hardening, the hardening depth is select-
ed first, and it is usually recommended about 10% of the 
part size.

The method of high-frequency surface hardening al-
lows to obtain a solid surface layer different depths in a 
very short time. Therefore, the choice of the depth of the 
hardened layer is determined primarily not technical op-
portunities and operating conditions. Based on the op-
erating conditions of the grate, was selected depth and 2 
mm, because after wear of such a layer and increase the 
distance between the grate bars can be a passage of seeds 
between the grate bars, such grates already unsuitable to 
further exploitation.

When surface hardening of the working area of 
the grate (up to a depth of 2 mm.) with a width of 17 
mm, it may occur that the core is heated at low heating 
rates. The use of coolant will dramatically accelerate the 
cooling process.

Cooling the grate by immersion in a liquid (water) is 
not advisable, since until temperature the surface signifi-
cantly (hundreds of degrees) exceeds the boiling point of 
the liquid on the cooled surface is created and the vapor 
film is held (film boiling period). This film reduces the in-
tensity of the cooling process.

The most convenient method of cooling during harden-
ing of the grate is cooling with a water shower.

At the same time hardening the shower allows you to 
produce cooling in place without transferring to quench-
ing tank, whereby cooling can begin through split second 
after heating.

Another important parameter is the quenching tempera-
ture.

Features introduced by rapid induction heating in the 
kinetics of phase transformations, determines the level of 
temperature required to complete the austenization pro-
cess.

3. Experimental Results and Discussion

For the grate made of steel stamps 45 hardening tempera-
ture selected at surface 9600С and at the boundary of the 
heated layer 8500С.

Based on complex shape grate (curvilinear work area) 
a consistent heating method was chosen. In this method, a 
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ribbon inductor is produced, equipped with a water show-
er, and the working area is heated with the movement of 
the grate.

With high-frequency surface hardening a large 
role playing mode quenching. To ensure the quenching 
mode, first of all, the current frequency must be selected. 
It is selected in accordance with the size of the grate and 
the selected depth of the hardened layer - 8000 hertz. 

Based on the selected parameters, an inductor with a 
water shower was designed, design documentation was 
developed, he prototype was made and mounted on the 
HFC generator.

In order to determine the quality quenching p Static 
preparation surface grates, studies have been conducted to 
determine hardness and wear resistance. Hardness was 
measured at two plots - on hardened and not hardened, for 
comparative evaluation.

As the test results showed, by hardening the surface of 
the working zone, a surface hardness of up to HRC 55 is 
achieved, which allows to increase the life of the grate by 
more than two times. 

Comparative wear of steel after quenching and cast 
iron grates were investigated on a special bench installa-
tion [2]. The research results are summarized in the table 1.

Table 1. The results of studies on the comparative wear of 
hardened steel and serial pig-iron grid bars

№ Time, min.

Hardened steel grate Serial cast iron grate

Wear,
um

Contact 
area

mm 2

Wear,
um

Contact area
mm 2

1 4 55 29 104 35

2 6 80 33 100 40

3 12 115 66 130 72

4 30 210 84 250 93

5 60 270 132 310 140

6 90 350 165 380 174

7 120 380 190 450 194

Analysis of results: As can be seen from the data in the 
table, hardened steel grate had less wear for the same peri-
od of time due to hardening of the side surface.

On two genies of the Bektemirsky experimental cotton 
mill, five hardened and not hardened steel grates were in-
stalled in the grate drawn from cast iron grates.

As a result of observations for three months, it was es-
tablished that the service life of hardened grid-irons is more 
than 2 times higher than that of non- hardened. Such 
indicators allow the use of one set of grates during one 
season during an overhaul, as opposed to the use of two 
sets that currently have. Based on research data, it is recom-
mended to use hardened grid-irons in industry.

4. Conclusions

(1) Implemented selection of the main parameters of 
the surface hardening of the working area of the genie and 
lining grates.

(2) Comparative tests of grates with a hardened work-
ing area using the selected quenching parameters showed 
that their life is increased by more than 2 times.
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