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Abstract — In order to evaluate the fuel economy of different operating modes of HHV were introducedtfy.
hydraulic hybrid vehicle, an energy management sti@gy Then, based on the analysis of energy conversiaterun
and an energy conversion model which based on alinds of  HH\/’s different working patterns, the energy corsien
work patterns were introduced through the analysjsof the  mode covering different working patterns was prepos
process of braking energy recovery and hydraulic esrgy and based on this model, the HHV fuel economic

regeneration for HHV. Then, an evaluation model offuel luati del. which thesized fuel it
economy for HHV which including rate of fuel saving energy ~ €vV&'uating model, which synthesizead 1uel economtg, ra

conversion efficiency, braking energy recovery rateenergy €Nergy conversion rate, braking energy recovergrgn
regeneration rate and energy consumption rate was regenerative using rate and energy consumption wae
established. In the last, the evaluation model waested by established. In the end, the power and economic
road test data. The result indicated that the modebf fuel  performance was tested using the testing careaefitirm
economy evaluation can evaluate the HHV effectively Yutong bus ZK6126HG. Applied the tested data itte t

) ) ) established fuel economic model, the ways how to

Keywords — Hydraulic Hybrid Vehicle, Energy Strategy, jmprove HHV's fuel economic were analyzed from the

Economy Evaluation Model, Road Test. parameters of the model. And this laid a solid néch

foundation for the development of more efficiendigulic
. INTRODUCTION hybrid vehicle.

The growing = serious problem of energy and; THE STRUCTURE PRINCIPAL AND ENERGY
environment makes the technology of energy-savimi a M St OF HHV
emission reduction be the development directiorthef ANAGEMENT STRATEGY UF

automotive industry, the hydraulic hybrid vehiclash ) o
become one of the hot researches because of its hfy The Vehicle Sructure Principle of HHV .

power density and significant energy conservatigtjjl  HHV mainly consists of diesel-hydraulic hybrid syst,
The most commonly used index of fuel economy foRydraulic system and electronic control systenficase 1.
hydraulic hybrid vehicle is fuel consumption pembred ~ When vehicle are downhill and braking, the hydrmuli
kilometers, and also, some models are establisbed RUMP/motor works on pump operating condition, emel t
evaluate fuel economy. ADVISOR [3] is a kind of mosbraking energy is recycled and stored by hydraulic
widely used fuel consumption model [4] in automebil accumulator; when vehicle are starting up and ecathg,
engineering field. Kyoungho Ahn has establishecuel f the hydraulic pump/motor works on motor operating
consumption model [5] with instantaneous speed ar@ndition, and it provides auxiliary power for s
accelerated speed as input parameters, and wittifispe Making the engine work on optimum operating coodliti
fuel consumption as index to evaluate fuel economi@rea.

D.Y.C. LEUNG established the model of fuel A ih R

consumption and emission [6] based on vehicle dycem
to predict the fuel economic in standard drivingley
Andrew G. Simpson established a parameter analysis
model[7] based on the energy consumption of théclesh

to evaluate the fuel economic on certain road cmrdi
Sigin Chang established the calculation model {afldV

fuel economic on different transport condition, and Frn]
evaluated the fuel economic of HHV comparing witle t

traditional fuel economic. Jie Chen evaluated thel f 0
economic in the consideration of the HHV's starting

mode[9]. Even though the fuel economic of HHV are

evaluated from different angles by domestic aneifpr

scholars, there is no answer to improve the ensaging Fig. 1. Structure Principle of HHV
effect of HHV in these evaluating models.
In order to ﬁgure out the fuel economic with the 1.Diesel engine; 2. Transmission instrument;

optimized control strategy under specific drivingcles, 3 Electromagnetic  clutch;  4.Hydraulic pump/motor;
vehicle’s concrete parameter must be obtained M0-15 cjytch; 6.Gearbox; 7.Hydraulic valve control miagdu
The construction principal and the control strategof g pressure sensor; 9.Electro-hydraulic directiaraitrol
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valve; 10.Low-pressure closed fuel tank; 11.Hylgodver |||, THE ESTABLISHMENT OF FUEL ECONOMY
ECU; 12.Diesel engine ECU; 13.Clutch pedal switch; EVALUATION M ODEL

14.Braking pedal sensor; 15.Acceleration pedal agens
16.Starting switch; 17.Working condition monitor;
18.Speed sensor; 19. N/R position sensor; 20.Hiidrau
energy accumulator.
B. Energy Control Srategy

There are two power sources in HHV as engine a
hydraulic pump/motor, in order to realize the ogtirfuel

A. Construction of Fuel Economy Evaluation Model
HHV'’s fuel economy evaluation model consists o&thr
parts: energy conversion model, vehicle parameters,
testing condition and energy-saving evaluation xrftfé It

M€ shown as Fig.2.

economy, the minimum emission and the optimum Vehic vehicle 1\

performance, the energy management strategy must be | "o 1/ Hregenerate recover

designed to switch modes and distribute power aaugr

to starting mode, acceleration mode, braking mode, HHV

hydraulic drive mode and idle and stop mode of HHI®Z-

1 3] hydraulic system J\ Energy ] Evinetic | 7 so
Engine starting mode: before the vehicle startshef pm;fljters V| conversion —M

pressure of energy accumulator reaches startinge valt Eoi B

not satisfies hydraulic driving value, the storeerey will model

be used to start engine through hydraulic motorthé 1| 7 fiel

pressure of energy accumulator does not reachingtart driving cycle "

value, the starter will be used to start engine. —V

Start acceleration mode: when the vehicle stahs, t
energy supply manner will be decided accordinght® t
demanded power and the energy stored condition gf .
energy accumulator. If the output energy satisfies g_”—]r he Energy Converson Mode! of |_:‘HI\-|/HV ial
energy demands of air resistance overcoming, tpllin € energy conversion process o on specia

resistance overcoming and acceleration, the storgHVc'jn? %/]cle cag Ib.e a}nglyz?g through enfe[)gyk(_:moar
hydraulic energy will be released to drive the viig MO0€!- 1he MOdElINCIUCES the proCess Of braxirgen

starting and acceleration with engine; otherwisggiree recoveryt.and the process of hydraulic driving eperg
will drive the car alone. regeneration.

Fig. 2. Fuel economy evaluation construction of HHV

Normal running mode: the energy supply mode is Eea Enei . Eep
decided according to engine’s operating regionkjcle netne resistance
running speed and the stored condition of energy Drive | 2T Rolling resistance |<«— LB
accumulator. If the running speed is low and thergy energy| o E
accumulator's pressure satisfies the driving demanel E¢ wd <7W"

energy accumulator's power will be released to lfra
drive the vehicle with engine; if the running spésdiigh
and engine works in economic area or the energy

E . _|Full vehicle kinetic
energy

accumulator’'s pressure does not satisfy the driving ‘Eb lig-d t
demand, engine will drive alone. Mechanical | Ebf Ejiquia Energy
H . B . . .. [*+— Braking system >
Braking energy recovery mode: when vehicle brakes,braking friction accumulator
the double-action variable displacement pump/muidr LEb_pump LEb_tm -
operate as hydrauhg pump to recover the \/_eh!cbimetlc Hydraulic Hydraulic pipe
energy as hydraulic energy and store it into energy mechanical loss pipeline loss

accumulator. If energy accumulator’s pressure resithe
highest security pressure value, the brakes willided to
brake.

Energy regeneration-hydraulic starting mode: when t
stored condition of energy accumulator satisfiesgbwer
demand, hydraulic energy will be released to driv
vehicle’s starting and drive engine rotate untiteatain
value, then engine stars, it turns to engine drivede.

Fig. 3. Energy conversion model of braking energy
recovery and regeneration process

When vehicle runs on special driving cycle, exdept
the overcoming of engine’s and vehicle it selvédifnal
Fesistance, rolling resistance and air resistatime,other
hauling energy from engine is translated into ket

Parking mode: when vehicle parks, engine will be ©'9Y of vehicle. The energy conversion relaton i

flameout. E =E4+Ey+Eq+tE 1)
Backup maintain mode: when vehicle is backing, @ies\yhere

_ _ : E, — total driving energy
drives, and braking energy recovery and regeneratio

system does not work. E.,, —— the consumed energy of overcoming friction
E,,—— the consumed energy of overcoming rolling
resistance
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E,q — the consumed energy of overcoming air Uy, U,— the initial and final speed of vehicl&n/ S)
resistance The consumed energy of overcoming rolling resistanc
E,—— the vehicle kinetic energy is:

When vehicle brakes, there is part of kinetic epergE, =mgf [$= mgf qU(t)dt 7)

being expended by engine braking force, air raststand
rolling resistance, another part is consumed byhaecal
friction as thermal energy, and the other is stoired 9.8m/s*;

energy accumulator as hydraulic energy. In thegs®of f __olling resistance coefficient, according to
kinetic energy being translated into hydraulic ggethere empirical formula,

is part of energy being consumed by hydraulic rodtibn. -

So, in the process of braking, the energy convmrsio]c =0.0076+ 0.00005H., t(

relation is: U ——vehicle running speed,

E.,=E,+E, +E, +E, 2) The consumed energy of overcoming air resistance is

2 2
CoAu; &= CoAu; _[u(t)dt @®
21.15 21.15

Where, g is gravitational acceleration, and its value is

E, ——the consumed energy of overcoming roIIing(EW:
resistance (J)

E,. the consumed energy of overcoming aiNVhereCD—vehicle air resistance coefficient
resistance (J) A ——vehicle windward arear’(lz)

E, ——the consumed energy of overcoming engine In the process of braking, the recycled energy of
braking (J) accumulator is the work outside do to the air instdergy

] accumulator:
E, ——the consumed energy of braking system (J)

. e e (WY
Among them, the consumed energy of braking sysem ¢ E ., = —J. pdVv = —J. p| 2| dv
also be expressed as: a Vi Vi \Y

E, = By + By purp + Ep-tran + Eiquia 3) In 9
E,; ——the consumed energy of brake (J) = PV 1—(&j "
Ey-pump ——the mechanical loss energy of hydraulic 1-n P

system (J) Where, B —— the initial pressure of energy accumulator
E,_..,——the consumed energy of hydraulic pipeline (JxPa)
Enquid —— the hydraulic energy of accumulator (J) V,—— the initial gas volume of energy accumulatm30
Substitute (3) into (2): P,—— the final pressure of energy accumulator (Pa)
E.=E.+E,*E +Egq 4 n polytrophic exponent, in the process of isothermal

When the hydraulic energy of accumulator satidfies change,n=1; while in the process of adiabatic change,
demand of vehicle running, the hydraulic drivingdaeo n=1.4.

will be used. The energy conversion relation is: C. Fuel economy evaluation index of HHV
Equuid =E +E,+E; +E, (5) (1) Fuel saving ratio

) o On special vehicle cycle drive, the specific vabighe
E, ——the consumed energy of overcoming frictionaljifference value between consumed fuel quantitiés o
resistance (J) running in traditional mode and hydraulic hybrid deo
E, —the consumed energy of overcoming rollinggnd the fuel value consumed on traditional mode is

defined as fuel saving ratio. In order to eliminabes

resistance (J) effects on testing accuracy caused by driver ojmerand

E, —the consumed energy of overcoming aitesting environment, the testing data should be aaesl
resistance (J) after many experiments. Its expression is:
inet | | - Am
E, ——the kinetic energy obtained by vehicle (J) Doy = MM . 100%=2"x 1009 (10)
The kinetic energy when vehicle running is: m m
E _|5Dﬁn[ﬂu§ -u?) ©) Where/m, —— the consumed fuel quantity in traditional
K _‘ 2 ‘ ' mode (kg)

Where, O is correction coefficient of rotating mass, M, — the consumed fuel quantity in hydraulic hybrid
6=1.05 mode (kg)

(2) Energy conversion ratio

m——the quantity of the whole car (k
a Y (kg The specific value of hydraulic energy(,,,) stored
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in energy accumulator and the consumed chemicabgne and rolling resistance, the obtained kinetic enengg total

(E_,) which is used to store the hydraulic energy i&€leased energy by energy accumulator is defined as

[
o energy regeneratlon usage ratio.
defined as energy conversion ratio. Its expresision

A . +E +E
Z E‘ ”reg - kmetlcE E\N f XlOO% (16)
iquid -
1 11 iquid
MTeon | *x100% (1) Substitute (6), (7) and (8) into (16), the energy
Where, N ——the braking times in whole vehicle cycleregeneratlon usage ratio of HHV is:
. e + By +E
drive - =E‘7x100%=
The relationship between the generated energyrend t o , 17)
quantity of consumed fuel when engine is running is Jm"[@;o —u) +C2DAua [utat +mgf Jutet
1.15
Where, q is diesel calorlfic value, and the value is 'ilwl[l_[plj"
“n D,
46.04MJ kg q. is diesel engine energy efficiency, _ _
0 ) ) (5) Energy consumption ratio
0. = 35%; Am is fuel quantity(kg). On specific vehicle cycle drive and engine with
Substitute (9) and (12) into (11), the energy cosiem hydraulic motor parallel driving mode, the chemical
ratio is: energy consumed by engine is caIIEg]g, the hydraulic
Neon = Siaia x100%= energy consumed by hydraulic motor is calleg,;,, and
ol the corresponding released chemical energy by coimgu
1-n
vV, n (13) Eiicuid
PV 1—{p1) E|iquid is called——, then the total energy this moment
1-n P, eon
x100% Ew
Amm me is Een + iquid
We can know from (13) that, the energy conversatior K Neon

is affected by the hydraulic system parameters BVH  On the same vehicle cycle drive, the consumed gnerg
and fuel consumption in vehicle cycle driving, atig

bigger the energy conversion rafio is, the hightee tWIth engine driving alone is caIIeEeng. The specific

braking energy recovery and fuel efficiency are. value of consumed energy with different driving raazh
(3) Braking energy recovery the same vehicle cycle drive is defined as energy
The specific value of the recycled hydraulic energgonsumption ratio. And its expression is:
Eiqa in energy accumulator and the kinetic energy’B - Eené x100% =
E,.«ic Of vehicle in baking process, which is in HHV's Eeng + liquid
special vehicle cycle drive, is defined as brakergergy 11 con
recoveg And its expression is: m, & [_qe ] (18)
— _tiquid_ x100% (14) 1-n
,7“30 Eklnet|c ﬂ 1- & "
Substitute (6) and (9) into (14), the braking emyerg 1-n P,
recovery of HHV is: m, [ [, + L .
n
”rec - E1|qu|d ><100% B . c.on. . .
— When Eeng =0 is found, it is responding to hydraulic
PV, P, Ln (15) motor driving alone mode, angs8 is the energy
1- [1 ( )" ] consumption ratio with hydraulic motor driving aton
= S z x100% According to the definition of energy consumptiatia,
M when [ is bigger than 1, parallel driving with engine and
2 hydraulic motor or hydraulic motor driving alonersre

The braking energy recovery represents the efiiesf  f,0| officiency than engine driving alone. Othersyist
hydraulic system, the bigger the parameter is,béier | . consumeymore fuel.g g ' o

the braking energy recovery is, the better bakiffieceis,
the better the economic efficiency of HHV is.
(4) Energy regeneration usage ratio

When vehicle is driven by hydraulic, the specifadue
of the sum of consumed energy overcoming air rEsC&
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IV. RoOAD TEST AND M ODEL APPLICATION C. TheTest Results
The engine hydraulic starting test, braking energy
A. Parameters of Testing Vehicle recovery test and hydraulic driving starting teserev

The testing vehicle is refitted from a traditionais tested on HHV. The testing curves are shown assFig.
Yutong ZK6126HG, and its engine is WP7.270 produceliig.7. Engine hydraulic starting testing result adas
by Weichai Power. Its specific parameters are shawn Shown as Table 2. Five gears braking energy regover

Table 1. process testing result is shown as Table 3. Anektigears
Table 1. The parameters of testing HHV hydraulic driving starting process testing resats shown
Projects Projects as Table 4. Fuel consumption testing result of HIYV
shown as Table 5.
Car type Yutong bus ZK6126HG [ e B
Full quantity/kg 16500 1
Diesel engine rated power /kW 185
Transmssmn ratios of different 6.11/3.39/2.05/1.32/1.00
gears, '
windward area/m? 6 -,
Tire rolling resistance coefficieft 0.018 i
correction coefficient of rotating 105 N
massd '
Tire radiusr/m 0.51
i‘l’ransmlssmn ratio of main reducer 5125
0 g gs |
Transmission ratio between engine e = o
a:ld ﬁydlfzftljlic ;nolto'rh W ng 1 Fig. 5. Hydraulic start testing curve
hydraulic pump/motor displacement 160 i —
iy P R
e
The working volume of hydraulic 9%

energy accumulator group /L
Working pressure of energy 16~31.5
accumulator /MPa

M , L i e S ,,,,:,z.m;-;e,mp,;muL

B. Test Equipment and Conditions

The test car is equipped with the following equipt®
obtain testing data: (1) DEWETRON VGPS-200, and its
precision is +0.5%; (2) DEWETRON-2600 data
acquisition machine, and its precision is +0.5%; [&-
2420 fuel consumption test instrument, and itsipiec is
10.5%.

Chinese typical city bus drive cycle curve [16] is
adopted to be vehicle cycle drive in this test, dhd
relationship between vehicle speed and time is shas/
Fig.4.

Chinese typical city bus drive cycle curve
80 - | i i

Fig.7. Hydraulié start testing curve

Table 2. Three times continue hydraulic start hgstesults
Test projects Testing data
The initial pressure of hydraulic energy 196

Vehicle speed (km/h)

I

10 L E - | .I‘ |‘ ’ o accumulator /MPa
Hh | ‘ . A [ |T The finial pressure of hydraulic energy 185
ol VNG [ 6 (L4 (L accumulator /MPa '
0 200 400 600 800 1000 1200 1400 The consumed energy of energy
4 . 0.36
Time (s) accumulator each time /MPa
Fig. 4. Chinese typical city bus drive cycle curve Engine speed/rpm 380~450
Starting time/s 1.7
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Table 3. Five gears braking energy recovery protssg
results
Test projects Testing data
The initial pressure of hydraulic energy 15.5~16.8
accumulator /MPa
The finial pressure of hydraulic energy 26.1~

accumulator /MPa 28.9
Braking distance/m 93~115
Braking time/s 11.3~13.2
Vehicle initial speed/ km-h 41.2~42.8
Vehicle final speed / km+h 14.8~16.9

Table 4. Three gears hydraulic driving start testesults
Test Projects Testing Data
The initial pressure of hydraulienerg

International Journal of Applied Science and Mathenatics

Volume 3, Issue 2, ISSN (Online): 2394-2894

(2) Optimize control strategies, to make enginekwiar
optimal economy area. Beyond this area, vehiclegode
provided by hydraulic motor.

V. CONCLUSION

Through the analysis of HHV's energy conversion
process in different working modes, the energy eosion
model including various working modes was proposed.
And based on the energy conversion model of HH¥, th
HHV fuel economy evaluation model including synilaes
fuel-saving ratio, energy conversion efficiencyaking
energy recovery, energy regeneration usage ratw an
energy consumption ratio was established.

Using the refitted testing car from Yutong bus
ZK6126HG as research object, the power performande
economy performance experiments were carried on
Chinese traditional city bus cycle drive. The tegtdata
was analyzed based on the established HHV fuelaugn

accumulator /MPa 26.3-27.5
The finial pressure of hydraulienerg _
accumulator /MPa 15.6-16.2
Ending speed/ km-h 14.2~15.1
Driving distance/m 22.9~24.3
Driving time/s 10.1~11.2

Table 5. Fuel consumption test result of HHV

Traditional driving mode Hydraulic driving mode

Test projects Tzzttlgg Test projects Tzzttlgg
Travel distance/km 7.001 Travel 7.000 (1
distance/km
Total running time Total running
Is 1383 time /s 1503 [2]
Idle time/s 360 Idle time/s 360
Idle ratio /% 25.8 Stop ratio/% 24.0 Gl
Maximum speed km/h 40 Maximum spee 40
km/h
Fuel consumption /kg 1.875 Fuel 1.595

consumption /kg

D. Application of Fuel Economy Evaluation Model (4]

Substitute testing data and vehicle parameters tmto
fuel economy evaluation model of HHV, the fuel eaory (5]
evaluation index can be obtained as Tab.6.

Table 6. Fuel economy evaluation index calculatlata
Evaluate projects Evaluation data

(6]

7 tue 14.93 % o
7 con 36.58 %
D 53.85 % .
7 req 29.72 %

B 1.1

E. The Methodsto Improve Fuel Economy of HHV (9l
From the fuel economy evaluation index calculation
data, we can know that, the energy-saving effedtid¥/ [10]
is obvious, while the braking energy regeneratisage
ratio and energy consumption ratio is still low. eTh
following methods can be used to improve the twaeires:
(1) Optimize the parameters of hydraulic system, to
make energy accumulator, hydraulic pump/motor angy]
vehicle parameters reach optimal matching and faove

braking energy regeneration usage ratio.

[11]

[13]

model, the energy-saving efficiency of HHV is obitzd
from this, and the technology methods to improve th
energy saving indexes were proposed.

REFERENCES

Lijun Zhao, Xi Wang, Jihai Jiang, “Hydraulic hybrigircraft
tractor brake control system” idournal of Harbin Institute of
Technology, 2011, pp. 81-85.

L.O. Hewko, T.R. Weber, “Hydraulic energy storagaséd
hybrid propulsion system for a terrestrial vehicie” Energy
Conversion Engineering Conference, 1990, pp. 99-105.

Keith B. Wipke, Matthew R. Cuddy, and Steven D. &ur
“ADVISOR2.1: A User Friendly Advanced Powertrain
Simulation Using a Combined Backward/Forward Apgtdan
IEEE Transactions on Vehicular Technology: Special Issue on
Hybrid and Electric Vehicles, 1999, pp. 1751-1761.

Guohua Song, Lei Yu, Zigianli Wang, “Fuel econommlaation
model for road traffic” inAutomotive Engineering, 1990, pp.
99-105.

Ahn, K, Rakha, H, Trani, A., and Van Aerde, M, “Esating
Vehicle Fuel Consumption and Emissions based on
Instantaneous Speed and Acceleration Levels”Journal of
Transportation Engineering, pp. 182-190.

D.Y.C. LEUNG, D.J. WILLIAMS, “Modeling of Motor Veltle
Fuel Consumption and Emissions Using a Power-Baseadel”

in Environmental Monitoring and Assessment, 2000, pp. 21-29.
ANDREW G. SIMPSON, “Parametric Modeling of Energy
Consumption In Road Vehicles” inSchool of Information
Technology and Electrical Engineering, 2005.

Xiangmao Li, Sigin Chang, Jinyi Ke, “The fuel ecomp
calculation and analysis of new type electronictc@rhydraulic
driving vehicle” in Tractor & Farm Transporter, 2005, pp. 51—
53.

Zhengzong Qian, Jie Chen, Xiaojie Chu, “Researchydfaulic
hybrid bus's starting method” inChinese Hydraulics &

Pneumatics, 2012, pp. 5-8.

Edward D Tate,Stephen P Boyd, “Finding Ultimate It&mof
Performance for Hybrid Electric Vehicles” iRroceeding of SAE
2000 Congress, 2000.

Giannelli, R,Nam, E K, “Heavy-Duty Diesel Vehicleud
Consumption Modeling Based on Road Load and PowainT

Parameters” ifAE, 2005.

Juncheng Li, Jingping Liu, Zhiyu Han, “Fuel econonagearch
of hydraulic hybrid vehicle” in Journal of Central South

University, 2011, pp. 80-86.

B.Wu, C.C.Lin, Z.Filipi, H.Peng, D.Assanis, “Optiln@ower
management for a hydraulic hybrid delivery truck” Mehicle
System Dynamics, 2004.

Copyright © 2016 1JASM, All right reserved

105



International Journal of Applied Science and Mathenatics
Volume 3, Issue 2, ISSN (Online): 2394-2894

[14]  Cappiello A,Chabini I,Nam E K,etal, “A Statisticllodel of
Vehicle Emissions and Fuel Consumption” Bnoceedings of the
|EEESth International Conference on Intelligent Transportation
Systems, 2002.

[15] Tao Liu, Jihai Jiang, “Regenerative braking redearaf
hydrostatic transmission hybrid power vehicle” ilournal of
Harbin Institute of Technology, pp. 1449-1453.

[16] GB/T 19754-20, “Heavy-duty hybrid electric vehicEnergy
consumption test method”, 2005.

AUTHOR PROFILE

Shenchao Zhu

He was born orth June, 1991 in Shandong provir

China. He is a graduate student at the Shan
i University of Technology, and major in transpoxat
engineering. His research direction is the veh
detection and new energy vehicles. His rese
contents are the automotive electronic technolc
vehicle transmission and drive by wire technology.

Yunchao Yin

He was born on 19th July, 1989 in Shandong proy
China. He is a graduate student at the Shan
University of Technology, and major imansportatiot
engineering. His research direction is the veh
detection and new energy vehicles. His resei
contents are the automotive electronic technol
vehicle transmission and drive by wire technology.

Jinyu Qu

He was born on July, 196in Shandong provinc
China. He is a professor at the Shandong Univerdi
Technology. His main research direction is autome
electronic technology and vehicle energy sa
technology.

Copyright © 2016 1JASM, All right reserved
106



