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ABSTRACT

This paper first establishes the graphic modellzasic circuit equation of variable transmissiontetysof
battery electric vehicle based on complex jointtyie representation method and basic circuit method
Then, according to this model, the rotating relataf variable transmission system is analyzed #ed t
calculation formula of transmission rate efficiensydeduced, moreover, the transmission efficievfcthe
transmission system is calculated. At last theugrice degree of each gear ratio on efficiency fidicoed
with the method of sensitivity analysis. The reshaesults can provide a reference for transmissystem
design of battery electric vehicle.
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1. INTRODUCTION ratio in essential is designing. In most cases, a
speed reducer and a transmission gear box need to

From the starting point of resolving the energye installed between the electrical motor and
crisis and environment problems, the developmenfiving wheels. When the parameter of electrical
of new energy resources vehicle represented Iyotor is fixed, variable transmission device iseoft
battery electric vehicle (BEV) has obtainedo satisfy the dynamic requirements of vehicle
extensive concern around the world. With the greg@erformance and get the ability to adjust the
advantages of cleanliness, low noise, simpleelation between electrical rotational speed and
operation and almost non-pollution duringvehicle speed. From the analysis on the parameter
operation, BEV is the real significance of zerosensitivity of dynamic performance and energy
emission vehicle. Motor driving system is the keyxonsumption economy of BEV, we can see that
technique of BEV and the operational performanceariable transmission system has considerable
of BEV depends chiefly upon type and performanci#fluence on dynamic performance and energy
of motor driving system. consumption economy [1] [2].

Different driving conditions shall be satisfied by Graph theory is an effective mathematical tool
fixed speed ratio, which is used to decrease aifidr the composite and analysis of kinematic chain
increase torque. Driving motor usually hasand mechanism. The graph theory method can be
relatively broad speed range, but in order to getsed to study according to the relation between
much higher transmission efficiency and decreasmponents in epicyclical gear train. In recent
power loss it shall try to operate in the high decades, ~ many  graphical ~models  and
efficiency range while running in different comprehensive methods have been put forward,
conditions. For the reason that the resistance tM&lch have solved the comprehensive problems of
BEV bears while running varies greatly with€picyclical gear train from different angles and
changes of speed, torque changes alone can't méggrees. Lam proposed the complex joint graphic
the requirements of driving performance. In ordefepresentation in 1993 and defined the complex
to meet the performance of vehicle andoint graphic representation of epicyclical geaiirtr
simultaneously keep the driving motor running ir8s: Components of epicyclical gear train are
the high efficiency ranges to ease the burden &@nsformed into dots in the graph, while single

driving motor and power batteries, a proper sped@ints are transformed into solid lines, gear paes
transformed into dotted lines and rotary pairshia t
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same rotary place are transformed into complex 6 2
L]

joint polygons [3]-[6]. This paper adopts the

complex joint graphical representation method to _
establish graphical model of variable transmission 'H
system and circuit equation of BEV, and then

according to this calculates the rotational ratol a 1(3,H) | AE,
deduces the efficiency equation. Based on the

efficiency equation, ways to improve the @) (b)
transmission efficiency can be proposed with the

influence degree of each gear ratio on efficiencyFigure 2 complex joint dynamic graph of the two
defined by the method of sensitivity. speed transmission device

2. GRAPHICAL MODEL OF VARIABLE 3. ANALYSISON REVOLUTION SPEED

TRANSMISSION SYSTEM

In graph theory, any circuit composed of three

Figure 1 shows the transmission structuréomponents of a pair of meshed gears and its planet
diagram of two speed transmission in BEV [7]. Thearrier is called a basic closed circuit [4]. Ireth
motor power is input from sun gear 1, when slidingasic closed circuit of dynamic graph, if the aagul
contact 4 moves left, planet carrier 2 and geay 8in speed of component i, j, and k are respectively
separates, gear ring 3 and transmission gear casexpressed aei ,oj and ok, and component i and
contacts, at this moment the transmission systepemponent j are a pair of meshed gear, then the
turns into 2K-H planetary gear system, all thdasic circuit motion equation is [3] :

device is output by planet carrier 2, reaches trad g W -r.o +(r. _1)% =0

of reducing transmission. When sliding contact 4 Lo (1)
moves right, gear ring 3 and transmission gear case 3 Z].

6 separates, planet carrier 2 and gear ring 3 T ‘i?

contacts, all the planetary gear sets rotate, ithis In the equation, i, Zi and Zj are

called direct gear transmission. When the slidingespectively the gear number of gears. The positive
contact is in the graphic presentation, poweand negative sign respectively means the gear pair
transmission breaks, the electrical motor drives tHS internal meshing or external meshing.

external gear ring 3 to rotate, power transmission

When the direct gear is on, planet carrier 2 and
breaks.

gear ring 3 contacts, there is no relative movement
According to the definition of complex joint among center gear 1, planet carrier 2 and gear ring
graphical representation, the two speed transmmissid, and it is just like a component and planet earri
device expressed in Figure 1 can be transformédforms a rotational pair, dynamic graph expresses
into complex joint dynamic graph as expressed is two vertexes and a solid line, as Picture 2(a)
Figure 2. And Figure 2 (a) shows the dynamihows. Meanwhile, each component composes no
graph after directly driven by motor; while Figuze circuit, the planetary gear mechanism is equivalent
(b) shows the dynamic graph after deceleraf® a gear coupling and the transmission ratio is 1.

transmission. When the decelerate gear is on, from dynamic

graph 2(b) we can see that there are two basic

I circuits (1-2-H and 3-2-H) in the transmission
{_H 6 system. The basic circuit equations they are
1 4 5 corresponding to are as follows:
L
L= ==
:l Il — W, Ty @ + (1 ~ 1)y =0

1] W, ~ 300 +(r23 _1)('0H =0 3)

When the reducing gear is on, gear ring 3 and
transmission gear case 6 contac8=0, then the
circuit equation (3) turns into:

Figure 1 the transmission structure diagram of two
speed transmission
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w, +(I‘23 _1)(")H =0 4) MirpNy, My =0 (11)

Combine equation (2) and equation (4) and M.r L+M -0
eliminatesw2, the system dynamic equation (5) is 332 2372H
got. 23 (12)
The torque equilibrium equations corresponding
to basic circuit 1-2-H and 3-2-H are

M, +M +M

W Iy
T C T U (5)

4. ANALYSISON THE EFFICIENCY OF
DECELERATE TRANSMISSION M, +M

21-2-1H H1-2-H — 0

(13)
+M =0

23-2-1H H3-2-H

(14)
Torque Analysis The equilibrium equations of internal torque are

Let Mi, Mj, Mk, respectively represent the torque M
impose on the components i, j, and k. When the H1-2-H
mechanism is in a balance, the algebra sum of all M. =M +M ~0
the torques imposed on the basic circuit is zeha T 2 21-2-H 23-2-H
conditions of equilibrium can be expressed as [3]

=My =My (16)

(15)

[4]: In the reducing gear, component 1, H and 3 are
) respectively input, output and fixed member. Let
M, +M,+M, =0 M1, M2 and M3 respectively represent the torque

(6) imposed on the component 1, H and 3. When the

According to the energy conservation law we cafléchanism is in a balance, the algebra sum of all
know that the sum of all the power and power lodbe extra torques imposed on the basic component is
generated by the 3 components in a basic circuit #"0- The conditions of balance can express as:

zero, namely M, +M,+M, =0

17)
P+P+ R+ =0
P ke toss 7 Combine all the equations from (11) to (17) and
sorts out can get the torque relation equation of

component 1 and component H. As shown in
Mw +M,0 +M ), +P =0 @® equation (18).

or

Loss —

r
This paper only considerate the meshing loss, the % = LeMohs 1

power loss can be expressed by the meshing loss M, 3 (18)
that is generated in the transformation from basic
circuit to fixed axis gear train [3]. 5. THE EFFICIENCY EQUATION OF

C DECELERATE TRANSMISSION
In the basic circuit 1-2-H, the three components
are 1, 2 and H, and component 1 is the driving \yhen the reducing gear works, the movement is
member, the power loss is input from component 1 and output from
P =—M (('01 -0 )(1_n ) component H, its transmission efficiency can
Lossl-2-H 1 H 12 (9)

represented b)'/P]lH Minis the ratio of input power
In the basic circuit 3-2-H, the three componentand output power, as equation (19) shows.
are 3, 2 and H, and component 2 is the driving
member, the power loss is _& _ My
Niw = P - M
1 My (19)

Ploss—2-1= "My, H(("‘)Z _(")H)(1 - r]23)
(20) Insert equation (5) and equation (18) into
?quation (19) can get the efficiency equation of

Respectively insert the equation (6), (9) and (1 gducing gear, as equation (20) shows.

into equation (8) and sort out can get the bas
circuit torque equations (11) and (12) of basic P
circuit 1-2-H and 3-2-H. N =

I

- 1 (r12r|12r]23 B rsz) — N12N2s — Ml
Lo (6~ 5s) A )

0|
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6. ANALYSISOF INFLUENCE ON (i -
TRANSMISSION EFFICIENCY BY GEAR 2
NUMBER RATIO oo | =S

ooz

From equation (20) we can see that each gear
number ratio has some influence on the ¢
transmission efficiency. Sensitivity analysis metho bé;ms"

can be used to make sure the influence degree o
each gear number ratio on efficiency, and then find

=
=

omr

ways to improve transmission efficiency. poos| 1
According to equation (20')],1H :an(r21’r32), F T TI— 0 T R T VT
then
p r Figure.4 Sensitivity function curves under r32
S'“Irzx = ar:.m =" = 2 (n12n13 _1) changes
2 (ft, —1) (21) From Figure3 to Figure 4, we can see that no
_on,, _ [ matter r21 or r32 changes, there is difference in
S.mz ~or __(r " 1)2 (n12n13_1) each parameter's sensitivity. But the rule is the
32 21132~

(22) s,

There are two parameters in the equation (25pme: the sensitivity
and (22), namely r21, r32. In order to get a S
comprehensive understanding of the sensitivity afensitivity 12t is smaller. That means the
each parameter, this paper respectively set thgerarplanetary transmission efficiency is more sensitive
of the two parameters as #2%, +4% and #6%p the independent parameter r32 than the
which is based on the initial value. The number ahdependent parameter r21.
each g(.ea-r. in Figure 1 is 2135(23—100-22—2?, 7 CONCLUS ON
so the initial value of each parameter is r21=-2

2 is bigger and the

r32:o_25,andn12 =0.98 , N, =0.99 . Let the This paper uses graph theory as tools and adopts

abscissa represent each independent parameter, @gplex joint graph method and basic circuit to
the ordinate represent sensitivity, and then dizav tanalyze on the transmission system of BEV. By
curves of sensitivity function. Figure 3 to Figute Using the conditions of torque equilibrium and
are respectively the sensitivity curves whe®nergy —conservation law, the decelerate
independent parameters r21 and r32 change (fé@Rnsmission system is analyzed and the efficiency
example, when r21 changes, the initial value ofquation is deduced. By calculating and analyzing,
other parameters do not change). In the pictutbe influence degree of each parameter (gear ratio)

curve 1 to curve 2 are respectively representieg ti®f transmission system on transmission is got, and
the result can be used by the design of the planeta

S o
sensitivity function curves "z, Nz gear transmission system.
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Figure 3 Sensitivity function curves under r21
changes
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