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Fuel-Electric Hybrid Systems Composed of

Mechanical Clutching Units for Scooters

CHEN, I-MING

Abstract

The Purpose of this study is to analyze and develop fuel-electric hybrid systems
composed of traditional mechanical clutching units for scooters. In the research,
firstly, the graph called “functional power graph” is developed, which can transform
the traditional mechanical diagrams into a simplied graph for representing its
mechanical structure and function. To-make the evaluation of all systems objectively,
a standard evaluative method is aiso proposed. Then, some current hybrid systems
which composed of traditional mecila'r;igza}_l._'(;lutching. unit are analyzed and their
functions and complixity have "been aggessed. By synthesis method, some new
systems have been developed, and .t-he automatical synthesis using Matlab program
have been established. Finally, threc new éystems have been inspected. In this study,
the characteristics of current systems have been clarified, and new systems have been
invented. The result could be a considerable consultation for further research in

hybrid scooters.

Key words : clutch, scooter, hybrid power system, function power graph,

analysis and synthesis.
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FékE Y R 4 46 m S 345 4 16 Matlab 2 X,

clear all;

% M B
% OWC~(-3) CC-(-2)
% RELLHELTHO)

% EC (1) CC+(2) OWC+ (3)

%NHSNLE N e SR
a=[-20123];
b=[-3-201];

c=[012]

Yo 1T s
forii=1:19;
X(1,ii) = ii;
end
-
\'.
(D E AR &
X(i+1,1)=i;

end

%(2)(3)(@) AR EIE R
=2
for aa=1: length(a);
for bb=1: length(b);
for cc=1: length(c);
X(j,2)=a(aa);
X(j,3)=b(bb);
X(j,4)=c(cc);
=L
end
end

end

for i=1: length(a)* length(b)* length(c);‘_. X

YHERT
%(5) A FE3E T g
for k=2:j-1

if (X(k,2)=="2 | X(k,2)==1 | X(k,2)==2
| X(k,2)==3) & (X(k,3)=="-3 |
X(k,3)==-2 | X(k,3)==0] X(k,3)==1) &
(X(kA)==0 | X(k,4)==1 | X(k,4)==2) ;
X(k,5)=1;
k=k+1;
end

end

%(6) B 1 [ 5 5 (Rl Bl

fork=2:j-1.1\ o oS .

i (XE2)—22 X(k2)550 | X(k2)—
: s 2 '

for k=2:j-1
if (X(k,2)==-2 | X(k,2)==0 | X(k,2)==1
| X(k,2)==2 | X(k,2)==3) & (X(k,3)==
3 X(k3)==-2 | X(k,3)==0 | X(k,3)==
1) & (X(k4)==0 | X(k4)==1 |
X(k4)==2) ;

X(k,7)=1;

k=k+1;
end

end

P X = i \
I E) X0 N\

%(8) D {THEAHE
for k=2:j-1
if (X(k,2)==-2 | X(k,2)==0 | X(k,2)==1
| X(k,2)==2 | X(k,2)==3) &
(X(k,3)==-2 | X(k,3)==0 | X(k,3)== 1)
& (X(k,4)==0 | X(k,4)=—1 |
X(k,4)==2) ;

X(k,8)=1;

k=k+1;
end

end

%(9) B e
for k=2:j-1
if (X(k2)==-2 | X(k,2)=1 | X(k,2)==2)

& (X(k,3)==-2 | X(k,3)==0] X(k,3)==1)

T & (X(k,4)==0 | X(k4)==1|
( 3 - X(k4)==2);
| B
11} =GOSt
e Ae ]
; & k=k+1;
% n*.;f% 5 end
P i, i L)
' e T
E sk end
# 40 i -'.r i .
end
%(10) F FLAE 7 H ] 7
%(7) C 5 |2 B R R B i for k=2:j-1

if (X(k2)=-2 |X(k2)=1|
X(k,2)==2 | X(k,2)==3) & (X(k,3)==-2
| X(k,3)==0| X(k,3)==1) & (X(k,4)==0
| X(k4)=1 | X(k,4)==2) ;

X(k,10)=1;

k=k+1;
end

end
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%(11) GBS [0k
for k=2:j-1
if (X(k,2)==-2| X(k,2)==0| X(k,2)==1 |
X(k,2)==2) & (X(k,3)==-3|
X(k,3)==-2 | X(k,3)==0| X(k,3)==1) &
(X(k,4)==0 | X(k,4)==1| X(k,4)==2) ;
X(k,11)=1;
k=k+1;
end

end

%(12) H [AIRFHHLE] T8 5 [
for k=2:-1
if (X(k,2)==-2 | X(k,2)==0 | X(k,2)=1
| X(k,2)==2) & (X(k,3)=="2 |
X(k,3)==0| X(k,3)==1) & (X(k,4)==0 |
X(k4)==1| X(k,4)==2) ;

X(k,12)=1;

k=k+1;
end

end

%o(13) 1 158 HlRg K S R e 5 [ 2
for k=2:j-1
if (X(k,2)==-2 | X(k,2)==0 | X(k,2)==1)
& (X(k,3)==-3 | X(k,3)==-2|
X(k,3)==0 | X(k,3)==1) & (X(k.4)==1 |
X(k,4)==2) ;

X(k,13)=1;

k=k+1;
end

end

Jaif ‘::'.f i

Y . X 1;

\‘g ‘\:
_ ? . ’?“ S

%(14) J 7T RGBT [ 4%
for k=2:j-1
if (X(k,2)==-2 | X(k,2)==0 |
X(k,2)==1)==2) & (X(k,3)==-3 |
X(k,3)==-2 | X(k,3)==0 | X(k,3)==1) &
(X(k,4)==0 [X(k,4)=1 | X(k,4)==2) ;
X(k,14)=1;
k=k+1;
end

end

%(15) K S H LT
for k=2:j-1

if (X(k,2)==-2 | X(k,2)==0 | X(k,2)==1
| X(k,2)==2 | X(k,2)==3) & (X(k,3)==
1 XGOS o,

A :
chk,zt ==1 | X(K.
I ]

- SR

NS
vw(lGpL 7 [, W
for k:Z:;-.lx"'}l-.{ o7 L g
if (X(k,2)==3 | X(k,2)==0 | X(k,2)=1 |
X(k,2)==2) & (X(k,3)==-3|
X(k,3)==-2 | X(k,3)==0 | X(k,3)==1) &
(X(kAy=0 [X(kdy=1 | X(kH==2):
X(k,16)=1;
k=k+1;
end

end

il

E

(1 ARESAS AR X
for k=2:j-1

X(k,17)=3;

k=k+1;

end

Yo( 1) B ERITIHEE Y

for k=2:j-1

n=0;

if  (X(k,2)==0);
n=n;

else
n=n+1;

end

if (X(k,3)==0);
n=n;

else
n=n+1;

end

if (X(k,4)==0);
n=n;

else
n=n+1;

end

X(k,18)=n;

k=k+1;

end
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Yo( 1AM HLHERE Z
for k=2:j-1
n=2;
if (X(k,2)==1);
n=n+1;
end
if (X(k,3)==1);
n=n+1;
end
if (X(k,4)==1);
n=n+1;
end
X(k,19)=n;
k=k+1;

end

% BN RCELFMl G

X
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MHéks YD 4R 4 46 m L3745 B 81t Matlab 2 X,

clear all;

Yot LI FIRE L Bt
e=[-3-21];

f=[123];

a=[0];

b=[-3-201];
c=[012];

d=10J;

%1 TR
forii = 1:22;
X(L,ii) = ii;

end

Yo( DRI
for i=1: 99;
X(i+1,1)=i;

end

%(2)(3)H (SO DEEARECEHES

=2

for ee=1: length(e);

for ff=1: length(f);
for aa=1: length(a);
for bb=1: length(b);
for cc=1: length(c);
for dd=1: length(d);

X(j,2)=e(ee);
X(j,3)=f(ff);
X(j,4)=a(aa);
X(j,5)=b(bb);
X(j,6)=c(cc);
X(j,7)=d(dd);
=t

end

Al S (/—\ll ll,;:\'l

end
end
end
end

end

%(8)~(19 THRE)TF(d

%(8) A F 32 BB

for k=2;j-1

if (X(k,2)==-3 | X(k,2)=="2 |

X(k,2)==1) & (X(k,3)==1 | X(k,3)==2 |

X(k,3)==3) & (X(k,4)==0) &

X(k,5)==-3| X(k,5)= -2 | X(k,5)==0

| X(k,5)==1) & (X(k6)==0 | X(k,6)==1

| X(,6)==2) &(X(k,7)=0) !
£ N

=
W <

ad | =28 :
b L =
end | m | &

OVRIE Wia, Lt
for k=2:j-1 . =
if (X(k,2)==-3 | X(k.,2)==-2 |
X(k,2)==1) & (X(k,3)==1 | X(k,3)==2 |
X(k3)==3) & (X(k4)—0) &
(X(k,5)==-3 | X(k,5)=— -2 | X(k,5)==0
| X(k,5)==1) & (X(k,6)==0 | X(k,6)==1
| X(k,6)==2) & (X(k,7)==0) ;
X(k,9)=1;
k=k+1;
end

end

%(10) C 75 |45 B fo 5 )y Lo
for k=2:j-1
if (X(k,2)==-3 | X(k,2)==-2 |
X(k2)==1) & (X(k.3)==1 | X(k,3)==2 |
X(k,3)==3) & (X(k,4)==0) &
(X(K,5)==-3 | X(k,5)==-2 | X(k,5)==0|
X(k,5)=1) & (X(k,6)==0 | X(k,6)==1 |
X(k,6)==2) & (X(k,7)==0) ;
X(k,10)=1;
k=k+1;
end
end
%(11) D THATE
for k=2:j-1

if (X(k,2)==-3 | X(k,2)=="2 |

| X(k2)==1) & (X(k3)=1 | X(k3)=2 |

X(k,3)==3) & (X(k,4)==0) &
(X(k,5)==-2 | X(k,5)==0| X(k,5)==1) &

éX(k,6)==O | X(k,6)==1 | X(k,6)==2) &

(X(k,7)==0) ;

X(k,11)=1;
k=k+1;
end
end
%(12) E S5 H
for k=2:j-1
if (X(k,2)==-3 | X(k,2)=="-2 |
X(k,2)==1) & (X(k,3)==1 | X(k,3)==2)
& (X(k,4)==0) & (X(k,5)==-2 |
X(k,5)==0 | X(k,5)==1) & (X(k,6)==0 |
X(k,6)=1 | X(k,6)==2) &
X(k,7)==0) ;
X(k,12)=1;
k=k+1;
end

end
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%(13) F BLZHiml g
for k=2:j-1
if (X(k,2)==-2 | X(k,2)==1) &
(X(k,3)==1 | X(k,3)==2 | X(k,3)==3) &
(X(k,4)==0) & (X(k,5)==-2 |
X(k,5)==0| X(k,5)==1) & (X(k,6)==0 |
X(k,6)=1 | X(k,6)—2) &
Xk, 7)==0) ;

X(k,13)=1;

k=k+1;
end

end

%(14) G Bl 20k
for k=2:j-1
if (X(k,2)==-3 | X(k,2)==-2 |
X(k,2)==1) & (X(k,3)==1 | X(k,3)==2 |
X(k,3)==3) & (X(k,4)==0) &
(X(k,5)==-3 | X(k,5)==-2 | X(k,5)==0 |
X(k,5)=—
X(k,6)==2) & (X(k,7)==0) ;
X(k,14)=1;
k=k+1;

end

end

%(15) H [FIRF & 76 R 5 | ek
for k=2;j-1
if (X(k,2)="3 | X(k,2)=="2 |
X(k,2)==1) & (X(k,3)==1 | X(k,3)==2 |
X(k,3)==3) & (X(k,4)==0) &
(X(k,5)==-2 | X(k,5)==0 | X(k,5)==1)
& (X(k,6)==0 | X(k,6)==1 | X(k,6)==2)
& (X(k,7)==0) ;

X(k,15)=1;

k=k+1;
end

end

: (X(k 5)7,_
1) & (X(k,6)==0 | X(k,6)=—1|

“X('.lé6)f2) I X(kx ==0)

%0(16) T 15 HiRE fEy 3 5 [ 2

for k=2:j-1

if (X(k,2)==-3 | X(k,2)==-2 |

X(k,2)==1) & (X(k,3)==1 | X(k,3)==2 |

X(k,3)==3) & (X(k,4)==0) &

(X(k,5)==-3 [X(k,5)==-2 | X(k,5)==0|

X(k,5)=1) & (X(k,6)=1 | X(k,6)==2)

& (X(k,7)==0) ;
X(k,16)=1;
k=k+1;

end

end

%(17) J 1T HIRE R Bl |4

for k=2;j-1

if (X(k,2)==3 X(k 2)7~-2 s

X(k 2)*1) & (X(k 3)ﬁi y X(k, 3) 2

i.

X(kﬁ)--s)*&’(X(k 9—0) & ‘,-'

**-ﬂk 5=
rEi ) .ﬁa( g

l

XG{,S_).=F_1)

-X'(k,n
i T x

end

end

%(18) K {Hi TR
for k=2:j-1
if (X(k,2)==-3 | X(k,2)=="2 |
X(k,2)==1) & (X(k,3)=1 | X(k,3)==2 |
X(k,3)==3) & (X(k,4)==0) &
(X(k,5)==-2 | X(k,5)==0| X(k,5)==1) &
X(k,6)==1| X(k,6)==2) &
Xk, 7)==0);

X(k,18)=1;

k=k+1;
end

end

%01)

%(19) L 5 [R5

for k=2:-1

if (X(k,2)==-3 | X(k,2)==-2 |
X(k,2)==1) & (X(k,3)==1 | X(k,3)==2 |
X(k,3)==3) & (X(k,4)==0) &
Xk,5)==

-3 [X(k,5)==-2 | X(k,5)==0|

X(k,5)==1) & (X(k,6)==0 | X(k,6)=1 |
X(k,6)==2) & (X(k,7)==0) ;
X(k,19)=1;
k=k+1;

end

end

%0(20) FRERAG I HEE
for k=2:j-1
X(k,20)=5;
k=k+1;
end
LR

for k=2:j-1

if  (X(k,2)==0);
n=n;

else
n=n+1;

end

if (X(k,3)==0);
n=n;

else
n=n+1;

end

if (X(k,4)==0);
n=n,

else
n=n+1;

end
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if (X(k,5)==0);
n=n;

else
n=n+1;

end

if (X(k,6)==0);
n=n;

else
n=n+1;

end

if (X(k,7)==0);
n=n;

else
n=n+1;

end

X(k,21)=n;

k=k+1;

end

%(22) PREHIHIHE
for k=2:j-1
n=2;
if (X(k,2)==1);
n=n+1;
end
if (X(k,3)==1);
n=n+1;
end
if (X(k,4)==1);
n=n+1;
end
if (X(k,5)==1);
n=n+1;
end
if (X(k,6)==1);
n=n+1;

end

if (X(k,7)==1);
n=n+1;
end
X(k,22)=n;
k=k+1;

end

YoRET BT AR

X

SLE :_-'].1:f;::_.

R EREE
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FHékt A BRI A4 46 A B34 B 16 Matlab 52 X,

clear all;

%FALIE N REZ fECT AR
a=[2123];
b=[123];

c=[-3-21];

%1 TR
forii=1:19;
X(L,ii) = ii;

end

Yo(1)H5%
for i=1: length(a)* length(b)* length(c);
X(i+1,1)=i;

end

%(2)(3)(A AR ECIE R
=2
for aa=1: length(a);
for bb=1: length(b);
for cc=1: length(c);
X(j,2)=a(aa);
X(j,3)=b(bb);
X(j,4)=c(cc);
AipianH
end
end

end

%(5)~(16) HERE(;
%o(5) A F 3 S e
for k=2:-1
if (X(k,2)==-2 | X(k,2)==1 | X(k,2)==2
| X(k,2)==3) & (X(k,3)=1|
X(k,3)==2 | X(k,3)==3) & (X(k.4)=-3
| X(k4)==-2 | X(k4)=1) ;

X(k,5)=1;

k=k+1;
end

end

%0(6) B 5[ 7 532 R RF B B F i

fOI‘k—ZZj—l
AP
P dice] LT .ﬂ.(

gl ;
if (X2 | Xk, 2)=51 X (k2)==2
> = .- -

#

m:?m) N
XA | o33 X e |

L

%(7) C 75 [ % e i o

for k=2:j-1

if (X(k,2)==-2 | X(k,2)==1 | X(k,2)==2
| X(k,2)==3) & (X(k,3)==1|
X(k,3)==2 | X(k,3)==3) & (X(k,4)==-3
| X(k4)==-2 | X(k,4)==1);

X(k,7)=1;

k=k+1;
end

end

2
~.| end

%(8) D {7 HFE T
for k=2:j-1
if (X(k,2)==-2 | X(k,2)==1 | X(k,2)==2
| X(k,2)==3) & (X(k,3)==1|
X(k3)==2 | X(k,3)==3) & (X(k4)=—=-3
[ X(k,4)==-2 | X(k,4)=1) ;

X(k,8)=1;

k=k+1;
end

end

%(9) E FEE

for k=2:j-1

if (X(k,2)==-2 | X(k,2)==1 | X(k,2)==2)

& (X(k,3)= 1| X(k,3)==2) &

(X(kA)==-2 | X(k,4)=1) ;
CX(K9)=1;

= k=k+1;

“end

%(10) F LA ] 78
for k=2:j-1
if (X(k,2)==-2 | X(k,2)==1 | X(k,2)==2
| X(k,2)==3) & (X(k.3)=1|
X(k,3)==2 | X(k,3)==3) & (X(k,4)==-2
| X(k,4)==1);

X(k,10)=1;

k=k+1;
end

end
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%(11) G B |45
for k=2:j-1
if (X(k,2)==-2 | X(k,2)==1 | X(k,2)==2)
& (X(k,3)=1| X(k,3)==2) &
(X(k4)==-2 | X(k,4)==1) ;

X(k,11)=1;

k=k+1;
end

end

for k=2;j-1
if (X(k,2)==3) & (X(k,3)==1|
X(k,3)==2) & (X(k,4)==-2|
X(k4)==1) ;

X(k, 11)=1;

k=k+1;
end

end

for k=2:j-1

& (X(k,3)==3) & (X(k,4)==-3 |
X(kA)==-2 | X(k4)==1);
X(k,11)=1;
k=k+1;
end

end

for k=2:j-1
if (X(k,2)==-2 | X(k,2)==1 | X(k,2)==2)
& (X(k3)==1]X(k3)==2) &
(X(k,4)y==-3);

X(k,11)=1;

k=k+1;
end

end

- -

i (X(k,2)==-2 | X(k,2)==1 | X(k,2)=2) | if (

%(12) H [FJIF A 7 e 5 [
for k=2;j-1
if (X(k,2)=—-2 | X(k,2)==1 | X(k,2)==2)
& (X(k,3)==1]X(k,3)==2) &
X(kA)==2 | X(kH)=1);

X(k,12)=1;

k=k+1;
end

end

for k=2:j-1
if (X(k,2)==3) & (X(k,3)==1|

X(k,3)=2) & (X(k,4)==-2 |

%(13) TS HRG M Bl 5 [ 5
for k=2:j-1
if (X(k,2)==-2 | X(k,2)==1) &
(X(k3)= 1 X(k3)=2) &
Xk4)==2 | X(k4)==1);
X(k,13)=1;
k=k+1;
end
end

e

%(14) J 17 ELH FE R |
for k=2:j-1

if (X(k,2=-2 | X(k,2)=1) &

X(kA)y==1); (X(k,3)== 1] X(k,3)==2 | X(k;3)==3)
X(k,12)=1; & (X(k,4)==-3 | X(k,4)=—-2 |
Ikl ’r'r’ ey, X(k4)=1):

gy D & W X(k,14)=1;

L k=k+l;
‘end
[
end
Jt
for k=2:j-1

.-'_'-e:'i.l . 0
X(k,z)_.-:-zf‘ X(i_{_;4 ):‘: 1)
X ’

T

o —
X(k,12)= T SR

k=k+1;
end
end
for k=2:j-1

if (X(k.2)==-2 | X(k.2)==1 | X(k.2)==2)
& (X(k,3)== 1| X(k,3)==2) &
(X(k4)==-3) ;

X(k,12)=1;

k=k+1;
end

end

if (X(k,2)==2 | X(k,2)==3) &
(X(k,3)== 1) & (X(k.4)=="3 |
X(kA)==2| X(k4)=1);
X(k,14)=1;
k=k+1;
end

end
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%(15) K /S HFE if (X(k,3)==0);

for k=2:j-1 n=n;

if (X(k,2)==-2 | X(k,2)==1 | X(k,2)== else

[ X(k,2)==3) & (X(k,3)==1| n=n+1;

X(k,3)==2) & (X(k,4)==-2 | end

X(kAH==1); if (X(k,4)==0);
X(k,15)=1; n=n,
k=k+1; else

end n=n+1;

end end

X(k,18)=n;
%(16) L 5 [E55 k=k+1;
for k=2:j-1 end

i (X(k,2)==-2 | X(k,2)=1 | X(k,2)==2

| X(k,2)==3) & (X(k,3)==1| Yo(19) LTIl e

X(k3)=2 | X(k3)=3) & (X(kA)—3 | for k=244 f[”’“x'"';’-'ﬁze:;.-.},__
s oy

A

X(k,4)==-2 | X(k,4)==1) ; =il
| X(k,4) | X(k,4)==1) nAv"-.-

X(k,16)=1; -
bl

k=k+1; 5

.'"'::II

end )
end if

Y

%(17) HRBEFS R

for k=2:j-1
X(k,17)=6; n=n+1;
k=k+1; end
end X(k,19)=n;
k=k+1;
%(18) HES AT end
for k=2:j-1
n=0; YR AT A BT (A SR
if  (X(k,2)==0); X
n=n;
else
n=n+1;
end
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