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ABSTRACT

This thesis deals with the study on drive ability of a four wheel vehicle and semi- trailer,
Nowaday , four wheel passenger car and semi-trailer vehicles are used for transportation in
Thailand . The vehicle accident often occur due to instability . This thesis presents the
mathematical model of a six-degree-of-freedom semi-trailer vehicle. Search method was
implemented to obtain the optimum design variables of the trailer which are the distance from
the fifth wheel to the centroid of the trailer and the distance from the centroid of the trailer axle.
The objective function is to minimize the steady sideslip velocity , steady-state yawing velocity
and steady-state angle between the tractor and trailer.

From the calculation, the optimum distance from the fifth wheel to the centroid of the
trailer and optimum diatance from the centroid of the trailer to the trailer are 6.50 and 3.50 meter
respectively. The stability of the optimal semi-trailer vehicle is also examined in both steady
state and transient state. The transient response of the side slip velocity, yawing velocity and
angle between tractor and trailer are also calculated using linearization technique under small
step disturbance of the tractor front wheel steer angle. The results show that the optimal semi-

trailer has better stability than the commercial semi-trailer
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V' +eb =Usin\p+(V—deJcosw

£
Y-

1 = P o & s
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cosy + f, (o, siny)
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L1l
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+af, (o, ) - bf, (a, ) - df; (a3 )cos y + aX, sind — dX, siny
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(5.6)
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o . Y Ry
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U cos vy —[V—dé]sinw
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Yszgndaumsh (5.5), (5.7a)

u1=V+a976
u
L _V-bd
U
OL3=‘“\u(cl+e+h)e+(h+e)y

u

wozdaoglugi Linearized

(m, +m, D -m,(d+eD+(m, +m, mzeDz—(h+e)C,D
G +C,+Cy aC, -bC, - (d+e+h)c, u
- U -G,
-m,dD {1, + m,d(d + )0 —m,du mzedD2+(h+e)C3D
(3G, -bC, -dC, ) a’C, +b%C, +(d+e+h)C, u
u B U +dC,
{I, tme[d+elp-meU (I, +m,e?p?
—mzeD+(h+e)C3 (h+e)d+e+h) (h+e)?
U - T & +(h+e)c, + Le c,D
o = o
hanzath vee v, 0, uay Wil qud
8, Wiy £, (m, +m, ] 5
T ~aC, -bC, -(d+e+h)c, -G
- m,du '
aC, - bC, - dC :
e > a¥C,+b%C,-d(d+e+h), dC; |lo|=
u v
h+e = DI
U C, (h+e)d+e+h), (h +e),
L U ]
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(5.7b)
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A = < 1
M3au lnananmsnm

UC, {m,al, + m,h(a + d)l? +1,1,bC, |

V/§= 5.8)
/ U{m,l,(aC, - bC,)+m,h|@C, -bC,)+d(C, + C,)J+1,C,C, (
mim%mﬁmmﬁ’maﬁ
6/6 = UC,C, 11, -

U*{m,l, @C, - bC, )+ m,h|@@aC, —bC,)+d(C, +C,)}+A,C,C,
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YUNFITAINAUAITANI

- U?C,C,m,el,
C,U*{ml,(aC, - bC, )+m,h|@C, - bC,)+d(C, +C, )} +12,C,C,C,

v /o (5.10)
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- __(24C22 - 73C45 XC33Ca) — C23C37) - (Z3C22 - Z5C3)Ca3Caa ~ C23Ca2)
(C44C22 ~ C24€42)C33C22 - C23C32) - (C34C22 - C24C32 XC43Caz - C23Ca2)

_E44Q3 —-D34P4
D33E44

0

v - (Z2E4aD33) - (C24P4D33) - (C23E44Q3) - (C23D34P4)
D33E44C2p

U =B1D33E44C22 —a14P4D33C22 - a13(E44Q3 ~D34P4 )2
-312(22E44D33 ~ C24P4D33 — C23E 44Q3 - C23D34P4 )

unua al 1 luaumsaamuan 9. )7 1du1910 1en PARTIAL-FRACTION 1811453

Laplace {t01¥ Inverse Laplace

V = 2.24e 26713 _9,0166e 0633t , 4,5435¢04876¢ (0 0.4t + 3.2342¢ 01938
cos1.73t - 11.25e 048 5in 0,42t + 6.0031e0-193875¢ gin 1 73t

6 = 0.0007272 - 17.818e 267153t | 169 5750-0-633t _ 165 570-0-4876t 1o 5 41957t
+14.337e70-1938¢ 005 0. 5142t + 43.3155e0-4876% i 0.41957t — 27.984e 093875t g 0 5142t

v =-0.55678e2-69 _ 0.0366e 00216 , 0,9376e 048t _ 0,3443¢0-2325¢[5in 034t + cos 0.34t]
d
5.2 msannzrinuthnmng

dar o d
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= A = a a ] & 4 ai
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a = c’-: d‘l d‘ & 1 t:i Yt U U =
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Min Y =W, *R, +W, *R, + W, ¥R,

UC, {m,al, + m;h(a +d)L? +1,1,bC, |

R, =V/8=
p =¥ U {m1,(aC, -bC,)+myhi@c, -bc,)+d(C, +C, )+ A,C,C,
R, =5 = UC,G,l,1,
2 U*{myl,(aC, - bC, )+ m,h[aC, -bC,)+d(C, +C, )} +1?,C,C,
R, =y /6 = U’C,C,m,el,

- GU{myl,(aC, ~bC,)+m,h[(ac, —bC,)+d(C, +C, )} +7,C,C,C,

4
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U A2157 (m/s)

M, ¥IAUBIAITAAIN 6000 kg

M, UIAUDIAIIONIL 19000 kg
4 Y v

&  yumIdeIvesdent

0 Yawing Velocity
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YUTEMINIOAIAINTAUIDAIND

7%
L, 5202 a+b
L, %8¢ e+h

[, Tuuaaufosreasnaingd (2.68x 10° kem)

I, THuARNRDIYBITON (327 x 10° kgm)

= = o 1

MUz ANBUeIi MM 190965081n 53.655 (KNs/m)

=1 o s T

MU ANTUDIAIMUIINAIVDIAIOAIN 389.650(kNs/m)

000

MAUY sz ANTUIRIMUIUNINEIUBIAITONII 158.520(kNs/m)

a 38UEHNIENIN unudenthussdinindegaguina1uesdanain2.43(m)

b IzozHIeIENINYARUInAIweITARIAINTLAUINIABNAIVBIFITDAN 2.05(m)
d IO NIENINgARUENA1IUDIAIINAINNIIATARITANIT 0.623(m)

e TTUTHNILNINIATAVDIADITONII DI9ARUIYBIAITOAIN 6.50(m)

h 3201938 H3199ARUENAIRITON 1D MNUNAIABNAIVOWITONIS 3.50(m)

v r 4 { d a
W, f1 Weight factor ¥9IAINISIADU NANNT N

r 1 { i =1 ;
W, f1 Weight factor ¥9IAINIIMILI AT NG
W, A1 Weight factor Y0IAUNAIMINAUAINI

5.2.2 aumsieululsAunTeaumsveuIun(Constraints Equation)
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an 7 2.43 was
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M0 7 2.05 wA3

d MneieszezvessnagaguInMeYeIiIInaINGIgABARas ORI 70.623 RS

e MUWEN 52UEHNITHINGADAYBIAITANIS DagaruiuneiasndInag

h MUede S0z 9z IegUanaefsaN BN WA AN d 1B If T NI
Tﬂm‘imﬂ'ﬂsmJsinﬂﬁaﬂaaﬁﬁnmmﬂﬂ1sﬂﬂamﬁﬁ1mf‘i']mm 25000 , 26500 , 32000 ,
38000 , 40000 , 43000 filansulasmsAnsandi arda 80 Alamasaalue Wefimua

9
w,=0.1, w,= 0.2 ,w,= 0.1 NIIHANITAIUINAININ



56

531 Wamsimnzimdumisszszgaduiindigagudnatsueadiasanie ez szez
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Distance from the conneting pin to trailer gravity center (m), e
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i semi-trailer 25000 kg .tractor 6000 kg.trailer 19000 kg
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| Distance from the trailer gravity to trailer rear axle (m) , h
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Objective function
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45

Objective function
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Objective function
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se-trailer 32000 kg .tractor 6000 kg. trailer 26000 kg.
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5.5 5.75 6 6.25 6.5 6.75 7 7.25

Distance from the conneting pin to Trailer gravity center (m),e
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Objective function
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]

3 3.25 3.5 3.75 4 4.25 4.5

Distance from the trailer gravity center to trailer rear axle (m) , h

4.75

1 L4 ar ' v ~ a ar
31 5.7 uamsszezyaguinarsuesdisonasduwahosonaa 7 32000 Alandy




Objective function

30 5

25 -

20
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Distance from the trailer gravity center to trailer rear axle (m),h
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semi-trailer 40000 kg, tractor 6000 kg. trailer 34000 kg

525 5.5 5.75 6 6.25 6.5 6.75 7 7.25 79

Distance from the conneting pin to Trailer gravity center (m) , e
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45 +

Objective function

1 35 -
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semi-trailer 40000 kg.tractor 6000 kg, trailer 34000 kg

2775 3 3.25 3.5 3.75 4 4.25 4.5 4.75

Distance from the trailer gravity center to trailer rear axle (m), h
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semi-trailer 43000 kg.tractor 6000 kg trailer 37000 kg.
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Objective function
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80 km/h

5 5.25 5.5 5.75 6 6.25 6.5 6.75 7 7.23

Distance from the conneting pin to Trailer gravity center (m) ,e
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semi-trailer 43000 kg, tractor 6000 kg,trailer 37000 kg
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Distance from the trailer gravity center to trailer rear axle (m), h
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Distance from the conacting pin 1o raiker gravity center, ¢ (m)
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5.4 nssumsuiinauazihminsaussganlvelutlagiiu

o o 3 ar \ r é '
vinanazinahmindlFluduilgiuvessonssmananan HumsuSouidion
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Semi-trailer 25000 kg , Tractor = 6000 kg , Trailer 19000 kg
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Original
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Sideslip /steer angle (m/s)
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Speed km/h
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yawing velocity / steer angle (m/s)

Semi-trailer 25000 kg , Tractor 6000 kg .trailer 19000 kg
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Abstract

This paper deals with the study on drive ability of a four
wheel vehicles which are mainly used for transportation. The
mathematical model of dynamic system has been formulated. In
this study, the forth order Runge-Kutta method has been solved
nun;erically for the vehicle. The stability was analysed to obtain

optimal design variables.
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Vehicle weight 1150 kg
Vehicle sprung body Weight 1050 kg
Wheel base 31 m

Front tread 142 m
Rear tread 142 m

Height of sprung body c.g. above rotation 0.40 m
Axle load distribution front / rear vehicle 59/41
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Fui Tire vertical force w Vehicle weight
Yr Target yaw rate L Wheel base
Ey Tire longitudinal force dr Rear tread
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1% Tdsunsu matlab

R11=(m1+m2);

R13=-m2*e*Fee;

R14=-m2*e*Theta;

R22=(m2+m]l);

R23=-m2*e-m2*d,

R24=m2*e*Fee*Theta;

R32=-m2*d;

R33=(12+m2*d*dH+(m2*e*d);
R34=-m2*e¢*d*Fee*Theta;

R41=-m2*e*Fee;

R42=-m2%*e;

R43=m2*e*d+(I12+m2*e*e);
R44=-m2*e*U+m2*e*Fee*V-m2*e*d*Fee*Theta;

% Calculate S Value
S11=-C3*Fee*(d*Theta-VHh+e)*Theta)/(U-(V-
d*Theta)*Fee)"2;

S13=-
(m1+m2)*V+2*m2*d*Theta+2*m2*e*Theta+HC3*Fee*
(U*d+U*(h+e)-(V-d*Theta)*(h+e)*Fee-
(h+e)*d*Theta*Fee)/(U-(V-d*Theta)*Fee)*2;
S14=-m2*e*Fee*Theta"2-X3*Fee-C3*Fee*(U*U+(V-
d*Theta)*2-(h+e)*Theta*U*Fee-(h+e)* Theta*
(V*d*Theta))/(U-(V-d*Theta)*Fee)"2;
522=-C1/U-C2/U-C3*(U-(h+e)*Theta*Fee)/(U-(V-
d*Theta)*Fee)2;
$23=(m2+ml)*U-2*m2*e*Theta*Fee-C1*a/U+C2*b/U-
C3*(-U*d-U*(h+e)+(V-d*Theta)*(h+e)*Fee+
(h+eY*d*Theta*Fee)/(U-(V-d*Theta)*Fee)"2;
S24=-m2*e*Theta"2-X3-C3*(U*UH(V-d*Theta)"2-
(ht+e)*U*Theta*Fee-(h+e)* Theta*(V-d*Theta))/(U-(V-
d*Theta)*Fee)"2;
832=-a*C1/U+b*C2/U+d*C3*(U-(h+e)*Fee*Theta)/(U-
(V-d*Theta)*Fee)"2;

§533=-m2*d*U+2*m2*e*d*Fee* Theta-a*a*C1/U-
b*b*C2/U+d*C3*(-U*d-U*(h+e)HV-d*Theta)*
(h+e)*FeeH(h+e)*Fee*d*Theta)/(U-(V-d*Theta)*Fee)'2;
S34=m2*e*d*Theta"2+d*X3+d*C3*(U*U+(V-
d*Theta)*2-(h+e)*U*Theta*Fee-(h+e)* Theta*(V-
d*Theta))/(U-(V-d*Theta)*Fee)*2;
S41=-m2*e*Theta-(h+e)*C3*((d*Theta-V)+(h+e)*Theta)/
(U-(V-d*Theta)*Fee)"2;
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S42=-m2*e*Fee*Theta-(h+e)*C3*(U-(h+e)*Theta*Fee)/
(U-(V-d*Theta)*Fee)"2;
Sd3=-m2*e*U+m2*e*Fee*V+2*m2*e*d*Fee*Theta-
(h+e)*C3A-U*d-U*(h+e+(V-d*Theta)*(h+e)*Fee+
(h+e)*Fee*d*Theta)/(U-(V-d*Theta)*Fee)"2;
S44=m2*e*d*Fee*U*Theta+tm2*e*V*Theta-
m2*e*d*Theta"2+(h+e)*C3*(U*UHV-d*Theta)"2-
(h+e)*U*Theta*Fee-(h+e)* Theta*(V-d*Theta))/(U-(V-
d*Theta)*Fee)*2;

% Calculate al2,a21 and a31
al2=-(m2+ml)*Theta-C3*Fee*(U-(h+e)*Theta*Fee)/(U-
(V-d*Theta)*Fee)*2;
a21=(m1+m2)*Theta+C1*(V+a*Theta)/U"2+C2*(V-
b*Theta)/U"2-C3*((d*Theta-V)+h+e)*Theta)/(U-(V-
d*Theta)*Fee)"2;
a31=-m2*d*Thetata*C1*(V+a*Theta)/U"2-b*C2*(V-
d*Theta)/U2+d*C3*((d*Theta-V )+(h+e)*Theta)/(U-(V-
d*Theta)*Fee)*2;

% Calculate Bl to B4

B1=0;

B2=-Cl;

B3=-a*Cl;

B4=0;

% Calculate W Value

WI=R11*R22;

W2=R22*S11;

W3=R11*822;

W4=822*S11;

W5=al2*a2l;

W6=R23*R11;

W7=R23*S11;

W8=R11*S23;

W9=823*S11;

W10=a21*R13;

W1l=a21*S13;

WI12=R24*R11;

W13=R24*S11;

WI4=R11*S24;

W15=824*S11;

Wl6=a21*R14;

W17=a21*S14;

W18=R32*R1l;

WI19=R32*311;



W20=R11*532;
W21=832*Sl11,
W215=al2*a3l;
W22=R33*RI1;
W23=R33*S11;
W24=R11*833;
W25=S11*833;
W26=R13*a3l;
W27=a31*S13;
W28=R34*R11;
W29=R34*S11;
W30=R11*334;
W31=S11*S34;
W32=R14*a31;
W33=a31*S14;
W34=R42*R11;
W35=R42*S11;
W36=R11*542;
W37=842*511,
W38=R41*al2;
W39=al2*R41,
W40=R43*R11;
W41=R43*S11;
W42=R11*843;
W43=543*S11;
W44=R13*R41;
W45=R13*541;
W46=R41*S513;
W47=813*541;
W48=R44*R11;
W49=R44*S11;
W50=R11*S44;
W51=5811%544,
W52=R14*R41;
W53=R14*S14;
W54=R41*S514;
W55=S14*S41;

% Calculate F value
G1=X1*R11"2*R42-C1*R42*R11"2;
G2=-C1*RI1*R42*S11+C1*R11*al2*R41-
CI*S11*R42*R11-X1*RI1*R42*S11+X1*R1172*S42-
X1*R11*al2*R41+X1*S11*R42*R11-C1*R1172*842;
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G3=-CI*RI1*342*S11+C1*R11*S41*al2-
C1*§1172*R42-
CI*SII*R42*R11+CI*S11*al2*R41+X1*R11*542*S1 |-
XI*RII*S41*al2+X1*S11°2*R42+X1*S11*S42*R11-
X1*S11*al2*R41;
G4=C1*S11*S41*al2+X1*S11*S42*511-
X1*S11*342*al2;

G5=W22*WI1-W6*W18;
GO6=W22*W2+W22*W3+W23*WI+W24*W1-W26*W1-
W6*W19-Wo*W20-WT7T*W18-W8*WI18+W10*W18;
G7=W22*W4-
W22*WS+W23*W2+W23*W3+W24*W2+W24*W3+W2
S*WI1-W26*W2-W26*W3-W27*W1-
WO*W21+W6*W215-WT*W19-W7*W2 1-W8*W19-
WE*W20-WI*W18+WI10*WI19+W10*W20+W11*W18;
G8=W4*W23-W23*W5+W24*W4-
W24*W5+W25*W2+W25*W3-W26* W4+ W26*W5-
W2T*W2-W2T*W3-WT*W2 I+WT*W215-
WE*W21+W8*W215-WI*W19-Wo*W20+W10*W21-
WIO*W215+WI1I*WI1H+WI11*W20;
GO=W25*W4-W25*W5-W27* W4+ W27+ W5-
WOrW2I+Wo*W215+WI11*W21-W11*W215;
G10=(W40-W44)*W1-W6*W34,

G11=((W40-W44)* W2+ W40-W44)*W3+(W41-
WA5)*W1-HW42-W46)* W1)-(W6*W29+W6*W30-
W6*W32+W6*W33+W7*W34+W8*W34-W10*W34);
G12=((W40-W44)* W4-(W40-W44)* W5+H(W41-
Wa5)*W2+(W41-W45)* W3+ W42-W46)*W2+(W42-
Wa6)*W3)-
(WO*W31+WT*W29+WT*W30+WT*W32+W8* W29+ W
8*W30-WE*W32+W9*W34-W10*W29-
WI0*W30+W32*WI10+W11*W34);
G13=((W41-W45)*W4-(W41-W45)*W5+(W42-
W46)*WaH(W43-W4T)*W2+(W43-W47)*W3)-
(WT*W31+WT7*W33+WE*W31+W8*W33+Wo*W29+W
9*W30-Wo*W32-W10*W31-
WI0*W33+WIT*W29+W11*W30-W11*W32);
G14=((W42-W46)* W5-(W43-W47)* W4+ W43-
WAT7)*WS5)-

(WOrW31+Wo*W33+W1 I*W31+W11*W33);
GI5=W28*W1-WI12*W18;
G16=(W28*W2+W28*W3+W29*W |+ W30*W1-
W32*W1)-



(WI12*WI9HWI2* W20+ W 13*W 8+ W 14*W 8-
W16*W18);

G17=(W28*W4-

W28*W 5+ W29+ W2+ W29+ W3+ W30*W2-+W30*W3+W3
1*W1-W32*W2-W32*W3+W33*W1)-

(WI12¥W2I+WI12¥ W21 5+W 13* W19+ W 13* W20+ W 1 4+
WISHW [4*W20+W15*W 18-

WIG*W 19+ W16*W20+W18*W17);
G18=(W29*W4+W29*W5+W30*W4-

W30*WS+W31* W2+ W31 *W3+W32*Wd-
W32*WS+W33*W2+W33*W3)-(WI3*W21-
WI3*W215+W14*W21-
WI4*W215+W15*WIHWI5*W20+W16*W215+W17*
W19+W17*W20);
GI19=(W31*W4-W31*W5+W33*W4-W33*W5)-
(W15*W21-W15¥W215+W17*W21+W17*W215);
G20=B3*R11*W1-B2*R11*WI8;
G21=B3*R11*W2+B3*R11*W3+B3*S11*W1-
B2*RIT*WI9+B2*R11*W20+B2*S11*W18;
G22=B3*R11*W4-
B3*RI1*W5+B3*S11*W2+B3*S11*W3-B2*R11*W21-
B2*R11*W215+B2*S11*W19+B2*S11*W20;
G225=B3*S11*W4-B3*S11*W5-B2*S11*W21-
B2*S11*W215;

G23=(W48-W52)*W1-WI12*W34;
G24=(W48-W52)*(W2+W3)+(W49+W50-W53-
W54)FW1-W12*(W35+W36-W38)-W3d+(W13+W14-
w16);

G25=(W48-W52)*(W4-W5)+H W49+W50-W53-W54)*
(W2+W3)yHW51-W55)-W2*(W37+W39)-(W13+W14-
W16)*(W35+W36-W38)-(W15-W17)*W34;
G26=(W49+W50-W53-W54)*(W4-W5)HW51-W55)*
(W24+W3)-(W13+W14-WI6)*(W34+W39)-(W15-W17)*
(W35+W36-W38);
G27=(W51-W55)*(W4-W5)-(W37+W39)*(W15-W17);
F1=G1*G5-G20*G10;
F2=G1*G6+G2*G5-G20*G11-G21*G10;
F3=G1*G7+G2*G6+G3*G5-G20*G12-G21*G10;
F4=G1*G8+G2*G7+G3*G6+G4*G5-G20*G 13-
G21*G12-G22*G10-G225*G10;
F5=G1*G9+G2*G8+G3*GT+G4*G6-G20*G 14-
G21*G13-G22*G12-G225*Gl 1;
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F6=G2*G9+G3*G8+G4*G7-G21*G14-G22*G13-
G225*G12;

F7=G3*G9+G4*G8-G22*G14-G23*G13;
F8=G4*G9-G225*G14;

F9=G23*G5-G15*G10;
F10=G23*G6+G24*G5-G15*G11-G16*G10;
F11=G23*G7+G24*G6+G25*G5-G15*G12-G16*Gl I-
G17*Gl10;
F12=G23*G8+G24*GT+G26*G6-G15*G13-G16*G12-
G17*G11-G18*G10;
F13=G23*G9+G24*G8+G25*GT+G26*G6+G27*G5-
G15*G14-G16*G13-G17*G12-G18*G11-G19*G10;
F14=G24*G9+G25*G8+G26*GT+G27*G6-G16*G14-
G17*G13-G18*G12-G19*G11;
F15=G25*G9+G26*G8+G27*G7-G17*G14-G18*G13-
G19*G12;
F16=G26*G9+G27*G8-G18*G14-G19*G13;
F17=G27*G9-G19*G14;

F18=F9*G20;

F19=F9*G21+F10*G20;
F20=F9*G22+F10*G21+F11*G20;
F21=F9*G225+F10*G22+F11*G21+F12*G20;
F22=F10*G225+F11*G22+F 12*G21+F13*G20;
F23=F11*G225+F12*G22+F13*G21+F14*G20;
F24=F12*G225+F13*G22+F 14*G21+F15*G20;
F25=F13*G225+F14*G22+F15*G21+F16*G20;

% O THETA
F26=F14*G225+F 1 5*G22+F16*G21+F17*G20;
F27=F15*G225+F16*G22+F17*G21,
F28=F16*G225+F7*G22;

F285=F17*G225;

F29=G15*F1;

F30=G15*F2+G16*F1;
F31=GI5*F3+G16*F2+G17*F1;
F32=G15*F4+G16*F3+G17*F2+G18*F1;
F33=G15*F5+G16*F4+G17*F3+G18*F2+G19*F1;
F34=G15*F6+G16*F5+G17*F4+G18*F3+G19*F2;
F35=G15*FT+G16*F6+G17*F5+G18*F4+G19*F3;
F36=G15*F8+G16*FT+G17*F6+G18*F5+G19*F4;
F37=G16*F8+G17*F7+G18*F6+G19*F5;
F38=GI7T*F8+GI18*F7+G19*F6;
F39=G18*F8-G19*F7;

F40=G19*F8;



F41=G5*F9,

F42=G5*F10+G6*FY;

F43=G5*F11+G6*F10+GT7*F9;
F44=G5*F12+G6*F11+GT*F10+G8*F9;
F45=G5*F13+G6*F12+GT*F 1 1+G8*F1 1+G8*F10+Go*F
%

F46=G5*F14+G6*F13+G7*F12+G8*F1 1+G9*F10;
F47=G5*F13+G6*F14+GT*F13+G8*F12+G9*F11;
F48=G5*F16+G6*F15+G7*F14+G8*F13+G9*F12;
F49=G5*F1T+HG6*F16+GT*F15+G8*F14+G9*F13;
F50=G6*F17+G7*F16+G8*F15+G9*F14;
F51=G7T*F1T+G8*F16+G9*F15;
F52=G8*F17+G9*F16;

F53=G9*F17;

F54=W6*F29;
F55=W6*F30+WT7*F29+W8*F29-W10*F29;
F56=W6*F31+WT*F30+W8*F30HW9*F29-W10*F30-
WII*E29;
F57T=W6*F32+WT*F31+W8*F31+W9*F30-WI10*F31-
WI11*F30;
F58=W6*F33+WT*F32+W8*F32+W9*F31-W10*F32-
WI1*F31;
F39=W6*F34+WT*F33+W8*F33+WO*F32-WI10*F33-
WI11*F32;
FOO=WO*F35+WT*F34+W8*F34+WO*F33-W10*F34-
WL1*F33;
F61=W6*F36+W7*F35+W8*F35+W9*F34-W10*F35-
WI11*F36;

F508=F26-F37,

F509=F27-F38,

F510=F28-F39;

F511=F285-F40;

% VV
F62=W6*F37T+WT*F36+W8*F36+WO*F35-W10*F36-
WI11*F35;
F63=W6*F38+WT7*F37T+W8*F37T+W9*F36-W10*F34-
WI1*F36;
F64=W6*F39+W7*F38+W8*F38+W9*F37-W10*F38-
WI1*F38;
F65=W6*F40+W7*F39+W8*F39+W9*F38-W10*F39-
WI1*F38;

F66=WT*F40+W8*F40H+W9*F40-W 10*F40-W 1 1*F40;
F67=W11*F40;
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F68=WG6*F18;
F68=W6*FI9+WT*F18+W8*F18-WI0*F18;
F69=W6*F20+WT7*F19+W8*F19+W9*F18-W10*F19-
WI11*F18;
FT0=W6*F21+WT7*F20+W8*F20+W9*F19-W10*F20-
WIL*F19;
F71=W6*F22+WT7*F21+W8*F21+W9*F20-W10*F21-
WI11*F20;
F72=W6*F23+W7*F22+W8*F22+W9*F21-W10*F22-
WI11*F21;
F73=W6*F24+WT*F23+W8*F23+W9*F22-W10*F23-
WI11*F21;
F74=W6*F25+WT*F24+W8*F24+W9*F23-W10*F24-
WI11*F23;
F75=W6*F26+W7*F25+W8*F25+W9*F24-W10*F25-
WI11*F24;
F76=W6*F27+WT7*F26+W8*F26+W9*F25-W10*F26-
WI11*F25;
F77=W6*F28+WT7*F27+W8*F27+W9*F26-W10*F27-
WI1*F26;
F78=W6*F285+WT*F28+W8*F28+W9*F27-W10*F28-
WILI*F27,
F79=WT*F285+W8*F285+W9*F285-W10*F285-
WI1*F28;

F80=W9*F285+W11*F285;

F8I=WI1*F41;

F82=WI1*F42+W2*F41+W3*F41,
F83=WI1*F43+W2*F42+W3*F42+W4*F41-W5*F41;
F84=WI*F44+W2*F43+W3*F43+W4*F42-W5*F42;
F85=WI1*F45+W2*F44+W3*F44+W4*F43-W5*F43;
F86=WI*F46+W2*F45+W3*F45+W4*F44-W5*F44;
F87=WI1*F47+W2*F46+W3*F46+W4*F45-W5*F45;
F88=WI*F48+W2*F4T+W3*F47+W4*F46-W5*F46;
F89=WI*F49+W2*F48+W3*F48+W4*F47-W5*F47,
FOO=WI*F50+W2*F49+W3*F4+W4*F48-W5*F48;
FOI=WI*F51+W2*F50+W3*F50H+W4*F49-W5*F49;
FO2=WI*F52+W2*F51+W3*F51+W4*F50-W5*F50;
F93=WI1*F53+W2*F52+W3*F52+W4*F51-W5*F51;
FO4=W2*F53+W3*F53;

FO5=W4*F53-W5*F53;

F955=B2*R11*F4l;

F96=B2*R11*F42+B2*S11*F41,
F97=B2*R11*F43+B2*S11*F42;



F98=B2*R11*F44+B2*S11*F43;
F99=B2*R11*F45+B2*S11*F44,
F100=B2*R11*F46+B2*S11*F45;
F101=B2*R11*F47+B2*S11*F46;
F102=B2*R11*F48+B2*S11*F47;
F103=B2*R11*F49+B2*S11*F48;
F104=B2*RI1*F50+B2*S11*F49;
F105=B2*R11*F51+B2*S11*F50,
F106=B2*R11*F52+B2*S11*F51;
F107=B2*R11*F53+B2*S11*F52;

F108=B2*S11*F53;

F109=G5*F1;

F110=G5*F2+G6*F1;

F111=G5*F3+G6*F2+G7*F1;
F112=G5*F4+G6*F3+G7*F2+G8*F1;
F113=G5*F5+G6*F4+G7*F3+G8*F2+G9*F1;
F114=G5*F6+G6*F5+GT*F4+G8*F3+G9*F2;
F115=G5*FT+G6*F6+G7*F5+G8*F4+G9*F3;
F116=G5*F8+G6*FT+GT*F6+HG8*F5+G9*F4;
F117=G6*F8+GT*F7+G8*F6+G9*F5;
F118=G7*F8+G8*F7+G9*F6;

F119=G8*F8+G9*F7;

F120=G9*F8,

FI121=WI12*F109;

FI122=WI2*FI10+W13*F109+W 14*F109-W16*F109;
FI23=WI2*F111+W13*F110+W14*F1 10+ W1 5*F109-
WI6*F110-WIT*F109;
FI24=WI2*F1124W13*F111+W14*F111+W15*F110-
WI16*F111-W17*F110;
FI25=WI2*FI13+W13*F112+W14*F112+W15*F111-
WI16*F112-WIT*F111;
F126=WI2*F114+W13*F113+W14*F113+WI15*F112-
WI16*F113-WIT7*F112;
FI27=WI2*F115+W13*F114+W14*F114+W15*F113-
WI6*F114-WI17*F113;
FI128=WI2*F116+W13*F115+W14*F115+W15*F114-
WI16*F115-W17*F114;
FI29=WI2*F117T+W13*F116+W14*F116+W15*F115-
WI6*F116-WI7*F115;
FI130=WI12*F118+WI13*F117+W14*F117T+W15*F1 1 6-
WI16*F117-W17*F116;
FI3I=WI2*F119+WI13*F118+W14*F118+WI15*F117-
WI16*F118-WI7*F117,
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F132=WI2*FI20+WI3*F1 19+ WI4*F1 [9+W15*F118-
WI6*F119-W17*F118;
FI133=WI13*F120+W14*F120+WI5*F1 19-W 6*F120-
WIT*F119;

F134=WI15*F120-W17*F120;

FI135=W1*F109;
FI36=WI*F110+W2*F109+W3*F109;

FI37=WI*F11 1+W2*F110+W3*F1 10+{(W4-W5)*F109;
F138=W1*F1124W2*F11 1+W3*F111+(W4-W5)*F110;
F139=WI*F113+W2*F1 12+W3*F1 12H(W4-W5)*F111;
F140=W1*F114+W2*F113+W3*F113HW4-W5)*F112;
F141=WI*F115+W2*F114+W3*F1 14H(W4-W5)*F113;
F142=WI*F116+W2*F115+W3*F115+H(W4-W5)*F114;
F143=WI*F117+W2*F1 16+ W3*F1 16HW4-W5)*F115;
F144=W1*F118+W2*F117+W3*F117+HW4-W5)*F116;
F145=WI1*F1194+W2*F1 18+W3*F118H W4-W5)*F117;
FI46=W1*F120+W2*F1 19+W3*F1 19HW4-W5)*F118;
F147=W2*F120+W3*F120+(W4-W5)*F119;
F148=(W4-W5)*F120;

F149=-F121+F54;

F150=F96-F122-F68-F55;

F151=F97-F123-F69-F56;

F152=F98-F124-F70-F57;

F153=F99-F125-F71-F58;

F154=F100-F126-F72-F59;

F155=F101-F127-F73-F60;

F156=F102-F128-F74-F61;

F157=F103-F129-F75-F62;

F158=F104-F130-F76-F63;

F159=F105-F131-F77-F64;

F160=F106-F132-F78-F65;

F161=F108-F133-F79-F65;

F162=F108-F134-F80-F67;

% UUUU

F163=R14*F135;

F164=R14*F136+S14*F135;
FI65=R14*F137+S14*F136;
FI66=R14*F138+S14*F137,
FI67=R14*F139+S14*F138;
F168=R14*F140+S14*F139;
F169=R14*F141+S14*F140;
F170=R14*F142+S14*F141;
FI71=R14*F143+S 1 4*F142;



F172=R14*F144+S14*F143;
F173=R14*F145+S14*F144;
F174=R14*F146+S14*F145;
F175=R14*F147+514*F146;
F176=R14*F148+S14*F147;

F177=S14*F147,

F178=R11*F81;

F179=R11*F82+S11*F81;

F180=R11*F83+S11*F82;

F181=R11*F84+S11*F83;

F182=R11*F85+S11*F84;

F183=R11*F86+S11*F85;

F184=R11*F87+S11*F86;

F185=R11*F88+S11*F87;

F186=R11*F89+S11*F38;

F187=R11*F90+S11*F89;

F188=R11*F91+511*F90;

F189=R11*F92+S11*F91;

F190=R11*F93+S11*F92;

F191=R11*F94+S11*F93;

F192=R11*F95+S11*F94;

F193=S11*F95;

F194=R13*W1*F54;
F195=R13*(W2*F54+W3*F54)+S13*W1*F54;
F196=R13*(W1*F56+W2*F55+W3*F55+W4*F54-
W5*F541+S13%(W2*F54+W3*F54);
F197=R13*(W I *F57+W2*F56+W3*F56+W4*F55-
W5*F55HS13*(W I *F56+W2*F55+W3*F55+W4*F54-
WS5*F54);
F198=R13*(W1*F58+W2*F57+W3*F57+W4*F56-
W5*F56)+S13*(W1*F57+W2*F56+W3*F56+W4*F55-
WS5*F55);
F199=R13*(WI*F59+W2*F58+W3*F58+W4*F57-
WS5*FS7HS13%(W 1 *F58+W2*F57+W3*F5T+W4*F56-
WS5*F56);
F200=R13*(W1*F60+W2*F59+W3*F59+W4*F58-
WS*FS8)HS13*(W1*F59+W2+FS8+W3*F58+W4*F57-
W5*F57);

F201=R13*(W1*F6 1 +W2*F60+W3*F60+W4*F59-
WS*F59)+S13%(W1*F60+W2*F59+W3*F59+W4*F58-
W5*F58);
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F202=R 13*(WI*F62+W2*F6 1+ W3*F6 1-+W4* F60-
WS*F601+S 13*(W 1 *F61+W2*F60+W3*F60+W4*F59-
WS*F59);

F203=R13*(W1*F63+W2*F62+ W3*F62+W4*F6 -
WS*F6 1S 13*(W 1 *F62+W2*F6 1+ W3*F6 1+ W4*F60-
W5*F60);
F204=R13*(W1*F64+W2*F63+W3*F63+W4*F62-
WS5*F62H+S13*(W 1 *F63+W2*F62+W3*F62+WA*F61-
W5*F61);
F205=R13*(W1*F65+W2*F64+W3*F64+W4*F63-
WS*F631+S13%(W 1 *F64+ W2¥F63+W3*F63+W4*F62-
WS5*F62);
F206=R13*(W2*F65+W3*F65+WA*F64-WS*F64)+513*
(WI*F65+W2*F64+W3*F64+WA*F63-WS*F63);
F207=R13*(W4*F65-W5*F65)+513*
(W2*F65+W3*F65+W4*F64-WS*F64);
F208=S13*(W4*F65-W5*F65);

F300=-F163-F194;

F301=-F164-F195-a12*F149;
F302=-F165-F196-al2*F150;
F303=-F166-F197-al2*F151;
F304=-F167-F198-a12*F152;
F305=-F168-F199-a12*F153;
F306=-F169-F200-a12*F154;
F307=-F170-F201-al2*F155;
F308=-F171-F202-a12*F156;
F309=-F172-F203-al2*F157;
F310=-F173-F204-a12*F158;
F311=-F174-F205-a12#F159;
F312=-F175-F206-a12*F160;
F313=-F176-F207-a12*F161;
F314=-F177-F208-al2*F162;

1'500=F18-F29;

F501=F19-F30;

F502=F20-F31;

F503=F21-F32;

F504=F22-F33;

F505=F23-F34;

F506=F24-F35;

F507=F25-F36;

F508=F26-F37;

F509=F27-F38;

F510=F28-F39;
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