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(Concentrated Load)

%Case 1 (Static load) - , ,
%This program computes bending moment in horizontal beam.

cle
clear all
close all

% npu[ Data ==z=z=z=zzzzzzzzz2focfoof e s oo s o o s s S-S so oo oooooooooooooooss

%Change input data if another model.

100

58£130 1(())/50 1340 1615 1920 2065 2110 2350 2515 2965 3445 3895 4265 4665 4965 5145 5545
5&0 30[())( 208 211.76 112.5 423,53 7.5 55 423.53 437.64 437.64 385.88 362.36 414.12 15

12 338.83 150.59); %(kg.)
:18; 9%Number of load.
L1=900; %(mm.

L2=3365; % mm.
L3=1600; %(mm.
Lf1=575;  %(mm.
Lf2=580;  %(mm.
Lrl=614;  %mm.
Lr2=565;  %(mm.

%calculate for reaction force.
% force direction I‘I?ht and up is positive.
% force direction left and down is negative.

% : (112 for calculate in newton.
%flnd Rr Rrom summation moment at front wheel equal zero.
%Rf,Rr = reaction force on front and rear wheel.

Rr=- (sum F&L L1)))/L2

Rf= ﬁsum )

%Rfl,Rf2 = reaction force on front leaf spring.
%Rrl,Rr2 = reaction force on rear leaf spring.
Rfl= Lf2*Rf)/(LfI+L

Rf2= fRf

Rri=(Lr2*Rr)/ (LrI+Lr2)

Rr2=Rr-Rrl

%a,b = length of front and rear support of front leaf spring.

%c,d = Iength of front and rear support of rear leaf spring.

b= LI+Lf2
C=L1+L2- LrI;
d=LI+L2+Lr2;



&H length of reaction force equal lenght of load.

for 31:100;
if L(i

==

(i)+Rfl;
L

1

—_—

P,

end
if i>= ; break,end
izitl;
end
96Sortlength for find bending moment.
%AB = length for find bending moment.
Az[L a b ¢ d];,B=s0rt(A);
% = foad for calculate to find bending moment,
or i=
for j
I

(=]
=5
(q>]
=
(=]
— .
=
w»
—
fab)
=
—
—
o
(er]
fab)
(er]
|
fab)
—
[q>]
fab)
—
—
=
(q-]
—
=
w
—
o
fab)
o

length of horizontal chassis beam.
%m = bending moment.
9@f!nd m from equation m( )=m(n-1)- [(x-L( )* ()]

for’ i=1:100000:

Tl

if X(i )> L1+L2+L3-F; break,end
k=k+l;

end _ _

%Ilength previous first load
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i)>=(F-2),break,end

end

%combine length previous first load.

X=X+F;

%#Iéj bending moment in one beam.
hm);  %N.mm

%c%an%e) uni({( of {)endmg moment.

ml=m/1000000;  %(kN.m)

%Plot length with bending moment.

lot (x
Ft)|tl ﬁ'Be)ndm moment Diagram for Case 1 ( static load )")
xlabe Len% <mm.>")
Ylab el(1Bending moment < kN.m >')

ggnd 'Bending moment on horizontal beam')
gri
axis('on')

2)
(Distributed Load)

%Case 1 (Static load)

%This pro%ram computes bendmg moment in horizontal beam.
%Use for full part distributed load on chassis.

cle

clear all

close all

%nput Dlata ::::::::.:::::::::::::::::
%Change input data if another model.

=T, %Number of load.

=[400 300 200 112.5 7.5 55 153 Wékg;
L=[130 1050 1340 1020 2110 235 4965];  %(mm
N=[: %Number distributed load.
1 1614 sghal’ hLengn of distributed load
oLength of distributed loa
ke Bik)

|_2:3365 % (mm.
L3=1600 % (mm .
Lf1=575 % (mm.
Lf2=580 % (mm.
Lrl=614 % (mm.
Lr2=566 % (mm.

Y%calculate for reaction force.
% force direction I’I%ht and up is positive.
% force direction left and down is negative.

VNN N

% = load for calculate in newton.

=-(9.81*W); .

%wq = distributed load for calculate in newton.

%Lg = length of dlstrlbuted load for calculate in newton.
wg=-(Lh(2)-L 9

Lg=((Lh(2)-Lh(1))/2)+Lh(1);

%find Rr from summation moment at front wheel equal zero.
%Rf,Rr = reaction force on front and rear wheel.
Rr=-((sum( .*(L-L1)))+(wg*(Lq-L1)))/L2
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(W)+wg)+Rr) .
eaction force on front leaf spring.

r
reaction force on rear leaf spring.
f)[(LflI+Lf2)

%length and load for calculate.

%a, = length of front and rear support of front leaf spring.
%c,d = length of front and rear support of rear leaf spring.
a=LI-Lfl;

=LI+Lf2;

c=LI+L2-Lrl;

d=LI+L2+Lr2;

%If length of reaction force equal lenght of load.

i=l;
for j=1 100;
if L{(

—
o

—
-3

-
=
o
= v

=
=

—
T

0
=

.
—
_— - A
< 1
TRLTELL
o

— =

Rr2=w(i ) +Rr2;
L(i)=10):
(i)=M;

=n-l;

. end
if i>= ;,break,end
i=i+l;
end
%Sort length for find bending moment.
%AB = length for find bending moment.
A=[L a b ¢ d];,B=sort(A); _ _
% = load for calculate to find bending moment,
for i=l:in+4;

[ |
OLA)IeLnglt:h start to calculate at the first load.



%calculate bending moment.

%X = length of horizontal chassis beam.
%m = bending moment.
% find m from equation m( )=m(n-1)-[(x-L( )* ( )]

for”i=1:100000;

end
%include bending moment from distribution load.

m(i)=m(i)-(q* (x(i)-Lh(l) )*(x(i) -Lh(T) )/2) ;

if Xﬁi)>:L1+L2+L3-F;,break,end
k=k+l;

end

<|’(/o!)ength previous first load.

for j=1 L0ou;

if ??j;)>:(F-2),break,end
+

end
% combine length previous first load.
X=X+F;

X:P X

% Tind bendlng moment in one beam.
m=m/2;

m-Lh m] %(N.mm)

%c an%e unit of bending moment.
mi=m/1000000; __%(kN.m)

%Plot length with bending moment.

plot(X,ml) . :
t|tleﬁlBend|nﬁ moment Diagram for Case 1 ( static load )')
xlabe Len% < mm.>')

?/Iabel 1Bending moment < kN.m >")

eg(eind 'Bending moment on horizontal beam')

axis('on’)

(Distributed Load)

%
%Case 1 (Static load) , ,
%This program computes bendlng moment in horizontal beam.
%Use for some part distributed load on chassis.

cle

clear all

close all

%nput Data :::::::.:::::::::::::::::::::::::::::::r::::::
%Change input data if another model.

-7 %Number concentrated load.
=[400 300 200 112.5 7.5 55 58 %(kg.
L 130 1050 1340 1920 2110 2350 4965);  %(mm.
: %Number distributed load.
(= [7 848 23.544 7.848); %Distributed load (N/mm.)

Z

104



Lh=(2790 3415 4665 5290]; %Length of distributed load.
L1=900; % (mm.)
L2=3365; % (mm.)
L3=1600; % (mm.)
LFI=575; %(mm.)
Lf2=580; Mm.)
Lr1=614; %(mm.)
Lr2=566; % (mm.)

%calculate for reaction force. o
% force direction I‘I%ht and up is positive.
% force direction left and down is negative.

= concentrated load for calculate in newton.
9.81*W); .
distributed load for calculate in newton.

length of distributed load for calculate in newton.

wq(i)=- i+1)-Lh(i))*q(i);

L LR 8 i)

% find Rr from summation moment at front wheel equal zero.
%Rf,Rr = reaction force on front and rear wheel.

Rr=-((sum( .*(L-11)))+(sum((Lq-LI).*wq)))/L2
sz-E%umEW)éum(.w)q));H((r) ((La-Lh)-2wa))) .
%RfI,Rf2 = reaction force on front leaf spring.

%Rrl,Rr2 = reaction force on rear leaf spring.
Rf1=&Lf2*Rf)/ (Lfl+Lf2)

Rf2=Rf-Rf1
erzé{LrZ*Rr)/(LrHLrZ)
Rr2=Rr-Rrl

%Ilength and load for calculate.

th of front and rear support of front leaf spring.

%a, = leng
ength of front and rear support of rear leaf spring.

%c,d =

a=LI[-Lf1;
b=LI+Lf2;
C=L1+L2-Lrl;
d=LI+L2+Lr2;

%If length of reaction force equal lenght of load.
i=l;
for j=1:100;
if L |F?::a' .
fl=w(i)+Rf1;
Mi)=F:

—y

—

— —

—a=
~—

= 1
’I\I-’ll
o

.1;

- end

if i>= ; break, end

i=itl;
end
%Sort length for find bending moment.
%AB = length for find bending moment.
A=[Labe d);,B=sort(A); ] )
%w = load for calculate to find bending moment,
for i=l:n+4;



for jf_lB"-) i)
' 1==LU);
EI)= (JS,
end
f B(ien-d-a'
! gi_)_:R’fl;
=
'ePdB(i ==(;
! ei):R'rl;
IfdB, |2::d
i)=Rr2;
(1
tr%Iength start to calculate at the first load.
Lh=Lh-B(1);
B=B~B(1);
%calculate bhending moment.
%x = length of horizontal chassis heam.
%m = bending moment.
fl’(A)(f)lnd m from equation m( )=m(n-1)-[(x-L( )* ( )]
for i=1:100000;
) ;fgx it
1)>
) =m0 ) )8 )
end
%include bending moment from distribution load,
if X(R =Lh(1);
=m () (a (1) (c(i)-Lhh) )* (c(i)-Lh(l) )/2);
O IRER T Fea 1) -Lh (207 (x(1)-L 0 (2))12)5(0 (2)* (1 (1)L B (2))* (x(0)-
Lh(2))/2): |
! X( )> Lh()3)+'( (2) * (x (i) -Lh (3) ) * (x (i) -Lh (3) ) 12) - (q (8) = (x (i) LA (3) ) * (x (i)
q 1) - *x (1) - - (g (3) * (x (1) - * (X (i) -
Lh(3))12);"
if x(2> Lh (4); _ _
)=m (1) +(q(3)* (x(1)-L0(4))* (x(i)-Lh(4))/2);

i f xﬁ|)>:Ll+L2+L3-F;,break,end
5

end
% length previous first load.
for j=1:10000;

f(j)=k;

h(])=0;

if f(j)>=(F-2) break, end

end
% combine length previous first load.

X=X+F;
ng_f AL .
% find "bending moment in one heam.
m m/z;

Lh m] %(N.mm)
%cC an%e unit of bending moment.
mI m/1000000; %(kN m)
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xlabel('Length < mm.>')

Ylabel ‘Bending moment < kN.m >')

eggnd ‘Bending moment on horizontal heam’)
r

axis I'onl)

21 2a ( )

%Case 2a (Brake ,a=0.8g _ . )
%This program computes bending moment in horizontal beam.

107

%Calculate only cab and carry weight because center of gravity is high of neutral axis

Y=

cle

clear all

close all

%nput Dlata ::::::::.:::::::::::::::::
%Change input data if another model.

mc=600; cah weight(kg.z

mf=2000 weight on front axle.(kg.)
mr=4000 weight on rear axle.(kg.)
mlf=200 weight of front axle.&lcg.)
mlr=300 weight of rear axle.} g.)
q=0.9412;  distributed load.(kg/mm.)
hi=700; equal chassis wide.(mm.)
CGc=500; mm.)assum from real dimension,
Lx1=130; mm

Lx2=1340;  (mm

Lx3=1615; (mm

Lx4=5865;  (mm

L1=900; mm

L2=3365 mm

L3=1600 mm

Lf1=575 mm.

Lf2=580 mm.

Lrl=614 mm.

Lr2=565 mm.

hff=360 mm.

hfr=500 mm.

ef=195; mm.

er=>55; mm.

rf=370; mm.

rr=370; mm.

%calculate for reaction force.

% force direction ri%ht and up is positive.

% force direction left and down is negative.
%delta.f = force at front and rear wheel from brake,
delta.f=(mf+mr)*0.8*9.81*(hi+hff+ef)/L2;

%Bf,Br = friction force on front and rear wheel.

% friction coefficient = 0.8

Bf=0.8* 9.81*mf)+de|ta.ft);
Br=0.8*((9.81*mr)-delta.f);

%mlfa,mlra = inertia force of front and rear wheel.

mlfa=-(0.8*9.81*mlf);
-(0.8%9.81*mlr);

f =

rhf:f Iefngth of center of rear wheel to front support of rear leaf spring.
-t

hfr-rr;

length of center of front wheel to front support of front leaf spring.
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% fAA,fBB = couple force on support of front and rear leaf spring,
fAA= Bf*hff)+ mifa*tf))/ (Lf1+Lf2);
fBB Br*hfr) mlra*tr))/ (Lri+Lr2);

%ff fr = horizontal force on support of front and rear leaf spring,
ff Bf+m|fa

fr=Br+mlra;
%L = Iength of load.
Lx| Lx2 Lx3 Lx4);

%FA fB = couple force on front and rear support of cab and pick-up truck,
fA-(0.8%9. 8I*mc*CGc)/( (2)-L(1));

fB=(0.8*9.81*q*hi);

% bmf,bmr = bendmg moment on front support of front and rear leaf spring.
bmf=(ff*ef);

bmr=(frxer

% = summann of moment at front wheel,

%(fllg(/jk Eﬁ?lml_ofnz §°r(°f3x o(nLlfroFt))e)and(f/&ea(r (v%’)hel_ell')) (fB*(L(4)-L1))+(fBB*(L2+Lr2))
§= * + * * N + * . + * + r N
(FB*(L(3)-L1))- (2 B*(L2-Lrl))+bmf+bmr

%deltaRf, deltaRr = reaction force on front and rear wheel.

deltaRr=-s/L2

deltaRf=-deltaRr

%Rfl,Rf2 = reaction force on front leaf spring.
%Rrl,Rr2 = reaction force on rear leaf spring.
I=Lfi+Lf2;

cl=Lf2 deltaRf;

Rfl=cl/bl

Rf2=deltaRf-Rf1l

h2=Lrl+Lr2;

c2=Lr2‘deltaRr;

Rrl=c2/b2
Rr2=deltaRr-Rrl

%Ilength and load for calculate.

%a,b =length of front and rear support of front leaf spring.

%c,d =length of front and rear support of rear leaf spring.

azL|-LfL;

b=LI+Lf2;

C=L1+L2Lrl;

d=LI+L2+Lr2;

%e,f -equmbrlum force at front and rear support of front leaf spring.
%g, zequilibrium force at front and rear support of rear leafspring.
=RfL-fAA;

f=Rf2+fAA’

R:er-fBB

=Rr2+fBB

%If length of reaction force equal lenght of load.
% force from brake on chassis.

'[f B B);

n

|.
for j= I100
L(i)
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=
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end
if i>=nl;, break,end

1=1+1;

end
% ,T = length for find bending moment.
s=[La b ¢ d];, T=sort(S);

% |:4I0ad for calculate.
-ni+4:
for 1=1: ;
for j=1:nl; )
iIf T(i)==L(j);
ug):
’ end
en
if T(i)==a;
i)=e;
Frgres
i i )==h;
i)=f;
end_ -
if TE! ==¢c;
i)=9;
'e?dT%')
[ i)==d;
i)=h;
end
end
=i
%_Iengt’h start to calculate at the first load.
T=T-T{1);
%calculate bending moment.
%X = length of horizontal chassis beam.

%m = bending moment.
‘l’(/oémd m from equation m(n)=m(n-1)- [ (X-L( ))* ( )]
for" j=1:100000:

for p=2'n:

m()=m )+ () (X()-T(p)));
end

end
if X(j)>=T( ); break,end

end
% combine m with bending moment on front support of front and rear leaf spring.
for j=1:100000;

X(i)=k;

if x(j)>a-F;
m(3)=m(i)-bm
if x(j)>c-F;
ml})=m(j)-bmr;
end
end
if X(j)>=T( );, break,end
k=k+1;
end _
%(I)ength previous first load.
for J=1:10000;
if" T(j)>=(F-2), break, end
|(:k+|(;JS ( )
end _ )
% combine length previous first load.
X=x+F;
X=1[.f ], .
% find bending moment in one heam.
m=m/2;
m=[h m]; %(N . mm

% change unit of ben(}ing moment.

109



ml=m/1000000; %(KkN.-m)

%Plot length with bending moment,

Elot(x,ml) . .

|tleﬁ‘Bend|nﬁ moment Diagram for Case 2a ( Brake )')
xlabel('Length < mm.>")

Ylabel ‘Bending moment < kN.m >")

egend(1Bending moment on horizontal beam')

grid

axis(lon")

22 2b ( )

%Case 2b (Acceleration ,F=I*<weight on wheel drive>)

%This program computes bending moment in horizontal beam. S

%Calculate only cab and container weight because center of gravity is high of neutral
axis .

cle

clear all

close all

%nput Dlata Z===Zzzsszszssszszsszss
%change input data if another model.

mc=600;  %cab weight?kg.)
mf=2000; %weight on front axle.(kg.)
mr=4000; %weight on rear axle.(kg.)
mlf=200; %weight of front axIe.(kg7.)
mir=300; %weight of rear axle.(kg7)
0=0.9412; %distributed load.(kg/ram.)
hi=700;  %equal chassis W|de.%mm.) /
CGc=500;  %(mm.)assum from real dimension
LxI=130;  %(mm.

Lx2=1340; %mm.

Lx3=1615; %mm.

Lx4=5865; %(mm.

L1=900;  %(mm.

L2=3365; %(mm.

L3=1600; %mm.

Lf1=575; %mm.

L2=580; %mm.

Lrl=614; %mm,

Lr2=565; %mm.)

hff=360; %mm.

hfr=500;  %(mm.

ef=195; %(mm.
gr=55; %mm.
rf=370; %(mm.

rr=370; o mm.

% force direction ri%ht and up is positive.

% force direction left and down is negative.

% Force = 1*(weight on wheel drive)

% fd = maximum drive force.

fd=-(1*9 81*mr);

%ac = acceleration of car.

ac=(-fd)/ (mf+mr);

%ralfamlra = inertia force of front and rear wheel.

mlfa=mlf*ac;

mlra=mlr*ac: ,
%tf = length of center of front wheel to front support of front leaf spring.

‘t)/?ctrh?fler} th of center of rear wheel to front support of rear leaf spring.
= -rf);

tr:ihfr-rri; .

% fAA,fBB = couple force on support of front and rear leaf spring,
fAA=-(mlIfa*tf)/ (Lf1+Lf2);



fBB=-((mlra*tr) +(fd*hfr))/ (Lrl+Lr2);;
%L = Iength of load.

;Lxl Lx2 Lx3 Lx4];
%fA,fB = couple force at front and rear support of cab and pick-up truck,
}E/é\ (ac mc*hCGc)/( (2)-L (1)) ;

=(ac*qg*hi
%bn(1f bn?r -)bendmg moment on front support of front and rear leaf spring.
bmf= Emlfa ef%

bmr=(mlra+fd)* ]
% f:\Asurlr_]]mlatﬁg)of rp/?\m%rﬂtl tLo(Ifl)n)d 1rtz\ac(t <()2) olr)c) . %8 f(ro(nt) and))re(e} Br(l IL )
* + * + * * + r
R R LI Ay

A)delta gde taRr = reaction force on front and rear wheel,
deltaRr=s/L2

deltaRf=-deltaRr

%Rfl,Rf2 = reaction force on front leaf spring.

%Rrl,Rr2 = reaction force on rear leaf spring.

%a, = length of front and rear support offront leaf spring.
length of front and rear support ofrear leaf spring.

b=LI+Lf2;
C=L1+L2-Lrt;
d=L1+L2+Lr2;
%e,f = equlllbr|um force on front and rearsupport of front leaf spring.
%gfl -fAAqU|I|br|um force on front and rearsupport of rear leafspring.
+

f=Rf2-fAA;
g=RrI+fBB;
=Rr2-fBB;
%If length of reaction force equal lenght of load.

% = force from brake on chassis.

-[fA -fA B -

U I

for i=l 100
if L]

5=
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=

—

—

P
]
T

T

—
—
—
[
"
(o O

=3

—
—_—
~——

= — —

—n
—
—
—
1

—

==

—
=
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end
o if i>=nl; break,end
i=i+l;

end
% ,T = length for find bending moment.
S=[L abecd]; T=sort();



% = load for calculate.
=nl+4;
for i=l:n;
for jFlTnl' n
| i)== )
B
end
end f TH
[ i)==a;
i)=e;
?PdT”
i i)=-:
i)=f;
iy
[ i)==c;
i)=9;
o y
| 1 )==d;
i)=h;
end
end
E=T:
F=T(1);

% length start to calculate at the first load.

TT

%x = length of horizontal chassis beam.
%m = bending moment.

% find m from equation m(n)=

end

%combine m with bending moment on front support of front and rear leaf spring.

for*j=

)i(r(J x_((j)’>a-E;
J

1:100000;
=k;

end

if
k=
end

%length previous first load.

fo_r jf
h
i f
k

=k+l,

k)il(;j)xT(

| 110000;

)=k

% =0;

fl) =(F

end
if XI('J )>=T( );, break,end

);, break,end

-2),break,end

m(n-1)- [0cL())* ()1k=0;

en
% combine length previous first load.

X=X +F;
foX)

%%H‘Id bending moment in one beam.

m=m/2;

m=[h m);
%change unit of bending moment.
ml=m/1000000;

%Plot length with bending moment.

plot(x,m

1)

%(N.mm)

%(kN.m)

title(‘Bending moment Diagram for Case 2b ( Acceleration )')
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xlabel ‘Len%th < mm.>')

Ylabel 1Bending moment < kN.m >')
eggnd 'Bending moment on horizontal beam')
r
gxis('on')
3 ' 3
3 2
3.1 3

%case 3a (On the curve road)

%Effect of vertical load a=0.5g ) ,

%This program computes bending moment in horizontal beam. = .
%Calculate only cab and carry weight because center of gravity is high of neutral axis

cle
clear all
close all

%Change input data if another model.

L=[130 1340 1615 2065 2515 2965 3445 3895 4265 4665 51
400 200 211.76 423.53 423.53 437.64 437.64 385.88 3

150.59];  %(kg.)

hi=700;  %equal

CGec=500; % assum

L1=900; %(mm.

12=3365;  %(mm.

13=1600;  %(mm.

Lf1=575;  %mm.

Lf2=580;  %(mm.

45 5545 5865]; %(mm.%
62.36 414.12 41412 338.83

Lrl=614;  %(mm.
(I)_/r2:565; %(mm.

%calculate for reaction force. - N
%force direction rlgiht and up is positive.
gf)force direction left and down is negative.
() F g pp=g e s e e e s
[nnl, indl=max(L);

=In ;

% = load for calculate in newton.

%find  from 0.5mg .

%W(l),WéZ) depend on CGc and hi of cab.
1)=-0. CGec/hi;

= *9.81*w(1)*CGelhi
2 :-0.5*9.81*WEZE*CGc/h|;

d)=-o!s*9.81*W(i);

en

%find deltaRr from summation moment at front wheel equal zero.
%deltaRf,deltaRr = reaction force on front and rear wheel.
deltaRr=-(sum( .*éL-LI)))/LZ

deltaRf=-(sum(W)+deltaRr) _

%Rfl,Rf2 = reaction force on front leaf sprmt{;.

%Rrl,Rr2 = reaction force on rear leaf spring!

bl=Lfl1+Lf2;

cl=Lf2'deltaRf;

Rfl=cl/bl

Rf2=deltaRf-Rf1

h2=Lrl+Lr2;

c2=Lr2‘deltaRr;

Rrl=c2/b2

Rr2=deltaRr-Rrl

%length and load for calculate.
(%__9_



C=L1+L2-Lrl;
d=L1+L2+Lr2;

Ieng%ﬂ 0]1: ]tront and rear support of front leaf spring.
0

ront and rear support of rear leaf spring’

%If length of reaction force egual lenght of load.

for"s:l.:flOOL;_ o
LA )i
L )=IT;
()=,

de i)== )
L f2=w(i ) +RF2;
L(l)jH_;

=l
end
if L )==c;
Rri=w(i)+Rrl;
L%!;f[)f
1)=U;

end
if i>=; break
izitl;

.end

end
%Sort length for find bending moment.

%AB = length for
A=[L a b ¢ d];,B=s

find bending moment.
ort(A);

% = load for calculate to find bending moment,

for i=lin+4;

%Iené;th start to
B=B-B(1);

— K e e —

0
K .
(Qcalculate hending

%x = length of ho

calculate at the first load.

rizontal chassis beam.

%m = bending moment.

% find m from equa
k=0;

for i=1-.100000;
X(i)=k;

m )= (1)*X

for j=2 (n

I

tion m(n)=m(n-1)-[(x-L( ))* ()]

+4));;_
>B(j);
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end
if X(i)>=B(n+4); break,end
k-k+1;

end ] .
% length previous first load.

f&r’jf:! 10000;
J):IB;-

hf ?) (F-2),break,end
| >=(F-Z),0reak,en
k:k+‘;J

en

% combine length previous first load.
X=X+F;

Xj.f X, .

% find bending moment in one beam.
m=m/2;

ra:Lh ml; %(N.mm}b .

%¢C an%e unit of bending moment.
ml=m/1000000;  %(kN.m)

%Plot length with bending moment.

?]ot(X,mI

tle

>)<I)abe| 'Length < mm.>")

Ylabel 'Bending moment < kN.m >')

eggnd ‘Bending moment on longitudinal heam')
gri

axis('on')

3.2

%Case 3b (Load on chassis plane,a=0.5g)
%This program computes bending moment in the

plane chassis.

('Be%ding moment Diagram for Case 3a ( On the curve road, Effect of vertical load

%Calculate only cab and carry weight because center of gravity is high of neutral axis

cle

clear all

close all

%Input D.ata S=======ssszzssszzzzzIIs
%Change input data if another model.

%_(k(2;:)

=1 %number of load. , o
le=[l 111111); %moment of inertia in each cross heam.
nll=7,; %number of cross chassis beam.

1=[417 1502 802 910 1332 622]; %(mm.)

bb=700;  %chassis wide.(mm.)

CGc=500;  %assum from real dimension.(mm.)

L1=900; %(mm.
L2=3365;  %(mm.
L3=1600; %(mm.
Lf1=575; % (mm.
Lf2=580; % (mm.
Lrl=614; % mm.
Lr2=565; %mm.

%calculate reaction force.

%calculate only real positive integers length in mm.

% force direction ri%?t agddup is posititv_e.
and down is negative.

% force direction le

L=[130 1340 1615 2065 2515 2965 3445 3895 4265 4665 5
400 200 211.76 423.53 423.53 437.64 437.64 385.88
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% = load for calculate in newton.
W(i)=-0.5%9.81*W (i) ;

end

%find Rr from summation moment at front wheel equal zero.
| RfRr = reaction force on front and rear wheel.
Rr--(sum( . *(L-LI)))/L2

Rf=-(sum(W)+Rr) .

%RfL,Rf2 = reaction force on front leaf spring.

%Rrl,Rr2 = reaction force on rear leaf spring.
Rfl-&LfZ*Rf)/ (Lfl+Lf2)

Rf2=Rf-Rfl
Rrl=(Lr2*Rr)/ (Lrl+Lr2)
Rr2=Rr-Rrl

%length and load for calculate.

%a,b = length of front and rear support of front leaf spring.
%c,d = length of front and rear support of rear leaf spring.
a=LI-Lfl;

=LI+Lf2;

C=L1+L2-Lr1;

d=LI+L2+Lr2;

for"j:Iif100L;iF2
{

(
L(i)
b)

f<¥)

i)+Rfl;

==

,_,
~—

n-

c=.

. =
o

g

o

j—y
—
Tl
‘g_ ;IIII%(‘_: ;IIIIIIII
3 LI S

SS—a=
f

. end

if i>= ; break,end

=i+l
end _ i
%Sort length for find bending moment.
%A B = length for find bending moment.

A=(L a bc d];,B=sort(A); _ _
% = load for calculate to find bending moment,
for |:I:n+f4; )
or j=lin;
{f BEi =:L_(%),
b= ()
end
end
if B(i()i:_-aR;fl'
end '
if B(i)==b;
(1) =P.f2;
end
if Ei(lei:::cR;rI
end ’
if B(?i:-dR;rZ'
end ’

0f=============-_ =====#z.zzsssssooozoss
%calculation internal force form external force.



%Normal force in cross chsssis beam is 0. Because is

%d%/ice for calculate.

%av = internal force on vertical plane.

% 1 = cumulate 1.

I:cumsum(l?;

for k=1 (nll-1);
for i=1:n+4:

e

end
end
av(k)=-sum(qv);
end

%ah = internal force on horizontal plane.

%aaa = summation moment of external force.
(;/Oflrlitllow

for i=l: n+4;
if B(|).<Sl(k).' _
qh(i)=(w(1)*B(i));
end

ah (k) =- (aaa (k) + (I(k)*av(k) ))/ (bb/2) ;

en

%next IOO{)
n

for k [-1);
for i=l:n+4;
if B(i)<SL(k);
if B()>=sl(k-1);
gh(1) = (w(i) *(B (i) -S1 (k-1)))
aaa(k)=sum(qh);
end
end
end
for

gasy to create

program.

%Fmd Mo from external force,
%mxl = bending moment from external force.

I ] . 1
for j=1:1000000;
i)z (i) * B(i) -k
if x(")>_:B(i3 ’
mxL(i . i)=0;
if X(15>:Sl(nll 1);, break,end
=2 (nll-1):
fo[f EBE(I )(>n:511(()4’-1),
kl=b

17



1<% » . o
mx1(i,j)=0;
end
if X(j)>=S1(nll-1);,break, end
end
end
end
end
end
0/::::: ZIIZIZIZIZIZIZ] ZIZIZIZIZIDy :::::::::::::::::::::::::::::

mxIO [sum(mx]) 0];
% mxlnew = new bendmg moment from mxl.

k=I;

for j=l:sum(l)+nll;
mxInew(@)=mx10();
for g=1: nII 1;

if k|1(q)+q;
mxInew(j )=mxI0(K) ;
end
end
k=k+l;
end
mxInew mxInew/1000; %transform unit to N.m

%calculate Mo from av(vertical internal force).
%mx2 = bending moment from vertical internal force.
?/oflrstlloop,

or i=l;

for j:|:1000000'

T j 3\/ R
end

|kf kXI( j)>= Sl(nll-l);(break,end
end
end
Y%next Ioop
for i=2:nll-2:

k—0,
for j=1:1000000;

mx2(i,j)=0;
if X(j)>=S1(nll-1)break,end
s
end

end
%end loop,
for i=nll-1;

000000;
mfxg(l"jlzos;l(' )
if x =sl(i-1); . ,

M2 (i, J)= - (aV (1) * ($1(1)-k);
if X‘j)>=Sl(nII-1);,break,end
k=k+1;

=0;
for’

end
end

% mx20 = add one column in mx2 for find mx2new.
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mx20=[sum(mx2) 0];

% mx2new = new bending

forljzl ssum (1
mx2new(j)
for q=1:n

X

end
mx2new=mx2new/1000;

% Mox = bending moment

Moxzmxlnew+mx2new;

moment from mx2.

% transform unit to N.m

from external force in horizontal beam.

% (N.m)

for find bending moment.
for find bending moment.

% X = length in x-axle
%y = length in y-axle
x=[X SI];
x=sort(x);
y=[0:bb] ;

%Find Mo from ah(internal force).

% Moy = bending moment from
for q=1l:nll;
for j=1l:bb+l
Moy(q, j)=ah(q)*
end
if g==nll;
Moy(q,j)=0;
end
end
end

Moy=Moy/1000;

lcalculate Mn from assume X
%Mn in horizontal beam.

% Mnu = bending moment(Mn)
% Mnl = bending moment(Mn)

external force in cross heam,

((bb12)-y(i));

% transform unit to N.m

n=l N.m

in upper beam.
in lower beam.

%ealculate MI,M2 (Horizontal beam)
for 1=1,
for j=1l:sum(l)+nll;
Mau((i*2)-1,j) = ((0.5/1(i))*(S1(i)-Xx(j))) -1
Mal((i*2)-1,7)=-(0.311(i))*(SI(i)-x(g));
Mnu((i*2),j)=-(0.30L(i))*(s1(i)-x(j))
Ml ((i*2),9)=((0.511(i))*(s1(i)-X()))-1
if j>SI(i)+i;
Mou((i*2)-1,§)=(-0.5/L(i+L))*(St(i+1)-x(j));
Mal((i*2)-1,5)=(0.5/1(i+1))*(SI(i+1)-x(j));
Mou((i*2),j)-(0.5/01(i+1))*(ST(i+l)-x(j));
Mal((i*2),g)=(-0.5/1(i+1))*(s1(i+1)-x(j));
if j>si(i+l)y+(i+l);
Mnu((i*2)-1,j)=0;
Mnl((i*2)-1,3)=0;
Mnu((i*2),j)=0;
Mnl((i*2),1)=0;
end
end
end
Wealculate M3, M4, .. . M( -2) (Horizontal beam)
for i=2:(nll-2);
for j=l:sum(l)+nll;
if o je=SI(i-1)y+(i-1);
Mnu((i*2)-1,j)=0;
Mnl((i*2)-1,1)=0;
Mnu((i*2),j)=0;
Mnl((i*2),3)=0;
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Mnl(<i*2)-1 > {0.5/1(1))* (S1(D)-x(]));
iR RE S0
If/\.>nsul§((iil;§-;l,gg:g-o.5/1.(i+1f)*§8I.(|+l)-X_('))
Mnnlﬁ('(?az')l‘)-(:o 05'/5|/(1|£'|+))12 S| i'+('|)+-1x)'()j(()J-{);
Mn|((i*2),]’f:( 0 5/1(i+1))£(sﬁ(i+1>.x21)’);
S
Mnl |*21-_1,13=0;
Mnu((i*2),])=0;
Mnl((i*2),])=0;
end
end
end

%calculate M(n-1),Mn (Horizontal beam)
for i=nll-1;
for j=1:sum()+nll;
if j<=SI(i-1)+ (i-1);
Mnu((i’2)-1,j)-0;
Mn 1 ((i*2)-1,1)=0;
Mnu((i*2),j)=0;
Mn 1 ((1*2),3)=0;

if j>S1(i-1)+(i-1);
Mnu ((1*2)-1,3)=((0.5/1(1))*(S1(1)-x({)))-1;
Mn I ((1*2)-1,3)=-(0.5/1(1))*(S1(1)-x(1)):
Mnu ((1*2),J)=-(0.571(D))*(S1(1)-xA)):;
M1 ((1*2),1)=((0-5/1(1))*(SI(1)-X(3>))-1;

end

end
end

%Mn In cross beam.

%Mnc = bending moment(Mn) in cross beam.
%calculate MI,M2 (Cross beam)
for i=I;

for q=l:nll;

if for*3=I:bh

+]
Mnc( (1*2
*2



if q==i+l;

Mne(<2*i)-1, =-

e 3
end

er}d >=i+2;

! ?or beb+|

2 4

end
end
end

end
%calculate M(n-1),Mn (Cross beam)
for i=nll-I;

for qul:nlll;

end
end

%calculate bending moment(Mo) for integrate.

%pi = position of load,
for % [zsum(l)+nll;
or i=l:n+4;
if X(J)==B()'

pii)=j
end

osition of cross beam,

i,

% 1 = position _for find bending moment.
sl=[1 pi pc pcil;
sl=sort(si);

%mioh = bending moment(Mo in horizontal beam) for integrate,
for ]f Lzsum (D)+nll:
or |f-| 1+(n|+4% (2*(nll-1))
if j==sl(i
mioh(i MOX(])

}’/ommcl- tl)lendmg moment(Mo in cross beam) for integrate,
or i=l:n

on:::::::::::::::::::::::::::::::::::::::::::::::

%Mnm[xu = mix bending moment(Mn) in upper beam.
%MnmixI = mix bending moment(Mn) in lower beam.

Vil
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% Mnmixc = mix bendlng moment(Mn) in cross beam,

for ﬁ/lznlml(xnu”q,l =Mnu((g*2)-1,:)+Mnu(q*2, :
’%/lnmliﬂléq'l -Mnl“q ? ;+Mnléq ;;

q Mnmixc(q, k,:)=Mnc((q*2)-1.k, :)+Mnc(q*2.k,:);
end

%calculate bending moment(Mn) for integrate.

%minu = bending moment(Mn in horizontal beam) in upper beam for integrate.
‘f%)mlnl lz(belr}dmg moment(Mn in horizontal beam) in lower beam for integrate,
or g

for j-1: sum(I)+nII
for i=1; l+(n+4) (2*(nll-1))
IRt ——
minu(q,i)=Mnmixu(q.j);
m|n|(qq )= Mnmlxl(g,]]);
end
end
end
end ]
%mine = bending moment(Mn in cross beam) for integrate,

for (f]zl (nII 1?,
Eﬁﬂﬂﬂ%'&%&%:&‘;g%’ j2)+

or k=l:nl
nmixc(q,k,bb+1);
*Inirritic*E-Ih5iTE; (2Mka+Mkh) +Mib <Mka+2MKb>]

%BL = position of length for find integrate bending moment
B1=[0 B S| SI];
Bl=sort(BI) ; _
%Ilh = length for integrate bending moment
for i=l:(n+4)+(2*(nll-1));
Ih(i)=BI(i+1)-BI(i) ;
end
%::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

%Integrate Mn*Mn.

%immu = integrate bending momentEMl*ng of upper beam.
%imml = integrate bending moment(Mi*Mk) of lower beam.
%Horizontal beam,
for i=1 (nll-1);
for k=|:_(n||-1),

for j=1:(n+4)+(2*(nll-1));

imu (j) =(Th () /16)*((minu(i,j)*( (2*minu (k, ] ))+minu (k, j+1) )+ (minu (i,] +1)*(minu(k,j) +(2*mi
K3t )));

imI(j)=(Ih(j)/6)*((mini(i,j)*((2*minl(k,j))+minl(k,j+1))+(mini(i,j+1)*(mini(k,j)+(2*mi
ni(k, J+10))))i);

end

immu(i, k)=sum (imu

|mmIE| kg sum&lmlg

%Cross beam.
% imme -flntegrlate”bendmg moment(Mi*Mk) of cross beam,
or gq-l:nll;
or j=1:2;

J(ﬁl:(%mlnc)((jk{]J(JET)I)n)e)()I)q ) ((2*minc(k, g, j))+minc(k, q,j +1)) + (mine(i,g,j +1)* (mine(k

mixime(q)=(sum(ime))/1c(q);
imme(i, k)=sum(mixime);

%Integrate Mo*Mn.
%Horizontal beam.
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% imomu = integrate bending moment%Mo*Mng of upper beam.

(f%nmoml ? ||nte rate bending moment(Mo*Mn) of lower beam,

or n
for J=l:(n¥4)+(2*(nll-1)):

imohu(j)=(Ih(j)/6)*((mioh(j)* ((2*minu(k,j))+minu(k, j+1)) +(mioh(j+1)*(minu(k,j)+(2*minu

(kJ+l)H)H,

nthI1 Slh ((mioh(j)*((2 mini(k,j))+minl(k, j+1)) +(mioh(j +)*(minl(k,j) +(2*mini
)

|m0muE ; sumglmohug

" |mombl sum(imohl

6 Cross beam.

% imomc = |nte%rate bending moment(Mo*Mn) of cross heam,
for ?zlzgllz

1) =((bb/2)16)*((mioc(q,j)*( (2*mine (k, q,]))+minc (k,q,j+1)) +(mioc(q,j+I)*(minc(k,q,
J) (5‘ @ﬁ&k QJ+{)SS))%

miximoc(q)=(sum(imoc))/lc(q);
i ierrr]wmc(k):sum(miximoc);

%calculate X from equation of [MM][X]=[MoM].
% MM = matrix Mn*Mn.

% MoM = matrix Mo*Mn.

MM=immu+imml+immc;

MoM= |m0mu+|m0ml+|momc

x=inv(MM)* (-MoM");

% X1=X2,X3=X4, ..., Xn=Xn-l because chassis is symmety.

%calculate bending moment from M=Mo+XIMI+X2M2+. . . +XnMn
%calculate Min horizontal beam.
% Mhu,Mhl = bending moment of upper and lower beam,

for i=1; 2*( nil-1):
Xnmuf =Xn(1 ) *Mnui , );

anm( =Xn(i )*Mnl(i,:);
en
Mhu=Mox+sum(Xnmu); %(N.m
Mhl=Mox+sum(Xnml); %(N.m
% Bending moment in upper heam and lower beam are the same. (Mhu=Mhl)
%Mh = bending moment in horizontal beam.

Mh=
Mh=Mh/1000; % transform unitto kN.m
%calculate Min cross hbeam.

for i=1:2*(nll-1);
for j=l:nll; , o
end

end
XMnc( .2)=sum(Xnme);
% Me = bending moment in cross heam.
Mc=Moy+XMnc; %(N.m) .
Mc=M¢/1000; %transform unitto kN.m

%Plot length with bending moment in horizontal beam.
%xI x2 = lower and upper beam.

% 2 = posmon of cross beam,
for J'| sum(I)+nI1

A0

end
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2=[0 SI);
plot[yy(X,xz,X,Mh) .
tltleﬂ'BendlnFq] moment on horizontal beam.(kN.m)")
xlabe %'Lengt < mm>%
Klabel "Length < mm.>'
fot(X.x
0t(X,x
F120r i:I:n_?I;
for j=1:bb+l;
yl()=s2(i);
end
plot(yly)
grid on
axis('on’)
hold off

%Plot length with bending moment in cross beam.

%Mcl = bending moment in each cross beam.

figure
hffldt(on )
0t(x,X
Slot(x X2)
for i=l:nll;
or j:[be+|;_
y1()=s2(i) ;

Mcl-(Me(i, )*500)+S2(i );

lot(yl,

Blot KA Y,)y)

end

titIeﬁ'Bendmg moment on cross heam.(kN.m)1)
xlabel('Length < mm.>'

ylabel('Length < mm.>'

grid on

axis('on")

hold off

4 4

%case 4 (Torsion of chassis)
%Front wheel is lifted from the floor.(h=30 cm.)
%This program computes bending moment in the chassis.

cle

clear all

close all

%nput D.ata e
%Chknge input data if another model.

1= [380 1502 802 910 1332 622); %Calculate only real integer in (mm.)
nll=7; 9%Number of cross chassis beam.

bb:700; %Chassis wide. (mmg
sh=4.7; %Horizontal beam thickness. (mm.)
hh=60; %Horizontal beam wide. mm

hh=190; %Horizontal beam high.(m

sc=[4.7 4.5 45 45 445 3); %Cross beam thickness. (mm.)
bc=[60 60 110 75 75 110 358 %Cross beam wide.(mm.)
hc=1120 110 175 175 165 140 130); %Cross beam high.(mm.)
ksf=69.55;  %Spring constant of front wheel. (N/mm)

ksr=219.2,  %Spring constant of rear wheeIéN/mm)

ktf=490.5; %Tire constant of front wheel.(N/mra)

ktr=981; %Tire constant of rear wheel.(N/mm)

Sf=1400; %Front wheel base.(mm.)

Sr=1450; %Rear wheel base.(mm.)
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Scf=700; %(nun. )

Scr=700; %(mm.

L1=900; %{mm.

L2=3365; Ymm.

L3=1600; %4 mm.

Lf1=575; %(mm.

i f2=580; %(mm.)

Lrl=614; % mm.

Lr2=565; %(mm.

=80850; %Shear modolus (N/mm2)
E=210000;  %Young's modolus (N/mm2)

%Prepare data for calculation.
%force direction I‘I?ht and up is positive.
%force direction left and down is negative.

%Data in horizontal beam.

% Ith = Polar oment of inertia.(for standard case.)in horizontal beam.

[th-(1/3)* ((2*(bh*sh*s h*sh))+ (h h 2*sh% *sh*sh*sh)); 9%(mmd)

xth=(bh-(sh/2 % (h2+ éhh sh) (y?* bh shi %2) 9%(mm)

Iwh= sh/ 3)* ((hh-s *((hh-sh) [2)* (bh-(sh/2))* (bh- (sh/2))*((2* (bh-(sh/2) - (3*xth));
% (M6

al ah)sqrt((G/E)*(Ith/Iwh))'

allh= (alfah )12

% Itstarh = Polar moment of inertia.(for this case.Jin horizontal beam.

ltstarh=Ith* (allh./(allh- tanh( )) %(mm4)

%Data in cross heam.

% ltc = Polar moment of inertia.(for standard case.)in cross beam.

= ((h h [2)*(bc(i)- 12))* (ke (i)-
(SC(I)WC(I)*%?*EE) ' CC(ll) 25)0 <3*th )0(;) 51/00(](1')6)) )*(be(i)-(sc(i)y2))*(b=c(i)
%L%%rsgrlt(églce) (elrtco/f ho)r)lzontal beam.

%Ib = length of cross bea
)é?zrs-h§(hh*ih*sh)+(2*2*sh*sh* (bh-sh) )+ (2*sh* (bh-sh) * (bh-sh) [ (2* ((2*bh*sh)+( (hh-
2*X

allc= (alfac b)/2; , . , =
% Itstarc = Polar moment of inertia.(for this case.Jin cross beam.
Itstarc:Itc.*(aIIc./ (allc-tanh(allc))); %(mm4)

%Find Md from define Mr=Pl*bt=] N.mm

%bt = chassis wide.(effect of force cause bending only.)
ht=bb+(2*(Xth-(sh/2)));
%Pl = force from Mr=l' N.mm

Pl=1/bt; %(N.
%Mdc = torsion of cross beam from Mr=l N.mm
Mdc(l) = (PI*L2*Itstarc(l))/(sum(ltstarc) +((2/bt)*sum(ltstarh.*1)));

%Find next Mdc in cross beam.(Mr=I N.mm)

’ Mdc(i)=Mdc(i-1)*(Itstarc(i)/Itstarc(i-1)); %(N.mm)
en

%Fmd Mdh in horizontal beam.(Mr=I N.mm)

%Mdh = torsion of horizontal beam from Mr=l N.mm

'%A(}h(‘)EMdﬁ(ﬁnd) (Itstarh(i)/Itstarc(end));
Od M_dh() Mdh(i-1)* (1tstarh(i)/1tstarh(i-1)); %(N.mm)
en

%Find ctr from Mr=l N.mm

Ctr-G/(Gum(l.*(Mdh.*Mdh) .Z1tstarh))+(sum(bb.* (Mdc.*Mdc)./lItstarc)); % (N.mm)



%Find bending moment (Mr) from h=30 cm.

'%oMr = pending moment from h=30 cm
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r-(300/SH)/ ((2/(SF*Stktf))+(2/(Sct*Scf kst +(2/(Scr*Scr*ksr))+<2/(Sr*Srektr))+(l/ct

r));  %N.mm)
%Find force on leaf spring from Mr=l N.mm
%Rfl,Rf2 = reaction force on front leaf spring.

%Rrl,Rr2 = reaction force on rear leaf spring.
Rfl=(Lf2*-P1)/ (LfL+Lf2);

Rf2=(-PI-Rf1);

Rri=(Lr2*PI)/ (Lrl+Lr2);

Rr2=PI-Rrl;

%Find force in horizontal beam from Mr=l N.mm

%Q/Ql = force due to bending moment on cross beam.
Q(T)-(2/bt)*Mdn(1);
for i=2:nll-1; _ _

Qi) =(2/bt)*(Mdh(i)-Mdh(i-1));
Q(nll)=-(2/bt)*Mdh(nll-1);

Q1=Q;

%Sort length and load for find bending moment.
%Ilength for calculate.

%a,b = length of front and rear support of front leaf spring.
%c,d = length of front and rear support of rear leaf spring.
a=LI-Lfl;

h=LI+Lf2;

C=L1+L2-Lr1;

d=LI+L2+Lr2;

% 1 = length of cross beam.

S1=(0 cumsum(N)];

%If length of reaction force equal lenght of load.

for j=1 100;
If SI(i)==a;
1=Q(i ) +Rf1;
LGB
i)=1):
nll=n1l-1;
[fASI(i )==b;
ISf%:Q(i )+Rf2;
SI({;:ll;
i)=1]:
Qn(II:r[l]Il-I,
"1l 1
Rri=Q(i ) +Rrl;
S| _i}: i;
| !
Qn| :r[]m;
iidSl, *
Rr2=Q(i ) +Rr2;
shizh:
i)=1;
QnIP:nIi-l;
end.
if i>=nll; break,end
i=i+l;
end
%Sort length for find bending moment.
%AB = length for find bending moment.
=[1labcd]
B=sort(A); _ _
% = load for calculate to find bending moment,
for i=l:nll+4;
for k=1:n1t,
if B(i)==S1(k);
w(i)=Q(k);
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%m- bending moment in horizontal beam from Mr=| N.mm
%(f)lnd m from equation m( )=m(n-1)-[(x-L( ))* ( )]

for j=1:100000;

fo 5=t ot
endm(j)=m(j )+ (w(p) *(x(j)-B(p) )); %(N.mm)
'e?dX' B(nll+4); break,end
>= +4);
Ik=k+I('J) (nll+4); break,en

end
%Sort length and bending moment for plot length with bending moment.
%Sort length.

%x = new length after sort.
x=[x cumsum(l%];
x/sort(x)

%Sort bending moment.
%Add 0 in m for sort bendm% moment.

%ml = new bending moment after sort.
m-[m 0],

%Find bending moment in horizontal beam with effect from Mdc.

%m = bendmg moment in horizontal beam with effect from Mdc.

for |-I sum( )+nll;
m2(i )=m(i R+Md0( )i
for { 2:n .
S(J) AITTALH
m2(i)-m2(1)+Mdec(j); 9%(N.mm)
end
end
end

%Find bending moment,force,torsion from Mr at h=30 cm.

%m3 = bending moment on horizontal beam from Mr at h=30 cm.
m3=Mr*m2; %(N.mm)

%RfllI,Rf22 = reaction force on front leaf spring from Mr at h=30 cm.
%RrIl,Rr22 = reaction force on rear leaf spring from Mr at h=30 cm.
RfLI=Mr*RFL; %(N.)



Rf22=Mr*Rf2; O(N.
Rr 1X=Mr*Rr1; %(N.
Rr22=Mr*Rr2; %(N.

% Mdhl,Mdcl = torsion of horizontal and cross beam from Mr at h=30 cm.

Mdcl= Mr*Mdc %(N.mm

%Find bending moment in cross beam from Mr=l N.mm

Mdhl= Mr*Mdh %EN.mm

%my = bending moment in cross beam from Mr=l N.mm

for i=1: 11;
k=0;
for j=I 1000000;
y(j)=k; .
my (i ))=QI(I)M (bt/2)-k);  %N.mm)
i f ySJ >=pt;, break,end
k=k+I;
end
end
%:::::::::::::::::::::::::::::::::::::::::::::::::::::::

?A)myl I_ blelndmg moment in cross beam from Mr at h=30 cm.
or i=l:n

j=1:1000000;

20
I w4
5> bt,,breaf< end

for

Y%change unit of bending moment.
m3=m3/1000000 9%(kN.m
myl= myI/1000000 %(kN.m
%Plot length with bending moment.

%plot bending moment in horizontal beam,

lot(x,m3

?itle(ﬁ'née)nding moment Diagram for Case IV (Torsion of chassis)')
xlabe 1Leng < mm.>")

Ylabel Bending moment < kN.m >")

eggnd "Bending moment in Horizontal beam®)

r

axis('on’)

%plot bending moment in cross beam.

for |-I nil;

figur

p.lot(m 1(i,:).y) . |
|tleﬁ endlng moment Diagram for Case IV (Torsion of chassis)')
xlabel('Bending moment < kN.m >')

Ylabel "Length < mm.>')

eggnd "'Bending moment in Cross beam’)

ri

axis(‘on’

end Fom)

5 5

5.1 ! 5
%_-((:::-::-::-:::: - oo ooz zZZzZZz=Z=:Z

%case 5a éVertmaI impact at front wheel)
%Force = 50% Weight on wheel. .
%This program computes bending moment in horizontal beam.
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cle

clear all

close all

%ﬂnput Data ======z=z=z=z==zz=z==z=z====z=-=o:co=
%Change input data if another model.

L=[130 1340 1615 2065 2515 2965 3445 3895 4265 4665 5145 5545 5865);

wl=400; %(kg)

2=200;

q=0.,9412; %dlstrlbuted load.(kg/mm.

mc=600; % cab weight(kg.)

mf 2000; % weight on front axle, (kg.)

mr 4000; % weight on rearaxle.(kg.)
?k)g

)

<Q

mif 200; % weight of front axIe

mlr=300; % weight of rearaxle.( kg
L1=900; %(mm.

L2=3365;  %(mm.

L3=1600;  %(mm.

Lfl=575  %(mm.

Lf2 580;  %(mm.

Lrl=614:  %(mm.

Lr2=565:  %(mm.

[h=961; % length of center of gravity to line of impact.(mm

| =14181050000; % Mass moment of inertia for the truck (k gmm2

%calculate for reaction force.
% force direction I’I%ht and up is positive.
% force direction leTt and down is negative.

[nnldlnd] max(L);

n

%Av = impact force on front wheel.

% impact force = 50% Weight on wheel.
Av=(0.5*mf*9.81);

%z = linear acceleration of the truck.
%caculate only mass upper chassis frame.
z=Avl(mt+mr-mlf-mir);

%aw = polar acceleratlon of the truck.

(L2 [h)*Av/ly; ,
/ length o f center of gravity
(1)=L(1) +((L(2)-L(1))" 2/me) ;
SUJ=L(i41) +((L(i+2)-L(i+]>) );
li=(L1+L2-1h)-S;
‘f%lplzlle(ngt;] between pick-up truck support.
or i=l:( -
Ip(}i):L(l+3) L(i+2);
en
%mi,mii = mass for caculate impact force.
mi=lp*q;
mii=[mc mi];

%Fldyn = impact force.
Fidyn=(mii.*(z+(1i.*aw)));
= |m act force at chassis frame.

% fidyn

% fidyn(l)an dyn(2 depend on cab weight.
fidyn(1)= I*F|d n(l) ( 1+ 2);

fidyn(2)= Fld()! 2 fi

foynte)= Fioniz) ) 1

or
fidyn(i)=(((Fidyn(i-2))/2)+((Fidyn(i-1))/2));
fidyn( )=((Fidyn( -2))/2

‘f)/pdfydy(nf)dd(r(ectlyon( to)t)jow)n(negatlve)

idyn=

%d)_lelt Rf,ydeltaRr = reaction force on front and rear wheel.
% find deltaRr from summation moment at front wheel equal zero.
deltaRr=-(sum(fidyn. *JL LlF%)lle

deltaRf=- sum(fldyn) elta

%Rfl,Rf2 = reaction force on front leaf spring.
%Rrl,Rr2 = reaction force on rear leaf spring.
I=Lfl+Lf2;

cl=Lf2*deltaRf;

Rfl=cl/bl

Rf2=deltaRf-Rf1

b2=Lrl+Lr2;

Mitra.)
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c2=Lr2*deltaRr;
Rrl=c2/h2
Rr2=deltaRr-Rrl

%length and load for calculate.

%a,b = length of front and rear support of front leaf spring.
%cL,lszllength of front and rear support of rear leaf spring.
a=LI-Lfl;
=LI+Lf2;
C=L1+L2-Lrl;
d=LI+L2+Lr2;
gjll_f__I_e_n_g_t_h__o_f__r_e_a_c_t_ip_n__f_o_r_c_e__e_qqgI__I_e_n_qht__gf__l_o_@d_._ _________________________
0 __________________________________________________________________________
i=l;
for Jf=||1_100?
| i)==a;
. FS.Rlzfidyn(l)+RfI,
fidyn(i) =[] ;
(] 1
~ Rf2=fidyn(i)+Rf2;
fidyn(i) =[];
W Eh,
e
i i)==c;
Fng:fidyn(i)+RrI,
fidyrll((i.%:n ;
i)=(];
:%]-I;
e?OIL i)==d
| 1)==d;
. Fng:fidyn(i)+Rr2,
fldyE((J;:L ;
*L(i)=1];
=n-l;

~end
if i>= ; break,end
i=itl;
end
%A,B = length for find bending moment.
A=[L a b ¢ d];,B=sort(A);

% = load for calculate,
for i=l:n+4;
for Hl:E?;' "
1)== :
=i
end
end
if B(i)==a;
(i)=Rf1;
i?7dB(i,==b;
(1)=Rf2;
ey
[ i)==c;
(i)=Rrl;
[fdB(i)==d;
(8i)=Rr2;

%IenE?th start to calculate at the first load.
B=B-B(1);

%x = length of horizontal chassis beam.
%m = bending moment.
%_(f)!nd m from equation m(n)=m(n-1)- [(x-L( ))* ( )]k=0;
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for j=1:100000;

. end

if xl(])>:B(n+4);, break, end
end _
% length previous first load.
for"f&_l:llg)ooo;

p o=t

if T(j)>=(F-2), break, end

k=k+,
end . .
%combine length previous first load.
X=X+F;

X=¥.f X, .

%find bending moment in one beam.
m=m/2;

m= m] ; ) % (N.mm)

% change unit of bending moment.
ml=m/1000000;  9%(KkN.m)

%Plot length with bending moment.

plot(x,ml) . N

t|tIe§'Bend|nﬁ moment Diagram for Case 5a ( Vertical impact at front wheel )')
xlabel('Length < mm.>')

?/Iabel 'Bending moment < kN.ra >")

eggnd "Bending moment on horizontal beam’)

ri

axis('on')

5.2 5 ( )

Y%case 5h éVertic_aI impact at rear wheel)
%Force = 50% Weight on wheel. c _
%This program computes bending moment in horizontal beam.

cle

clear all

close all

%nput Da[a oo --Z----c-c-=c-:S
%Change input data if another model.

L=(130 1340 1615 2065 2515 2965 3445 3895 4265 4665 5145 5545 5865);  %(mm.)
wl-400; %kg!)

2=200; % k%.) o

q=4000/4250;  Y%distributed load.(kg/mm.)

mc=600; % cab we|ght$kg.)

mf=2000; %weight on front axle.(kg.)

mr=4000;  %welght on rear axle.(kg.)
mlf=200;  %weight of front axle.(kg.)
mlr=300;  %weight of rear axle.(kg.)

L1=900; %(mm.
1,2=3365;  %(mm.
L3=1600;  %(mm.
Lf1=575;  %(mm.)

Lf2=580; % (mm.

Lrl=614; %mm,

Lr2=565;,  %mm. _ _ _

[h=961; % length of center of gravity to line of impact.(mm.)
ly=14181050000; % Mass moment of inertia for the truck (kg.mm2)




%calculate for reaction force.
% force direction I’I(iht and up is positive.
% force direction left and down is negative.

(Q_nl,_|nd]=max(L);

=in

% Ah = |mPact force on rear wheel.

% impact force = 50% Weight on wheel.
Ah=(0. *mr*9.81);

% 2= linear acceleration of the truck.
%caculate only mass upper chassis frame.
z=Ah/(mf+mr-mlf-mlr);

%aw = polar acceleration of the truck.

aws= Ih*Ah/kl
% = Iengh of center of graV|ty.
(=L+((L(2)-L(1))* 2/mc);

(D=L(i+l) +((L(i+2)-L(i+1))12);
[1- -(LI+L2- Ih% )
ff%lp :lle(ngth etween pick-up truck support.
or i=
leﬁé )=L(1+3)-L(i+2);
%mi,mii = mass for caculate impact force.
mi= Ip*q
mii éme mi];
% Fidyn = impact force.
Fidyn-(mii.*(z+(li . *aw))z,
% fidyn = |m act force at chassis frame.
%fldyn(l) f|dyng )depend on cab weight,
fidyn(1)= I*Fldyn( ))/(
fidyn 2 =(Fidyn(1)-fidyn(
fidyn(3)= (F| yn(2 /23/,
fidyn(i)=(((Fidyn(i-2))/2)+((Fidyn(i-1))/2));
fidyn( )=((Fidyn( -
ofydy(n)dl(r(ectlyon( to)()iown(negatlve)
fidyn=-fidyn;
%deltaRf deltaRr = reaction force on front and rear wheel.
% find deltaRr from summation moment at front wheel equal zero.
deltaRr=-(sum(fidyn.*(L-LI)))/L2
deltaRf=-(sum(fidyn)tdeltaRr)
%RflI,Rf2 = reaction force on front leaf spring.
%RrlRr2 = reaction force on rear leaf spring.
bl=Lfl+Lf2;
cl=Lf2*deltaRf;
Rfl=cl/bl
Rf2=deltaRf-Rfl
h2=Lrl+Lr2;
c2=Lr2*deltaRr;
Rrl=c2/b2
Rr2=deltaRr-Rrl
%Ilength and load for calculate.
%a,b = length of front and rear support of front leaf spring.
%c,d = length of front and rear support of rear leaf spring.
a=LI-LfL;
b=LI+Lf2;
C=L1+L2-Lrl;
d=LI+L2+Lr2;

%If length of reaction force equal lenght of load.

:|,
for j:].

1171 ()2
fidynélz)l den( J+REl;

Rf2= fld n(i)+Rf2;
tidyngyatl
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~end
if i>= ; break, end
[=i+1;

end
@6A B = Iength for find bending moment.
A= [L abcd]; B=sort(A);
% Ioad for calculate,
for izl: n+4;

end

%Ilength start to calculate at the first load.

B=B-B(1);
%calculate bending moment.

%X = length of horizontal chassis beam.
%m = bending moment.

%flnd m from equation m(n)=m(n-I)-[(x-L( ))*
o j=1:100000;

. end
if X{J)>:B(n+4);.break,end

end
z&length previous first load.
for j=1 10000;
ﬁ<)—:
|§ ] ), break, end
k

end
@6combine Iength previous first load.
X=X+F;

X=P‘ S .

% find "bending moment in one beam.
m=m/2;

m=[h m); 9%(N.mm)

%change unit of bending moment.

() 1k=0;
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ml=m/1000000; %(kN.ra)
%Plot Iength with bending moment,

lot X

itl ﬂ’Bendln moment Diagram for Case 5b ( Vertical impact at rear wheel )')
labe lLent < mm.>")

label Bendlng moment < kN.m >")

gg d('Bending moment on horizontal beam’)
ri

xis('onl)

n

mLQ—‘<><:—0-_C

%case 7 (Load on chassis plane by friction coefficient difference = 0.5)
%Effect of horizontal load.
%This program computes hending moment in the plane chassis.

cle

clear all

close all

%nput D.ata ::::::::.:::::::::::::::::
%Change input data if another model.

1= (417 1502 802 910 1332 622); %(mm.)
Yonumber of cross chassis beam.

I

mf=1687.45*2;  %weight on front axle.(kg.)
mr=3402.55*2;  %weight on rear axle.(kg.)
bb=700; %chassis wide.(mm

Sv=1400;  %Front wheel base.(mm.)
Sh=1450;  %Rear wheel base.(mm.)

L1=900; %(mm.)

L2=3365;  %(mm.

L3=1600;  %mm.

Lf1=575;  %(mm.

Lf2=580;  %(mm.

Lri=614;  %(mm.)
Lr2=565;  %(mm.)

%calculate reaction force. .
%calculate only real positive integers length in mm

% force direction I‘I%ht and up is positive.
% force direction left and down is negative.
Pv=(mfi2)*9 .81%0.5;
Ph= (mr/2?*9 .81*0.5;

Fh

% Fhu = force on upper and lower beam.

Fhu go S*Pv*Sv)/ (2*bb)§ +((0.5*Ph*Sh)/ (2*hb))
%Rf,Rr = reaction force on horizontal plane at front and rear wheel.
Ef:-é)fs*((Pv*Sv) (Ph*Sh))/ (2*L2)

r=-

%Rfl,Rf2 = reaction force on front leaf spring.
%Rrl,Rr2 = reaction force on rear leaf spring.
Rflz&LfZ*Rf)/ (Lfl+Lf2)

Rf2=Rf-Rfl

Rri=(Lr2*Rr)/ (Lrl+Lr2)

Rr2=Rr-Rrl

%=

%I_ength and load for calculate.

%a,b = length of front and rear support of front leaf spring.
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%c,d = length of front and rear support of rear leaf spring.
a=LI-Lfl;
=L 1+Lf2;
C=L1+L2-Lrl;
d=LI+L2+Lr2;
%B = length of load for find bending moment.
[a bec d]
% load for calculate to find bending moment.
-[RfI/2 Rf2/2 R 112 Rr2/2];

0

%Calculation internal force form external force.
%normal force in cross chsssis beam is 0.Because is easy to create program.

%av = internal force on vertical plane.
% 1= cumulate L.

Sl= cumsum ?
for = 1

|f B(i)<S1(k);
qg(%)= Ei?;
if B(i)>=S1(k);
qu (1)=0;
end
end
av(k)=-sum(qv)
end
%::::::::::::::::::::::::::::::::::::::::((::((::::::::::::::::::::::::::::::
";oah = internal force on horizontal plane.
0::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

%aaa = summation moment of external force.
?/ofll’st IIoop,
or

aaa(k =0;
fOI’_(Ig 4
if

end
%next loop.

aaa(k)=sum(qh);

4
for j=1:k-I; )
aaa(k)=aaa(k)-aaa(k-j) ;
end

ah (k) =- (aaa (k) + (L (k) *av (k) ))/ (bb/2) ;
end

%calculate Mo(bending moment) from external force.

%Find Mo from external force.
%mxl = bending rloment from external force.

1n
for j=1 1000000;
(3= (1) (B (0)-K)
mxI(i,)=-w(i)*(B(i ;
R e
le)S“ )=0;
dlf (J)>=S1(nl1-1);, break, end
en



for 3=1:1000000;
x(i)=k;

mxI(i,j)=- (i)*((B(i)-SI(q-1))-k1);

mxI(ij)=0;

+:
if X(j)>=sl(nll-1); break,end
end
end
end
end
end

%mxio = add one column in mxl for find mxInew.

mx|0=(sum(mxI) 0];
%mxlnew = new bendmg moment from mxl.

for’ j=lsum(l)
rfnxlnewﬁj =

%calculate Mo from av(vertlcal internal force).
%mx2 = bending moment from vertical internal force.
%flrstlloop

for i=

k=0;
for j=11000000;

mx2§ j>31 a[}v ()*(ST(i)-k));
mx2(i,j)=
Lf:k>f|(1)>:81(nll-l);,break,end
end
end
Y%next Ioop
for LO nl-2;
for’ 3=1:1000000,
(40
if X("f>:_s’|(i-1) _
mx2 (i, j)=- (av (i) * (S (i) -k) )
R
ka-kz(l(,”> S1(nll-1);,break,end
end
end

%end loop.
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for i=nl1-1;

for’ j=11:1000000;
X d)=k;
mx2 (i, j)=0;
if X (§)>=sl1(i-1);

dmx2(i > )= @@ MST (D -K));

en
if X@)>=S1(nl1-1);,break, end
k=k +1;

end

end

% mx20 = add one column in mx2 for find mx2new.

mx20=(sum(mx2) 0];
% mx2new = new bending moment from mx2.
k=1;
for j=1:sum(1)+nll;
mx2new(§ )=mx20() ;
for g=1:nll-1;
it j==Sl(9)+q;

mx2new(§ )=0;
end
end
k=k+1;
end
mx2new=mx2new/1000; % transform unit to N.m

% Mox = bending moment from external force in horizontal beam.
Mox=mxInew+mx2new; %(N-m)
% X = length in x-axle for find bending moment.
% y = length in y-axle for find bending moment.
x=[x SI];
x=sort(x);
y=[0:bb];
%Find Mo from ah(internal force).
% Moy = bending moment from external force in cross beam,
for qg=1:nll;
for j=l:bb+l;

Moy(q, j)=ah(a)*((bb/2)-y());

end
if g==nll;
Moy(q.3)=0;
end
end
end
Moy=Moy/1000; % transform unit to N.m

%calculate Mn from assume Xn=1 N.m
%Mn in horizontal beam.

% Mnu = bending moment(Mn) in upper beam.

% Mnl = bending moment(Mn) in lower beam.

%calculate M1,M2 (Horizontal beam)

for i=l;

for j=l:sum(D)+nll;

Mnu((i*2)-1,3)=((0.5/1(1))*(SI(1)-x(J)))-1;
Mn1((1*2)-1,1)=-(0-5/1(i))*(S1(1)-x(1)):
Mnu ((i*2),§)=-(0.5/1(i))*(S1()-x(i)):
MnEC@*2), 1)=(0-5/1())*(SI(D)-XB)I)-1;

Mnu((i*2)-1,§) = (-0.5/1G+1))*SIG+D-xG));
Mnl ((1*2) -1,3) = (0.5/1 (i+D MSIT @+1)-xJd) );
Mnu ((i*2),j)=(0.5/71Ci+1))*(SI1(+1)-x{));
Mn1 ((i*2) ,g)=(—O.5/1(i+1))*(SI(i+1)—x(i));

if j>S1@@+1)+ (+1);
Mnu ((i*2)-1,J)=0;
Mnl ((i*2)-1,3)=0;
Mnu ((i*2),j)=0;



138

Mnl((i*2),)=0;
end
end
end .
%calculate M3,M4,.. M(n-2, (Horizontal beam)

or i=2 (nll-2);
for 1_:sumﬁ1).+nll;.

if <=s.(|-1)+(_|-18;
nu((i*2)-1,j)=0;
i
Mnl&*2]$5m

! '?E'{;%gfﬁ“lli 0.5/1 (i) )* (I () -x(j) ))-!
AR
i 1*ﬁr%;¥m:W1 g;*&|8%1%%§yl

ifdj>sl(i)+i;
nug(i*2)-1,j)=¢-0.571¢G+1))*(S1 (i+1)-X( ) );

Mnl((G*2)-1 “ (0.5/1(i+1))* (él(m) -x());

MnUCCi*2),j ) (0-5/71(i+1)) < (SI (i+1)-XG)):

MnE((i*2),3)=(-0.5/1(i+1))*(s1(i+1)-x());
if >s|(|+1 +1(|
-1,3
.13;20,

>(->(->(->(-

end
end
end .
%calculate M(n-1),Mn (Horizontal beam)
for i=nll-1;
for j=|_:sumﬁl)+n
If j<=8§ I

Vh in cross beam.

%Mnc = bending moment(Mn) in cross beam.
%calculate MI,M2 (Cross beam)
for i=I;

for g=l:nll;

if for"'\S/lnlC bgbilz;

end



%calculate M3,M4,. . .M( -2) (Cross beam)
for i=2 (nl1-2);
for g=1:nll;
[

f g<=i-l;
?or j=1:bb+l;

end
%calculate M(n-1),Mn (Cross beam)

for i=nll-I;
for qf=|:rlllI |
" lor :'I:bbztll; 1 /,
a2+ 4/ 1147
I 11
M 2 * | l' = 3 2
» Mﬂg?? W dics )y
e?d I
S=
I ?orn:'I:beH, 0L)= (X [bb)* (bby(i )]t
ne((2*i)-1,q,j)= - ;
» wnct(2+1)- 0 S s bty i)
end
end
end

%calculate bending moment(Mo) for integrate.

%pi = position of load,
for jf sum (D +nll;
or i=1:4;

% 1 = position for find bending moment.

sl=(1 pi pc pci
si= gorpt(spl)p I

% mioh = bending moment(Mo in horizontal beam) for integrate,

L é'mn.. )
i)

n
+
if 1

(i) =Mox(j );

144
J:=S
mioh (i
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end

end
end
% mioc = bendmg moment(Mo in cross beam) for integrate,
for i=1:n11;

mioc(i, 1)= |,1B]

mioc(i,2)= (|%b/2 )+1)

m|0cE|3 Moy(|,
and
gjomlx bendlng moment(Mn) before mtegrate
0:::' ::::::::::::-:: == = = = ==
% Mnmixu -mlxbendmgmoment Mn mupperbeam
% Mnmixl =mixbendingmoment(Mn) inlowerbeam.
;/0 Mnm||xE m =mixbendingmoment(Mn) incrossbeam,
or

ﬁ/lnmmu (g, )=Mnu((q*2) -1, :)+Mnu (<3%2, );

?AnmIiXII(q’I =Mnl((q*2)-1,:)+Mnl(q*2, );

’ Mnmixc (q k, )=Mnc ((<3*2) -1, k, )+Mnc(q*2, k, :);

en
end
%::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

%mmu = bending moment(Mn in horizontal beam) in upper beam for integrate.
?/om|n| I=(be|n|d|ln)g moment(Mn in horizontal beam) in lower beam for integrate,
or n
for ? [:sum(L)+nll;
or |f-I 1+4;r((2)*(nll 1))
== 1) ;
minu(g,i)=Mnmixu(q,j);
mini(q,i)=Mnmixl(q, ;
end
end
end
end
% mine = bendin
for =l (nll-
or k I
mine
mine
mine

g moment(Mn in cross beam) for integrate,

1) =
2 =Mnmixc(q,k, (b
3 =Mnmixc(q,k,bb+

Mf‘\:

Mnmlxc kle'
il

end

antegr IMIAMKHIIAMxa M ka+Mkb) +Mib (Mka+2Mkb)!

%BL = posmon of length for find integrate bending moment.

BI=[0 B SI S1j;
Bl= sorthl) .
%lh = length or integrate bending moment,
for i= 4+é2 Il '
[h(i)=BI(i B 1;
end

%Integrate Mn*Mn.

%immu = integrate bending moment(Mi*Mk) of upper beam.
%imml = integrate bending moment(Mi*Mk) of lower beam.
%Horizontal beam,
for i=1: {(nll 1);

for k=1 (nll-1

for j=I: 4+)(2*(nll 1));
h(;))/,5) ((minu(i,j)*((2*minu(k,j))+minu(k,j+1))+(minu(i,j+D)*(minu(k,j)+(2*mi

h({)/ E((mini(i,§)* ((2*mint(k,j))+minl(k,j+1)+(minl(i,j+)*(minl(k,j)+(2*mi

~—
~

|mmu( =sum(imu);
immlI(i, k)=sum(iml});

% Cross beam. , )

%imme = integrate bending moment(Mi*Mk) of cross beam.



for gq=1:nll;
(T]or j=l:2;

=((bb/2) 16) *((minc(i
Fizminc(icy, ).
(

mixime(q)=sum(imc);

|mc({)

n
iramc(i, k)= sum(miximc);
end
end

%Integrate Mo*Mn,

%Horizontal beam.
%imornu = integrate bending moment (Mo*Mn) of upper beam.
;Anmoml -( |nte rate bending moment(Mo*Mn) of lower beam,
or

for j'| 4+(2*(n|l n);

imohu(j)=(1h(j)/6)* ((mioh(j)* ((2*rainu(k,j))+minu(k j+1))+ (mioh(j+

tk,j+1) )

{0, 0) *((2'mine(k,g, j))+rainc (k g, j+1) )+ (minc(i,q,j +1)*
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(minc(k

D)*(minu(k,j)+(2*minu

|mohl({g;(lh(;)/6)*((mi0h(j)*((2*minI(k,j))+minI(k,j+I))+(mioh(j+|)*(mini(k,j)+(2*min|

(kij+1))) )

imornu(k
|m0ml%k

% sum(|mohu%
%Cross beam.

sum(imohl

% imomc = mtegrate bending moment(Mo*Mn) of cross beam,

for? [:nl
or112

Imoc(])=((
j)+(2 mlned(k ;
miximoc(q)=sum(imoc);
end .
imomc(k)=sum(miximoc);
end
%calculate X from equation of [MM][X]=[MoM].
%M = matrix Mn*Mn.
% MM = matrix Mo*Mn.
MM=immu+imml+immc;
MoM=imomu+imoml+imomc;
x=inv(MM)* (-MoM');

% X1=X2,X3=X4,... ,Xn=Xn-l because chassis is symmety.

%calculate bending moment from M=Mo+XIMI+X2M2+. .. +XnMn
%calculate Min horizontal beam.
% Mhu,Mhl = bending moment of upper and lower beam,

for %rlnz*(n”m) *Mn
i AN

’ Xnm Xn(i)*Mn

en

Mhu=Mox+sum(Xnmu); %(N.m
Mhl=Mox+sum(Xnml): %(N.m

% Bending moment in upper beam and lower beam are the same.(Mhu=Mhl)

%Mh = bending moment In horizontal beam.

M?} '\|<|/lhh/1000; %transform unit to kN.m
%calculate Min cross beam.

for | [:2*(nll- 1)

for j=l:nll;
§<nmc (i, )=xn(i)*Mnc(ij, );

b/2)/6:)1)( Smloc(q jr+c(2%rainck, o, jy)ytminc(k,q,j+1))+(mioc(q,j +1)= (mineck.q,
j+
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end

end

XMnc( ,:)=sum(Xnmc);

%Me = bending moment in cross beam

Mc=Moy+XMnc; %(N.m) )
Mc=Mc/1000; %transform unit to kN.m

EA)PIot length with bending moment.

%Horizontal beam,

plot(x, M) . - . .

t|tIeS'Bend|ng moment Diagram for Case 7 ( Friction coefficient difference = 0.5 )")
xlabe 'Lengt < mm.>")

i/label "‘Bending moment < kN.m >')

eggnd 'Bending moment on horizontal beam')

ri

axis(lon')

%Cross beam.

titIeﬁ'Bending moment Diagram for Case 7 ( Friction coefficient difference = 0.5 )")
xlabel('Bending moment < kN.m >)

Ylabel "Length < mm.>")

eggnd 'Bending moment on cross beam')

ri

axis(lon')

end
%
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