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INTRODCUTION ARTICULATED WHEEL LOADER

« An articulated steering wheel loader has two separate parts that are connected by a vertical axis pivot. The relative yaw
angle between these two parts is changed by two hydraulic cylinders when the driver turns the steering wheel.

» Research on the wheel loader stability and dynamics could be experiments and computer simulations.

« Experimental methods for studying the wheel loader stability and dynamics are limited because such methods entail a long
experimental period, high cost, and higher risks.

 For these reasons, computer simulation is considered to be one of the most powerful methods for the study of the wheel
loader stability and dynamics. It is able to predict the response of a wheel loader to operations by the operator and under
given terrain conditions.
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With respect to the global coordinate system (0—xyz), six motions exist in the local coordinate
system (00—x0y0z0) as listed below:

» Forward displacement (x),
« lateral displacement (y)

» \ertical displacement (z2)
 roll (6)

* pitch (w)

*yaw (),
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MATHEMATICAL MODELLING AND GOVERNING EQUATIONS

(1) Front body

“xp = x + Xgcos§ cos i cos — XpsinS(cos@ sing — sin 6 sin ¥ cos ¢)
+ Zg(sin @ sin @ + cos & sin ¥ cos @),
‘vg = v+ Xgpcosd cos ¥ sing + Xg sin §(cos @ cos ¢ + sin 6 sin ¢ sin @)
— Zp(sin @ cos @ — cosf sin Y sin @),
‘2z =z — XpcosSsin Yy + Xgsind sin @ cos W + Zg cosd cos yr,
O = 6 cosd + Y sind,
Yrgp = Y cosd — O sind,

YF = @ + 0.
(2) Rear body (3) Rear axle
xp = x + Zp(sinf sin @ + cosf cos @ sin ) + Xg cos ¥ cos ¢ xg = x + Xpcos 1 cos ¢ + Zg(sin by sin @ + cos By cos ¢ sin ),
“yr = v — Zp(sinf cos ¢ — cos @ sin i sin @) + Xg cos ¥ sin ¢, ‘yg = v+ Xg cos i sing — Zg(sin ) cos ¢ — cos by sin i sin @),
‘7 =2 — Xpsiny 4+ Zg cosf cos ¥, ‘75 =7 — Xpsiny + Zg cos by cos U
R =0, b = .
Yr =V, WB — w’
YR = ¢.
B =9.
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Governing equations:

Lagrange equations were used to derive the governing equations of motion for the wheel loader system

The kinetic energy of the system can be written as

T = [mp(" + 3¢ + “25) + mr g + Vg + “ZR) + mp (i + Vg + Zp)
+ (Ixxpbf + Iyypvrd + Izzeg) + (IxxrOg + Iyyr Vg
+ Izzr o) + (Ixxp0s + Iyyp Vi + Izze93)1/2

The potential energy of the system can be written as

U = mpg(“ypsin¢g + “zpcos ) + mpg(“yr sin ¢ + “zr cos ¢p) + mpg(“yg sin ¢ + “zg cos ).
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The generalized forces that are required to solve Lagrange’s equation are as follows:

Q. = —(Fy) + Fyp) sin(g + 8) — (Fy3 + Fyy) sing + (Fry + Frp — F) — F;p) cos(g + 8)
+ (Fr3 + Fry — Fia — Fy)cos g,

Oy = (Fy1 + Fyz)cos(p + 8) + (Fy3 + Fya) cos ¢ + (Fr1 + Fra — Fa — Foo) sin(g + 8)
+ (Frs+ Fr4 — Fia — Foy)sing,

Q:=Fy+Fa+Fa+Fu.

Qs = (Foi+ Fo)(R+h)cosd — F,1(05Bcosd — [psind) + F2(0.5B cosd + g sin d),
Qo1 = (Fy3 + Fl)(R+ h) + 05B(F.4 — F ),

Oy = —F.(lpcosd + 0585 d) — Fallpcosd —03Bsinéd) + (F5 4+ Fy)lp.

Oy = (Fy1 + Fally — (Fya + F)lp. (8)
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Given that the loader’s longitudinal speed is constant, the traction forces F;, rolling resistance forces F;, and
component force of gravity along the longitudinal direction are balanced.

Therefore, the longitudinal forces are:

Xi?

mpgsngsin(g +38)

Fri — Fy — 0.
Tl l 7
Fry— F.p— mpgsin g simnie + 4) _0.
2
Fro— Fon — (mp +mplgsmgsing 0.
2
Fre— Foe — (mp + mg}i SIn ¢ SIn @ _0
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MATHEMATICAL MODELLING FLOWCHART

Input
wheel loader
Turning angle & Set
initial value

Slope angle ¢ v,&,T
Size of obstacle /,,d,

Workspace | =
e

Longitudinal | | Vertical force Tatoed ore
force Fp,~F, F, F,
Lagrange’s equations Gel;::::slnd
dér er ou ab
————t—t—=0)
dtax ax ax ax
dér er au ap
T T T o
ay
dér er eu ap
EE_E+E+E=Q"
ap —

dor_ar v o _,
drog o6, o6, aq o
4o _or U
Aoy oy oy aw'g"
dar ar au ap

wod e a2

Il

ODEISi

<

Yes

Yes @

No

dar_or au

o6 30 0 o8 % (o]
Lo ]
%]

Modelling and Dynamic Analysis of Wheel-Loader (Term Project)




OBJECTIVE TEIRI

To model wheel loader(kobelco) and testing for

dynamic analysis under:

« Simulations of Wheel loader on level road with obstacle

« Simulations of Wheel loader when taking turning on level
road without obstacle

« Simulations of Wheel loader when taking turning on level
road with obstacle

« Simulations of Wheel loader on level road with slope

 Simulations of Wheel loader on level road with slope with
Obstacle
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CAD MODEL.:
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Simulations of Wheel loader on level road with obstacle

Operating conditions: Pl W
I. \ehicle speed(m/s) : 0.5
1. Turn Radius : 0.4m

[11. Slope angle : O Obstacle dimensions
V. Obstacle dimensions: d,=0.2m, h,=0.05m.

FIG: Wheel loader on level road with obstacle
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Results of simulation of Wheel loader on level road with obstacle.
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Simulations of Wheel loader when taking turning on level road without obstacle. |||Ilm

Ind

Operating conditions:
\ehicle speed(m/s) : 0.5
Turn Radius : 0.4m

Slope angle : 0
o2
2
Rl
P
: Angular velogity Vs Time
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Simulations of Wheel loader when taking turning on level road without obstacle.
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Simulations of Wheel loader when taking turning on level road with obstacle.

abad

+» Operating conditions:

+* Vehicle speed(m/s) : 0.5

 Turn Radius : 0.4m

s Slope angle : 0

% Obstacle dimensions: d,=0.2m, h,=0.05m.
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Result of simulations of Wheel loader when taking turning on level road with obstacle. Illlll
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Simulations of Wheel loader on level road with slope.
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Operating conditions:
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Simulations of Wheel loader on level road with slope with Obstacle.

¢+ Operating conditions: T [P i
¢ Vehicle speed(m/s) : 0.3
¢ Slope angle(Degree) : 16.69

¢ Height of Slope : 300mm

¢ Length of Slope : 1000mm

% Obstacle dimensions: d,=0.2m, h,=0.05m.
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Braking System for Direct Yaw-Moment Control

The test vehicle was modified to apply braking force on either the left or the right tires. Four hydraulic poppet valves and
an auxiliary master cylinder were inserted into each hydraulic line in the brake system. These valves switch the brake
system from normal mode to yaw-moment control mode. Py is hydraulic pressure, brake piston force Fpand the braking

force Fg on the tire generated by brake piston force F; .

Fp = ppApPg
Pick-up sensor Right front tire
Brake friction plate_

Left front tire

| Hydraulic valves

Foot brake pedal

Push force by brake lever
S

Left rear tire Differential gear p. it rear tire
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Braking System for Direct Yaw-Moment Control

Fp = pApPp

B 2TEF1:|

I'tire

Fp

E. _ 2MrreApPs
g — ~HPTB/IPTB
T'tire
Where A is the cross-sectional area of the front or rear brake piston, and
Is the friction coefficient of the brake friction plate. And ry, is the radius of

the tire. The factor of 2 indicates that F; acts both sides of the friction plate.

Pitch circle of friction plate Hydraulic pressure

P Brake piston S\E Py
R —

Pressure from
master cylinder

Ap  Torque from motor

By N \
tire /
~ Brake friction plate
PP T TT7T
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Equations of Motion

o, dr The equation of motion in the y-direction is.
Front % 2 P
S2 d
& " mV (ff + Jf) = (Fs1 +Fsy) cos o + (Fs3 + Fs4) €OS ay.
F:S'I
T ] Fg, L
/| o The yawing motion is:
ANy l dy
A y .
& ba i 8 IE = (l4Fs1 + IrFsy) cos o + df(FS‘l — Fg) sin ¢
S3
F,. N4 / ' — (I3Fs3 + l4Fsa) cos ar — dy(Fs3 — Fsa) sin o + Nz.
B, Ly Fg,
R
= %) d, 5 Fs1 = —Kcp1, Fs2 =—Kcpa,

Fs3 = —Kcfs, Fsa = —Kcpa,
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Simulated turning radius
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Tire Analysis with Considering Lateral Force as Dominance over the Longitudinal Force

a) Strains at interface of wheel and ground b) Stresses at interface of tire and ground

3.8182e10

1.6154e-6 Min A0y

c) Total Deformation d) Minimum principle elastic strain
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Recent Advancements in wheel loader

Electric Compact Wheel Loader:

» The electric compact wheel loader delivers zero emissions, significantly lower noise levels, improved efficiency and
reduced operational costs, compared to its conventional counterparts.

« Combustion engine is replaced with a lithium ion battery. This stores enough electric energy to operate the machine
for eight hours in its most common applications, such as light infrastructure construction and landscaping. The wheel
Loader also incorporates two dedicated electric motors, one for the drivetrain and one for the hydraulics. Decoupling
the subsystems gives higher efficiency in both the systems and the entire machine.

Hybrid Powertrain:

 In this innovation, the power is delivered from the Engine to the wheels and other components through two paths, a
hydrostatic and mechanical path. The power delivery paths can be alternated depending upon the type of requirement,

elther hlgh speed low torque or low speed-high torque applications.
- *\u " Voo

Concept
Lab

Electric Wheel Loader Hybrid Powertrain
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e https://www.youtube.com/watch?v=hLG B7YGvZS8

e https://www.youtube.com/watch?v=aPX12hoipOg

e https://www.youtube.com/watch?v=vnAp70VV0OX8&t=73s

e https://www.youtube.com/watch?v=0MSxkoV3pBs&t=1s

* https://en.wikipedia.org/wiki/Articulated vehicle
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