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Abstract :

In this paper, a systematic 5-mode(road steering, all-wheel steering, crab steering, reduced swing out mode

and independent steering) steering algorithm design process for an all-terrain mobile crane with 5 axles and all steerable
wheels is proposed. Steering angles for each steering mode are designed based not only on basic theory but also on
vehicle specification, design limitation and requirements. A multi-body dynamic analysis is carried out to investigate
the feasibility of the steering algorithm. According to the results, the proposed steering algorithm meets the objective of

each steering mode.
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Table 1 Weight and center of weight of the vehicle

Mass Mass center
(x,y,2)
B A} 23 ton (3.62 m, 0.00 m, 0.86 m)
A 2} 60 ton (3.97 m, 0.00 m, 1.50 m)

i 3 _jL;i?—-

s (£ 23m
as - L.l.-_l.i _'.i‘ as—
256m  165m  1.81m 7
7.72m
a2 a R
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e _ @55 27 34 9%

Fig. 1 Weight and center of weight of the vehicle
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Fig. 2 Trapezoidal steering system

Table 2 Length of steering linkages for each axle

2 L L
15 330 mm 1825 mm 1691 mm
23 480 mm 1825 mm 1313 mm
3= 420 mm 1825 mm 1687 mm
4= 510 mm 1825 mm 1353 mm
55 330 mm 1825 mm 1659 mm

Table 3 Maximum steering angle at each axle of the vehicle

Forward Rearward SAC
15 32.1 deg 40.0 deg 36.05 deg
23 13.3 deg 17.9 deg 15.60 deg
3% 22.0 deg 19.7 deg 20.85 deg
4= 22.0 deg 16.3 deg 19.15 deg
5% 34.4 deg 27.5 deg 30.95 deg
é § %Forward
g % &Reawvard
2

Fig. 3 Definition of maximum steering angle for forward
&rearward at an axle
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Fig. 4 Connecting linkages between 1" axle and 2™ axle of
the vehicle

Table 4 Design criteria for each steering mode of the vehicle

Mode Design criteria for steering performance

Road steering -
Less than 9.5 m

All wheel steering

Maximum steering angle : More than 18 degree

reeri
Crab stecring (Steering deviation : Less than 10 %)

Swing out : More than 0 m

Reduced swi t
ecuced swing ou (Radius of turn : Less than 30 m)

Independent steering

Road steering mode
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Fig. 7 Concept of “Road steering mode” with maximum
steering angle at zero speed
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Fig. 8 Steering angle change along with the speed of vehicle
change
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Fig. 9 Designed correlation between 1% axle steering angle
and 3", 4", 5" axle steering angle with respect to the
“SAC” for the “Road steering mode” of the vehicle
with zero speed
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Table 5 Steering characteristic constants for the “Road
steering mode” of the vehicle

i 4 5 G D
3 0 0 0 0

4 9.97e-3 -4.71e-1 3.25¢-4 2.15e-6
5 6.75e-3 -8.61e-1 8.75e-5 6.96e-7

®  Ref Axle 3
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Fig. 10 Designed correlation between 1% axle steering angle
and 3%, 4" 5™ axle steering angle with respect to the
“SAL” for the “Road steering mode” of the vehicle
with zero speed
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Fig. 11 Concept of “All wheel steering mode” with maximum
steering angle
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Fig. 12 Designed correlation between 1™ axle steering angle
and 3™, 4™, 5™ axle steering angle with respect to the
“SAC” for the “All wheel steering mode” of the
vehicle
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Table 6 Coefficient of equation for all wheel steering mode

i | Region A4, B, G D,
I 73.48 7.41 2.40e-1 2.48e-3
3 11 0 0 0 0
111 -146.97 16.95 -6.36e-1 | 7.73e-3
4 - 5.23e-3 | -5.09e-1 | 5.30e-4 | -3.48e-5
5 - -8.17e-3 | -9.58e-1 | 5.23e-4 4.57e-6
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Fig. 13 Designed correlation between 1% axle steering angle
and 3%, 4", 5™ axle steering angle with respect to the
“SAL” for the “All wheel steering mode” of the
vehicle
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Fig. 15 Designed correlation between 1% axle steering angle
and 3", 4" 5™ axle steering angle with respect to the
“SAC” for the “Crab steering mode” of the vehicle

Table 7 Coefficient of equation for crab steering mode

i| Region | 4 B ¢ | »
1 -18.17 0 0 0

3 11 -2.04e-2 | 7.46e-1 | 3.48¢e-3 | 9.27¢-6
111 20.12 0 0 0
1 -16.29 0 0 0

4 11 -4.35e-2 | 7.46e-1 | 6.33e-3 | 2.41e-5
111 22.00 0 0 0
1 -17.96 0 0 0

5 11 -2.08¢-2 | 7.46e-1 | 3.79¢-3 | 1.09e-5
111 20.32 0 0 0
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Fig. 16 Designed correlation between 1% axle steering angle
and 3" axle steering angle with respect to the “SAL”
for the “Crab wheel steering mode” of the vehicle
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Fig. 19 Designed correlation between 1% axle steering angle
and 3", 4", 5™ axle steering angle with respect to the
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Fig. 21 Multibody dynamic analysis model of the vehicle
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