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[Abstract]

This study developed an algorithm to calculate vehicle turning radii in curved sections to prepare for potential collision
scenarios. Using this algorithm, a system was proposed to detect and preemptively display sections where collisions may occur.
The target areas for applying the developed algorithm were set as urban intersections and building parking lots. The analysis
showed that the turning radius for passenger cars was 7.36 m at a maximum steering angle of 21.5°, while for large vehicles, the
turning radius was 11.55 m at a maximum steering angle of 41.9°. Additionally, when compared with results from commercial
software, the difference was less than 10 cm, confirming the accuracy of the algorithm. This study provides a foundational
contribution to vehicle collision prediction and is expected to be further applied in urban traffic management and parking systems.
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Table 1. Minimum turning radius(m) by design vehicle

Vehicle | Wheel base | Minimum
Country Design vehicle length length turning
(m) (m) radius (m)
Passenger car 4.7 2.7 6.0
Japan Small vehicle 6.0 3.7 7.0
Semi-trailer 16.5 4;0(&(;”;&)/ 12.0
Passenger car 4.7 2.7 5.8
Truck 6.0 3.5 6.1
2-Axle truck 12.0 6.5 12.0
Germany 3-Axle truck 9.5 4.9 9.8
Bus 11.0 5.6 11.2
Articulated—bus 17.3 5.6/6.2 10.5~11.3
Tractor—trailer 18.0 5.0/5.3 12.5
Passenger car 4.7 2.7 6.0
Small vehicle 6.0 3.7 7.0
Korea Large vehicle 13.0 6.5 12.0
Semi-trailer 16.7 499&;0;2&)/ 12.0
2
R= 1< Gt ) M
Where, R : Minimum Radius(m)
Vi Design Speed(km/h)
i : Rate of Supereleberation (%)
[ ¢ Side Friction Factor
ot 20km/h olste] A&How FHsh= Aol A%
o] 3+ AN(WB), 2372K0,) ol 3l & &S vl
B2, A% SN Ae] 31 AR, ke

23 424 20 A AT,

-

o= Sin(G’C)

Where,

3376

r, : Turning Radius (m)

ly: The Lengthof Wheel Base (m
. The SteeringAngle ()

0
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Table 2. Variables list for calculating of turning radius(m)

Item Abbreviation Unit
Overall length Iy
Front Iy
Wheelbase Ly m
Rear le m
Vehicle height h m
Vehicle width w, m
Tread width Wy m
Ground clearances he m
Steering angle 0 deg
Lock to lock time t, s
Speed 174 Km/h
Superelevation 7 %
Lateral friction f s
Lateral acceleration a m/s?
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Fig. 1. Concept of position for calculating turning radius
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Fig. 2. Calculating for turning radius using maximum
steering angle(Passenger car)
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Table 3. Variables list for calculating of turning radius (m)

Vehicle specification Passenger car| Large bus
Overall vehicle length (m) 4.70 12.34
Front (m) 0.80 1.92
Wheelbase (m) 2.70 7.71
Rear (m) 1.20 2.71
Vehicle width (Tread width) (m) 1.70 2.59
Maximum steering angle (°) 21.5 41.9
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Table 4. Variables and value for road environment condition

Design speed (Km/h)
50
Item

Super—elevation 0.06

Lateral friction 0.19

Lateral acceleration 2.45
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Fig. 3. Algorithm for calculating on turning radius and
swept path
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Table 5. The various of turning radius by operation speed and steering wheel(Passenger car, V < 15km/h)

Steering wheel . Turning radius (m) Swept path (m)
angle (%) Tuming type Pre—programed | Estimated Difference | Pre—programed | Estimated Difference
Inner to Inner 6.00 6.12 0.12
21.5 Centerline 7.36 7.37 0.01 2.36 2.34 0.02
Wall to Wall 8.36 8.46 0.10
Inner to Inner 6.37 6.48 0.11
20.5 Centerline 7.71 7.71 0.00 2.32 2.31 0.01
Wall to Wall 8.69 8.80 0.11
Inner to Inner 6.77 8.56 1.79
19.5 Centerline 8.09 8.09 0.00 2.30 0.61 1.69
Wall to Wall 9.07 9.17 0.10
Inner to Inner 7.22 9.00 1.78
18.5 Centerline 8.51 8.51 0.00 2.26 0.58 1.68
Wall to Wall 9.48 9.58 0.10
E 6. 3 &5, xu2of| w2 3N 2 HSIERISA, V< 20km/h)
Table 6. The various of turning radius by operation speed and steering wheel(Bus, V' < 20km/h)
Steering wheel , Turning radius (m) Swept path (m)
angle (°) g e Pre—programed | Estimated Difference | Pre-programed | Estimated Difference
Inner to Inner 7.30 6.18 1.12
41.9 Centerline 11.55 11.54 0.01 6.51 6.43 0.08
Wall to Wall 13.81 12.62 1.19
Inner to Inner 7.61 6.52 1.09
40.9 Centerline 11.78 11.78 0.00 6.42 6.34 0.08
Wall to Wall 14.03 12.86 117
Inner to Inner 7.93 9.32 1.39
39.9 Centerline 12.02 12.02 0.00 6.33 3.80 2.53
Wall to Wall 14.26 13.13 1.13
Inner to Inner 8.26 9.75 1.49
38.9 Centerline 12.28 12.28 0.00 6.25 3.68 2.57
Wall to Wall 14.51 13.43 1.08
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(a) RtEo| 5| Jd =4 At HE AR(FHMF)

(a) Example for applylng vehicle turning result(Straight)

(b) Aol &N 2 24 %‘I'—F g AE#I(*—T’.\J—'?'—)
(b) Example for applying vehicle turning result(Curve)
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Fig. 5. Display for vehicle turning result
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