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A Study on the Severity Control of Unpaved Test Courses

Jin Saeng Yang', Sang Ho Lee®, Sang Hwa Goo', Jeong Hwan Lee'and Do Kyoung Kang’

ABSTRACT

The vibration environment essentially companied by vehicle operation on the road is determined by the shape
of road surface, which is called profile. In general, the profile and severity of unpaved road is an important issue
in the reliability of durability test for vehicles. In order to maintain severity of unpaved road, it is necessary to
develop profilometer system. We developed profilometer system which is composed of data processing computer,

power unit, air compressor and sensors. This paper focuses on the severity management of unpaved test courses
using neural networks. This paper presents the maintenance range for cross-country course in CPG(Chang-won
Proving Ground) and the evaluation of similarity degree between unpaved roads.
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Fig. 1 Profilometer

48

(identification), Ao}, Bzt Fo| $&H= AAY
(neural networks)& 7|2 ¥ »7 J1EL
ZT2I8E AEEsic

2. 72 | ¥ =N RAIZ I}
2.1 OFX[A|EHZ JiET |zt MY

u] 5 2] NATCAlA & DFMVElE #u) & o] &3
o A9 T2 (profile)S & A 3lT, PSD(Power
Spectrum Density)?] HEl& NEEE BAMsn g
o 23, 1ER FYE A% wyor gy =1
od digt 71& PSDE #5383, 71 PSDol Uig
£3dBE 3§ FUoz AAsA ol /1ExE #
THor dAsn Aok F, A3 WY =Wy
PSD7} +3dB9] ¥ & F3to] yhdd TEFHE A
A F&d Wit B+t W=E PSDE F
A7l ol

FHAGATLY JFAFFAME NATCS
A9 T Wy BFRE AAHATYE F,
SHEZHFHPE ol &3t 01dRE 0330
Ax kAAYRY =9 PSD HOHE 53},
olo} thg H#F PSD @€ T aym 7 HF
PSD #9] £3dBE oxAgE 2 B Fgez 44
39t Fig. 25 AAHE oiXAIg = #FTE Y
Bl oz, ol Wi ofxAg R el
ol el A &9 PSD olgFH e B IR
E FAT ez AN v EAL FFdx
A% FAAZL F de FHE A9,

agln, xH F2 54 #YE Y 7)1EA
Aol BEASn Qe FNFIH4ES Table 13
Zol % 527012 4], 0.0496cycle/m(20.16m/cycle)oll A
3.3635cycle/m(0.3m/cycle)7FR] o]t}

22 = fAIT HIL

i EALE YelhE PSD HolEHE wHE 7
Aste 2F Fad 74 vEY S xS ¥
gatch. welA, =8 FALE Hote oA PR
PSDeo} AHA 7]5An7F W€ o2 =g 7iF
2o g pSDE vl FAIHEE Hrlsle
RAolH, HI7t BEAHL ofxAPEI] e 22E



2 I B AR & ke B

ZER @R LT YA AuP Az

4 g s NYzeAde ARYe P,

NYAel AL AL 4 YEF 7] 9
@ Zolth.
w9 $AIE WIS fetel PSD Yeish BAY

e FAM S AaAFe opAMNFRY 524 F
oy gelTd Jo e v 7329
Fu48 PSD A5 W &g ol 8% dYTUH X
gA+E o) &std FAMAITE 5T

—— average PSD()
v+ p3dB

— —p+3dB

LE-N

PSD(m”/cycle/m)

0.2806 0.4455 0.707 1.1228 17318 2.8284

spatial frequency(cycle/m)

Fig. 2 Severity management section for cross-country

Table 1 Spatial frequency
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Fig. 6 Similarity grade for J-1st and D-2nd area

Table 2 Similarity Index

Task Road | Correlation | Inclusion Similarity

Name Index(p, ) | Index(y, ,) | Index( 8, )
M-1st area 0.961 1.000 0.988
M-3rd area 0.971 0.904 0.924
S-1st area 0.935 0.327 0.509
Y-D area 0.902 0.154 0.378
J-1st area 0.942 0.673 0.754
D-2nd area 0.956 0.923 0.933
average 0.945 0.664 0.748
average PSD's 0.960 0.769 0.826
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Table 3 Input data for normalizing

Dpsdy; | minimum | maximum| Dpsd, |minimum |maximum| Dpsd, | minimum |maximum| Dpsd, [minimum {maximum
f1 E-2 3E-1 f14 E-5 8E-4 f27 5E-8 SE-5 f40 E-8 E-6
f2 E-2 3E-1 f15 E-6 2E-4 f28 SE-8 3E-5 f41 E-8 E-6
£3 E-2 3E-1 16 E-6 2E-5 f29 SE-8 E-5 f42 E-8 E-6
f4 E-3 5E-2 17 E-6 8E-5 f30 SE-8 E-5 £43 E-8 E-6
f5 E-3 5E-2 f18 E-6 4E-5 f31 SE-8§ 6E-6 f44 E-8 E-6
f6 E-3 3E-2 19 E-6 4E-5 f32 5E-8 5E-6 f45 E-8 E-6
J7 E-5 2E-3 £20 E-6 3E-4 f33 E-8 E-6 f46 E-8 E-6
18 5E-§ 3E-3 f21 E-6 2E-4 f34 E-8 E-6 47 E-8 E-6
19 SE-5 2E-3 £22 E-7 E-4 £35 E-8 E-6 f48 E-8 E-6
f10 5E-5 E-3 123 E-7 6E-5 f36 E-8 E-6 49 E-8 E-6
fl11 E-5 8E-4 f24 E-7 5E-5 37 E-8 E-6 £50 E-8 E-6
f12 E-5 8E-4 £25 SE-8 4E-5 f38 E-8 E-6 f51 E-8 E-6
f13 E-5 8E-4 526 SE-8 SE-5 £39 E-8 E-6 f52 E-8 E-6

Table 4 Output data for normalizing

iy _| Minimum |maximum| fi,,, |minimum|maximum| fi,,, |minimum{maximum) fi., |minimum [maximum
f1 0.50 5.00 f1 0 3 £27 0.05 0.32 f27 0 10
£2 0.30 3.00 f2 0 3 £28 0.04 0.30 f28 0 10
f3 0.30 3.00 f3 0 3 £29 0.04 0.25 f29 0 10
14 0.25 2.30 f4 0 3 £30 0.03 0.25 £30 0 10
f5 0.20 1.80 f5 0 3 £31 0.02 0.25 £31 0 15
f6 0.16 1.44 f6 0 5 £32 0.02 0.25 £32 0 15
£7 0.12 1.08 f7 0 5 £33 0.02 0.23 £33 0 15
/8 0.10 1.00 f8 0 5 £34 0.02 0.21 £34 0 15
f9 0.09 0.81 f9 0 5 £35 0.02 0.20 £35 0 15
f10 0.08 0.81 f10 0 5 136 0.02 0.20 £36 0 15
f11 0.08 0.80 fi1 0 5 37 0.02 0.18 £37 0 15
f12 0.07 0.80 f12 0 5 £38 0.02 0.17 £38 0 15
f13 0.07 0.80 f13 0 5 £39 0.02 0.16 . £39 0 15
f14 0.07 0.80 f14 0 5 f40 0.02 0.15 f40 0 15
f15 0.07 0.70 f15 0 5 fd1 0.02 0.14 f41 0 20
£186 0.07 0.60 116 0 5 f42 0.02 0.13 f42 0 20
f17 0.06 0.55 f17 0 5 f43 0.02 0.13 f43 0 20
f18 0.06 0.55 f18 0 5 f44 0.02 0.12 f44 0 20
f19 0.06 0.50 f19 0 5 £45 0.02 0.12 f45 0 20
£20 0.06 0.50 £20 0 10 £46 0.02 0.11 £46 0 20
f21 0.06 0.45 f21 0 10 f47 0.02 0.15 f47 0 20
122 0.06 045 f22 0 10 f48 0.02 0.12 f48 0 20
£23 0.05 0.40 £23 0 10 f49 0.02 0.12 f49 0 20
£24 0.05 0.40 f24 0 10 £50 0.02 0.12 £50 0 20
£25 0.05 0.35 f25 0 10 £51 0.02 0.12 £51 0 20
£26 0.05 0.35 f26 0 10 £52 0.02 0.20 £52 0 20
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Table 5 Comparison of PSD for low frequency

Spatial frequency | Object valueNeural output| Measuring value
{m/cycle) (m’/eycle) (m’/cycle) (m’/cycle)
0.1250 0.03 0.04

0.1563 0.05
0.1575 0.04 0.24
0.1984 0.02 0.15

Table 6 Comparison of PSD for medium frequency

Spatial frequency | Object value|Neural output|Measuring value
(m/cycle) (m’/cycle) (m*/cycle) (m’/eycle)
0.3969 0.001 0.004

0.4000 0.001
0.4205 0.001 0.003
0.4455 0.001 0.003

Table 7 Comparison of PSD value for high frequency

Spatial frequency | Object value}Neural output|Measuring value
(m/cycle) (m’/eycle) (m*/cycle) (m’/eycle)
2.3784 0.00002 0.00001

2.5000 0.00003
2.5198 0.00003 0.00011
2.6697 0.00002 0.00017
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Fig. 14 Generation for road profile
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