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Abstract : Automotive components experience performance degradation and fatigue failure due to operational loads and
environmental factors. Accelerated durability testing is conducted, but this testing must accurately replicate real-world
damage. Existing data extrapolation methods, such as ARMA, Rainflow, and Markov histograms, rely on parameter tuning
and expert knowledge, limiting their efficiency and scalability. This study proposes a non-parametric probability-based data
extrapolation method of durability testing to overcome said limitations. Using RLDA data from a K151 tactical vehicle,
component loads were analyzed with Rainflow Counting and Miner’s rule. The proposed method was validated through
repeated measurements on various road conditions. Compared to conventional superposition methods, the probability-based
approach reduced extrapolation error by up to 47 %, demonstrating improved accuracy. This research contributes to
enhancing reliability assessment in durability testing and can be applied to military vehicles as well as the rail and aerospace
industries.

Key words : Data extrapolation(d|o]&] &%), RLDA data(l=2 o5 =7 H|°o]E]), Probability distribution(Z+-& £3),
Military vehicle(z=A} 2}5F), Fatigue damage(T] 2 £ATT)

Nomenclature Subscripts

D : cumulative damage RL, RR, FL, FR : rear left, rear right, front left, front right
n; : total number of cycles in i-th block of Fx, Fy Fz : longitudinal, lateral, vertical force

constant stress amplitude S, Mx, Mz : camber moment, steering moment
N, : fatigue life as the number of cycles to

failure under S, LNE2
kn : total number of stress blocks AE2} BIES =3 Fof WAL= 23 AL 817
k value :slope of SN fatigue curve o) ol&] 9] 7] o] AeE AL vteH o] 75 A
C : material constant of fatigue curve 28k 2= 9lt), Z]_%;z]_ B Ao = o] = kK| 37| 95}
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Table 1. Signal extrapolation models

Domain Models
- ARMAY
Time - Extreme value theory”
ry
- Kernal estimator'”
Histogram | - Extreme value theory”
- Markov chains of turning points'”
Frequency |- Extreme value theory”
Time- - Stationary wavelet docomposition”
frequency |- Emperical mode decomposition”
Other - Nerones networks'?
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Fig. 1 Test vehilce (K151 tactical vehicle)

Table 2. Measurement list

Measurement Sensor
Wheel force Whee force
(Fx/Fy/Fz/Mx/Mz) transducer
i F L 11
Chassis Spring, damper, stopper (Fz) oadce
Cross link (F
ross link (Fy) Strain gages with
Upper arm (Fx/Fy/Fz) oo
calibration
Lower arm (Fx/Fy/Fz)
Power- Transmission input torque Strain gages with
train Transmission output torque calibration
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Table 3. Test track and condition

Track Speed Condition

Straight lane 60 kph

Repeat
56 laps

Paved, plain

Cross-country 20 kph Unpaved, hill 86 laps

Trail road (G1) 30kph | Unpaved, mountain | 107 laps
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where

D :cumulative damage

n; :total number of cycles in i-th block of constant stress
amplitude S,

N, : fatigue life as the number of cycles to failure under
s,

kn : total number of stress blocks

N - Si=C )
where
k  :slope factor of SN curve

C : material constant

kn
D=3 n «C+ S 3)

i=1
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Fig. 2 Scheme to calculate damage probability distribution
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Fig. 3 Data extrapolation procedure
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| Distribution identification |

Fig. 4 Scheme to identify probability distribution

Br
oz

o
]

Mr K1
bl

e

tlolB =578 ALk el
Fig. 59} o] 27] o]
7} ATk - Aol A
Ztel g H¥E 2~
A% HlolE 7t H e 271 9] &%
2 HlolHE AEs 5 7H

W8 dlelel Ji=Ee] 2/374A4] &
pits 7= E

of &
Z2e3, YA dolE 2 e sl

5 X
0

rr
rl’dﬂ -

% = o
e [‘-?L _VH,
o

o5

e

I

i

e

ro,

o,

Ho
(U RN

Lol M1l

fE o
H

o 1 F

-
fu
B
o
ol
2l
Q2
N

N

I
1z
il
Q‘L
32

Ny

b &
Hl
©

e
AT ox HE

N
-

ok o
M

HH

2
)
W
n
N
A}
Mo ok

=
=
1=y
RS

S
MO opE

AN
W
f

(D 3 parameter
weibull distribution

gnl @
& 0 (2 Johnson transformed
% 42 normal distribution
& o ¢ b
2 2 / 7 ¥
L] *\—>

.'J

|dGDDD 1000000 10000000
Relative Damage per 200m

Fig. 5 Example of distribution identification on mixture
distribution (G1 30 kph, wheel force RL Fz)



Extrapolation of Test Data for Automotive Components Using Probability Distributions of RLDA Data

3.3 Gloje| &¥ Aot

to]E] 242 918+ Python 3.2-2 AH8-8+91 3L, Scipy
glolB el g ol AlFsh= &g B e o838
ol A @9 At HxAEE Y38, Excel
csvitA &2 AT A4 3 2 73091 Glypworksoll 4] AlE
HE SR ARA Al Fu) &4 38 JHst
W o]y 24 A3}S Excel xlsx Y &2 A F8)aL =

g402 HAT+ AES A

A€EIPQETXB

kph_CHS_6lap_ks_extdsx

load@FL_UA_FX.RN_6

G1_30kph_CHS_6lap_ks_ext.xisx

FE EAEe HEE 54 7E ek 2E e v
4 A HataL glow, 4= AkS 918 kak
A

whef kgkol E7hEE 24 & AR
Hl&o] 2] vl R 2pe]7F UAIRE, T1 Afol= ) 50 %
ool .

—Distance ratio (TargetMeas) ~ —s=Damage ratio (k=3)  —s~Damage ratio (k=5) ~ ~s~Damage ratio (k=8)

Fig. 7 Damage ratio, extrapolated / measured (G1 30 kph)

4. COlE 23y YEY A3
41 B A3 W

Aol A AREE vy S v o] AR A
=3t7] 913ke], Fig. 83 o] AM g, AR ~AEYR,
A7) FRE WHE FAstal, I PRy 5
H &= dlolE g dste] A 7o w2 E AL
H B dlolE e} nlarste] Aol A AAIgE HlolE

s ko) QS 2k Al st

WA lolE e 33, 63) W S4H dloE 2 o
o)z 223h0] dlole] 848 aeh, o8 A =7
f S} W BATe RN BE Y xo] 7wk b
ole] Sgwel AT BAGAT, TS 4
o Faje] F3 e Ak} v)wale] Aol AAG
o] S E A S At gtk

[ Superposed data (3laps) ‘ ‘ Extrapolated data (3laps) ‘ [ Extrapolated data (6laps)
. 5

si e Stlaps . st Sdlaps . st laps
tlaps . " . Sdlaps
. Tn Slaps . S

Compare

Fig. 8 Scheme to verify proposed extrapolation method

42 Hed A= Aot
35,63 W 24 HlolE] Q)92 32 vlolg)
2ng doly S4a A} A4 Z4H o8 T+

A3 A3k Q-2 Fig. 99} o] Liehi9leh. E3 glol
s el FEAS AR flete] vhes] Hg
©2 FH % A3E BAo) EASHIh 1 ol ut
2 3571w Ao Ay ew e How
woln, 4 dolels} 4 wlolele] 71 7]o)A 2}
ol ubg st

Measured : R = 0.9995 .

rposed : R 1.00

ips) R =09977

cd (6laps) : R =0.9984

Pscudo Damage

0 10 20 30 40 50 60
Cumulative laps

—e—Measured Superposed @ Exirapolated (3laps) @ Extrapolated (6laps)

(a) Straight lane, 60 kph

3E+09

2E+09

Pscudo Damage

1E+09

0.E+00
0 10 20 30 40 50 60 70 80 90
Cumulative laps

o Measured Superposed  ® Extrapolated (3laps) @ Extrapolated (6laps)

(b) Cross country, 20 kph

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No. 5, 2025 397



2did - 183

0 20 10 60 80 100 120
Cumulative laps

== Measured Superposed @ Extrapolated (3laps) @ Extrapolated (6laps)
() Trail road (G1), 30 kph
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Table 4. Description of comparison groups

Force
WET Wheel forces on 4 wheels
Components Chassis forces (spring, damper, arms. etc)
Body Pseudo body bending, twist
Stress Stresses on cross member
Drivetrain Torques on Prop. shafts
Wheel bearing Rotating forces on wheel bearing
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Table 5. Average error of ext. damage / meas. damage

Method k=3 k=5 k=8
Superposed 20.3 % 25.6 % 70.8 %
Extrapolated (3 laps) 7.9 % 11.6 % 23.9%
Extrapolated (6 laps) 7.9 % 10.5% 23.1%
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