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Abstract : Due to the recent increase in suspicious sudden unintended acceleration accidents, more and more vehicle users
are questioning the function and effectiveness of an EDR(Event Data Recorder). Accordingly, the Ministry of Land,
Infrastructure and Transport is exerting great efforts to secure the necessary information to obtain accurate accident analysis,
such as expanding the data of an EDR. In this study, we aimed to analyze the cause of the accident more accurately by
applying vehicle dynamics technology to the analysis of EDR data. A sudden increase in vehicle speed accompanies changes
in the state of the powertrain, such as the engine or transmission. Then, by analyzing such behaviors from the EDR data of the
accident vehicle, we could determine if there was sudden unintended acceleration that occurred under normal circumstances
or if there was abnormal acceleration due to a malfunction or a defect in related parts. Therefore, this study investigated
whether sudden unintended acceleration occurred by analyzing the relationship between the speed change of the vehicle and
accelerator pedal displacement, focusing on the shifting of the transmission. To this end, first, we developed a driving
simulation program based on the simplified vehicle dynamics and the numerical models of powertrain components. Next, we
discussed the shifting characteristics and powertrain behavior according to the driver’s operation of the accelerator pedal of a
vehicle equipped with an automatic transmission. To determine the shifting status of the accident vehicle, we proposed an
integer-valued function of the speeds of the engine and the vehicle. Finally, on two suspicious sudden unintended
acceleration accidents, we analyzed data extracted from the EDR of the accident vehicle to determine if there was a defect in
the vehicle’s powertrain.
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Table 1 Vehicle specification

Parameter Value
Curb weight 1270 kg
Tire dynamic load radius 0.305 m
Aerodynamic coefficient C; 0.035051
Rolling resistant coefficient C, 146.35
Vehicle mass moment of inertia Z, 149 kg - m?

3.615, 1.962, 1.294,

Gear ratio 0.976, 0.778, 0.633

Final gear ratio 4.467




Analysis of EDR Powertrain Data in Suspicious Sudden Unintended Acceleration Accidents

3.2 22 715 Al MRIERRIS| HE

AA A 2= e S|A AaE 715E] 918 o
AF 2FEEe] APS FE 100 %9 FE-~ZE(Full throttle) 2}
APS %k 20 %2] J}E-2~Z E(Part throttle) 732 Al &
o] &}glTt.

A& o]l Aafol| A Apee A7l & Al S u)
2} o] ZrlehHA] At Wgso] AUl R o] Foi R
= AT 5 UATKFig 7). FE-22E0] G5 =

SR WS Al o] w251 o] o] Foiz] <l 3
A7t A E271 opd An7h 2 JH o= v g
A a1 gl o) E-ARE HEAAZ] 71 A
TR AN A5 8RS 2 7] wol T

AEE oA AT 22T THEolA A= £ 100
km/hol] EeHalE A17bo] 8.1 = AlakE] o) A A 2}k
o] AR Ao kxR dulx] 9ot i TR

i ) H " : ’ . - 250
7000
200
6000 - A A /l
- =
E o i./ _
& so00- l/ Full throttle s
E g
4000 4
8. 2
; 100 o
2 3000 %
. i S
: : .v.....-.vnj- O TOE %
W 2000 4 1,: l e 1 : . :
B S
1000 4
o ! | | U
0 10 55 - |
time [sec]

Fig. 7 Simulation result(full throttle and part throttle)

APS [%]

Engine speed [rpm]

Vehicle speed [km/h]
g

18 fime [sec] 20

Fi

—

g. 8 Simulation result(kick-down)

i

Ao A= A B3 AWE e} 22 A5
5] ergkom apeke] Wzl Al qlxle] ool 4
T = A gtk 53] AA| Al xpe] Elolo] A
o] AbeFo] AEAIE S Al 24w 31 243l
A PH AlEEold At vjad A shsiclal
AT

ZRIOHE o]gste] i Ak wA S 715
ZARRI 7]tk 3} 2 L E - ol A 2pke] £rm o) QX
3|4, W 7)o vhpe] WekE AlEglol skl W
#] Fig. 8 &9 & 102714 APS %k 20 %= 713817}
o] % 100 %= H7HE5ste] Z]-the-o] WAgE Z-g-o|tt.
A 5oll AFFS 4714 EAFA Q1 gk W&o 2 9hls
7HE5ErEE 10200 Z)-the-o] BAshA 2o = F4
gk sl WS 37 Hoh olo met Qi sS4 oF
2,000 rpm®lA] 4,000 rppm O & FHSIIL o] F AL =
AFe] 7HE oA ti-g-st7] Sl A 7 S
Q1 6,300 rpm7kA] T7FgE Fofl 3vto 2 W&shA Hrk
o] % ApFE W& A F o whel sT7bA] A e

A w7kEskaL

32
;[o = i f
4 o oft 3L K

ek

i

%2
&

Fig. 9= &% 3 62714 APS %t 60 %= 7+:81t17}0
%= ) ZEFlo] MAY Z9e] AFelold Aol
o} 2ol A 62 7bA] A 37| ehela] W)
A 7HEErt 62 ol F ARkl 6u A Ak
3L k. ol &7 ke] 74 e 7} gl A thaL ¥
& Aero] G v)oju] 2 ek W&ate] <lzle] %
Ao Hu EFoA 1¢dn] gdoz o]531907)
ot} whebA] dlFl B M= %l 4,000 rpm F-Eell A
2,000 rpm O3 FAakar o) F A =A<l Bht

WSS 8l AFEekaL Sl

o o
b o
Mo oo2 ol (2

& ol

APS [%]
8
Engine speed [rpm]

0

®, time [sec] - L time [sec] el

Vehicle speed [kmn]
-1
Gear

1w 20
time [sec]

Fig. 9 Simulation result(lift foot up)

Transactions of the Korean Society of Automotive Engineers, Vol. 32, No.8, 2024 671



Al
o

ol A vl = AL Q)

4. 222 oY Alne] MRIEIQl HE =4

= Aol Sl el 1

23 ul$- ThpalA] e Yofulsh WM aAE, A
A ASRA 58 Astel A ARl 22

7]

o] A ka1 E

F31 55 AbaL el AH S
° 2 3l E7ss A9-7F gt skt
AP/ SR EDR)E AL A S BB ] of
2] AR Astar 7|58 = glo] EDROIA F&3 <l
2 37k 2k HlolH & vaLsh AbaL o]z ] T}e]
EfQ AsS E4E Ao
A}Fe] EDRE AL 5 ARLRIE 2437 e o)
G- T3 G| o] 7] wzol Aol vlolut shajol]
H e = == A AL 7hs sl AlargZel 244
% E‘:‘X] o= ol ek gk AbaL A4
dlole o] T2 3 A3 Qiﬁ 7]
2] EDR#} )& xﬂxis]
skeletar =3 oy 7t 61]7"3547(] %2
A Jx ek 2hgol g H o of gt
53] AbaL A1 ©]§ 0.25%7H4] EDROY 7] 55]= A
A E(System status data, Post-crash data)i= A}3L= 13]]
o 0] AL fREA B2 1ol
Lok 2 Aol AL WA 5% A7 AR
Esi X (Pre-crash data)iHS &4 Ol o 2 313)
.EDR H|o|H & &3 245 9laf i Aol A A-8-gh
Ao g ot
AbaL ko] EDR¥; 2HF k9] E g Qlol] ARS-E = Al
= 07 glo] AAH 02 HEAT
AFaL 2 EDRO A 78 AlA e
= 71550

ol gake

l'U

rulo

x4

O
JN
ro

r

0

[o
r

Cinme s
o 4>~

>

A}

_iZi

4.1 Al ARY A

AR AL Abege] ABAeIA Frkstel 95
oF MM Ae] TEES FEH T Ak el 2
= sk PE-2 F2e] B5AL oS G
21 9141 Abamele, @A) Aban Akepol 43 97 E A2
se] EDR 71 %] fholali= ofe] AAF el o] f1
& AT A3t Sus g mebuEA egkon
PRt AE A, W A, s|ulE 291 4
4 A5 AT ol F A& F2E ol 83

o] EDROIA4] ACU(Airbag Control Unit)7} 525 1X| gk
MRS 7R 552 o] F3 JHIF05E d9= 7

=3 dolevt Aasgon 55 T4 gus) 9y
2 Fig. 107} 20| TAEHAT

EDR 715 5 TPS #k3} % 347, 245, S of 5
672 sRAIEatasts] =22 AH32H AM8E, 2024

i HEH & Db

50 7 2600 100 OFF

4200 19

00 31

Fig. 10 EDR data in case A(printed from EDR report)
120 T T T T T
w — 80
EE
i
L]
3 5k
§.§4k
EE g
&
W2k
80
-
g &0
2=
z 0 o i I i I
Ll 1 1 LI 1
oT 1 r----\l H T
ég [alri- - - oy ]
ﬁ% : iy
L e 1 === i 1 1

25 -20
time [sec]

Fig. 11 Powertrain behavior in case A

2 agow FAS bt 2ekFig 1), A EEo] A
3 9] 24 2ere] AL 5 e o] vl A, )

Q7)eke] Qi WA AP o Ao A FY =
219] W) TPS gte] Watol] i) okzke] A7l

o o] F-oixItk. whebA] mrk et v S ﬁsﬂ TPS 2

2 vhe 7 Auol s B AT A 0.5 o F3te]
A,

A3 Ape] Wd ol whaaly] 919 EDR T91E
@121 BlolE] F %] 33155k 4452 vl aste] A 7]
olu] WshE FAeter). oA o W] WalsA|
erom A lojult= AT @ HAok A e Ak

oA 242 &S Al (Wheel speed sensor)oll A =2 =
Zy vk o] sl R Alkshr] wljioll AL Y Al wt]
o] w11 o)t Elolo] o R 1% Fots W gk
Wslo] wpe} o xp7F A = vk 58] B AMEE
gk A s 71 9] Aol = Al A9 EA WY



o eEol wet 24k A 7]ofn] 7t dAshA] oL
gk 4= 9lo] 2] (49} o] A43K(Integer-valued) S

o]-g-sto] Alxketaith

Shifting[guessed] é]nt(iwmde speed )

FEhgine speed

Int(x) =n,where n< x <n-+1andn is an integer

EDR 7]Zel A AL x}eFe] TPS ¢k 5% &<t
16 %ol A 55 Zth 100 %7H4] 7155 o] glom x}
-5.02°1 17 km/hell 4] -4.0%9]] 38 km/h= 7458} aL,
222 2,529 13 knvholl 4] 70 km/h= 0.5% 7ol
A o 2 F7heE 31 0 2 YERdt

HA -5.0%004 -4.0% AFo]= TPS 4k 100 %= %
3447} 2,600 rpmell A LEZ G A 3,900 rpm7HA]
S7FFQlaL o] - 12} &= xpeFo] shk W Eah A 2;
Z=0] 7+ tFig. 119 [a]). ©]1F -3.0%0] TPS #}o]
16 %0l 4] 27 %= Wah= §-Qlo] Bl =t] o] H <]
ik g0 2 ls) oF 3,800 rpme] ol dAlF 3] H4
wjitol] 2pe2 -2.5%00 At W&k (Fig. 119 [b]), %}
2=0] 13 km/hell 4] 70 km/h = A F7Fath AbaL ©A]
o] =X gfof efolof o] mpakA|3lo] ZhAel 4= Q)
aL ARAL 2PA7HA] -2 Belol A HEE Abs b
(e}

B

iy 2 o b

_4

il FATS sl wl AR Ahke] shel Q]
& AgAol WE A vehd Ao wo|n ik
11} e Aol o) g A% 1% vk

4.2 Al AR B

B Alg|= ol E x| o} AT
a1 xpeFo] B9 o] 2 A 9
Al Abarol vl GA] ARaL 2pEe- o
™ A F 5ol o] FE AT
=7F A E A k. o] % EDROIA]
& Fig. 12¢} 7Fo] A8 T

EDR 7] &0l A Abal XL -5.0% 5 -4.0%7} X APS
215 ~ 44 % U2 &2 7}231t}7) 0] 3 90 %= 35l <

I 1m
2 to
O ofy

rt
i ozl o

ol
ol
(RN
o >

2
=

2
Ru)
o

i)

ﬂJ
o
AN e

f
i)

o £

o Rl o
o

e 1
ol
T f

3
U

AR} 715 Bhe 3wk war, o] % -1.0%0 A
90 %= ZA] sttt thA| Pﬂl%}g e 7o
2 YEldt} EDR 7|5& B2 APS gl of-§-3t

TPS k3t M 377, 215, W& o 55 FAISH U
I} #h(Fig. 13).

A 202704 AFE2 @A) 7HS BEHE LERd
31 T -4.0Z200 41 TPS #ko] 100 %= LA Qo= S}
&kl oLt 2FEo] 23 km/h W 9] = ofu] BE2 W& To 2

T3 Fo| a1, TPS #hol vl = FojEo] Z-th-3} 2

o mEmamlen | wnmmiim | TUCRRESEER Gpgaqy g | ASEEHR0e
-s0 1 1500 a 1 oFF
s 2 - o P o
40 2 2200 5 12 OFF
25 = 200 o w o
20 - 0 1 a o
25 = a0 o o o
20 = - o o o

15 = 170 o o o
-1.0 27 1700 7 20 OFF
o5 » - o o o
oo £ 2300 & 75 OFF

Vehicle speed  Engine speed

Shifting
[guessed]

50 -45 -40 -35 -30 -25 20 -15 -10 -05 00 05
time [sec]

Fig. 13 Powertrain behavior in case B
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