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A Study on the Development of an Electronic Control Unit and
the Fault Detection Algorithm for a Motor Driven Steering Column

Myoungho Sunwoo *

Abstract - Global competition of automotive market
and affordable prices of electronic components become
the major reason that automotive industries rapidly
employ a large number of electric and electronic
systems to improve vehicle performance and to meet
various regulations such as emission, fuel efficiency,
and safety. Especially, the provision of a motor-driven
steering column (MDSC) for luxury vehicle is getting
popular for drivers’ convenience. In this study, an
MDSC is developed, which provides several intelligent
features such as the manual operation for tilting and
telescoping the steering wheel, and the save/recall
operation for three different steering wheel positions.
In addition, the fault detection algorithm is developed.

1. £

"3% TE F4F ATA A% ez J)E9
T ¥ FU2ENY AFAd @ Q4o HA

‘?‘;i}%}il Aok ofd) 7]E AdAY L FPYRE o}
et e FA4 R &1 Boydol U@ e 2
T7F ®opA R k(3]

olzl¢ 87 ALE ‘ﬂé*lﬂ\_ ?‘;-—l 3A F =% 4
9 AAE A MY L &4 28U wal 23Y
T e FEY YA qF A7 wws Ays
E’- ey, o] EE2 olAF AFH 2P AAA
ol Nxdat Nade ZF 2R E P& 2F A2
FRYAFY ALg FHog da Yo

A 7 Qe A% 2P ANAH &
Az 293 2L o2 AF RHE AY §
AT AAAo] FAE Adsn, TA AFH =y
AE 2dysn o]g oz dxdoly T MM
LFE FEdE 2F HE: 22dFE ATEd

2.2 B
2.1 MDSCe| 7= 7|5
N =

Fig. 1 MDSCe 71Ad 3=

Fig. 1& o] %339 714AL Fxe)t}. Fig. 19
A1s} o] MDSCE 2719) DC ZHS 9 71018 AL g3

. Yongkook Lee **
(* Dept. of Automotive Engineering. Hanyang Univ.. **

. Jaein Lee "
Dept. of Electrical Engineering. Hanvang

o dal23X(Telescope) 3#H CYE(Ti) &L +
gaAEt 2% FAe 5 dYe N g1 2 2
B 4L H3d NEAE FHe2 92 25mm
2E olHE 10mme HHEZ dy23= FL F£43%
o, €E F3& $2 17 ‘RY oldZ 13 °9 HY=w
SAolx2 AAHUY. 23, oy LAYL 4y
7t Y o] AXNAME A TR A

2) 7Is

MDSCe Azt Aol FA7} AFsA € 4 75L&
g3 g}
hH #% =%

(e 7] 2oz 2% o YEY dY2ITE
E4A 238 = ook ¥
W) g3 A9 AF 2 BA

% 2%oz 239 2 ¥ HHE AFL 5 U
I, 2 X2 BEAYE 5 sojof
q) +3ZA %

427 ¥3 7l(Ignition Key)E 2(ON)HA 2 &3
H A gAFHE YA sl Aoz By
ZYZANE stAE7] Ao AMEEHI Y9 HRAZ BHA
Ad. =8 A Fs 71§ JAAHACOSA =
EYW AR sAdes Aoz #9dd 2BAA
& HJz AN £33 28 folstA 4.

2.2 JRRoIF R st=gio]

ECU

Control Panel

l:ll:k“*

=
@m'*

Ignition Key
‘ Input(On, Acc)

Fig. 2 AAA A ZX 9 3=do NAF=E

Fig. 2& AAAAZA Y g=4do AFzoln ol&
AAE ARed g go,

1) ojoja= HEERY FUHE(MCU)

Az A o} Fx) 2] MCUEE Motorolarte] 68HC05E A}
&3t 68HCO5E 8bitd %4 Az FARHCPU), &%
W2, ohdRa/gg Wi &Y TE=R R
oA gl

2) Motor Driver

R2E 5L Y3 A4 Az DC 2H FF Y
KA3903& A183dh

- 448 -



violaR PEFHAAN BH 7§ JEE &¥std ¥
FE Y KA3903AAM Helolg FESD old wet B
g7} 28 ok

e FHFE 22 AL YAy fAstd 2H %
Adg WAL Adsly AGE 2Asd ARFS
Agsact. =3 KA39039 A9 48 ol 186V4
B Ak 7HE Ay tel L E(Zener Dlode)ﬂ W
"EM sloiAl Ak o3k Ahzbe] &4bS “lmh—n?

DA A ol % Z%*Q"‘ Ao, AR Yol

-—1‘6}?"1 s FEA AA(nductive switch-off) &
%& YolEtt

3) MEUHR

AoiAe gu MFT= HA RAGgA Bojois nix
@ Azsh 2% Yo AAE BYEHY 4G SAMNLY of
227 AE2 Wrodt. gAY Yol Passive T
E o122 d¥eE TF% EHE AR

4) 3¢ g%

Hap Ao} Aladde] ey HYL 5V 12V F 7HA] o]
9, D}"]R-EE A% BE2E HA%ST, olF Y F
B FEG GPF Aol ¢ &4 P Y

2.3 WXHolFx| o xe9fo]
A Aokl ANE 71BEE #9587 fisa Yag
N5ES 4 ¥Yes REY 3o FEE, o] ZEE v
2oz MM Z2aPL FAIYD.

1) Main Procedure

SAAY A7 ONHXZE e HzAo] Alzde]
HAgol FEHm ZrIgol At nelm $Axe
2817 PHE wold o] s FEE Sub-Procedure®
FYPA it

2) Sub-Procedure

A8 Z2Z AN (Subprocedure}= " ZTEAAZ RE
EEE ol o] ddete ¥ ¢t

24 &F A& 43885

Nagde 2 F8 A&7 g9 $4 Nadg =4
P3G, o g Hgoz "]*‘@MV% v Jbse oF
7F Nadel 2o oW HPE vlXE AE BdY
g, dde® 2FE HYHT Residuald 244
7% Residual Generator® dAI%th  Residuale 2F
7} HAEA Fe ALdE 0 2 0 F e Fe @
< X E ‘?}"& ﬁ%ﬂ SRS A= 0 20 £
#e HAA "k olf§F Residual® Thresholds}t H)
@ste 277 ¢4 EA 9F%E BEEE Residual
Evaluationg AH 2§F& H&oh

1) N2H 22

MDSC Al2¥¢& DC 2Es} DC ZEHe 2Addg
g Ho HEEs] 49 7o FA, 28l =¥ Y9
AYE A7 A% HBPAAGY x| MR o
Foldt, 4 1)E MDSC Nade ndy Hojoh 4
DelA vp(t)‘: AX A ] ol r, & ZHY
ANAgoln AA Azehal Azt "ol

13{‘:1‘ o},‘, ok o“

!

do PN

e

=1
v =k((=T)~r,+2,-e * ) &1

o]z} g 98 uvlg o2 vld¥ Regression H& o} &
sty Setulgl g FAsged Fig 210 1 el
Fig. 3904 mE vl go] n#xs zydx A3
227 EAse REF A E F£o 2dy e BrieE
o =3 AAAA ALS# 8-bit MCUAME Hst
2o HAY £ FRHII -4 olE g ¢
- & 27 98t MCUAAME 4384 3238 = o
T A2E 2YE AAT(Fig. 4)

P
o
0 i

0§ w0 0 XM A0 00 B M0 0 50
timapres|

Fig. 3 49 4238 39 i

(B4 A&x), #3ad F34)

( Motor Driving Signal )

Yes

Time Delay T1
(75ms)

¥

Potentiomeler Outpu.t
= At + Initlal Value 1

Motor Driving Signat

Yes

Quring Tlm; Delay 2
({5ms)

Potentiomster Output
= At + Initial Value 2

!
( Moteor Stop )
hoa

Fig. 4 A4&&

2) 2F9 5% ¥ =298

g d AT Zdg vlgdor AxddAM 24 sbE
% LHRE ndgeat

7h AN 2%

DR A 4728 AdEY groundZel #I 3
20 gx AN Aadg 43N AdEd olgel
A7 ALolth, oldE Ae ANxdd g¥"E 49X
AMel 8L Fig. 58 a)s ol 43T 28 & 1%
9 #E JhRrch

)93 MM d48 Adee HdY Zol AW A
% gel Ao YxHE ZLER AML &3 ol
eg olste e 7AAA Boh(Figs. b)

A AMe AdEs gdd 39 AdHY F
g7t ggg AeE 2EA AFFHor AR
Ao 28 gte Wax gon 3 43S R
of slsfA ARG 2HEG.(Figh. o)

W) dFddeldg o F

)gget 2ee @Aol 24HAY R A4
# At WA BEV BAA ?J% 7% Eejo)
U 2Ele] dXel DAFE AM 2dHAY dF
A7t WA RE7H %’—‘}6}7‘1 °‘~°- AedE 9%
Axe dye WA god 7‘7’5&9- i kls
o}.(Fig5. d)

f)RE e d48 Ader €A9A 2 3EH
o BANA @F A% Red HYgE FFee A

]

~ 449 -



Elo] HZ& H3do] 4Y A4 Rele WYYz 1 F
g 954 . (Figse)

ol uigog zZtF o /It AN2de &9 vA:
g ZdPsgen 2 AA}E Fig. 59 Aok

5

W Fauk1

b) Fault2

T R I - T

c)Faultd

d)Fauk4d

HL/—/;

1

N D - N

0 10 M W 0 SO 60 70 &6
o) Faul § ms)

Fig. 5 Fault Modeling 23
3) Residual &47|

Al2da e Feol A2 vy o Residual Generator
& AA%49}. Fig. 6& Residual Generator®] F+%o]
. Fig. 6914 & = e A Po] A2y mdz
FE 38 g3 A4 9x MM 248 2YAE
43 vrse o]F A2 ResidualZH AL Fc)
Fig. 73 Fig8& ¢olA AP 278 vigdoz w4y
residuale] o},

ult]
Absolute
A Vaive ny
Plant
fit)

Fig. 6 Residual Generatore] +%

M3

@ g T

1
M 20 100 20 00 400 500 600 70 8o

®) 1_///—

0
™M ‘0 100 20 am 400 500 600 0 0

{c) 05

0

[+] 100 20 a0 400 M 800 700 [ )]
[ms)

Fig. 7 44 € Residual (I)

M% w0 20 30 0 s0 80 70 80

AR ST I
13 100 200 300 €0 500 800 700 800
{ms)

Fig. 8 444 ¥ Residual (D)
(&, £ 277} 2484 ¥ F¢olth)

4) Residual Evaluation

ol A FHF Residual® 37 S84 2R v
X (Fixed threshold)& ol&3led LF7} HA}A=ANE
P ¥EXNE 004 [VI2 4o Fig. 9= o]
21 & Residual Evaluationg w@o2 {8 ET 2
oy, 23 ol 1 4 w 277 LAY Aoy
False Alarm °©]1} Missed Detection®] ¢A3tx] @¥2&
¢ 4 itk

16
1

(DR
0
Vs

18 00 0 m 0 500 600 700 [ )

1
) 05
[

a8 s’

100 0 30 400 00 60 700 L

15

1

os
s L]
£5
15

1
(d)n:_f

00 a0 xa 400 S00 600 0 a0

100 E k) 400 S 00 790 a0

00 0 E ) 400 500 600 0 200
frms]

Fig. 9 27 & A& 234

3.4d £

o] AT E F8td AFH 2FPFAY JIAH F2
ol& AoEr] A A AdFAE AAsIG. =R
SFHE Hede dzYFE MEHAYd. EEAA A
AN 2 F FE dadEe Aavld A3 st=4o]
E HAEA g3 AE g3 4w dogE V&
2 N2"ed 0 /FE ANYes FEY 4+ YL BY o}
ye o F&7F 3asd Ao duEe FEHI] A
) AL vlolazAEEAN FAY & gl 444
o $ojuz},

(H 2 2 8)

{1JPaul M. Frank, "Fault Diagnosis in Dynamic Systems
Using Analytical and Knowledge-base Redundancy-A
Survey and Some New Results”, Automatica, vol.26, No.3,
pp. 459-474, 1990,

[2]Giorgio Rizzoni and Paul S. Min, "Detection of Sensor
Failure in Automotive Engines”, IEEE Trans. on Vehicular
Technology, vol 40, No 2, May 1991.

(3]o1AQ), 95, o]$9, ol &3, “RE FF4 2YFA9
Az Aol Alad Jiged BYE 4F AFASAITHY
199735 A&, vol 1, pp 317-322

- 450 -



