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Destructive Test of a BLDC Motor Controller Utilizing
a Modified Classification Tree Method

+F

Shin Jae Hyuk" - Chung Ki Hyun™ - Choi Kyung Hee'

ABSTRACT

In this paper, we propose a test case generation method adequate to destructive test of the BLDC(Brush Less Direct Current) motor
controller used for the MDPS(Motor Driven Power Steering) system embedded in an automobile. The proposed method is a modified
CTM(Classification Tree Method). CTM generates test cases assuming that all inputs are equally important. Therefore, it is very hard to
generate test cases for extreme situations. To overcome the drawback and generate test cases specialized for destructive test. a modified
CTM that compensates the limitation of traditional CTM is proposed. The proposed method has an advantage that it can intensively
generate the test scenarios adequate to extreme situations by combining the test cases generated by the transitional CTM the while
keeping the merit of the traditional CTM. The test scenarios for destructive test for the MDPS system embedded in a commercial
automobile are generated utilizing the proposed method. The effectiveness of the proposed algorithm is verified through the test.
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Table 2. Base test cases

Preposition TAS input Load

e LU [Med | Stop | AWed | Aax | Stop [ A= | L= [ A [ -

=
2
=
=]

-

alolo
[:

ololo
]

slee e e o | e s

alale

= =3
E

alolo

=1 t=1 (=1 I=1 =1 51 6 G G e 6 0 ) s

afjola

] (=1 =) e 1= i i ] (]

olo|alo]e

rafes
] P

alololo]e

alaolelo]e

alojojolo

=1 £=1 =1 21 = ) 2 G 61 2 G D ) ) 2 2 6] 60 2 ) 6 G G L 6

gwwwwwwwwwwmmmmmmmml
C=4 b=t ] ] b= e b o] e e ] X () ] 2 i ] ) ()

=1 =1 =1 @ 2

=1 =1 L=}

olo|a

'S PN 'S PN PN P P S
=1 b 6= el B b b o G

alojo

=)

=1 =1 21 21 1 2 B G ) ) G 2 6 k) )
alola
]

alaje
=]

=]

27te) G57le) HAE Aolit WSS BE YHon B
GAY, HaAe] Pol 4§ Fahst 47l vAHA o
w3 Qe of BHAQ S5l B feke] v

g gge AT

2) o% 23
shtel B2 Aoz A, Fol AdsE HAE Ao
sk SR AT A G G AAE HAE

o dE SV, $3ASE HAE Ao
# AAEE HAE Aozt #AWE AHW, o

shtel HAE AlosE FAY Hoks e guE A
F itk olul HlAE Aels A8 &Aol met ojnst @
A QA HAE Aol AR ted) 2.

&<t N3E Me=(2014. 6)

55!
55D =
w72 (55—2)!

= 55X b4d= 2970

29710719 H2E Ao~ T AYEI H2E Ao~
AAg APE7t HAE Ao~ & FHE Table 2-4
12, 9] Zgro|t}h 12H& “Position”©] “LL"S1 Aefoll A

IES LEZOR EE AT o] & o|Fd o]
Ae 2L 9HY Zo] “Position”o] “LL"Q Ado] & <
7+ gltt.

olg1dt APEI} HAE AolAE BF ALstd 297070
o xFE EHZE Ao~ F 1240719 2§ HIAy7E
(feasible) HIZE Alo|~E 3 + itk Adr7ts HXEE

Aolxgl 3 7}A] dli= Table 29| 12, 312 ZFo|t}, 12
He gAM A3 ANY IES $Zo7 Bdu Em
sdss Aol ol 1M e 2L 123z
7Y AW “Load”7F “STOP”¢l & oz Ralo] 9|3
7t wa}t d&olth. vA T 12, 319

et e 7Y Fol o4
7 ASE Aol ofsh Zo] %
o] wrgolAIT).

AN HEE Aolzel wAel ueh S5 o] WA
F o A HAE AL AYE A ol
& 55709 HAE AolzolM A AL HAE Aolx

@z Agan e 0o 248 AL 4 9

e ot

N ﬂHN‘ FlF

7= 95X 54X 53= 157410

o] ToA HPLEIs HLE Aol2E ZHE AP
H7] wl&oll 124078¢] “double permutation”ol] &+ 7}#]
2E Aloj2E5 xFdte WHOE “triple pair’& T/ ]
W 2o Al MAd 94 & F U HEE Aojie

WA 9219 E|2E Ao|~E Aefgt o]t upEhA
o]2H o7 7153k Fgo| £+ 1,240 x54 = 66,9600]tF.
6696071 HZE FAoj~ F A8 E7Fsd 3 7HA o=
12, 17, 1293} 722 %gtolt} 12L& “Position”o] “LL"¢1 4+
oA #ES 2E8FOR EYrh oA 17THE “TAS
input’e] “Lmed”, “Load’7} “H+"24, 5L dxoz A
SYAN SR 22 5 Fate] o3 wiHrt eEEo R
o} dEo] SEFor Fophes Afo|vh webA bR
Al A 4ol M= “Position”] “LL7e] & 4 §17] wjiol
129e] o]ofA& AL %Eﬂ?ﬁ} H~E 7] 1 oltt.

Ag Brbee A$E 25 AQshd F 31470709 28
7t 2% HAE AoxE 78 F U } A7t HEE
Alol&= 12, 17, 31 Zrolth. A A3 12, 1799] &
Zro] o] Fo] A th7} “Load’7F “STOP"Ql 319 ] o =
7} AA S 3ot ol AL $3H T HIA

e O D .

m

1



Amahd, o Rajo] ola) @50 eeKow W F
A7F AedEls dolth olMd Al e EHZE Ao~
=2 %3l

=

Al el de El

O~
& S8 Aol Fge ﬂ}o] %7 g,

L E 6 S e
/\

4) Aye] o7t Bl A 711 1é

Eﬂ/\E E’_ﬂoﬂ q]a

| dH =

(U ol
Lo
o

AdeEle HAES

RN A s Eﬂiégl 398 949 A9e B

& Alzglel oy 2 Al

ol

g 44

|
EJ&2 SUTY 4
g 4 otk dE &

e SRR AR

N
-
i 1O
[e]
-
N
-
rr
o >

ol
o
)
il

-
32
Im
e
oz
=2
R
i
ox
sk
4

O

me e
ot o
f o ofN ¥

i

W M
to
N
)
30
o

78] B2E Aol 2
SUTSl i@ 549 A9e 2ae] slel 0% 23, 25

23 0 AtEe W HAE AolxE YU

o]— 7(] u}

O HAE o] 2d §jste] HAE AojaE A4
o, 3 HAES FYPIT BGT 5 flrk

B A 32 Ad e =& & deelA
FrHez & 9l A2 Ve d dEES TR A
Ao : H2E Aol 44 BAe

51 48 83 73
E =

Fig. 8¢ H2EE £330/ A3 442 48 840
o A4 HAES S e ogel HE SUT ol
oo gulgel EARC WA e 49S A et

SUT¢

g =efolnj ol SUTO A4S flell EAsh= A&

H2E

Fig.

il s
3 oz AL =3 ¥l ZEE Aolsty] 9]
#l

FH7|17F 2ol H|

=l Classification Tree MethodE 0Ol=8t

BLDC =2E4AMIOI7I mal Alg 209

‘ SUT ‘ ‘ Load Motor

| Load Motor Driver ‘

‘ TAS Simulator ‘

Fig. 8. Test environment
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—torque .. TAS Simulator }* —

P V)
€ - ECU
CAN signal

SUT states signals

Load motor
TE control signal
Load Motor
Load motor torque (V) R
Run/Stop signal “| Load Motor \ )
(Digital) _| Controller
Load motor speed
-

Fig. 9. Test environment block diagram
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Table 3. Physical values of classes

Classificaton | Class Value (V)
Loadtorque 0
1L
Load Limnit RPM 05
Loadtorque 0
Preposition CN
Load Limit RPM 10
Loadtorgque 0
RL
Load Limnit RPM 0.5
IMax TAS 0
LMed TAS 15
TAS sensor Stop TAS 25
RMed TAS 35
RMax TAS 5
Loadtorque O(Left) / O(Right)
Stop
Load Limnit RPM 0.5(Left) / -0.5(Right)
- Loadtorque (EPS torque * 0.9)298%10
Load Limit RPM 10
Loadtorgque (EPS torgue * 0.2)298%10
Load torque L+
Load Limnit RPM 10
Loadtorque (EPS torque * 1.9)208%10
H-
Load Lirnit RPM 10
Load torque (EPS torque * 1.2)2.98%10
L-
Load Lirnit RPM 10

5.2 Test script A4
AAE HZE Aoj~E AA SUTH 9
3 o2 WA T AFL3Fof st} 7 HAE AolAE
SUT A £4& S3tAY HZEE S8t a4 uf
g At gk Fe AdEdt. Table 32 ALY 24
o|Fe 7k o dFEe AHE AA Foem BA
%

oItk o] & HEE Aojxo] A& HAE A4

L)
~
olr
ot
>
IS

Table 4. Double permutation test script sample

1G_key |TAS |Load |L_Limit |TIME Comment
of 25 0 0| 1000|Initialization Start
1 25 0 0| 1000|IG & TAS on
1f 25 o 0| 1000|Remote on
1] 25 ] 0| 1000|Load Run on
1] 25 0 0| 3000|Set Preposition
1] 25 ] 0| 500{CAN on & Test Start
1] 15 0.3 10| 1000|Case 23 Lmed + L+
1l 35 0 0.5| 1000|Case 36 Rmed + STOP
o] 25 ] 0| 1000|Test End
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Fig. 10. Double permutation test analysis
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