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Abstract : In this paper, the measurement system, procedure, and analysis method for the transient voltage in an aged inductive load
were introduced. First, the on/off switching, overloaded condition, and deteriorated condition were simulated for the analysis of the
transient voltage on the DC power line in the virtual operation of a vehicle. In particular, the surge voltages that came from the fuel
pump and wiper motor were classified as failed among the 13 targets of emission test results. In order to verify the effectiveness of
the transient voltage on the CKPS and CMPS of ECU essential signal when the automobile was operated, the measurement system
is created and the results are shown. Based on the results, the ECU level fluctuated over the criteria caused by the transient voltage
from the repetitive operation of the fuel pump. In addition, to simulate the surge that originated from the fuel pump in the actual
operation of the vehicle, the waveform defined by Ford Motor Co. was used and a similar transient voltage to that of the fuel pump
was injected. It is verified that the ignition and injector signals have been affected.

Key words : Transient voltage(¥+1= #13}), DC motor(%# ELE]), Immunity test(\/d Bl 2=E), ISO 7637-2(7F A ), Transient
injection(F= %), ECU(H A} Al o] 7-4)

.M E A ApeFoll 42 e Fsh AgF o 25 B Ay

Ao Eae Faoh A7) ARele] Wb olshe] 7 o] mid-& F3te] ECUCl &S wAA == A 4<)

2 7o) A]2-E] @ obA Ao A]2Ele] A o] FASHA o]z YE|E I I(Transient) 2}l $HT), F-EThA ol A

b v e A A o7 s = Q)= A2 =t BAIE)
SAHE R Qs FAOIEL BAsl Aol FE DT T S S e e

ST o] @] Sstor Hs]H0 2 EATE BT o et T2 F24 WA E(Motor, relay, actuator)2 t/d

= L — ! -] — = L
; © %S0 7637-2 22 7 AE H7H i 0= ARE-ShaL gltk

>
o
o
2
X
E
=)
ox
o
rir
° u
LI
3

ON/OFF’?}EHOHH 7] Q13tE # = W& 7K Transient

oA A B o, gk AAE = wj Al Eo] BAs A WA
i} emission test) &8-S AFEE T Qi) 2y A A x}Eko
710l A ZbHAl e H K] A F- A H-Sh(Inductive ) ° X -
el Aol = FpEgt Ra} g Ul Aere] 1Fslo] v
load)& 7HA = o] A 7= FA A ]] rmo] =]l _ -
o per o) = o B YA Qo Il ols) 1gFS) 0%
tiste] g &S W ¥ = ECUE o] T 718 =31tk o] Y ] o
o] A 4 AThY o)sh 2 4%e moleha B}
*Corresponding author, E-mail: wsnah@skku.edu
" This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http:/creativecommons. org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium provided the original work is properly cited.

785


https://crossmark.crossref.org/dialog/?doi=10.7467/KSAE.2019.27.10.785&domain=http://journal.ksae.org/&uri_scheme=http:&cm_version=v1.5

st7] 918 712 Aol ek B7E7) o] Fol A AL 1
W9 A A1 543 9] 1, (Peak to peak), s (Duration time), 7
(Transient time)7} A #l| 2}Fol| A LAY &) = PR} oF
At FE7F th 2 7] witoll A 3 Al AFEAF U AAE
o] 252 8-S rtstrlol AjtstA etk ol gk At

7o) 9712 nekal A 1 PRl A g 3
S 48 Bal WY AL =Y LS ANt
W) A AR BAL TE] 293 54 3}

OI;EI 1:0
W= > o b

. ©
o
T e
o
Tk
2

Og(:l‘,
i

ol o
N
N
BB Sl 2o

£ 7o) AsEolof §& AXEHE ATy

-

AT ATFELS ] YA "l
qk 2} ol A o] 1T 3
T E ]R3 QUA] gt} 9]
F31-S L oldto] EMI o)=Y
S HA] Al AA AEE W 2

AT7F AAE AL gle.
I

1o
o

2 Lok

fo oot = 1o o fiu

o w

o fn |m

Kl e oot
&g %% o yg
(ot

2 op Y

ol
)
o
= o

oo
T
2 o
o 9
29

i
e

o
of
2

1%
H

=@ go] =4

o

2 3o
BN

ot

il
o

o rx
o
o
2

I
2
o
2
ol

rou
)
N
O
s
4 2

o
z
0%
>
2l
ol
o
SUNNE
i
ox
ot
ol
|
%
2
o
2
>
ol
o
!
o

)
2

¢
of
on

o)
oy Mo
2
=
ﬁ,
Ir v
2
o
o

o Mz

o
N7
i
AV}
X
2
ofy ©
= %
PO
o
rJ
o 3R

dm & o
212
o
o)
o 2
Of
-
N
Y
o X
k
DL
9 o8
o o
o o

o |o

)
o
o
2
o
=
lo,
>,

Ml
o p
2
ox
ol
2
i)
k1
rN

g 2

-

o ot

il

Mo T i mo fob
_O|L
o 32
o o
ol _EL
o -
2 o
i1 O{N
= o
2L 2y
ol
Bl
<
i
w2
>
o
v
S

¥

¥

rlr
(ol

g & 1% ox

AN o o 2 BN JH e B b O

O
ol
92
Bl
2
o
)
o
offt
»
9
o, oX
%
v}
A
[t
i)

g
o gm fa

0;

o
=483k 53] ECUAIA Az 7H &
e AR Eol A e =gt S

Q1 el A 37112] ECU A Y etel] Q171819 3L, ECU

2.1 7|& RE HHEOl s LHY "I B

ISO 7637212 VDC 2 24 V DC &5 A4S AHg-3}
= A AY 3RS B AV ArEdEg
A gt AlSkaL Lo, HAdEe] A= At Al
= Hrle) B At Ug Be WA HUME R
& 4= 9t

A W WUk Ak 5] A Ta gl A
Aeh= Aes Ak A= Algolth w7t msY S
F=-100V~75V, usY A= -150 V ~ 100 V HH ol A

= dstell tial FAlE sk Q1AL o] W9lE vlojuhe
FEFSWE QA A i o2 A
e A de® fEE
AR} FF/ A 2=Hle] ¥
2, 74 WelM H=
& AAskar ol om zhzhe] 992 Fig.
(Test pulse) 2 1 ~3H O 7 FE-5lo]

AP 12 2AF Y F =4 F-3h
4 FFo] Bold uf HAE=

=]
4 $5E e 293

r

¢

rir
1

mL o off F
2
ro

ox

4o 18
o

>~H

E-“#

2

>OEQI:NIOF$~

S [

gl o,
¥ &
Hoogh ob

(I
R
)

ol

et

lo

)

e
[
B2l

g

it
g, HQIL' o

ol

- \N

PO

Y

0

HH A
)
)
in}

Wl
2
o

ot
)
QL
rir
offt r:
12
2 oy ¢
2 flo
i o
of

fu o o
o

ol
A
2
=
%
oo
ol
Ipr
F
)
=
=
o

A
™, EH o2 olo]3 EE|(Wiper motor), T+
S E](Power window motor)E £ = At} 3} o]
22 9] X](Ignition switch)2] ON/OFF A]ol| &= 27| &
27 dA sk, AgE P g dojA] 7] eTle
AFE2] 75 o] 1Al 22912 €] ON/OFF & W 32 o),
Zdo)7} AEH A ek 97 Aok

AE T 25 2a, 2bE i G oW, 2av A1 E U
F 19 E(Inductor)oll FH == AF7F 42~ A o
A A HHA WA= 91y o] Pl E ARG Zlofth AlE

Test pulsel Test pulse 2a Test pulse 2b Test pulse 3a Test pulse 3b
s N 025155 p— 1 -
31} —t—
B (ms 1 Us: ISV 15V
] [ . [ T 117
i m::lim
" ud

Fig. 1 Immunity test pulses of ISO 7637-2. These pulses have been used to test immunity test of electronic parts of automobile
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Ground Plane Table 1 The severity levels of pulse for nominal 12 V DC power line
Oscilloscope in the automotive from ISO-7637-2
Test time or number of pulses
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Fig. 2 Schematic for immunity test setup of electronic part of
automobile : pulse injection part (right side), measurement
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Table 2 Four functional performance status for the electronic parts of automobile while pulse test defined from Ford Motor Co.

Description

- The function operates without deviation within specified tolerances defined in EMC (electro magnetic compatibility) test plan during

Status 1 .
and after exposure to the disturbance.

+ The function deviates from normal design performance and is perceptible to the customer.

- The deviation does not impact safety or significantly impact customer satisfaction.

- After the disturbance is removed, recovery of normal function shall occur within a time equal or lower to that at startup (i.e. key-on).

Status 2 Alternatively, recovery shall be in line with a documented recovery strategy that does not require the driver to perform any actions
that are considered unsafe while the car is in motion (e.g. IGN(ignition) Key cycle).

+ No effect on temporary or permanent type memory is allowed.

- The deviation in performance does not affect other related functions requiring Status 1 performance.

- The function deviates from normal design performance and is perceptible to the customer.
- The deviation does not impact safety or significantly impact customer satisfaction.
- After the disturbance is removed, recovery of normal function is not automatic and may require the driver to stop the vehicle to

Status 3 safely return the function to normal operation (e.g. IGN Key cycle).
+ No effect on permanent type memory is allowed.
- The deviation in performance does not affect other related functions requiring Status 1 performance.
Status 4 - The device shall not sustain damage, changes in I/O parametric values (resistance, capacitance, leakage current etc.) or a permanent

reduction in functionality.
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Fig. 3 Procedures to measure the transient voltage at the power stage of the dc motor of parts of automobile
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Table 3 List for target parts of power line of DC motor in
automotive of transient emission test with operation
condition and test results

No | Part of automobile Operation condition enT;:s?Zf?;st
1 Alternator Alternator Pass
2 Throttle body Stepﬁz:@i‘:i;frf for Pass
3 Brake switch Switch On-Off Pass
4 Power window Switch On-Off Pass
5 Wiper Switch On-Off Pass
6 Washer Switch On-Off Pass
7 Headlamp Switch On-Off Pass
8 Door actuator Switch On-Off Pass
9 Cooling fan Switch On-Off Pass
10 | Evaporative solenoid Switch On-Off Pass
11 Wiper (overload) Switch On-Off Fail
12 Fuel pump Switch On-Off Fail
13 (Wif;l‘i’r‘:;“;’art) Switch On-Off Fail
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Fig. 4 Measured waveform at the DC power line with repetitive
ON/OFF operation of the wiper. The wiper is loaded normal
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Fig. 5 Measured waveform at the DC power line with repetitive
ON/OFF operation of the wiper. The wiper is stalled,
mimicking that the wiper is stuck due to the frost on the
window. The wiper is over-loaded

Table 4 Comparison the peak, time delay, and normalized power
from two conditions of wiper load

Factor Pulse by On/Off (Fig. 5) Pulse by overload (Fig. 6)
Vpp 128V 215.07V
td 180 ps 140 ps
tr 40 ps 20 ps
Power 152W 1425 W
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Fig. 6 Measured waveform at the DC power line with repetitive
ON/OFF operation of the fuel pump motor. In this case, the
spark plug gap is 0.9 ~ 1 mm wide, which is normal
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Fig. 7 Measured waveform at the DC power line with repetitive
ON/OFF operation of the fuel pump motor. In this case, the
spark plug gap is 1.4~ 1.5 mm wide due to aging effect,
which is not normal

Ao A= A]5©] ON
A =0 V7S
ofo]¥ REHET ASFPE RE 9] §ifo] A1 AY
Bl 27t 7] wfiell 2 o] F{Atet B A7t BE 5

A& ON/OFF st o3k 2ol A A A 7F 4=17] v
SHHA ool RE R T 2 3= Hfo] WAg A
72 Fig. 69l K.0] 1 )ck.

ofo] | KB oAM= AA| olH & 7| A% 2
A et A 270 BAREI O, AR
St xS FoAgd Fglong Ax Aol 3
233 Fefae] 7o) 43 F°] 0.9 mm ~ 1 mm
1.5 mm= Sl 85 2.2)3} 91t} Fig. 67 Fig. 7
Zh ~uh= e T gho] At
A1 2=9]2] ON/OFF A| A 3= 9} 94 & 5%
IE Holal vk 2uka Fe e ko] o
w2} 30 kVe] S-S AsliA Bl molM ARE &
ol o AR 292 J3 oA = =3 =

>

H

)

o

oh‘,
o
fo g
1
b, of o
i, ook IH
oL O?_', \r
m&gﬂuﬁfﬂioﬂrloé—m—ﬂﬁ
oorr 2w 2 N X orr e

N S

Transactions of the Korean Society of Automotive Engineers, Vol.27, No.10, 2019 789



LAYsle] olo] ARHZ A
Boy,7F529vHE 2

24 AlS ON
=Mt

H

ALE]
o
ol

2.4.1 20| ZE MATHM LMSH iz
ECU A& g 2A

2}k ofo]w o] BpI= Ratof oA T
AL ujl, xFEFe] ECU2] Al 5ol

1 9514 573 1

1§E -f—xj 6}7] H’SH Pinboard
=42 913l Scopecoder S AH&-5133 Th
ECU¢| 2% o] F&o T 421521 CKPS
(Crankshaft Position Sensor), CMPS (Camshaft Position
Sensor) AlA] 2] 5V AU YT ECUZE S 2 B U&= Signal
}\]iﬁ \;H)\Loi 3]. 1;} CKPS= Ji;LXJ o7 oﬂ;(]‘:‘i
EEELEE R R RS EL EE S Py
Aol ek A218] A3A] D st AL
Aol n], CMPS = a7l o] Al 3=}
AAFZES] 91218 %A 5 7 A ud o
rwaﬁg A} Aofshs 1A o]t
7F Aoz Qe oo ozl
] 7]170 2= ohjr
‘5 ON Fejoll A ¢fo]n] HE 1°ﬂ
%! %oﬂ ECUZ! iﬂ =4

}()11

o= e
}3\2

o] A3}k
Flal SbA A

ZIAH R 1 é—%
CKPS, CMPS 2] &
ofol# HE R <l
o] el sl

o = o)
’é"l‘ﬁ Lzs%]:

G

2_
bl

] ~F1g 8°ﬂ YERA AT
A8 A CKPS, CMPS 414
o}, 2 FEof g8k
13 B8 22

A4
J oF

=Y

=]
=

o

.

3% ECU &2t}

Photo. 1 Experimental setting for measuring ECU signals to measure
transient voltages in the automobile

790 SH=EXSASEI=2Z M27A M105, 2019

40ms/div

Fig. 8 Measured transient voltages at five points in the automotive
(wiper, CKPS 5 V, CMPS signal, CMPS 5 V, CMPS signal)
when the wiper is stalled mechanically. Note that the wiper
voltage in this figure is the same with Fig. 5
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Fig. 9 Measured transient voltages at five points in the automotive
(fuel pump, CKPS 5 V, CMPS signal, CMPS 5 V, CMPS
signal) when the gap of spark plug is 0.9 mm ~ 1 mm wide,
which is normal. Note that the fuel pump voltage in this
figure is the same with Fig. 6
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Fig. 10 Measured transient voltages at five points in the automotive
(fuel pump, CKPS 5 V, CMPS signal, CMPS 5 V, CMPS
signal) when the gap of spark plug is 1.4 mm ~ 1.5 mm wide
due to aging effect, which is not normal. Note that the fuel
pump voltage in this figure is the same with Fig. 7
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Table 5 Comparison the peak, time delay, and normalized power
from two waveforms

Factor Pulse by On/Off (Fig. 8) CI220 A2-2 (Fig. 16)
Vop 419.6 V 393V
ta 8 s 9 us
t, 0.5 us 0.4 us

Power 6000.63 W 5753.34 W
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