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Summary

This study inferred and approached failures of coolant-related parts in petrol
installations according to changes in coolant temperature and conducted a
study to reduce the time of service center warehousing due to failure of
coolant-related parts. Coolant-related parts of the gasoline engine include a
water pump, radiator, coolant thermostat, coolant hoses and cooling fans. The
only way to identify these components is to disassemble and verify each part
in case of failure. In the absence of any coolant related component failure, the
change in coolant temperature 1s maintained at a stable temperature of
approximately 75 to 95°C. However, it was confirmed that the temperature
change of the coolant is different from the normal temperature change upon
failure of each component, and that failure of each component was determined
through comparison of this temperature change.

The engine used in the experiment is the G-1.6 Gasoline Direct Inspection
(GDI), which is currently widely used in subcompact sedans and hybrid
vehicles, and is a naturally aspirated four—cylinder double-headed camshaft
(DOHC) engine. For the purpose of obtaining the data, the HI-DS Premium
(HI-DS Premium) was used to facilitate the collection of data on temperature
changes in cooling water. The engine used a method to record the
temperature change of the coolant temperature sensor data at idle (600 to 700
rpm), and all experiments were measured indoors to minimize the temperature
change according to the ambient temperature with sufficient cooling time
before the engine is operated.

The temperature change in the initial normal state was measured, with the

impeller of the water pump worn at least 90% and the temperature change

- Vil -



when the coolant thermostat is stuck closed, temperature change when the
coolant level is 50% of the coolant level, temperature change when the
cooling fan fails, and temperature change when the coolant lake is blocked.

The results of the measurement confirmed that the temperature of the coolant
i1s different from that of the high speed cooling fan and the low speed cooling
fan, compared with the temperature of the coolant under normal conditions.

The experiment showed that the failure of the actual engine cooling line

could be estimated.
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Cooling fan

Shroud

Electric motor

Electric motor connector

Fig. 8 Cooling fan structure

Table 1 Cooling fan basic information

Sortation

Content

Type

High/Low (two-stage control)

Fan speed control method

Register

Register resistance

0.28+10% &

Volume of air (m'/h)

1,950 ~8% min.

Number of rotations (rpm)

1,650£8%

Consumption current (A)

11.7+10% max.
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Valve

Wax capsule

Fig. 12 Wax petit type water temperature regulator

Table 3 Wax petit type water thermostet basic information

Sortation Content
Type Wax pallet type
Opening temperature 82+15T
Fully open temperature 95C
Fully open length Above 8mm (95C)
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Insulation bucket—B
Contact plate

Insulation bucket—A

s Oring

Spring

Grease

Oring Negative temperature coefficient—thermic resistor

Fig. 13 Cooling water temperature sensor structure

Table 4 Sensor resistance by coolant temperature

Coolant temperature (C) Sensor resistance (kQ)
=40 48.14
-20 14.13~16.83
0 5.79
20 2.31~2.59
40 1.15
60 0.59
30 0.32
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Table 6 Check fuel pressure

Condition

Probable cause
of failure

Method

of maintenance

Low fuel pressure

Blocked fuel filter

Fuel filter exchange

Fuel pressure regulator

open failure

Fuel pressure

regulator change

High fuel pressure

Poor operation

of the fuel pump

Fuel pump failure

Fuel pressure regulator

closed failure

Fuel pressure

regulator change

Gradual drop

In pressure

Fuel line hose blocked

Repair or replace

fuel hoses

Fuel line leakage

Leakage part exchange
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Table 7 Petrol-engine emission generation

Emissions during normal driving Hazardous material details
N, 70.3%
o, 18.1%
co 0.9%
H,0 8.2%
NO, 0.13%
Ar 1.2%
HC 0.09%
0, 1.1%
Hazardous substance 1.12%

_36_
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Table 8 Motor vehicle exhaust gas reduction device

Motor vehicle exhaust gas reduction device

Blow-by gas

Control device

PCV (Positive Crankcase Ventilation) valve

Bleed hose

Fuel Evaporative

Emission Control System

Canister

PCSV (Purge Control Solenoid Valve)

Fuel tank cap

FTPS(fuel tank pressure sensor)

Roll over valve

Filler neck hose

Canistor

CCV(canistor closed valve)

Exhaust gas reduction device

TWC(three way catalysist)

Oxygen sensor

EGR(exhaust gas recirculation)
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Fig. 32 Systematic diagram of exhaust recirculating system
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1998. 1. 1 Less than Less than
Passenger | - _ o000 12, 31 1.2% 220ppm
car 1+0.1
(petrol) 2001. 1. 1 Less than Less than
~ 2003. 12. 31 1.2% 220ppm
2006. 1. 1 Less than Less than
~ 1.09% 120ppm

_46_



g =]

9]

KH

Z

Eal

Zuvjo] 7}

X
=

A

-

R

%]

=
=

obvzt b, LPi 7]l &=

Znlo] 7}V E

=

\=]

B

S

[¢)

28 5

2] A o] 4]

e d

7k~ Ao

=
=

gl

—

&K
)

B

ol

ol

B Ruto] 7123

ot

tel A=

[<]

}il, PCVEEE 97

wol 5171

s
pul

1ok gl

1o

o

55

Ae @ 44 =1

o

Table 103}

FAIRE 2007'd o] o] Arkw Aol

S

1.

1

7hER Al A

). KOBDII 7} 245 2007 o]

HEgs A

]

A By

T
=

7}
t}+3] H

alr
=

L) 28

NJo
iz

B/

NIl

A

|

fes]

H

= 7}
745

T+

_o/]
b el

&

°©

] 9

A %
18 2

A
pul

g AA(FTPS)

o}
H

AsH A

=

=1
T gtk 8= 20073 ol A A

U B (CCV)
PCSVel CCV, 28l Y =Hd o

T =

-

R

A

-

o

5 CCVH
o}

0
o

X
)

Ay

o o W] o]

oy
Hlo

~

4

o

_47_



Table 10 Fuel evaporative emission leak diagnosis table

Section name

PCSV

CCv

Sxplanation

Fuzzy control

Open

Open

Be under fuzzy control while driving
(After warm-up, above idle; activated at

acceleration).

Evaporative
emission

quantity check

Closed

Closed

The pressure in the fuel tank slowly
changes with the amount of evaporation
gas produced.

The pressure in the fuel tank rises
when the PCSV is stuck open.

It does not rise and it decreases.

Over leakage

diagnosis

Open

Closed

Determine if there is any leakage by
forming a negative pressure in the fuel
tank.

As a section, it usually takes about 10
seconds to evaporate.

The pressure does not drop well in case

of a large leakage of a Suga.

Delay

Closed

Closed

Pressure in the fuel tank rises smoothly
depending on the amount and
temperature of the fuel.

Do it. If the evaporative gas leaks a
small amount, the pressure increases

rapidly.

CcCcv

diagnosis

Closed

Open

If you open the CCV with the PCSV
closed, the pressure is rapidly
increasing.

It rises, and if the pressure doesn’t rise
rapidly, CCV 1is judged to be stuck

closed.
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Table 11 Gasoline 1.6 GDI engine specification

Category Data
Type Series, DOHC
Cylinder count 4

Cylinder internal diameter 7fmm
Cylinder stroke 85.44mm
Exhaust volume 1,591cc
Compression ratio 110 : 1
Ignition order 1-3-4-2

Table 12 Gasoline 1.6 GDI cooling system specifications

Category Specification
Cooling control format Iinlet control
Cooling fan control format High/Low (two-stage control)
Cooling fan register resistance 0.28+10%6%
Cooling method Forced circulation using cooling fan
Coolant capacity Approximately 6.4L
Type Wax pallet type
Openin
Thermostet temi)eratire 82£15C
Deployment
tenfpeiature o

High pressure
valve open 0.95~1.25 kgen
Radiator cap pressure

Vacuum valve
MAX 0.07 kgert

open pressure

Water-on—sensor format Thermistor type
Water 207 2.45+0.14 kQ
temperature
sensor resistance 80°C 0.3222 k<
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Table 13 Comprehensive vehicle diagnostic machine

Category

Specification

Output

range

0.0V ~ 5.0V+0.1V

Voltage

output
Forced stop

Output data can range

from 0.0V to 5.0V

in case of deviation

Output

range

1Hz ~ 15kHz%0.5%

Duty

90%

Voltage
Frequency level

Maximum:5V,
Minimum:0V

output

Forced stop

In case the ground
side output data is
taken out of the
voltage range of
(-)1.0V to 6.0V.

Frequency

range

1Hz ~ 999Hz+0.5%

Duty Range
Actuator

1% ~ 99%
@ 1Hz ~ 999Hz
(step by step 1%)

control

Pulse Width

Dependent on

frequency or duty

Allowable

current

2A+0.3A
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Normal thermostat

Defective thermostet

Fig. 39 Comparison of normal thermostat and bad thermostat

Cooling fan
connector

- Cooling fan
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the cooling fan conae
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Fig. 40 Comparison before and after cooling fan failure

_56_



U
T BT
TG R B T O =
© oo < RO s
do ) SIE Tow ok X2
N e o) oA = 30 < T
2 T % 5 % ) T
gﬂﬁ%ﬂm TRE Wﬁmm I
%ﬂ%ﬁmy.%%ﬂ Mﬂy mjﬂ.mqﬂo@o_ﬂ
= ero - o _1u/_.o & oy e ~ N o ) mr_ = T (R
NToas = < % o ) o oy ) T B B A
o) =S N g P oo ook X
o o) Ho B o W %o NI fo w B OE ST
X ® o NI 1@ A S = = o) Gl o T W
;MATH_ N Y ° N nmw e =) ~ W_v N < Ml A _1]@ o=
moo_mﬁﬂw4m$ﬂ N aw%o#m
g4 o= 4 Y o A SR = M o oM %
Gl o I o ojp E dr o< ol o T U o
™ o X o S 9 o o}/ AU ! b 3 o W
X = mr ~I m T X —_ m & = o o
E#E Oﬁa —_ ,UI N :.L @ ,Mﬂ J:HM __ o ﬂ E 1_/r X o
ol o o 5 g Mo < ol < oo | o X o B )
OW.U 7_l ! ﬁo o ﬂAJ! .mmo wo Z.O ﬂ MM 1\_| A . o 0 M _
Mo ) 0 NF o %o oy Ho N N N LT o ot A %0 ©
= | 1o ~r ™ N3 o Y N o) M e X
= B T N of T % o do Fo = = 3 ol
ﬂAﬂzﬂ H%ﬂ%}ﬂ il 5 T T o= o
w M‘_ I Y N ~ A wp Mu_ <y X El mm TN wﬂ
Eﬂ%aymi%éd@%ﬂw PSR LS
o_:t;@%o%ﬂae%y%wﬂo % &gr@_gyL
%ﬂmx W@ijéwﬁo%} o Mﬂﬂ@ﬂ%_
N ol T o S o T% R TN SN g
%Z;ﬁilg_flw_%wqe G AR
d%ﬂ%wowgﬁ_wmm%@mv w ﬂ%@??ﬂ
oo rE Ty o . B ¢ S
aar%ociayof%1a. N o e S i
CHEC) & ol = @ X F X g ) - = X o T F
SR o 5w w2 & N W = gy R !
ol = o < o w S N q 0" R =
= )y =o %o =0 ol ) e 3
< ) - { il _
uo= Lo FoRo o 5
= % . IN 4 A
;OE [a\N] 7_l ﬂ_,A_” LO._ ‘@| HT
oo PaE T S
B i N
o

- 57 -



0
o

!

;O*

N

mo

=4
~
=0
o
—
fi%e)
{Jo
N_.o

4K

o

oy
1SS

)

N

e

=0

vael

!

o

0

7A
T

<l

j

Fof 2ol o] ¢

°

a7 9

S

A

=

=

i

5%
ox
¢
o
o
o
o
™

A

_58_

SE7F 7haEA



Thickness (5mm) Inserted coolant hose

Coolant hose to Insert Coolant hose

Fig. 41 Coolant hose failure test

Coolant hose

Normal
coolant hose

Bad
coolant hose

or coolant residue

Fig. 42 Comparison of normal and bad coolant hoses
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