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Abstract : The WGV mechanical operating characteristics, which affect the power performance of a WGT gasoline engine, were
studied to further understand how it affects the latter. For this purpose, the behavior of the WGV was established according to the
engine operating conditions, and as the engine power performance affects the WGV opening time, the duty control and
deterioration rates were experimented on. To sum up the main study results, the WGV vibration properties were rapidly repeated
during the operation. The head of the WGV started to be opened from an at least 45 % throttle load through the whole engine rpm,
and the engine load conditions of the WGV opening time gradually increased at up to a 75 % throttle load. The maximum duty
control rate was kept at 100 % until about 2,000 rpm, and it gradually decreased until 4,000 rpm but sharply increased again in a
region of a very high engine speed of WOT. At these engine operating conditions, the engine torque rapidly decreased because of
the decrease in volumetric efficiency. These resulted from the increased engine cooling and exhaust gas losses at a high
combustion temperature. Wear of the WGV head and housing seat was observed during the WGT engine endurance test. This led
to a decrease of the boost pressure, which directly caused a decrease in the power output of the WGT gasoline engine.

Key words : WGT(SIo]=E A0 E BB A}A]), WGV(SIe]| =E Aol E W B) VGT(ZIA 87 B B.2}4]), Boost pressure(3}
= 2), Duty control rate(-7E] A1), WGV seat abrasion(WGV A}2] 312])

Nomenclature x : distance
P : force , N a,l : arm, lever
P : gas pressure, bar w,b 1 WGV head, boost
L : length, mm er : exhaust gas
K : actuator spring stiffness, N/mm
WGT : waste gate turbine LME
WOT : wide open throttle A A7l A 2.8 AR Bol A9l
GDi  : gasoline direct injection o}, Hito= &A% Fsubale] Al-go] A
. Z7Fska Qltt 7 7] 3ol A WGT(Waste gate valve

Subscript turbocharger)©] AH&- 917} 1.6 2Bl o] e} &% 7H&d
¢;0  :closing, opening, outer 7)gkell A @A 2.0 2lE]F ©] 4 2 GDi(Gasoline direct
7 : initial, inner
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Fig. 1 Schematic diagram of a WGT and WGV duty control
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WGV Opening : F < nR*P,, 71 “)
. L

WGV Closing : F > 7TR 7 %)

o714, F : operating force of the control rod

F,, : operating force on the headof WGV

K : spring stiffness of the WGV actuator

x : movingdistance of the control rod

P, : boostpressure of inlet air

A, : boosting Area of the WGV actuator

L, : arm length ofthe control rod

L, : leverlength of the WGV
sinnerradius of the WGV contact face
: outerradius of the WGV contact face
P, : exhaust gas pressure
F;
P, ,—o tinmitial equvalent boostpressure

w—o tnitial coil spring force of actuator

ol
T EE WGVZE e aL el w7k e v
= A1 (6)7F 4] (7)e] Hr.

T

WGV opening : P, ,>1—— (B~ P, ) (6)
w,h

WGV CIOSing Pex c < nT (Pb - Pi.fL' :0) (7)
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La
Lever Ratio, ry = —

L
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3 META U A W

3.1 A 23

3.1.1 A3 713 U e

21&of] A% 7] - ] B 2} A4] Intercooler, 1,998 cc 4
71°& 32 MPIL 7HE- 73S 2RSSl AL, WGT+
Flat head( $35)% WGV7} -9 21 © 2 4] Table 13} 2T}

B BAFA = 713 3] 44 % 6,000 rppmoll A $F=IH] 2.0
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7] Al &= CA A EAZKY) 2=AXE 3sel
o ot EWRATAE ZI| A% -1 ~3 barg 18] 3L

Table 1 Specifications of experimental engine & turbocharger

Experimental engine Specifications

Bore x Stroke (mm) 86 x 86

No. of cylinder 4
Displacement (cc) 1998 (IN-LINE DOHC)
Compression ratio 9.4

Cooling system Water cooled

ENGINE ECU MPI T/C M/T (MY 2010)

WGT (With Built-in Flat Serial No. 08124N
Type WGV) Head Dia. of WGV (mm) 35.0
WGV Head : Heat Actuator / Head area inner ratio | 1.780
resistant steel (SCH22) Head inner area ratio 0.664
Housing : Gray cast iron Lever ratio 1282

* T/C : Turbocharger, M/T : Manual transmission, MY : Model year
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Fig. 3 Schematic diagram of experimental apparatus
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Table 2 Operating endurance test mode of engine for turbo charger

Test stage Engine operating condition Time (sec)
1. Stage #1 Idle speed (NO Load) 300

I1. Stage #2 Rapid acceleration (4,000 rpm) 60

III. Stage #3 Wide open throttle (4,000 rpm) 140

1V. Stage #4 Rapid deceleration (Idle, NO Load) 30
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Table 4 Comparison of WGV head abrasion states between before and after the endurance test

Intial force [N] 50.1 76.3 70.4

Spring stiffness, K [N/mm] 4.06 5.84 6.04

Intial rod position [mm] 0 4.747 3.361

Wearing of WGV head face edge [im] - 0 24

Abrasion of WGV seat [um] - 0 1,057

Remark Without WGV Head, Before and after test Before endurance test | After 300 hrs. Endurance test
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Fig. 10 Various temperature variation during a cycle
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Fig. 11 Exhaust gas temperature according to engine operating time
at a WOT and 4,000 rpm
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A Study on the Operating Characteristics of Embedded WGV and the Effects of Power Performance in a WGT Gasoline Engine
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