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Development of Friction Loss Measurement Device
at Low Speed of Turbocharger in a Passenger Vehicle
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Abstract  Turbocharging is widely used in diesel and gasoline engines as an effective way to reduce fuel
consumption. But turbochargers have turbo-lag due to mechanical friction losses. Bearing friction losses are a major
cause of mechanical friction losses and are particularly intensified in the lower speed range of the engine. Current
turbochargers mostly use oil bearings (two journal bearings and one thrust bearing). In this study, we focus on the
bearing friction in the lower speed range. Experimental equipment was made using a drive motor, load cell, magnetic
coupling, and oil control system. We measured the friction losses of the turbocharger while considering the influence
of the rotation speed, oil temperature, and pressure. The friction power losses increased exponentially when the
turbocharger speed increased.
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1. M2 71 Wi71e] Aol s ddstel 8 w77k

HE 3 ARanEE AR AT, e

2 A3 9= w7I7ks tAlek ARARle] I ALRE A R 2 EAE WANA A5 S
ZE Qlek AFSA #9719 o R AFat okl ez a 9} dA] R tA W BE o5
BRI e vlgo] zobAal QIul]. HEAE 7] Alxglo] Hguo] glom, A &Y XA A

*Corresponding Author : Jin Eun Chung(Korea Univ. of Technology and Education)

Tel: +82-41-560-1152 email: jechung@koreatech.ac.kr

Received October 4, 2016 Revised (1st November 9, 2016, 2nd November 24, 2016)
Accepted January 6, 2017 Published January 31, 2017

585



A& 8] =g A A8l ALz, 2017

go] BtE T

s Taan A4 gaad

719} SA wlojg wpEEde] F s vt B

AT AL G AN HEAHT] A
H(Center housing rotating assembly, CHRA)2] H]o] ]
npRaa =" g3t AT1E Ay

T8 Iy FH A F9A vxi* TZHAA 3]
A 1,500~2,500rpm)ell A ElRIAEY] FASEE
120,000rpm ©]3} o]® o] F-7ko| A o] mpaEA e 77
3 &8 AES 2YIuH4]. Wb Otobe S{5]%

N
-

Scharf 5{6]2 A&TztlM el Hugr] A
ATE FY8A 1L, Schorn[7]2 T3 Alo]ES vl

2 HRAF7] A% 97t 3 958ty
Huw37e g8 HUbs _,4?:} 7}@ n} 2 1—_{}_: A

oL o,
o

‘7lﬂl A 52334’-3— Emﬂrjﬂ - dd AEE
= 7S] &t
&%6}1 iM npREA R AR
[8]. &3 =A VEE ARSR v EA SAW S 4
A b BEag S4stn] B3 vl o] FuAe] uhe} v}

2 SA o] AEwrt A4 h9).
B Ao AE A dFlelA MEA AMEE
A 2 QA 3 AF 1,500 ~ 2,500rpm)oll A AL

89= 1312 3yt Ry 3§45 30,000 ~
90,000rpmell Al BlHab7]e] whads ZAsolt.
F24 Wl el S48 HaskdlE 9 e
o7 HAAFY S

Qe W Qe A9 WrE Agsdrh i, o
&4 54 AL ZEAS s Ptk w1 &
a2 44 45l rhasas AEsan

2. HEIIE7| E2E HIOZ

21 M3, ABAE H|O{E
B Ao AFEH E-ZZH(Full floating) Ad o]

10 [‘10

E‘iZH S E|HIAG Y]] R o R A8F 5
™, Fig. 19} 7¥o] shaft hole®} oil inlet&2 4] 5]
o] gich Xi” Hlo]FS 3} wjog o] k% B Aol
inner oil film¥} W& 31932} wjojg) vpAE A A
°]9] outer oil filmell ]3] W7} gy &3}7} 285}
E2Y Hojgeo] 98 Fagi)

X0 ol

-
Gil Inlet

&
Shaft Hole

Fig. 1. Journal bearing of Full-floating type

22 2E Ho]g 2 Hxyx D3 BlRlo) A el s}
= 4= Erdol g o s A 5HS
7, o] e g T pitelA FreR|A U
ERATH10]. 22 ~E wWol¥ L Fig. 29] R¥} o] 3
3l t]2~3 PAoy shaft holed} oil inlet>Z A F]

Cinlet

~*Thrust Pad

v
Shaft Hole

Fig. 2. Thrust bearing

A5 93 AL vpREd 34 GA)3E Fig. 3
| 75 2EH, 09 FF Al2E, A

], 71&H(Coupling) 2.2 A4 E o] 3]A

=

[ -E.‘«
1
Bl
my

[e3

U

e

e gl gk, 2Y2E RES AY MR

A Aol A% 4 RS BARL 5 I

Al, A== A

i

I NV 11 B
ox,
_O‘lg
o to
>

A



120,000rpme] A& 2w AL, Ed, olo] 5
T o ghuolge Aol 94 804 ol e
e T o ] Azl A9 282 Frisst. ofd Fig. 49

sl ::E% FERHS 3990 A 2 4L wolw )

— Loadeell —5

Fig. 3. Schematic of turbocharger CHRA friction loss
measuring device
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Table 3. Measuring point for the turbocharger friction
loss test

Oil Pressure

[bar]

Speed
[rpm]

30,000

Oil Temp.
[C]

40,000
50,000
60,000 60, 90
70,000
80,000

90,000
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Table 4. The result of drive motor friction power loss

o | e | e | ewon
30,000 0.003 0.00171 5.36
40,000 0.004 0.00227 9.53
50,000 0.004 0.00227 11.90
60,000 0.0 0.0 0.0
70,000 0.0 0.0 0.0
80,000 0.0 0.0 0.0
90,000 0.0 0.0 0.0
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Fig. 7. Turbocharger CHRA friction loss measuring
device

Table 5914= Y% 60°CSF 2UUE 4 barol A
H orpEEA S Welal 9loH, Table 6014 &
2% 90°CeF 2 dtE 4 baroll A 4 vpEEA
AT} 22 274 33 SAt] Fs
Al4*(Coefficient of variation)= kol
zko] B2 Aeletqrt. & AFe] S99
741?7} 5.8% 1RO 2 90,000rpm7HA] L4l
£33 (Unbalancing), ZE¢} A4 )i

g E2H(Mis alignment) 5= 23w A
3]

R 4 vk

= ﬂ 9
Z

%

HA

e

fz
o,

al

o WE

l:&:
1 EN
rﬂ

O

oo 3R

E

H

= N

[}
= =

Jﬁuﬂn{m_tégehmlong

Table 5. The average result of full-floating bearing
CHRA friction losses at oil temperature 6

07, pressure 4bar

Coefficient
of variation
(%)

Load
cell (kg)

Friction

(W)

Speed
(rpm)

Torque

(Nm)

30,000 0.021 0.0119 35.10 5.1

40,000 0.025 0.0142 55.28 43

50,000 0.027 0.0155 75.98 2.3

60,000 0.029 0.0162 102.38 53

70,000 0.030 0.0170 125.03 5.8

80,000 0.031 0.0178 149.17 3.7

90,000 0.033 0.0185 175.00 4.7
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Table 6. The average result of full-floating bearing
CHRA friction losses at oil temperature 9
0C, pressure 4bar

Speed Load Torque Friction (iojjrﬁizltej:)l;
(rpm) cell (kg) (Nm) W) N
(%)
30,000 0.010 0.00568 15.46 0.0
40,000 0.013 0.00738 26.70 0.0
50,000 0.015 0.00871 40.28 43
60,000 0.017 0.00985 61.90 33
70,000 0.019 0.01061 77.80 3.1
80,000 0.020 0.01136 95.21 5.0
90,000 0.021 0.01193 112.50 4.8
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Fig. 8. The friction losses as a function of turbocharger
speed at oil temperature 60°C and 90C and oil
pressure 4 bar

Fig. 82 HREIF7] npadEd SHAHNE HoFa
Ak HRIAF7| A npEEde HEAg7] g5
7kl whet S7FE Hola vk dyrA o mpEe
AL Ero] Aol HlHste] FlshE AoR deA]
Aow & HFelA A FH7]] npREAS diFH
o2 Hg7] AHEEY 14~1.8 AF5ol vlEeS B
o]iL itk 3ol wpet f&ute] FAb T vhkd 21
o] ®iglo] uwig} o]9} 2 AIE Hola e Fo=
shetE )

IFHE 099 &% Zvld wet graFr| up
2L A 2571 60°ColA 90°CE 71 o)



FFAE & =B A8 A1E, 2017

1o

% wolm gtk
A%} stobA

B
[N
=
=
BN
=
N
2
X
ol
[
oot

2)

I
2
e
_o|£
@ I
H
to

=2

BV
o,
2 2

QL

oX

3)

d
-

-
offt i
ot
)

4 *
Xl

4
O?\d_t’
_O|l"
L3R o
= B oy
tlo
>
i)
g Mo
o
ﬁ"lﬂ

>
ad
op
ol
-
2

4)

5) BlR.I37] 3 -4 =71 30,000rpmol A 90,000rpm
o7 Zkeh u wpEeAe wg7) 4R 14
~ 1.8 A%%o] nlEste] Z71eS Byon, o
U 2571 60°Cell A 90°CE Z7ke wf FH2 41%,
A 63% Bk

B 72 Eg suky A gRagr] 2459
Ao A 9] nfEEAL AEs| Z=Aste] B wolg
He3 A2 7| A|2Ee] Bl AFEE A

olc}.

~

o1 el
Fdgasie

6)

]

590

(1]

[2]

B3]

[4

[l

[5

[t}

[6

=

[7]

(8]

[9

[}

[10]

(1]

References

Namho Kim, Jaewoo Chung, Jungho Kang, Jubong Seo,
Suyoung Kang, “Development of turbocharger
performance test method using the turbocherger model®,
Conference of KSAE, pp. 274-282, 2011.

E.G. Giakoumis, A.M. Dimaratos, C.D. Rakopoulos,
“Experimental study of combustion noise radiation
during transient turbocharged diesel engine operation”,
Energy, pp. 4983 -4995, 2011.

DOI: https://doi.org/10.1016/j.energy.2011.05.043

Jin Eun Chung, Sangwoon Lee, “Measurement of Inertia
of Turbocharger Rotor in a Passenger Vehicle”,
Transactions of KSAE, vol. 24, no. 1, pp. 33-38, 2016.

Deligant M, Podevin P, Lamquin T, Vidal F, Marchal A,
“Experimental study of turbocharger's performances at
low speeds”, In: Proceedings of the ASME 2010 Internal
Combustion Engine Division Fall Technical Conference,
pp. 1 -8, 2010.

DOI: https://doi.org/10.1115/ICEF2010-35071

Otobe T, “Method of performance measurement for low
turbocharger ~ speeds”, In:  15th  Supercharging
Conference, Dresden Germany, pp. 409 - 19, 2010.

Scharf J, Schorn N, Smiljanowski V, Uhlmann T,
Aymanns R, “Method for extended turbocharger
mapping and turbocharger assessment”, In: 15th
Supercharging Conference. Dresden, Germany.

Schorn N, Smiljanowski V, Spéader U, Stalman R, Kindl
H, “Turbocharger turbines in engine cycle simulation”,
In: 13th Supercharging Conference, Dresden Germany.

P. Podevin, A. Clenci, G. Descombes, “Influence of the
lubricating oil pressure and temperature on the
performance at low speeds of a centrifugal compressor
for an automotive engine”, Thermal Engineering, 31 (2
-3), pp. 194 -201, 2011.

DOI: https://doi.org/10.1016/j.applthermaleng.2010.08.033

Deligant M., Podevin P., Descombes G., “Experimental
identification of turbocharger mechanical friction losses*,
Energy, vol. 39, no. 1, pp. 388-394, 2012.

DOI: https://doi.org/10.1016/j.energy.2011.12.049

Lamquin T., Gjika K., “Power Losses Identification On
Turbocharger Hydrodynamic Bearing System”, Test and
Prediction: Proceedings of ASME Turbo Expo 2009.

Norbert A. Schorn, "The Radial Turbine for Small
Turbocharger Applications: Evolution and Analytical
Methods for Twin-Entry Turbine Turbochargers", SAE
Int. J. Engines, vol. 7, no. 3, 2014.

DOI: https://doi.org/10.4271/2014-01-1647




24318 gungr)e A& 99 up

& %l 2(in Eun Chung) [H23]

019809 2¢ : Aguigw Tt
717188 (33

©1990d 8¢ : A& el
71 A1 (FEHaAh

0190821 39 ~ 1991 2¢ : F
He7ledtd A+

019924 34Y ~ A : F=7|EN
St 71 AF S ag

LAl Al 2E, A, A2 A=A

0| 4 2(Sang Woon Lee) [=3| 9]

02009 39 ~ 2015 29 : ¥
Zleussa A (3
/\})

020159 34Y ~ Al : FHV|EN
Soigtn  dukgiskd  71AFst

CRES)

X M| =(Se Hun Jeon) EXE

©20091d 3¢¥ ~ 20161 29 : ¥
7|l 7| AS SR (F3PAh
020161 3¢ ~ AA : SEv]Ew
Soistul gwdigtel  7)AEEt

EREE

AjA A2E, EuskE), B

591




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


