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Coolant
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EGR Line co,c:o2 THC NO, No, 0,

Fig. 2.2 Experimental apparatus



Table 2.1 Engine specifications
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Water-cooled
Engine type 4-stroke-cycle direct injection
diesel engine
Number of cylinder 1
Bore x stroke [mm] 85 x96.9
Displacement [cm?] 550
Compression ratio 16.3
Connecting-rod length [mm] 200.0
Valve system . DOHC
double intake valves & exhaust valves

Cam sensor @ { _ TEESEESN———

Fuel tank

R/E {§} PE— .

L e

Fig. 2.3 Fuel injection apparatus




N

Fig. 2.4 Schematic of diesel-fuel injector nozzle hole
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?51.4
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WA

084

Fig. 2.5 Schematic of piston cavity shape



Fig. 2.6 OIS connecting-rod
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Fig. 2.7 SIS connecting-rod

22



Table 2.2 Piston and connecting-rod specifications

Elastic moduls

150 GPa
(SNCM4309, high temperature)

Connecting-rod I-beam section

Cross section area

238 mm?

I-beam section length

146.5 mm (OIS connecting-rod)
96.5 mm (SIS connecting-rod)

Density 7800 kg/m® (SNCM439)
Piston 610 g
Top ring 12¢g
Second ring 9¢g
Mass Oil ring 6g
Piston pin 300 g
Clip 2g X 2
Connecting-rod
1505 ¢

small end part
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Fig. 2.8 Structural parts holding method (rubber tube with kite string)
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Fig. 2.9 Structural parts holding method (sling belt)
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Fig. 2.10 Main motion system parts holding method (rubber tube with kite string)
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Fig. 2.13 Belt driving system parts holding method (rubber tube with kite string)
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Fig. 2.14 Belt driving system parts holding method (sling belt)
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Fig. 2.16 Mount parts holding method (sling belt)
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0001

Fig. 2.17 Simulation model
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Conrodt b

Fig. 2.18 Simulation model
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3 E RN T IR

3.1 miET— ) A

B 7 — U =& (fast Fourier transform : FFT) (B & CRE 72 &
BB 2T H5BICHWLND. DLTICBER Y — U 2O ER
ANxRT .

Fk) = Nzlf(n)e-#
=0
(3.1)
FYIERERE [s]OBETH D ANESf(O%F T — % % n 8 CHEHUL L 72
LbOTHD. B 77—V xEZra va—% ETCEmEFET LT
VT Y XL FFT T D, KRR TEHEBEELE L TRATRT A=
74 RUERALIE.

2nn )

h(n) = 0.5 —0.5cos (N 1

(3.2)
3.2 1347 % —7 0 Rfg#T

AWFGE CIXEAREMATE LT 13 A7 2 —T R R 4T - 12
13 7% —T Ny RN, 13 7% —T7 X RTFREAKEE»S
REKEETOART ML EEFHL, —DOEE LT3 AT Z—TN
YRPLEAEECTRT LI RENRBAEEFEOMMAE R D BRI
MWbind. 1347 2= FEFICEIT 5908 EEIT IEC #li

@ JIS C 1514:2002 LW LTI ERZBAEZH W=,
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i = (67) ()
(3.3)
GI3A 7 2 =T N, NIZ7 4 V2 OFEBEZ 1IN A7 Z4—T N
RFELTRRTHODEDEL, f [HziZFE¥EF K3 (1000 Hz), i1
TEOEHTHD.

Fl, FFTORAXNT MO b T20HELE LT, 1347 % —
TN RTEBRLS —EOREEHE LAY a2 T 5FED
b5, AEIZEBNTIE, —HOBEE FFT ITlCZoFEZEHL,
JE W B T — kA (4 YA 7 e P - 2000 rpm DB AT

16.666--- Hz) & L7-.

33 v=x—7 Ly hEH

Vrx—7 Ly NE#BEFIT -V 2—T Ly IRV = —T
Ly MY, O EITRE L MiEOBRIEEZTZ LT, ANEShiE
T OREM—ARBEFEEERTILOTELILDOTHD.
AFETIE, vF—v=—7 L v b & LT Complex Morlet (2#E /1 L
—) &fEHA L7=. LLTFIZ Complex Morlet B# D E&E X &2 /R

tZ
ezinfcte_ﬁ

Y(t) =

TTfp
(3.4)
flHzliI~ Y —v = —7 L v b OREEE, f[H]ii~F—v -7 1
v FOFLEEHEERL TWDH . A Tidf, =3Hz, f,=16Hz& L 7-.
Vrx—7 by NEBIIANEEfOOE~—DUxz—T7 1Ly NORNFET
o, ve—T Ly NEBOEREXNEL L TICRT.
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W (a,b) = (f(£), Pap) = \/ia f D:Of(t)tp (#) dt

(3.5)
Wbl v = —7 by bMaE, (FO,Yup)lFANEHFET2—T Ly K
B Y, ) OHAEERL TS, Ve —T Ly NE#RTIIRAT — L RT
AmB LT MRT AL EZRETH I LICLY, BEEKD & FFRH
R ERBICERTENTED.

Y= =T Ly bR =)L RT A —Z (KU T B %E S
AEHLEEY, KFFETIE, v=—71Ly MEHTORLUT LA,
1347 =R ROFLEERIZC—-HIEDLEICAT =T A
— 2 EREL, BITEITok.

3.4 KF[H - BAEREBERGFRERETREET L

REFE] - AR ERERTRAETT VIL, =0 P URNTHEA LK
REEARYV NPT VU REETREINRDL T Y UEEERNIC
REBTRAALFXF—L L TEBEIN, BHELRPOEEFL L THRNIND
ETDHETATHD. M31TIERT LI, Z YUV EENY — DK
B TR EREORAICEVRE LESAMETCEBICER L, RO
MEEBEREAE CTHETDIZENATERND. L, BRIEEEDO AT
CHEVWZ D UEERICESH D 2 X RN EFR I, BELT %I
ETHIELICED. UTIRETAROFEMETET .

FT, AN TEULRBEEE Y —Wa b, "AVTRD LADOBEIZL
HICRDBEBEENRT — Wi ¥, mve, vm E VI IRBEEDEICL - T
BEHZX VX —E L LT VU BERICEEIND.
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dE,(f,t)
dt

= Do (IWei (f, £) + Ny (FHWii (f, 1)

(3.6)
TUVVICERBEINTTIEH X ALX— O EEIL, HEER ¢ 2
L CERBOICHEET 5.

dInE,(f,t)

L= = ()

(3.7)
BT R L XTI P UARBIZEBWNT b 20 FEKRHNR|IZL

ST P UVEBRERY W, b LTINS,

Wen = bE,
(3.8)
HN(B.6)~GB8)LV, UToOXNENIND.
AWen (f, -
# = bncv(f)wci(f: t) - C(M/en(f: t) - Wmn(f))
(3.9)

ZIT, W lIRFM I OEMEE NV —Chd. MREEHEICLDT v
VUBRBEICH S, BREBICL IV UVRBREEEN NSV,
BT N U — ISR EE RS, 2, B BERERER
EERERETTNVERTATHD.

O, REEHIME X1V A4 7 VBl TICHRTIHEFIZE WD,
BREMRICBT 2= P UBEANY OB REL, BREKTHLY A
INKTETCOZ P UVBREARNAV—ORAVEIIZE LW EARED. T

bbb,
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D AWer (f,0) (T 7
| s | e Wen(f,0) = Wi ()

(3.10)
LD, 22T, BRSBTS EIL, REHESE N L
HTcExr2bolt LT3, XBIHBLUGB.10)ky, XEI1HBREH I

5.
VVenmax(f) = [1 - exp{_c(f) (T - tb)}]_1b(f)77vc(f)Ecimax(f) + Wmn(f)
(3.11)
Z Z T, Wenmax 1L — A 7/1/|:F'0)E|§j(%§ /\Ub—, Ecimax&j:—ﬁ_/r 7 v

TORRKBREFBEI R LT —THDH. XNG.16)LV, RREE/ Y —IX
RRRBEFHE TR L X —(1CHBT 2Lz 5.

35 UV UBERY ORI

BRE NU —F, BALRH - BAAEELLLVBRTLIEOTR/LF—T
bOLEBA LT VT 4 1%, BRE2B>CKEKEBE 4 CHELIESE
7%, JIS8732 I kX, FEEEICEWT, BRAFLE LEFEKRE
W<EIOICLIORTEEXFHMAL, ZNENOEES T T 4D
FEEICAEEEER LS Z LT, RCIA)E L TRERESAV—ZHEHT
5.

(3.12)
FEL, AMEICBOCEERNEGETIZIRESS S 0 RSB D
0.1 m EPERMER 2D 0.1lm D 2 2 & L, WHEEMA L, =P 0
BlE - FEAS 0.lm BEN BB ZEEL 293 m? & Lz, BEROHA
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BEOBRIFFASEZ 1 HOBE Lz, BEAT -V L, 1E, KRS
NI —Wy=10"2WIZ L »T
LW=1010g10£
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(3.13)

ERIND.

3.6 BREHEBE U —-DOEHFIE
PRBEE R R — WL, BE AU —LFEEIC, MNES P, BRIERE
HE Aei, EAZTESA L E—F 2 RpclZ XD

2
Fei

Wei =pC

Aci

(3.14)

LEEL, REBERT — L _JLFEERT —W=102WICckoT

L.; = 10log %
ci 10 WO

(3.15)
CERELE. B, RRBBEER = XL X — IR EEE U — 2 R 5
W CREMMES LML 5.
B, MBEEERE Ao 1 FRAUT XD KD 2.
Ay = Ay + Ay +Ay + Ag
(3.16)
ZIT, AIF A M EEHOREME, Ao IXEMEEICI T 5 MmH
FE, A XBRBEE FHEE, AIREEES S EZRVWAEECH D .
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ZIZT, A IS L 0 R T2
A; =nDy

(3.17)
2T, DIFART, yFEAMNAEMTHDL. X BT (3.18)
WXVl Ts 2 ENnTES.

y = {(1 — cosO) + % 1- cosZG)}

(3.18)
ZITOIT T AR, plrENALL, TRbb T REaya Yy
FREOHTH S .

3.7 BERcOEHBFIE

RBEEE T — TR EHM » oRiIcEr ER D720, XB.IYK Y

dIn(W,y (f, £) = Wi ()
dt

c(f) = -

(3.19)
ERIND. ThITkY, BERY L EYUEBEET U - b RS
ERDODDHENTESH. Oguchi HEDEFXGCIDICESETHEERLHE N
L7z, RIFRCTIIEBBEEOY A 7 VNEB S ZE L, R (3.20)IC X
DEMHLE.

_ AIn{We,,(f, t) — Winn (f, )}
dt

c(f) =

(3.20)

ZIT, Wanlf, DIEH A 7 VMBS AU —ThY, T—H U
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BREDO Y A 7 VEWEEE YU — & iz,
FREHT XNV X— X REFEED 2 FIHH T H7-0, EEBHEE» S
ERAERDODDHZELTESD., XB.H)BLUAB.2008L 0
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3.8 WENVEZEDFEp. DR FIE
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c Ecimax

(3.24)
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B XA(f)
HO = ah=ap

(3.25)
2T, AFAN DT =Y A7 fV, BIFH IO T — ) = AT |
W, AFEREETH L. £, BOoNTBAEBISERE LY, FEE
BIZE o TE—FRERM ZEHT 520 TE S, FEEBED A A

— VAKX 3.20D TEXEFLLTICRT.

(M=2—f0
(3.26)
TIT, RIFIEEO Y — 7 B, AflZE—27ME LD 3dB EWETO
R EIE CTh 5. F— FEELNu<10% & /NS WIHEITIE, FEEE
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Fig. 3.2 Image of the half power bandwidth method
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Fig. 4.1.1 Sound source visualization at 2.5 kHz (intake side)

Table 4.1.1 Experimental condition for investigation of decay-rate dependence on the

sound source location

Engine speed [rpm] 2000
Fuel injection pressure [MPa] 160
Start of fuel injection [deg. ATDC] -18/-8
Fuel injection duration [ms] 0.12/0.3
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Combustion chamber Bearing

Fig. 4.1.2 100-cycle temporal variations of In(W,,, — W,,,) with approximate lines for
different sound source locations and decay rate at 2.5 kHz

Fig. 4.1.3 100-cycle temporal variations of In(v? — v2) with approximate lines for

different sound source locations and decay rate at 2.5 kHz.



8 kHz

1.0 kHz 3.15kHz

1.6 kHz

Fig. 4.1.4 100-cycle temporal variations of In(W,,, — W)

with approximate lines near bearing at different frequencies
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0.63 kHz 2.0 kHz

0.8 kHz ' 2.5 kHz

1.6 kHz 5.0 kHz

Fig. 4.1.5 100-cycle temporal variations of In(v? — v3)

with approximate lines near bearing at different frequencies
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..\I\:w..f‘. 1 \
Fig. 4.1.6 100-cycle decay rates near bearing at different frequencies calculated in two

different ways
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Table 4.1.2 Experimental condition for investigation of influence of fuel injection

timing on decay rate

Engine speed [rpm] 2000
Fuel injection pressure [MPa] 120
Start of fuel injection [deg. ATDC] -23,-20,-17, -14, -11, -8
Fuel injection duration [ms] 0.3

14 deg. ATDC

0.03 0045 006 .li?n 5 1] 0015 0,03 0,045 .06

e 0 0015
Time [35]

Time [s]
1200

- 1000

Q

800
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—
=
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o]
]

200

0 . ) B .
2320 07 14 -1
Start of fuel injection |[deg. ATDC|

Fig. 4.1.7 100-cycle temporal variations of In(v? — v2) with approximate lines for
different fuel injection timings and decay rate near bearing at 2.5 kHz.
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Table 4.1.3 Experimental condition for investigation of influence of fuel injection

pressure on decay rate

Engine speed [rpm] 2000
Fuel injection pressure [MPa] 100, 120, 140, 160
Start of fuel injection [deg. ATDC] -18/-8
Fuel injection duration [ms] 0.12/0.3
15 15
160 MPa 120 MPa

15 15

140 MPa 100 MPa

1200

J

200
600

400

—
L
—
aw
1~
}I
s
o
-
L
~
-

100 120 140 1 60
Fuel injection pressure [MPa]

Fig. 4.1.8 100-cycle temporal variations of In(v? — v?2) with approximate lines for

different fuel injection pressures and decay rate near bearing at 2.5 kHz.
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Table 4.1.4 Experimental condition for investigation of influence of maximum in-

cylinder pressure on decay rate

Engine speed [rpm] 2000
Fuel injection pressure [MPa] 120
IMEP [kPa] 500
Condition 1: start of fuel injection [deg. ATDC] -4
Condition 1: fuel injection duration [ms] 0.3
Condition 2: start of fuel injection [deg. ATDC] -17/-8
Condition 2: fuel injection duration [ms] 0.15/0.28
Condition 3: start of fuel injection [deg. ATDC] -22/-8/2
Condition 3: fuel injection duration [ms] 0.1/0.21/0.21

Table 4.1.5 Maximum in-cylinder pressure for different conditions

Running condition dP/dBmax [MPa/deg.]
Condition 1 (C-1) 1.26
Condition 2 (C-2) 1
Condition 3 (C-3) 0.65
15 15
C-1 C-3

Fig. 4.1.9 100-cycle temporal variations of In(v? — v?2) with approximate lines for

different maximum in-cylinder pressures and decay rate near bearing at 2.5 kHz.
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Fig. 4.1.10 Dependence of decay rate near bearing on maximum combustion impact

energy at 2.5 kHz.
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Freauency[Hz] | Modal damping ratio [%]
K14SIP_D13265-02 Volume 1.524E+06 mm? Test 1st 1140.6 0.015234
weight 4.150 kg | Test 2nd 1956.4 0.040627
Density | 2.7234E-09| ton/mm” | Test 3rd 3289.4 0.10161
K14SIP_11043 Volume |1.080E+06| mm’ | Test 1st 1149.9 0.028322
weight 3.000 kg Test 2nd 1542.5 0.042894
Head Density _[2.7549E-09| ton/mm” | Test 3rd 23904 0.068093
K14SIP_D11042-00 Volume | 2264310 mm? | Test 1st 3037.8 0.16885
weight 6.300 kg Test 2nd 4625.1 0.29652
Density |2.7823E-09| ton/mm” | Test 3rd 5345 0.68096
K14S1P_D11013-05 Volume |3.297E+06] mm® | Test 1st 2867.6 0.055789
weight 24.150 kg Test 2nd 3219.4 0.057163
Density |7.3238E-09| ton/mm” | Test 3rd 3357.4 0.034301
Cyl K14SIP_D11013-05 E
— - Volume | 227013 mm” | Test st 1305.3 0.14643
weight 1.600 kg | Test 2nd 1306.7 0.14983
Density |7.0481E-09| ton/mm® | Test 3rd 1566.5 0.12515
K1414_11104_UPPER_BLOCK_CASTING | voume |6.328E406] mm® | Test ist 803.82 0.16543
weight 22.450 kg Test 2nd 1382 0.30362
Density |3.5478E-09| ton/mm’ | Test 3rd 1729 0.16591
K1414_11101_BLOCK_CASTING Volume |1.036E+07] mm® | Test 1st 941.12 0.0363
weight 73.950 kg Test 2nd 1169.8 0.028392
Block Density |7.1398E-09| ton/mm? | Test 3rd 1265.8 0.074063
022-2178-SIDE_PLATE Volume |3.452E+05] mm® | Test 1st 706.96 0.076317
weight 0.952 kg Test 2nd 820.74 0.056735
Density |2.7579E-09| ton/mm” | Test 3rd 1574.2 0.093965
ASSY-OILPAN Volume 576891 mm? Test 1st 476.11 1.1041
weight 4.200 kg Test 2nd 576.07 0.50498
OilPan Density |7.2804E-09| ton/mm? | Test 3rd 707.14 0.48727

Fig. 4.2.1 Result of part hammering test (structural parts)
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Freauency[Hz] Modal damping ratiot [%]
Piston Piston Volume | 2.140E+05| mm® Test 1st 6681 0.069423
weight 0.610 kg Test 2nd 6831.4 0.064718
Density |2.8507E-09| ton/mm’ Test 3rd 11936 0.051736
PIN, PISTON Volume | 1.080E+06| _mm’® Test 1st failed failed
weight 0.296 kg Test 2nd failed failed
Density |2.7182E-10] ton/mm?> Test 3rd failed failed
Crank Crank Assy Volume } mm? Test 1st 807.15 0.044418
weight 15.250 kg Test 2nd 977.28 0.04804
Density - ton/mm? Test 3rd 1325.2 0.0088809
Conrod K1414-H-006/008 + Bolt/Bush Volume |1.917E+06] mm? Test 1ot 838.59 0.014766
weight 0.948 kg Test 2nd 1051.2 0.044116
Density |4.9449€-10] ton/mm® Test 3rd 1560.8 0.025443
STP Conrod Volume | 7099050 mm? Test 1st 1157.8 0.032639
weight 1.078 kg Test 2nd 1227.3 0.020951
Density |1.5185€-10] ton/mm? Test 3rd 1570.1 0.029258
F/W Volume |2.117E+05| mm’ Test 1st 1884.7 0.76631
weight 52.800 kg Test 2nd 1904.2 0.011162
Density |2.4944E-07| ton/mm? Test 3rd 3065.5 0.42196
Balancer In-side Volume |3.883E+05| mm? Test 1st 1147.9 0.24191
weight 3.000 kg Test 2nd 1248.6 0.12846
Density |7.7269€-09| ton/mm?> Test 3rd 2898.2 0.45779
Sl Volume |3.883E+05| mm’ Test 1st 1197.9) 041372
weight 3.000 kg Test 2nd 1297 0.20401
Density |7.7269E-09| ton/mm? Test 3rd 2457.7 1.4055

Fig. 4.2.2 Result of part hammering test (main motion system parts)
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Freauency[Hz] Modal damping ratio¢ [%]
Box K14SIP_C13903-01 Volume | 2.140E+05[ _mm’® Test st 323.71 0.044713
weight 13.100 kg Test 2nd 623.95 0.054619
Density _|6.1219E-08 ton/mm? Test 3rd 703.36 0.032336
Volume |1.089E+06| mm® Test 1st 115.89 0.018841
weight 18.050 kg Test 2nd 131.19 0.13387
Density |1.6575€-08] ton/mm?> Test 3rd 333.1 0.011346
K14SIP_D13404-01 Volume mm3 Test 1st 140.57 0.053526
weight 11.350 kg Test 2nd 267.54 0.016289
Density | #DIv/or | ton/mm? Test 3rd 397.89 0.050616
14SIP_C13410-00 SUPPORT Volume [1.917E+06[ mm’ Test st 614.11 0.010261
weight 3.100 kg Test 2nd 1157.8 0.0085951
Density |1.6170E-09| ton/mm? Test 3rd 1551.5 0.015531
K14SIP_D13403-00 STAY Volume | 7099050 mm? Test 1st 846.54 0.036065
weight 2.550 kg Test 2nd 1721.2 0.034581
Density _[3.5920€-10| ton/mm> Test 3rd 2256.8 0.059907
K14SIP_C13401-00 SPACER Volume |2.117E+05| mm?3 Test 1st 712.03 0.040236
weight 3.200 kg Test 2nd 1746.6 0.076371
Density |1.5118E-08] ton/mm? Test 3rd 2723.4 0.04124
Fig. 4.2.3 Result of part hammering test (belt driving system parts)
Freauency[Hz] Modal damping ratiog [%]
Mount K1107_11601_MOUNT Volume | 2.140E+05| _mm’ Test 1st 334.07 0.34822
weight 34.000 kg Test 2nd 396.8 0.49693
Density |1.5889E-07/ ton/mm? Test 3rd 1004 0.080144
Mount K1107_11602_MOUNT Volume | 2.140E+05[ _mm’* Test 1st 408 0.32048
weight 32.300 kg Test 2nd 896.51 0.04304
Density _|1.5094€-07| ton/mm?> Test 3rd 987.51 0.058454
Base K1107_11603 BASE Volume |2.760E+07| mm’ Test 1st 43419 0.29099
weight 188.700 kg Test 2nd 72.58 0.48197
Density |6.8358E-09| ton/mm? Test 3rd 158.82 0.11922

Fig. 4.2.4 Result of part hammering test (mount parts)
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Fig. 4.3.1 Assembled block
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C

J

[Log magnitude

Fig. 4.3.2 FRF of upper block

Fig. 4.3.3 FRF of lower block

Fig. 4.3.4 FRF of assembled block
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Table 4.3.1 Modal damping ratios of main blocks

Upper| Frequency [Hz] C %] Lower [requency |Hz]|

| st 803.8 0.16543 | st 941.1

2nd 382 0.30362 2nd 1170

3rd 1729 0.16591 3rd 1266

Table 4.3.2 Modal damping ratios of assembled block

0.17415
0.22560
0.67184
2.1494
0.54397

0.0021340

Fig. 4.3.5 Assembled block model for eigenvalue analysis
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Fig. 4.3.6 Simulation vibration mode: slip friction between contact surfaces occurs
(1139 Hz)

Fig. 4.3.7 Simulation vibration mode: slip friction between contact surfaces occurs
(1604 Hz)

Fig. 4.3.8 Simulation vibration mode: slip friction between contact surfaces occurs
(1975 Hz)
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Fig. 4.3.9 Simulation vibration mode: slip friction between contact surfaces does not
occur (1384 Hz)

Fig. 4.3.10 Simulation vibration mode: slip friction between contact surfaces does not
occur (1975 Hz)



Table 4.3.3 Experimental condition

Engine speed [rpm] 2000
Fuel injection pressure [MPa] 130
Start of fuel injection [deg. ATDC] -8
Fuel injection duration [ms] 0.3
Pmax [MPa] 7
dP/dBnax [MPa/deg.] 1.8

Fig. 4.3.11 Accelerometer positions
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Fig. 4.3.12 Phase difference between upper block and lower block

for bigger modal damping ratio
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Fig. 4.3.13 Phase difference between upper block and lower block

for smaller modal damping ratio
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Table 4.4.1 Simulation oil viscosities

OIL A

OILB

Dynamic Viscosity [Pa-s]

0.001

0.05

Fig. 4.4.3 Vibration velocity squared max at engine wall near main bearing
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Crank angle [deg.

Ol (0001 Pa - s

il

Fig. 4.4.4 Peak total pressures and peak asperity contact pressures at main bearing 1
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Fig. 4.4.5 Asperity contact pressure contour at absolute maximum peak of total pressure

for two different oil viscosities on Main Bearings

y<o Asperity contact friction loss
Oil - (0.001 Pa * s)
« 2000 Oil (0,05 Pa - s)

er loss [W]

1500

O1l film friction loss

on pow

< 1000

500

Total frict:

)
—_Eh(_) 270 -180 -90 0 90 180 270 360
Crank angle [deg. ATDC|

Fig. 4.4.6 Total friction power loss at main bearing 1
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Fig. 4.4.7 Frequency characteristics of total friction-power-loss level for Main Bearing 1

for different oil viscosities
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Comrodi

Fig. 2.17 Simulation model (Repost)
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Fig. 4.5.1 Rayleigh damping ratios

Table 4.5.1 Rayleigh damping ratio combinations

Type name— .
'l I Type A Type B
Body name | : .

Block
Piston

Piston-pin

Connecting-rod

Crankshatt

Balancer-shaft 1

Balancer-shatt 2
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Fig. 4.5.2 Engine outer wall accelerations for different Rayleigh damping ratio

combinations in simulation and experimental acceleration.
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Crank angle [deg. ATDC]|

Fig. 4.5.3 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 100 Hz
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Fig. 4.5.4 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 125 Hz
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Fig. 4.5.5 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 160 Hz
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Fig. 4.5.6 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 200 Hz
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Fig. 4.5.7 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 250 Hz
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Fig. 4.5.8 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 315 Hz
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Fig. 4.5.9 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 400 Hz
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Fig. 4.5.10 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 500 Hz
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Fig. 4.5.11 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 630 Hz
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Fig. 4.5.12 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 800 Hz
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Fig. 4.5.13 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 1000 Hz
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Fig. 4.5.14 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 1250 Hz
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Fig. 4.5.15 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 1600 Hz
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Fig. 4.5.16 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 2000 Hz
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Fig. 4.5.17 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation and experimental acceleration at 2500 Hz
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Fig. 4.5.18 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 3150 Hz
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Fig. 4.5.19 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 4000 Hz
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Fig. 4.5.20 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation and experimental acceleration at 5000 Hz

Table 4.5.2 Rayleigh damping ratio combinations for sensitivity analysis

Iype name— . . , " . :
: Piston® 100 Conrod*1000 Crankshaft*100 Block*100 Iype A
Body name | A

Block (1) (1)
P1ston (=100 (1) ) (1)

(1)x100

Piston-pm
(H*100 (1) (D

Connecting-rod (1)

Crankshalt (nH (nH (=100
(1) (1)

(n (1) (1)

Balancer-shatt |

Balancer-shalt 2
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Fig. 4.5.21 Engine outer wall accelerations for different Rayleigh damping ratio

combinations for sensitivity analysis in simulation and experimental acceleration
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Fig. 4.5.22 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at 100
Hz
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Fig. 4.5.23 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation for sensitivity analysis and experimental acceleration at 125
Hz
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Fig. 4.5.24 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at 160
Hz
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Fig. 4.5.25 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at 200
Hz
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Fig. 4.5.26 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at 250
Hz
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Fig. 4.5.27 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at 315
Hz
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Fig. 4.5.28 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at 400
Hz
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Fig. 4.5.29 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at 500
Hz
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Fig. 4.5.30 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at 630
Hz
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Fig. 4.5.31 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at 800
Hz
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Fig. 4.5.32 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at
1000 Hz
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Fig. 4.5.33 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at
1250 Hz
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Fig. 4.5.34 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at
1600 Hz
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Fig. 4.5.35 Temporal variations of acceleration for different Rayleigh damping ratio

combinations in simulation for sensitivity analysis and experimental acceleration at
2000 Hz
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Fig. 4.5.36 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at
2500 Hz
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Fig. 4.5.37 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at
3150 Hz
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Fig. 4.5.38 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at
4000 Hz
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Fig. 4.5.39 Temporal variations of acceleration for different Rayleigh damping ratio
combinations in simulation for sensitivity analysis and experimental acceleration at
5000 Hz
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Fig. 4.5.40 Temporal variations of acceleration of condition “Conrod*100” compared

with “Type C” in simulation and experimental acceleration at 2500 Hz
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Fig. 4.5.41 Rayleigh damping ratios
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Fig. 2.17 Simulation model (Repost)
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Table 4.3.3 Experimental condition (repost)

Engine speed [rpm] 2000

Fuel injection pressure [MPa] 130
Start of fuel injection [deg. ATDC] -8
Fuel injection duration [ms] 0.3
Pmax [MPa] 7

dP/dBnax [MPa/deg.] 1.8

Fig. 5.1.1 Main bearings

Flvwhecl Conrod

side side

3 mim

Fig. 5.1.2 Taper of Main Bearing 2
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Fig. 5.1.1.1 Frequency characteristics of accelerations on engine outer wall for different

oil viscosities (simulation)
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Fig. 5.1.1.2 Frequency characteristics of acceleration with 10W-50 relative to that with

0W-30 on engine outer wall
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Fig. 5.1.1.3 Frequency characteristics of accelerations on engine outer wall for different

oil viscosities (experiment)
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Fig. 5.1.1.5 Peak asperity-contact pressure for different oil viscosities



122

Bottom

Conrod side

Fig. 5.1.1.6 Asperity-contact-pressure contour at absolute maximum peak of total

pressure for different oil viscosities
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Fig. 5.1.1.7 Minimum oil-film thickness for different oil viscosities
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Fig. 5.1.1.8 Total friction-power loss for different oil viscosities
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Fig. 5.1.1.9 Frequency characteristics of total friction-power-loss level for Main Bearing

2 for different oil viscosities
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Fig. 5.1.2.1 Frequency characteristics of accelerations on engine outer wall for different

bearing taper angles (simulation)
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Fig. 5.1.2.1 Frequency characteristics of acceleration with tapered bearing relative to

that with non-tapered bearing on engine outer wall
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Fig. 5.1.2.3 Asperity-contact-pressure contour at absolute maximum peak of total

pressure for different bearing taper angles
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Fig. 5.1.2.6 Minimum oil-film thickness for different bearing taper angles
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Fig. 5.1.2.7 Total friction-power loss on Main Bearing 2

for different bearing taper angles
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Fig. 5.1.2.8 Frequency characteristics of total friction-power-loss level for Main Bearing

2 for different bearing taper angles
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Fig. 5.1.2.9 Axial volume flow at 0 deg. ATDC for different bearing taper angles
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Fig. 2.6 SIS connecting-rod (repost)
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Table 5.2.1 Experimental condition

Engine speed [rpm] 2000

Fuel injection pressure [MPa] 130
Start of fuel injection [deg. ATDC] -8
Fuel injection duration [ms] 0.3
Pmax [MPa] 7

dP/dBnax [MPa/deg.] 1.8
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Fig. 5.2.1 Spectra of engine wall acceleration near main bearing for different

connecting-rods
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Contour Plot
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Fig. 5.2.2 Piston-connecting rod mode analysis
(left: OIS connecting-rod 2634 Hz, right: SIS connecting-rod 2910 Hz)
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Fig. 5.2.4 Spectra of connecting-rod acceleration for different connecting-rods
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Fig. 5.2.5 Spectra of engine wall acceleration near main bearing for different

connecting-rods
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Fig. 5.2.6 Values proportional to vibration-transmission efficiencies for different
connecting-rods
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Fig. 5.2.8 Values proportional to transmission-radiation coefficients for different

connecting-rods
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Fig. 5.2.9 Asperity contact pressure at maximum peak total pressure

(upper: OIS connecting-rod, lower: SIS connecting-rod)

Fig. 5.2.10 Position where asperity contact occurs
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Fig. 5.2.11 Vertically downward force from main bearing to block for different

connecting-rods

dB]

['otal friction power loss level

2400 2600 3000
Frequency [Hz|

Fig. 5.2.12 Asperity friction power loss at main bearing for different connecting-rods
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Fig. 4.5.2 Engine outer wall accelerations for different Rayleigh damping ratio

combinations in simulation and experimental acceleration (Repost)



137

Comrodi

Fig. 2.17 Simulation model (Repost)



138

"o ———————
‘ Stif. x 10000

\ | Stif. x100

| | ‘ Stif. x10

N% Ml ~ —Default

o
=}

90 N

80|

Acceleration level [dB]

70— ﬂ\
10° 10
Frequency [Hz]

Damp. x
Damp. x
Damp.
Damp.
Damp. 1/
—Default

10’
Frequency [Hz]

Fig. 5.2.14 Engine outer wall accelerations for different REVO joint damping
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