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2.4.3.000000000

gobstugdbbbugobbbugobbbuooobbboodmoboogd
goon

(0] = [¢] +[¢] -
god

[®] : Operating deflection shape matrix

[¢] : Rigid body shape matrix

[qJ] : Residual shape matrix

gbobobboooooobobbobmobboddebgooobobbbbuoogooon
goboboboobboodagd

{¢,=a.03 +0{Y +d & +d, ¥Z He, Xz {1, }xv (2 -3
oo

{q} o : Rigid body shape vector of m-th mode

{x}{v%{ k : Unit translation vector along each axis

{yz} { X2 { X¥ : Unitrotation vector around each axis

a,,b,,c,d,, e, f,: Factorsin linear combination on m- th mode

allOfO0ODOO0OOOOobOOo0obOOoOooDbOo0oboooDboobuoobDbboboobo
guooobobbbodgooobobbbogooooobbbgoooooooobbd
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4.2.

4.2.1.
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Fuel tank

Rail pressure sensor

Pressure limiting

Common rail

Controlled high pressure

pump with .
presupply pump % l ﬂ
Engine speed Engine phase Accelerator Boost  Air-  Coolant- Intake-
) (crankshaft)  (camshaft)  pedal pressure temp. temp.  mass flow
Control unit
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4.2.2.
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A CPL CNL

dB 4-3 CPL SPL
SA (1)
SA MNL CPL
2 SPL CPL SA MNL
SPL CPL (4-1) SA MNL
MNL CPL
EGR
CPL
4-1
Cycle 4
Type of Engine NA DI Diesel
Number of Cylinder In-Line 4
Displacement 4334cm3
Bor and Stroke 112 x 110 mm
Rated Power 96kW at 3200r/min
Rated Torque 304Nm at 1700r/min
4-1
i T
! ! ~—_

PN i1 DI S OEN |

4-4
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STRUCTURE RESPONSE STRUCTURE ATTENUATION
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4.2.3.
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FEM
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4.

4.

3.

3.

1.
2.2
@GN
(4-1)
(INL)
SPL = CNL + INL + MNL
= CPL/SA+ f(CPL) + MNL
INL CPL
4-2
Im
4-16 4.2.
Cycle 4
Type of Engine Turbo-Intercooled IDI Diesel
Number of Cylinder In-Line 4
Displacement 3059cm3
Bor and Stroke 95.4 x 107 mm
Rated Power 99kW at 3600r/min

Rated Torque

294Nm at 2000r/min

4-2

87

(4-3)



4-16

Sound pressure Level (dB)

Sound Pressure Level (dB)
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PTFE
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3.98x108 Pa
26x1072 mm
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4.

3.3.
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Newton-Raphson

4-20

Velocity (m/sec) x10-3

4-19

FE
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Cycle

4

Type of Engine

Turbo-Intercooled IDI Diesel

Number of Cylinder In-Line 4
Displacement 1686cm3
Bor and Stroke 79 X 86 mm
Rated Power 65kW at 4500r/min
Rated Torque 167Nm at 2500r/min
4-3
L4 1686¢cm?3 TC IDI Diesel
3000r/min  No Load
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4.

4

4.

4.

1.

OHC

4.4.2.

AC
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|

.5 | Angular Displacement ; Idle Gear

% 30 T80 770 380 750 510 530 720
CRANK ANGLE DEG
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25¢cm

4-25

4-26

700r/min 1500r/min 100r/min
dB

Injection Pump Gear,

| Idle B Gear

Idle A Gear

! Crank Gear

4-24
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m standard gear

® w/Backlash Eliminator

a
b

3
m | m
2 2 -
S
c 17
o
£ of -
[ -
= |
o 10 b
-1 [ a
@ o o
_2 | | | |
0.1 0.2 0.3 0.4 0.5
Total Backlash (mm)
4-26
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4

4.

3.

2,3

Engine

Injection Pump

Microphone ©

4-27
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External Injection Unit

4-27

4.2.2



Cycle 4
Type of Engine NA DI Diesel
Number of Cylinder In-Line 4
Displacement 4334cm3
Bor and Stroke 112 x 110 mm
Rated Power 96kW at 3200r/min
Rated Torque 304Nm at 1700r/min
4-4
Pump Type A AD MD
Cam tangential < -
Plunger Lift (mm) 9 11 11
Plunger Diameter (mm) 9.5 10 10.5
Max. Injection Pressure (Mpa) 40 45 50
4-5

L4 4334cm3 DI NA Diesel
2600r/min Full Lever

92

2x10°Pa

©
o
T

88 [

86 [

84 I

82

Sound Pressure Level (dBA) ref

A type AD type MD type

Installed Injection Pump Type

4-28

106



Im
L,(cB)
L (dB) L (dB)
_ L; /10 .
L,, =1040g(10"/° - 10/%)
4-4
4-5

(4-8) 4-28

MD
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4.

4.

4.

4-28

4-29

Pressure

Acceleration

(MPa)

(m/sec?)

(53,54)

500

1000

-1000

4-29

2

Bosch AD Pump
2500r/min Full Lever

- Fuel Line Pressure
,

Injection Pump Vibration

A A A

Time (sec) 1msec

108
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4-30

ADAMS

4-5 AD

4-31

z Z

Plunger yT—> X xT—> y

g\ Plunger Spring

o
o $©

Timer o
Gov<rnor Tappet </ / E}g éfE_\
\ : /
Roll
\ @ oller
\

Cam Shaft

C 0O
000

4-30
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Velocity (m/sec)

8000

LN
o
o
o

Acceleration (m/sec?)

-4000

-8000

q Bosch AD Pump
measure 2500r/min Full Lever
calculated

designed

Plunger acting force

Tappet velocity

A "l A ]

100 120 140 160 180

4-31

Cam angle (deg)
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5.2.2. 0000000000 OOOOO
godoubobbgdgoouoobbugooooobbbobbuoooooobbd
Doy ooos-100ooooooobnoobobooooooooooon

05

Yo :{[r cos(a ) +I cos( +y)]2 —xz} —[(I +)° oXos +X0P)2:|0.5 (5-1)
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d’y,
dt2

= —rw’” cosa —(rlweos a)z(l 2 - AZ)_15 +rofAdn a(l 2 - AZ)_O'5 (5-5)

5.2.3. 0000000000
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d*x d*6
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dy a6
Ey=(wb+n1+nbyapﬂ—nmxiff (5-7)
gobooboooooouood MpDDDDDDDDDD
d*g d*x d?y, O
Mp:lpdt—zp"'mpgy dtzp -l dtzp% (5-8)
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00Om,000000000000000000000
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M, = Fg(xp _XOB) +z FYs _z Fa (X| _Xp) +T, (5-15)
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0 (5-14)(5-15)0 0 (5-7)(5-8)0 00 00000000x 06 00000000000
0oO00000000o0
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2 2

(rrb + m) ddt);p +rrb(ly +|Xtan,B) ddtezp =F (5-16)

d?x d%o
My~ * o = M, (5-17)
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2 [l
szgmﬂ'm +mg)ddt>;p _Fg _ZFpI _ZFrI H:anﬁ-'-zlzs (5'18)
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No
1 m
2 m
3 m
4 m
5 deg
6 m
7 m
8 ; st m
9 ; 2nd m
10 : ol m
11 : 1st N
12 . 2nd N
13 el N
14 ; st m
15 ; 2nd m
16 : oil m
17 : upper m
18 ; lower m
19 ; upper m
20 : lower m
21 ; upper m
22 : lower m
23 kg
24 + kg
25 kg
26 Nms2
27 X m
28 y m
29 . upper N/m
30 . lower N/m
31 Nms2
5-1

No

1 r/min

2 Pa

3 Pas

5-2
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No
1 XP m
2| THP rad
3 VXP m/sec X
4| VTHP | rad/sec
5| XEA m X Th,upper
6 XEB m X Th,lower
7 XEC m X AT ,upper
8 XED m X AT lower
9 XPA m X Th,upper
10| XPB m X Th,lower
11/ XPC m X AT ,upper
12| XPD m X :AT lower
13|  AXP m/sec2 X
14| ATHP |rad/sec2
15| VXA m/sec X Th,upper
16/ VXB m/sec X Th,lower
17| VXC m/sec X AT ,upper
18| VXD m/sec X AT lower
19] AXA m/sec2 X ‘Th,upper
20| AXB m/sec? X :Th,lower
21| AXC m/sec2 X AT upper
22|  AXD m/sec2 X AT lower
23 YP m y
24| VYP m/sec y
25| AYP m/sec2 y
26 P Pa
27|  FIX N
28| FIY N
29 Tl Nm
30 FG N
31| FAl N X ‘Th,upper
32| FB1 N X Th,lower
33| FC1 N X :AT ,upper
34| FD1 N X AT lower
35| FAB N FA1+FB1
36| FCD N FC1+FD1
37| FA2 Nm
38| FB2 Nm
39| FC2 Nm C
40| FD2 Nm D
41| MURLC1 - 1st
42| MURLC2 - 2nd
43| MURLC3 -
44| FRL1 N - 1st
45| FRL2 N - 2nd

5-3 (1) (1)
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No

46

FRL3

47

FRR1

1st

48

FRR2

2nd

49

FRR3

21222

50

ECCA

Th,upper

51

ECCB

Th,lower

52

ECCC

AT upper

53

ECCD

AT lower

54

CCOILA

(1) upper

55

CCOlILB

(1) lower

56

CCEA

(2);Th,upper

57

CCEB

(2):, Th,lower

58

CCEC

(2):AT,upper

59

CCED

(2)., AT lower

60

MUOLA

Pas

‘Th,upper

61

MUOLB

Pas

. Th,lower

62

MUOLC

Pas

AT upper

63

MUOLD

Pas

AT lower

64

FPLA

Th,upper

65

FPLB

Th,lower

66

FPLC

AT ,upper

67

FPLD

AT Jlower

68

FL1

69

FTR

70

FCRX

71

FCRY

ZIZZ212122|12|2

72

TORQ

=
3

73

SOM

74

MUPPS

75

TP

76

FX1

7

EX

78

FTH

79

KE1

80

KE2

81

KE

KE1+KE2

86

KEA

:Th,upper

87

KEB

‘Th,lower

88

KEC

:AT upper

89

KED

:AT lower

94

XPS1

95

XPS2

=z pd
=R E N ) e S e L I A A

96

VXS1

m/sec

97

VXS2

m/sec

X X[ X

5-3 (2)
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gs-400dggudoguuobobbobbobbbbouudduuoooooooon
gooooobs-sgguuonbugoooobbuoogooobnbod
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goooobobbogogad

Cycle 4

Type of Engine NA Gasoline
Number of Cylinder Vee-6
Displacement 3165cm3

Bor and Stroke 93.4 x 77 mm
Rated Power 147kW at 5600r/min
Rated Torque 265Nm at 3600r/min

5-4
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5.3.2. 000000O0OOOOOO
gos-e000bdodgobobobbbioooooobobobbodtdemmbbog
oo oboobooooboboobobooon
BnymOOO0DO0DO00000OO0O0000oooobobobboooobhbooooooobooboo
oooobbooooduoenmidbbbbboooooob™ooobbobboogoa
godooobbgogd
odoubbbgdgoooobbuggooooobbuouooooobbobd
gogooobboggogooobbugoooobobbuoooooooobbd
Jolbbgogoooobbobogaubbbbogoooobobbbgds-sbnd
godoobbbgogoooobogooooon
OO0D0emmOO000000000O0DOOOODOOO0O00000ooooDS-robOO
goooboombboogoooobobboooooobbobboooooob ™
obooobobboobobobbbbooooo 3o oobboobboog
godoubobbgdgooouoobbuuooooobbubuoooooobbd
goooubbbgdooouoobbgoooooobobobd

- - V6 3165cc Gasoline
2000r/min Motoring

0.15 ’ - 015

5-6
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=
o

1 m 0.0934
2 |CRANK m 0.0385
3 m 0.146
4 kg 0.41189
5 + kg 0.3328
6 kg 0.034
7 m 0.000818
8 y m 0.009285
9 Nms2 4.02E-04
10 m -0.001
11 : upper N/m 4.15E+07
12 . lower N/m 8.05E+06
13 ; upper m 6.00E-05
14 : lower m 3.80E-05
15 : upper m 0.002
16 . lower m -0.02225
17 . upper m 0.002
18 : lower m 0.0225
19 m 0.011
20 ; 1st m 0.02475
21 . 2nd m 0.02005
22 el m 0.0148
23  1st N 13.729
24 . 2nd N 11.768
25 . 0il N 48.543
26 ; 1st m 0.0037
27 :2nd m 0.004
28 . 0il m 0.0025
29 m 0
30 deg 0
31 Nms2 0
5-5
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100

(mm/sec)

-100

V6 3165cc Gasoline
2000r/min Motoring

0.15

540

720

1 100

(mm/sec)

-100

S5-7
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V6 3165cc Gasoline
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17 0
€
0.05 £
1 0.10
015 - 015
=3 B
£ 0.10
0.05
O 1 1 1 1 1 1 1 1
0 180 360 540 720
(deg)
o
3
\
e
E
100 - -100

(mm/sec)

-100 T R

5-10

142



V6 3165cc Gasoline
full load & motoring
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Cycle 4

Type of Engine Turbo-Intercooled IDI Diesel

Number of Cylinder In-Line 4

Displacement 1686cm3

Bor and Stroke 79 x 86 mm

Rated Power 65kW at 4500r/min

Rated Torgue 167Nm at 2500r/min
5-6
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L4 1688cc IDI TC Diesel
1000-5000r/min Motoring
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1 m 0.079
2 |CRANK m 0.043
3 m 0.1335
4 kg 0.46
5 kg 0.386
6 kg 0.03
7 m -0.00035
8 m 0.018
9 Nms2 4.11E-04
10 m 0
11 ; upper N/m 1.05E+08
12 : lower N/m 1.94E+07
13 ; upper m 6.50E-05
14 : lower m 3.50E-05
15 ; upper m 0.0025
16 : lower m -0.0205
17 ; upper m 0.003
18 . lower m 0.011
19 m 0.0135
20 ; Lst m 0.02828
21 - 2nd m 0.02128
22 ; oll m 0.01678
23 : 1st N 10.094
24 - 2nd N 8.134
25 ; 0il N 30.38
26 m 0.0035
27 m 0.0035
28 m 0.004
29 m 0
30 deg 0
31 Nms2 | -0.0000429
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L4 1688cc IDI TC Diesel
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L4 1688cc IDI TC Diesel
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L4 3059cc IDI Diesel

=105 Motoring

150

1000 2000 3000 4000
(r/min)
5-18
Cycle 4
Type of Engine Turbo-Intercooled IDI Diesel
Number of Cylinder In-Line 4
Displacement 3059cm3
Bor and Stroke 95.4 x 107 mm
Rated Power 99kW at 3600r/min
Rated Torque 294Nm at 2000r/min
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(rad)

—— 2500r/min
------- 3000r/min
- = =-3500r/min

(mm)
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No

1 m 0.0954
2 |CRANK m 0.0535
3 m 0.168
4 kg 0.793
5 + kg 0.797
6 kg 0.0496
7 X m 0.0012
8 y m 0.0233
9 Nms2 9.44E-04
10 m -0.0007
11 ; upper N/m 1.34E+08
12 : lower N/m 2.54E+07
13 ; upper m 5.80E-05
14 . lower m 3.30E-05
15 ; upper m 0.0015
16 : lower m -0.028
17 ; upper m 0.002
18 . lower m 0.014
19 m 0.017
20 ; Lst m 0.036385
21 :2nd m 0.028185
22 ; oil m 0.022185
23 : 1st N 255
24 :2nd N 23
25 ; oil N 58.8
26 o 1st m 0.0048
27 ;2nd m 0.0047
28 :oil m 0.0049
29 m 0.002
30 deg 0
31 Nms2 0
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Engine speed A B C Bx C | Others
2500(r/min) 9.9 14 87.7 1.0
3000 1.5 17.6 74.6 2.5 3.8
3500 10.8 10.4 46.1 27.9 4.8
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Engine speed A B C Bx C |Others
2500(r/min) 0.1 0.8 97.7 1.3 0.1
3000 0.1 0.7 98.0 1.1 0.1
3500 0.1 6.5 88.5 4.8 0.1
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Cycle 4
Type of Engine NA DI Diesel
Number of Cylinder In-Line 4
Displacement 2499cm3
Bor and Stroke 93 x 92 mm
Rated Power 58kW at 3600r/min
Rated Torque 167Nm at 2000r/min
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