47

aAeE SRR A AFEA 2T AT

A Study on the Vibratory Characteristics of
Resilient Mounting System with Multi-degree—-of -freedom

Kim Seong-Choon® - Kim Ue-Kan**

Abstract

In this study, every exciting and damping forces working on the marine engine
are formulated mathematically in order to apply to the design of a resilient mounting
system of engine effectively. Futhermore, some mathematical formulation for the
analysis of the transmissibility of multi -body system are proposed.

Before the application of theoretical research to the analysis of the actual resilient
mounting  system of a marine engine, a preliminary test is performed for the
verification of the formulation assumption in which the resiliently mounted body 1s
considered as a rigid body. The influence of the stiffness of the base frame on the
natural frequencies of the resilient mounting system is theoretically analyzed and
their results are compared with experimental data. As a result of that, the basc
frame can be supposed as a rigid body.

A new computer program which is able to calculate the free vibration, the
transmissibility, and the forced vibration of a resilient mounting system has been
developed by using a mathematical formulation. As an application of this developed
computer program, the dvnamic behaviour of resilient system with an actual rubber

spring for the case of 36-degree -of - freedom system is evaluated quantitatively.

e g aolieti A AMEAE AR AT



48 WEEEARRE A 85 Bk #2188

1.4 &

U2E SRNBE 17802 Q%o waE Sy ge Tzs A
A ol A5E o muHow 2o 2~ gu
HES G2 % 72 429 ¢ Y 23 su aze waag
SAAT IAAE Aske Yedoln, de Hus BaE Aas P1golA)
BEE AFel 992 dene Ag YA Phol. Suo Base (REES
IS Re @A Q) R e wyAng o s ABHGe w3
= el djale] Estug

BAHAAD e a79l 2ol 93718 S8 ga Ho)g00 =EE R
18 1RoR Mg guslnel Ao AgRA wm ww age AEAY o
SHOE A WA NS AFE ABAE Spe) Be 0 YRES oz
o

A NS Aol ASl BAAA M) R @TE 2o wea SESERS
RO CIE Aok g djgauel 20802 Aea A% 29 sue 7
WHEAN BEAA e o) 2ae B ojyg 2ym s H 15457} o)
BENIAG AEAGEE 10192 WRE 20 WaHoz @At g9 Beoz
BAER 2o, F9, 484, PR 5 smaug 27 AE, 280 po
ST woHol met @47148 AR 99, o) srzyase o7}
TR HWIRE 20802 Asdoy, nvlae 2us0s wy s wE
<2 A8 SUA GEAAAY Byl Fobs B

NS AR BYAAANE e Hom ) Gaas Sa . CERE
WS A 109 2 gaee ARz gu me gag 2o o,
°NE DENAA Ag5hel BANEL A2 2 solop gt

TN £ ATANE 48 9W1R @Y A) oA A dEEE R
& UL, o1 QYA H8549) BN SaAT Bt 744
95 A4 AUT2a9¢ Nedag 9o 29 gy ghere g A7)
o A9E SYYE Y4 ol Buzzaan saq an 383 o] 3
T EE BRIYE 2 A 208 G ByAGA g5l B4
N ARLE, AeE, BANEE ANon, BAAAAY Azl A7 g =
54 50 B Bz 2999 gaxAg A
I¥¢ dA4oz AEstuz wo.

o
g
it
s
re
-4
Rl
- X2
o
B

O

I

¢

=

o



AR SRR A o) 2% E ) Bat ol .

(MW} +[CHL) +[K Ha)={£,) (2.1
(M o } +1C, 1 20} 41K, Y, ) = { ) (2.2)
{X} :{l,t] /\’l lzl 9xl 0_\1 6’21 """"" 6xn 6\'71 &zn}r )
:{LXI Lv\‘l Lzl @‘(l @\’l @zl ......... @Xn @\'n @Zn}7 elwt
— {X} e 1wl
{fo} :{fm f/\l f/zl ft.‘};rl fﬁ\l f&zl """"" fﬁrn fam f&zn} " )
={Fy Fo Fp F ol Fog Fgy woeeees Eon F on I ﬁzn}f e’
— {FU} e twt
{xm} ::{[x(l [,\O /zO 910 6,\() '920 """"" 6”1 6,\‘:1 02"}T -
= { LXU L,\U Lz() @x() 6)7\0 @20 ......... @;\‘n @yn @Zn} 7 e 1wt
— {Xm} e wwt
o) ={fr T Fry Fog Towg Fogy =ooemeeee Focn Fom Foum) |
={Fy F it Fuy Fog F 60 Flog oo Foo Fop Fo) 7 e
— {Fm } e wt

M[[ Ml:l e Mln
(M]=| Moy Moy o

Mnl Mnn
Cll CIZ “ee Cln
Cop O
1{11 }(IZ K],,
K,y o K



[ Moy, Moy, M.Ols My, ; Moy My, ,|
Moy, Moy, : Mo, Moyg :
(M, 1= Mo, Mog ¢ Mo, Mg ,
My, , Mo, My, My My M,
Mog, Moy, P My, M :
L MOnl : MO,,(; Mnl Mnn
[ Coyy Coy 5 Coy g Coy 7 Coy 8 Co,
Coy Coj : Coy 4 Coy s :
[C.1= Cogy Cog g Cogq Cog
CO71 C072 CO76 Cll CIZ cln
Cog, Coga : Cz1 Coo :
[ Co,,l CO,,(; Cnl Cnn
[ Koy, Koy, Koy g K017 K018 KOUJ
Ko, K02 2 : K02 7 Koz 8 :
[K,.]1= Kog, Koge Kogr Kog »
K071 K072 K076 Kll KIZ Kl n
KOgl Kng : KZI KZZ :
{ KO,,] KO,,G Knl Knn
(x}) AR FAIMY Ba AFAS AH
(fo} @ AAS FA Zashe %2 7108 AH
(X} : AA FAAMY & 2 AFAE HE
(Fo) : &AM FA #Esi<c 24 71AEAE A
(x,) ¢ 71eh A FAAAS Ba AFUA WE
(f,} @ 71uat AR FAl A A 7178 HH
(X,): 7 A S48 Ea AEAZ A
(F,): 713 2Ae S49 Fgate i 71NHAE AE
Lxlv L}l’ Lzl, @xly @}ly @zl 7&"“ 1-’] %‘}‘éo‘])‘iﬂ —v—)l\— tg%l g‘l
@xm @ym @zn‘ ] n"] A Oﬂ)\-],] "1)\ §]Z ] Zl%

WEEE AP APk BIUE 218




AT @A AA Y WS B3k A 51

LxOv L)OaL207 @30» @)Oy @z() ]H}—Oﬂ _1'0’} —)‘\— Boi%_]. E/Q _]%__ ﬁ%ﬂ%
Fr, Fr, Fr Foq, Fon, Fo ' 3419 5

Fﬁxn: Fﬁynv F(Jzn :70Liﬂ nQ,] %/EJOH "}‘%8}"‘;—:‘ ‘1—/1\— 7]%.‘. E’_fﬂ‘_‘E XL]%

o,
2

N

Eak
o
Ol
A
rlr
Iz
DX
\‘1
N,
o
e
Lo
=
Im
)
I

oo
g
31
=
D
,&
ry
S
"y
>
@
o
&
E
rL
2,
I
v
oo
olt
o
clr
Jz
bx
™~
Y
oo
po)
2l
2
|
)
i

22014 WA 08 J)uke etk weba] sukel Melr} dickm AR E A 5o
T:‘ [mi 1\0: [zll: (9}0: H,\U: (921):(), 7]‘?_}:0}] 7511"%‘—0‘]’2‘ 7]71(_13:1]0] Oir/]’i’ 7}' c} }ci"? Oﬂ .
Se™ S~ fro™ faw™ Fou= Fon=0°1 E1UI, 7S] Aido] obsiria 7hge A9 M,

—oo(i=1,6.=1,.6) My, = M, =00i=1,6,j=7,, o] A}

),/'

Helshe B4 A%uE (X,)e A2 2o YEd 4 Qo] of

LD e

s st WEE) (F e S020% o] gu

T Yl 1

{(X,)=(K,]—wIM,)+ il C,]) YF,} (2.3)
{F} = (K, ] +iwlC, {X,} (2.4)
=V 1

A g o /1048 Hekn @ & Ao teby AR AN 29 3
2y

well vixiEe] Agg e A3 Ha AEANY (X, S 2240 sk 4257}

yivh whebr] 22528 426)3 2o 71z AEMeSo] EatE|x] ore zuk
bR, aelan AR R o) Foldis B AREgY [TR]S ¥ 4tk

{(F)=(K,]1+ il C,)I[K,]— o [M,]+ il C,]) "{F,) (25)

[TR] =([K,]1+ il C,D([K,]— o [M,]+ia]C,]) " (26)

3. 7% FE2EE A A= AR A Al2] AEEA

3.1 7ERLYHE 0|28 ANFTS A

Fig. 3.1 7|3} d71E A58k SR A HE 4709 g ~ime o 22 o]
pél ol:w_ %3] 2] ]

[e]

&
QU EHIAA A ] Pl S WelFETh oA AARAE ghdamye) v
°f

REop VAR 9]oll Aoks & Aol HFolch



52 REREABR A8t wmXE 218

Fig. 3.1 F.E. Model of base frame.
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Fig. 3.2 Measurement systems for the experimental modal analysis.

Table 3.1 Test equipments.

. . { . B
L Item | Device name | Specification l
| Signal analyzer ~ Difa APB 200 4-ch FFT |
‘ rL i Frequency range @ —~2 kllz :
. Accelerometer PCB Trnaxial 339B01 . 1,‘ L N : |
L i Sensitivity 1 100 mV/g |

Max. Force : 500 1b

Impact hammer PCB 086Co0 Frequency range @ ~500 Hz
Sensitivity © 0.24 mV/N
Acceleration output

Ig at 15992Hz

! Calibrator B&K 4294

Amplifier PCB 48E09

Table 3.2 Calculated and measured natural frequency for the base frame

T

] | Natural frequcncy"b (Hz) )
5 Ist torsion Ist h-bending Ist v-bending
| F.E Analysis 379 66.0 723

ﬁi Measurement 359 ‘ 67.5 | 73.9 B
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Fig. 3.3 Simplified model of base frame.

Table 3.3 Natural frequencies of base frame, varying E (modulus of elasticity).

Natural Frequency (Hz)

E (GPa) ; n :
Longi. | Trans. | Vert. | Roll. | Pitch. | Yaw. | Torsion | H-bend | V-bend
20.7 6.9 45 75 8.4 10.3 8.1 15.2 209 26.3
62.0 6.9 4.7 7.8 8.8 10.3 8.7 22.8 35.3 443
82.7 6.9 47 7.8 89 10.3 8.7 25.8 40.6 51.0

1034 6.9 47 7.8 8.9 104 8.8 284 453 56.9
124.1 6.9 47 7.8 8.9 104 8.8 30.9 49.6 62.2
1379 6.9 47 7.9 89 | 104 88 324 52.3 65.5
206.8 6.9 438 7.9 90 | 104 88 39.2 63.9 80.1
2068.0 6.9 48 7.9 9.0 | 104 8.9 121.0 201.4 252.3
20680.0 6.9 48 79 90 | 104 8.9 381.7 | 6366 797.7
Rigid body| 6.9 4.9 7.9 9.2 10.5 9.0 - - -

TEEY T GAAAAY nHAFF e gL Qo] g =
B A (Modulus of elasticity)E 20.7GPa~20680GPaZ @A Z o8 WA AAks}
Ao B O AR FRES ZAZ Mgt @4AAA Y A8AEL 4% A
e} vtk

Table 332 TE2E& FAAZ 7I4S 299 ZAZ 7RG Ao 7229 3
Aiistel] WE 1R 5T ANAFel) FRES FAZ AT A SAAAAY



T T o Ak %Mﬂ@hﬂﬂ T T do %o
T o o e BT R . — OoF ® o
o 7 £ 9 kb © A
o e wmE = gl T T
T TS S Dome & =
I 1 P ! fon? .
~ g 7 L S5 F %o
T o oL T o E E O
—_ o) \;L oy N UT,._ iy T — L
A“# E/ = hdl AT e, s N L“r\ w,.,l_ < :.,_A HrA
B TR A L R dp o
= AF O O I e J A=
e K =) ok O ol LAY KAl
—_— A
OW o o DTd OWH J,O OHU 0 ~ Oﬂ i :.L N
<® oy ! N o o Ay O oln
- ¢ W 7,...* ~ Y m.m B! X <O ) OM
ol me. i f ., — -~ D g
B = o sl e o T H E__v = Ty BT
. 7% .JIO o~ ,m,l mMO ~ ﬂﬂ ﬂLl RGN .
2 owa® wTelxTIo Lo T T g
" = = y —_ = B E
_ R ool = ET_ 3 Ry o — o A7 7
= EMmTa TR = X T ™
© o % T e o= o S N Y. -
i ~ Mo RK GeR <P oz om = o
o o R om W 0 R0 oF Mo = = o R
Jalk ol (N o . 1A B
R el A < o y
- o, BN Zoth Yo F N Y o [
= o 1! =~ = N 20 N e o= < at [ m—— 2
< w o =P T om o = ok o wo X Z0 o) -L00Y I 2o T
X P ol KO e B TR T e 7o < SR s . =N :
X TNwm I E e R X ur = :2 12 4
X0 of — AT ol < , - N ook T T <
o g ¢ M Mo B vm o o= O . i : : == s
i - e ) Q LSS g — N . = I
N E T aEw BT e Woa o ” :
IH Nd ay %2 — 0 N 5 O® A = -0 b R 7
o} _ —~— e —_— K N i =
Mm JI B3 Or& = g vmﬂ_ ~ IN o ~N 0 e _zT L) = AA
~ T Mg m MM BT — m ™= - =
5O BGETAY L uF T WSy e : -
of 9° o e g w BMo <t =3 S ICE T z S *
B Moomr  w M T w owm o= — 5 o= o 7 T B
RE gy 8wy B — = B S 7oz E
ndox i LI
] ol HL = UT — X "l T . fr, ~ ,,Ir.,i S == 7 =
S = ., o M S Rt T, o 2B IE =
< op L0 T % R L == 8
GRS S < T A WV = wx®
W N o— 2 M - R — O o B2
f O_E 7 ©f o jpe! e O. ~ o == S WH.I _Jrr_ ).A.r
Mo ™M o . 03 Y o om oo Kot 8 Y oa o
R T Wm0
"R T R® O o owe B o o) o = =
F TR T T ok U o P R
it b —_— —_ —_— ! — L
Moo ~) ook ok T T o <t A4 B! ke

No. 37 No. t1

No. 40

200 No.do

\.1)

Fig. 4.1 Schematic diagram of the engine mounting system.
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Table 4.1 Specification of main engine.

Engine type MTU 20V 956 TB 82
Bore X Stroke 230X 230 mm

No. of cylinder 20

Firing order 1-7-2-6-3-10-4-9-5-8
Con. rod ratio ( R/L ) 0.50

Reciprocating mass 32.12 kg

PMI at MCR 15.22 bar

Bank angle 60°

Idling speed 500 rpm

MCR 1455 rpm

Sound enclosure weight 20279 kg

o] N29E 63 BAFEAY BIANAAZ REFSHAT = A, a2
2 7% AAWFe A2 AL, +EH Ay AgAHANE A7 A
1 22, $dg Z89 Jl1Be 47 2AH 3 45, o@3 o AAuolg e 44 A
W 5 602 stk & AoM siNtEeR @ HutzA g tAdr|#e] 852 Table
413} 2.

o Au 24 fA e olFeAAAAd A AeAES FHHztRen,
Table 4201 %749 T4AESFe AFR=E Ast. Table 42004 AT E
N8 X, Yo 59 E7E I nfATFA 442 zeol was £ith F ol
d ¥718 A& F zeol W yeiE, oFd #7149 Ae F Reg AXE W
e UET 038 B71E Q459 2719wt eAHE ugsac

o] 71me 487 204AY VY Jlweln 233 FWYe BoEZ F 7IAHoE
Aesg, gy 71Age) g 2A F8se ATE 53} AEolr} 183 YT
A AEE AEs o} shmz 054 AvE 79 2 AEs o} Tt

Ay AT FRE3 AT 500rpmTt A4 )3 A% 145rpmAtel 7t
SHe) AL RS Hu, AAd AN 71 A& 70~80%7t 83t
= 3A5dd F 120pme BEFLE & B, BH33 A2 500rpm¥ 1290rpm
Apol7h 7)@e] ARSI ASTL Bt gebA AF ANE @ A% BAYEe] He 718
HALE AAY Two| Aoy HAstadkel wet g

NAHo| 6,05 BHlECEZ Table 429 LAAFTE 7 659 248 =
2 A THRNESEE Hohuw 1882, 3270, 3452, 5082, 6021, 6341cpmel Hek
AYAFI HEE o]5g VANAFE TSI z+z}+ 376,

£
N
X
(@)1
_);]_1’
ox
HE
o
N



R S8R A e DS Ao B A

jox]
~1

Table 4.2 Natural frequencies and mode shapes of resilient mounting system.
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Fig. 4.2 Transmissibilities of the 0.5th order to the

foundation for the system excited by the
engine x-direction moment.

ged oz YEe Mud Avha

zurg A9s Nag Agole o

Ok

Transmissibility
N w »

)
1

I 1
400

! !
1200

800 1000
Engine speed [rpm)

1
800

Fig. 4.3 Transmissibilities of the 0.5th order to the

foundation for the system excited by the
engine x-direction moment.
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Fig. 4.4 Transmissibilities of the 5.0th order to the

foundation for the system excited by the
engine x-direction moment.

Fig. 4.5 Transmissibilities of the 5.0th order to the

foundation for the system excited by the
engine x-direction moment.
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sound enclosure for the system excited by sound enclosure for the system excited by
the engine x-direction moment. the engine x-direction moment.
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Table 4.3 Maximum transmissibilities of the double resilient mounting system according to the original design,

Maximum transmissibility T

Engine Operatmg 0.5th order Engjne Operat]ng 5.0th order

speed (rpm) Foundation | Sound enclosure speed (rpm) Foundation | Sound enclosure

500 18 0.6 500 about 0 about 0
1290 12 15 1450 " o

3o Ae WAsgY. g AANBA 718 o 2850 4Rte] A= 3
744 3% 42 03, 04, 049 1
Bu 2 dolME Hoy Agus dgdoz 05,1, 152 WA 719 o]FwAx]x|
Aol 54 Wsls Ay g
Fig. 410~Fig. 415% o|53BAx A A = 2u)7} g A= e sas
ARt 2NN Mys, M, Mys= 242t A3 05, 1, 152 9ujgth, Ao @
S WA AP 059 F97t M 5w e TILUEES & 4 Y. 94 7
Wl e HLYE F ywse duge S00rpmel A 1.3, 1200rpmold 052 w2
S00rpmell A Hego] 18 Yxuk Yagn) o BAAZYY 54 WA 452 ¥ite
AANT WAZA F M d39 e g 0, 8FZ2 = 5005} 1290rpmol 4] 2+

= Zet EY 28404 gg dus A A9 F AASN s e
ALE g Bojx gk

w o o
T T T
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Transmissibility
N
T

»n
Transmissibility
w

o
T
o

L
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