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A Study on the Viscous Torsional Vibration Damper in a High-Speed Diesel Engine

CE
(Young Chool, Han)

Abstract

Recent diesel engine has achieved high speed running comparable to that of gasoline engine as
a speed improvement effort.

Consequently, torsional vibration of high-speed diesel engine induced vibration nosise, reduced
horsepower and the like.

Viscous damper which is thought to be effective in curtailing the torsional vibration was stud-
ied over a wide range of speed. In this investigation, a water cooling, 4-cycle high-speed die-
sel engine (Max. 3500 rpm)was used for the study.

Theoretical analysis was made by assuming the engine to be an ideal equivalent system (leng-
th, moment of inertia) i e.the multi-degree of freedom equivalent torsional vibration system
with damper was analyzed.

In the analysis, the inertia moment of suitable damper for this experiment was calculated by
varying the relative damping coefficient of damper of engine for each damper. Furthermore, in
the torsional vibration experiment, the torsional vibration amplitude of the crankshaft system
was measured when the engine was equipped with dampers of different moments of inertia and
also when the engine was equipped without dampers. The experimental results were compared
with the analytical values and were found to be satisfied. The results of this investigation are
summarizd below:

(1) It was found that for the engine equipped with dampers, the torsional vibration amplitude

was reduced to about one third of those without dampers.

(2) The optimum value of inertia moment of viscous damper for the engine was found to be

about Id =1.05 (kg -cm-s?)

(3) The optimum damping coefficient and the ratio of moment of inertia for the engine were

found to be about Ccl'=.-850 (kg-cm-s), Rd=0.509, respectively (B1 dapmper).
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Table 1. Calculated conditions (1)

Equivalent | Moment of | Stiffness | Modulus of
Mass point | length:L, | inertia:I; |:K section:Z
{em) (kg ems’) | (kg on/rad) | (on)
. Al 1x10* 14638 0 41.82
i
L 1xa | Lo 0 0.8
ring
Cl| 1xi° (12642 0 11.82
Al 25 09037 4444 X10°)  41.82
Pulley
+ Bl 2280 A6%7  |4.444 x10°) 41.82
Housing
Cl| 2250 0293 | 4.444 x10°( 41,82
Ist ¢yl 1221.5 01789 |8.187 x10° | 41.82
2nd eyl 1221.5 (1789  |8.187 x10° | 41.8
3rd cyl 1221.5 Q1789 |8.187 x10°| 41.82
4th cyl 790.4 01789 18.187 X10°{ 41.82
Flywheel 09 | 12087 [12sx10' | 4182
Clutch plate - 10330 [2.2779x10° | 41.82

Table 2. Calculated

conditions (2)

Items Two-node
Number of cylinder 4
_Number of mass point 8
Weight of reciprocating parts 0.542 (ke
Cylinder diameter 8.3  (om)
Crank radius 5.0  (em)
| Order 6
Harmonic coefficient of inertia torque {0.000 (ke/cd)
Harmonic sin coefficient of gas torque. |0.268 (kg/cr)
Harmonie cos coefficient of gas torque. | 0.175 (ke/cnl)
Harmonic coefficient of total torque. ] 0.320 (kg/cnf)

Table 3. Natural frequencies by Holzer method

: Moment of Natural
Dampers inertia frequency
(kg em s*) (Fy : cpm)

Without demper

(only pulley) 0.0261 25956

Al damper 0.9037 22200

B 1 damper 0.6968 22224

C1 damper 0.2903 22860
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Table 4. Viscous damping coefficient (due to
silicone oil and damper size)

D Kinematic Viscous damping
Iam_p irs " viscosity coefficient
(athg em s (v est) | (C; ~ kg em s)

A1 (I,=1.4638) | 100000 cst ~ 1119.16

B 1 (I,=1.0062) 100000 ¢st 846.39

C 1 (I,=0.2642) 100000 ¢st 249.63
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Fig. 4. Forced Torsional vibration analysis (A1)
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Table 5. Calculated Max. amplitude (4th pin)

Dampers Resonant point | Amplitude
(Is: kg em s?) (n: rpm) (8 : deg)

Without damper 2050 0. 200

A1 (1,—1.4638) 1760 0. 046

B 1 (I,=1.0062) 1830 0. 058

C1(1,=0.2642) | 1940 0.112
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Fig. 7. Relationships between amplitude and dam-
ping coefficient due to moment of inertia.

Table 6. Comparison optimum damping coefficient
and viscous damping coefficient.

Dampers |ttt
(kg cm s*) (;?E;r;;cm:)\tlon) (kg em )
A1 (I;=1.4638) 1100 1119.16
B 1 (I,=1.0062) 850 846 .39
C 1 (I,~0.2642) 250 249.63
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Table 7. Specifications of experimental engine

Items

Specifications

Type

Number of c¢ylinder
Bore and stroke mm
Stroke volume cc
Compression ratio
Combustion chamber

Max. rated horsepower
ps/rpm

Max. torque kg m/rpm
Injection pressure kg/em’

Fuel injection time before

TDC/rpm

NISSAN SD-z2

(Water cooling, 4 eycle,
diesel engmn§

4 cylinder
X100

2164

22,01

Swirl chamber

47/ 3200

12.2/1800
100

20° /1000~30° /3000

ring & KiFstoleh ela BB #Ed = E
& ZEshsAch

FBIFte) Wi -

Signal
conditioning
ampiifisr

Fig. 10. Schematic diagram of experimental

apparatus.




B R B RESE/Vol. 4, No. 1, 1982/27

(2) Mg =

o) AR Mtk W o] &0 & Fig 11
3 ek & KD HE 514 (housing) £oll B
% (nertia ring) o] PWk=le] o3 3522 |

# 2polol Bl Aw ikt TSl o

oz = FWEMIE N KA gich

WeBSe) E#EaiRal At Bk o)  Hpgel
s [ EEEA mEsA =g ek
Bt 99 2yame 9 YRS sl Sk
2o Bl B3 @S sz stex
Y 5 5H93 Apololl HIXERNS] WA sHAl

s|3 A2 el Mol Ak o] WMKSe)

RBETE HEA 7= (FRT Bk

W e EEL AR st £%9 HELE
Table 8 3 2ol =3F 4|2 ¥EE HE
et WO T BEE TERY o) F2

100000 cst (H A {E8{E2E Co. B ; KF-9%6H)E &

el = MR e HEEME R~/
1) Table 8¢l viehd upsh ek
(3) MERTTIE : :
BBIS] FTMERel € KB, #mEd s B

I

i

K9

\uss

) RN

N

7y
\Z\

5
v

inert

Fig. 11, Schematic diagram of -viscous fluid

2=l o)A Rl &

EEEE BEN BRE FRoE KBI AL
A adhell= Fig 129} o] 29jasle) e
B (#15mm) of] ~AE @ 1A o] &) (FFBHCo. B ;
KFC-2-D2-11)% Zelz 2 zeol=#(lead
wire) & Fe|@he) HRWE @t Fol Wl
sandpaper (200300

CH)E PHESIS ol EOLRE stohfl Fell CC-

15A o] MEfEEER L MfEshact
Aygage L4 Aolald] BT EFY
WA o] =4Ro HEES slip ring (GEFEECo.

“#ll 1 RBE-8A), signal conditioning amplifier (M.

M group B : Vishay 2100 system), EIRE Oscil-
loéraph (Bell & Howell Co. B} :Deatagraph 5~134)
4 st & shaleh

WEHEEL ] CIEEE = B ERSR KSR
EifiwET BB (Tokyo Meter Co. B
EW-120%) & #A%3Lsdcl o &) B@Y - ool
2)dled EERRA digital counter o ViEbGE [EE@E
BEE 8124 1300~2600rpm #BHol 4 50rpm
ohclo) wlB-WH-E FlsESh el =R s
e WERel S Mitkisie] HE4R2

Method of gouge attachment

am0
Straln gauge

J|_[I:—Jl!/ : r -]

ath eyl,

d eyl

Fig. 12. Arrangement of strain gauge and lead

damper wire at crankshaft.
Table 8 Damper specifications

Sﬂ(i)(;lone Moment of inertia | Dimension of damper (mm) Ratio of

Damper . . Inertia [ Housing moment of
t

Ve, | ring)| () [Re [Re |Co [ € [Ca | b | inertia (Ry)

Al 100000 1.4638 | 0.8380 [139.1]80.5| 0.9| 0.5[0.45| 35 0. 350
B1l 100000 1.0062 0.6311 [127.1175.5] 0.9} 0.5]0.45| 35 0,509
Cl1 100000 0.2638 0.2246 | 94.1| 70.5( 0.9] 0.5)0.45| 35 1.939
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Table 9. Engine driving conditions

Cooling temperature T 80+ 1
Lubricant temperature T 60+ 1
Engine speed rpm 1300—2600
Rated horsepower ps 21~42

3-2 WMEBHER Y TR

(1) REESH

@ Fig. 1353 14+ &% 49 351 % 349 Ao
glol 4 WS E BFEhA dwd Ao KH3A
< @ (AlLLB1,C1) ¢ vEiFBHIRIES Vel
Relek 714 R vpel 2o @55 &KFs)
= eFgkg del e ESIAE W 8ct SRR
BiEEE 23 HIESE w20, =3 2AHEE
FHilgdolx W HEEM] g ALk
fge]l #=e] HPRAT Folalvl K KEREEIL
BEfws (Bl)E #aFehsls =2 EE-S ¥
£ fEelA wad Wl M WERER elbdch

@ Fig. 155 Bl #=E HFstd & &I
(order)oll 24 wEHiEERIES Z1E
bl Aelrh o 7|4 E ulel o] EEERE
MR L BASHE 6k, 9K o7 W E RIRE)
wiEe] 23 Bl MEEE) B4 4 7.5
% ol o) & AicEhiRime) fEk DEEE);
A 6 9k Wl khdled o Al
Ehtel,

v & Y IRENIRIE S MBRAEREE BEMNslY
el Table 103 3l

(2) HWHRER B8

@ Fig. 1304 24 upe} o] HAx)-E #eE3}
=) gkekd wlel] HARSOA v E Y IREHRE O
0.201(deg)ell 4 Hs(B1)% EHHRTHA-LE =l
0.061 (deg) 2 3t%ichk olel o] W i3]
Ag wlol o AHE KHESA EkE AR 9
E R iREhiRiE ] MKEBES Hxisl o) 47

ardeg

Amplituds

g deg

__oos

Ampltuda

0
4th pin

{&tn order, 2nodes) —@-Without Damper

-+ ¢ Domper

—~+ Bl Damger

I =0~ Al Damper
L
ol
3
[+]
[~
o|

o 1400 1600 =) 2000 2200 2400

Engins sposd N:rpm

Fig. 13. Comparison of amplitude curves. with
experimental dampers (Al, B1, Cl) and
without damper (4th pin)

3rd Pin »
{ 6tharder, 2nodes) —oWithout Dampar

- {1 Damper

-~ Bl Demper{ |
-0- Al Domper

0 W00 1600 1800  £006 2200 2400
- Engine spesd N:rpm

Fig. 14. Comparison of amplitude curves with
experimental dampers (Al, B1,C1) and
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Table 10. Experimental value

4th pin 3rd pin
Damper
\ Resonant |Amplitude | Resonant |Amplitudg
(kg m %) point (rpm)| (deg) point (rpm) (deg)
Without 2050 0200 | 2040 | 0.08
damper
Al 1770 0.053 1770 0.048
(Ig=1.4638 ) ’
B1 w0 | oos | 180 | 0.0
(I¢=1.0062) :
€1 1960 0.121 1950 0.0%0
(14 =0.2642) : ’
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Table 11. Comparison of calculated value and experimental value (4th pin)

Moment Optimum Caculated value Experimental value

Dampers of inertia c(l:am]f);ng Resonant Amplitude Resonant Amplitude
(kg cm s) (kc)e mle)m point point

g o 3 (rpm) (deg) (rpm) (deg)
dvz:,t,l;z‘;t - - 2050 0. 200 2050 0.201
{610000(:3‘; 1,—1.4638 C.=1100 1760 0. 046 1770 0, 053
11_32)01000c5t 1,=1.0062 C. =850 1830 0. 058 1840 0. 061
fO()1000cst I,=0.2642 C. =250 1940 0.112 1960 0.121




30/ X

3.4 WERHEEY 142 #a3 Bl 93 (1= 178, pp.351-361, pp. 363-364, pp.266, p.
1.0062 kg em s?) 2] B HRFHEEY Co= 326, 1958,
850 kg em s) ol gl , =%+ H=e) HE Bk 9 B W & "ABEEOR L IRE) & FRA
R,=0.509 o] gi =} 7 a e, pp.21~34, pp.12~20.|p. 4,

1.970. 7 (3rd Edition).
10 FLILFE— @ “F4 — A EBEOR b IEE” L

(2 £ X &) #EH, pp.20~44, pp.93~97, pp. 1141122,
1956. 3. _
1) MEFE: “SHOHERRER> BT ITH 2>

(1) F.M. Lewis:“Torsional Vibration in Diesel v 7Rk U e MIRE = — F oo WMFHE
Engine,” Trans. Soc. Naval Architects and BaC L HETER, BAEHERESSI#E, Vol 32,
Marine Engineers, New York, P. 126, 1925. No. 235, pp 464—475, 1966. 3.

(Reprinted in Marine Engineering and Ship- (12 W.Ker Wilson | “Practical Solution of Tor-
ping Age, July: 1926.) _' sional Vibration Problems,” Vol. 2, Wiley New

(2) FLILHE— © UNBEUEB T — LB 5 v s York, pp.657-674, pp.743-750, 1963 | (3rd
ol UARBICH T2 %5 HAERES Edition).

2%, Vol.54, No.386, 1951. 13) B&, BT ‘B0 v SB35 R

(3) WHRE %) v FPRBREKR O Uhick CoiE#) & v ~DORFHEHRHLICSV T o —
RIBORER" B ABMESE, Vol 55, No. FE" AAMARNES 850 BHBE
389, 1952, 4. pp. 63—66, 1973, 4.

(@) B F H:“vlelyd RIS wE g IREHRET (19 Wakabayashi, Seki: “Simulation of Torsion-
o WIET WERAY WA, ARBEMREBEIL Vol al Vibration in Crankshafting of Diesel En-
5, No.2, pp 213219, 1975.6. ' gine,” Bulletin of M.E.S.J. Vol.5, |No.2,

(5) B, B B4 BH "BELCY AT p- 139, 1977.6.

— LB RIS = AR D EE S L 2 0 (15) GEF, T © RS — ¥ABBORL D 3§
B RACE TR 354, (1967 B/ o SEHERER” BXER, pp. 3235,

6) LU, BA& . “E ) v FF — LB Ik 1972. 3.

% Ee AR U 0 IBE & v 10 B (16) R.H. Sabersky, A.J.Acosta : “Fluid %low,“
D\ HABBRAE R #, Vol 37, No. The Macmillan Company, New York, pp.10-
189, pp.1377~1387, 1961. 8. . 12, 1964.

(7) BY, BEE, EA D BWL T v A — AR 07 C.M. Harris, C.E. Crede : “Shock and Vi-
R AEER U D IRE £ 00 RET B bration Handbok,” McGraw-Hill Book Co.,
KBTS #3358, 1966. . Pp. 38-30, 1961.

(8) E.J.Nestorides: “A Handbook on Torsio;\al (18) %53 HE— : “¥hitEda U b JRBh & o -4 fEEYH D

Vibration,” Cambridge University Press; pp. EhaygrtEc B 2 MERAUWISE,” B &M A BEEd
520-530, pp.559-589, pp. 37-80, pp. 160- BEE Vol.8, No.12, 1973. 12,



