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Abstract

Recently, a new lateral vibration damper using leaf springs and oil,
named as a leaf spring damper (LSD), developed by Jei and Kim.[2] The
major advantage of this novel damper is that the dynamic characteristics of
the leaf spring damper can be easily controlled by the design of side
clearance and leaf spring packs. Therefore, the leaf spring dampers can
be useful for turbomacinery, high speed spindles, vehicle axles, etc. In
additon, since the leaf spring damper can directly cooperate with rolling
element bearings, it ultimately extends the usage of rolling element

bearings by providing damping property.

The present paper have been investigated experimentally the dynamic
characteristics of a lateral leaf spring damper with different side clearance
and oil viscosity. Experiments were performed to investigated the effects of
side clearance and oil viscosity on the damping of lateral leaf spring

damper. The stiffness and damping coefficients are obtained from the



displacements and the reaction forces generated by rotating the eccentric
shaft. All dynamic coefficients are plotted with the excitation frequency
which is adjusted by rotating speed of shaft. The test rig and two different
leaf spring damper were manufactured to test the dynamic characteristics

of the leaf spring damper.
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Fig.2.2 A free body diagram for a Leaf Spring
Damper pack

Fig.2.3 Detail of clamping structure of Leaf Spring pack
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Fig.2.4 Coordinates system of Leaf Spring Damper
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Fig.2.5 Schematic diagram for volumetric change

of oil cabin by moving inner ring
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Fgi.4.1 A prototype Leaf Spring Damper
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Fig.4.2 Photography of Leaf Spring Damper (Type C)
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Fig.4.3 A same model of CNC machine for application of LSD

- 44 -




2H.0 : 7.0
|_ e
= ol il o
— | Lo
o R e | 4 =
B
-_i__ T }?: "
(0 ]
o ol 2 g 2
G RS g 2
a .
o Z i -
[ o
pemereeid % E

Fig.4.4 Attachment configuration of LSD to CNC machine

- 45 -




Loadcell —

T | ~]_Gae
— gensor

|

|
m

|

= 2| —=H .
1€l [TF
- |;|:|| — y
g . F EI ! b
% i '

Fig.4.6 Photography of experiment system

- 46 -



— X Y
400 }
F, —B—F,
E 200 4
Z.
- -
@ 2004 ! ; .,-I-_
g r U ™ ! I
£ 1004h u i ! - "
ET] -
ol = EE 0 L]
A I [ b LA N
@ : - . _ .
= 100 4 | L] !
o y .
o L . A m :
C 200 N | - .
m
i
3 300 <
0
L -0 o
5001 T T ¥ T T T T T L T T T ¥ T T T
0.00 0.05 010 015 0.20 0.25 0.30 035 0.40
Time [sec)

Fig.5.1 lllustration of displacements and reaction forces
(Type A, 500rpm)

400 F —m F
300 | .
ao04d e B .
100 4 | n

o4 e - Lt B Loy
A00d - - - { .

_20I00 Ly | n

300 4 L ™

Forces and Displacements {Mym)

-4010 <

SO T T T T T T T T T T T T T T T |
jaln v] D.05 0,10 .15 D.20 0.25 0,30 0.35 0. 40

Time (sec)

Fig.5.2 lllustration of displacements and reaction forces
(Type B, 500rpm)

- 47 -



230 ——— hystarasis keoos = [ hysteresis loops
00 200 5
150 150 -
100 o 100 -
g =.,:|. g G0
oo g o1
IR IR %
? -E0 = ? =50 =
i -1 - ;5' -1 -
150 = =150 —1
200 4 300 o
250 —T P T P L T A | -2 | T TR PR R Ch I e | 1
B R . R m 4 B A ;o m A 80
KRS DISP | am ) AN DISF | )
Fig.5.3 Hysteresis loops of LSD (without oil, 500rpm)
280 —— hysharasis lnops 25 | hysteresis laops
00 200 5
150 150
100 ] 100 -
£ 0] EA
£ . g .
2 2 1
? 5D = ? -50 =
< * im
w100 pu
4 1
150 158 5
200 4 300 o
250 ] T T L | T T T T T T 7 -2 T Al T T L | ¥ T 1
B LU ] [ m ET R &0 -An - ] 0 A Ll

HohHIS DASP { am )

Y-AKES DISP | )

Fig.5.4 Hysteresis loops of LSD (without oil, 3000rpm)

48 -




250 —— hysharasis lnops = [ hysseresis loops |
00 200 5
150 150 -
00 100 -
£ 5] £ g
i ¥
# 0 &
i -1{0 ;5' 10
150 .15::.-1
200 = 300
-250 ] T T T T T T T T T T T T 1 b= T L] T T T T T T T T 1
- il -2 i n AL 1] &0 Al - ] e A Bl A
XAKIS DISP ¢ gm ) YAXES QISP | pm )
Fig.5.5 Hysteresis loops of LSD (Type A, 500rpm)
400 —— hysharasis knoos bt
00 300 -
] 1
200 20
g 100 : g 100 -
2 o0 2 o -
% =
00 <300 -
=500 3 -
-0 T T T 7 T T T T T 7T 1 -0y T T T T T
B R T T 0 M A B} & A0 -0 1 w8 L

HohHIS DASP { am )

YoAKES DISP | pm

Fig.5.6 Hysteresis loops of

- 49 -

LSD ( Type A, 3000rpm)




404 | —— hysharasis lnops &0~
00 500 -
] !
200 200 =
L - E 10—
‘ﬂ 100 ‘ﬂ 100 -
< ] =
= >
200 200 -
-500 -5 —
-0 T T T T T T T T T T T 1 40} L] T T T 1
- il -2 1] n AL 1] &0 Al 0 ] e A A
K-S DISP (| gm ) T-AREE QISP [ )
Fig.5.7 Hysteresis loops of LSD (Type B, 500rpm)
00 —— hystarasis nops
A0 -
30
200
£ 0] 4
T T
g 8
? 00 - o .
-300 -
-E00 -
'm ] T T T T T L] T L] T T T L] 1 L]
- <60 il -2 1] n AL 1] &0 [

HohHIS DASP { am )

YAKIS DISP | pm

Fig.5.8 Hysteresis loops of LSD ( Type B, 1000rpm)

- B0 -




Stiffness coefficients (MNim)

]

1.50010°

1

125100

1.00x10"

F

7.50x10"

-

5.00x10"

2 51’

0.00

4 I

K & K (without oil)
AoK, —v—K_ (Typed)

K, = K, (TypeB)

-+
+
*

LR |
4m P
|

L]

L] ]

Q

T T T J T J T
150 200 250 300

Vibration Freguency (radfsec)

350

400 450

Fig.5.9 Stiffness coefficients of prototype LSD

Damping coeffiecients (Msac/m)

110" =
10"
EBxi0"
?':-:10‘—-
Bx10°
sx10"
axin’ 4
30"
2x10°

1x10°

L. |

L]
'

C. {TypeB)

C, —®—C_ {without oil)
C, ¥ -C_ (Type A}
C-’h

v
——p—] =T

T T T T T I
150 200 250 300

Vibration Freguency (radisec)

Fig.5.10 Damping coefficients of prototype LSD

- 51 -



Y-AXS FORCE(M)

=100 4

=200

-5 o

&0 -

-a0 &0

LSD

H:r:l-l.cre-.-r.*a oaps |

I N
-0

| LA L L
-3 0 a0 &0

HABEIS DISFam)

| T L
80 &0

Fpg.5.11 Hysteress bops of LSD

Hysteresis loops

HANIS FORCE[RM)

-300

( X- Direction )

2004

Hyslaresis Kogs

HAKIS DISP {urm

Fpg.5.12 Hysteress bops of LSD

(@00 cst, 1000 mpm)

HANIS FORCE[RM)

(without oil, 1000 mpm )

Hyslaresis loops

T T T T T 1
-2 a 2 L] & ]

H=RIS DISP ()

Hyslaresis loops

Fpg.5.13 Hysteress bops of LSD

(@000 cst, 1000 wpm)

HANIS FORCE[RM)

58 8

2

T T T T T T 1
=&l -20 a 2 Ail ] ]

H=ANIS DISP(wm)

2

Fpg.5.14 Hysteress bops of LSD

- 52 -

(3000 cst, 1000 pm )



¥oHS FORCE(N)

LSD

Hysleresss wops

Hysteresis loops

=80

—
0 40 30

T-AEIS DESF (Rm)

L)
0 a0

LI 111
40

81 &

f f
- S0 -e 30 ] W A B M

( Y- Direction )

Hyslareeis loops

RIS DISPlwm)

Fg.5.15 Hysteress bops of LSD

EqH)

Curly

WA F

(without oil, 1000 mpm )

Hyslaresis loops

Fp.5.16 Hysteress bops of LSD

(@00 cst, 1000 mpm)

Hyslaresis loops

T
-5 =&l -20

RIS DISP{wm)

f f
] 20

] ]

T T T T T 1
-2 a 2 L] & ]

TAKIS DISPmm)

Fg.5.17 Hysteress bops of LSD

(@000 cst, 1000 wpm)

- B3 -

Fpg.5.18 Hysteress bops of LSD

(3000 cst, 1000 pm )



E-AXES FORCE[N)

- 100

-300 4
-%00

e e e R

LSD

Hyslerears kaps

200 4

L AL |
nm o I & &0 Al

H-AKIS DISP(am)

a0 -50 .40

Fpg.5.19 Hysteress bops of LSD

HANIS FORCE[RM)

5 8

(without ol, 2000 mpm )

Hyslaresis loops

&

2

T T
L] &

T T T
=&l -2 a

H=RIS DISP ()

1 1
2 ]

2

Fpg.5.21 Hysteress bops of LSD

(@000 cst, 2000 wpm)

Hysteresis loops

A-pxlS FORCEN)

( X- Direction )

500
Hystaresis loops

400

300

200

100

20—
B0 66

| PERELAE UL IS SRS o8
-0 <2 0 3@

HoAXIS DISP (um)

T T T
a0 G0

L |
Lt

Fpg.5.20 Hysteress bops of LSD

HANIS FORCE[RM)

5 8

(@00 cst, 2000 mpm)

Hysiarasis loops

&

2

T T
L] &

T T T
=&l -2 a

H=RIS DISP ()

1
2

2

1
]

Fpg.5.22 Hysteress bops of LSD

- 54 -

(3000 cst, 2000 pm )




[ LSD Hysteresis loops ( Y- Direction )

&00 - T x SO0
Hysten=sis loops Hystaresis loops
£00 4 T &00
503 300
200 o 200
% 100 - % 100
% :l- ‘%\ a
I:.é 1004 3 -1
= oy
j 200 < ;F-C-\.'!:l
-S04 300
-%00 -400
-5 ¥ T J. ¥ J — 1 SH——r—rr T T T T T
80 .60 .0 2O O I 40 B0 20 B0 50 -0 -2 O 2 40 B0 B
Y4815 TISP{um) RS DISP (pm)
FD.5.23 Hysteress bops of LSD Fig.5.24 Hysteresb bops of LSD
(w thout oil, 2000 mpm) (00 cst, 2000 mpm)
B0 = B0 -
E Hiyslaresis oops E Hysiarasis loops
00 - 400
el el
a0 20
£ o] £ 1w
[H] P [H]
E -10:1: Il:-_-'.'l -100
f:'s 2100 < f:'s 2100
-3 4 -0 4
-4 o ~401
500 500 e [ S
YoAXIS DISP)Em) WAXIS DISP[mm)
FD.5.25 Hysteress bops of LSD Fp.5.26 Hysteress bops of LSD
(1000 cst, 2000 pm ) (3000 cst, 2000 mpm )

- B5 -




Taig'

50 017 =] - + . -
_ Bmid e - s -]
E i A
- -
£ sxo’
]
- L
g
'E Ax10 = ~ = g
E ] . ! 2
8 mx10" I
o J
E] - K
c 2x10" - - K
E - S e 1Y o
= :
n - .

1=10" -

a -1 r I 1t r1r+ft°rft 171
W) 50 100 150 200 250 300 350 400 450
Vibration Freguency (rad/zsec)

Fig.5.27 Stiffness coefficients of prototype LSD ( Type C )

3.5%10° 1
-»
- b x -
E 30xi0’ T
3 b
g J
L]
Z 25«10 7
' - [ ]
-
5 Zoxia’
L4 - %
G . -
1 Tag
g 1 510" 4 S
(1] - -
o i i
£ 1.0x107 | ! [ . -
n | CF £
E L -
8 5.0x10"
00 T T T T ¥ T T T T T T T T T T T T T
0 50 100 150 200 250 <] 350 400 450
Vibration Freguency (rad/sec)

Fig.5.28 Damping coefficients of prototype LSD ( Type C )

- B6 -



Table 4.1 Specification of prototype LSD

item Type A Type B Type C
Leaf Spring [mm]
LI1x t1 18.5x 1.0 18.5x 1.0 38x 1.35
L2x t2 18.5x 1.0 18.5x 1.0 34x 1.35
L3 t3 25% 1.35
width, bl 13.5 13.8 14.8
Number of Leaf
_ 6 6
Spring pack, N
Preload of Leaf
_ 0.1 0.25
Spring, & pgmm]
Oil passage[mm
I?Nidth,ng) | > 24
clearance[mm], hO 0.25 0.10 0.9
Inner ring[mm]
inner dia, di 55.0
outer dia, dO 92.0 71.0
width, b 14.0 15.0
Working oil KF96-1000 KF96-100 KF96-3000
viscosity[cst] 1,000(@25 ) 100(@25 ) |3,000(@25 )
density[kg/m3 970(@25 ) 965(@25 )  970(@25 )
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Table 4.2 Specification of test rig instruments

Instrument

Specifications

Gap sensor
model : VS-120
maker : ono sokki co.

eddy current type
range : 0.05 - 2.05mm
linearity : 0.4% F.S

Gap detector
model : VT-120

maker : Ono sokki co.

dis p, output : 0 - 5V

amp. output : 0 -5V

response freq. : 10Khz

monitor : digital display 0 -100%

Load cell
model : SB-200L
maker : Cas co.

rated load : 200Kgf
rated output : 2mV/V £ 0.1%
excitation : 10V

Signal amplifier
model : 2310

maker : Measurement group Inc

input : strain gage (50 - 1000 Ohms)
output : £ 10V

filter : 10Hz - 10Khz

freq. response : 25Khz

excitation : DC 0.5 - 15V

Strain amplifier
model : DPM-611B

maker : Kyowa electronic inst

input : strain gage (60 - 1000 Ohms)
output : + 5V

calibration : £ 1 to £ 99999ue

filter : 10Hz - 1Khz

freq. response : 5Khz

excitation : AC 2V, 0.5V

Motor

power : 3.7 Kw
max. rpm : 4000 rpm
input : AC 180 -220 V
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