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Abstract

Frahm damper is the dynamic absorber without damping. This damper suppresses vibration in some range of excitation
frequency using anti-resonance point of frequency response function. In this study, two DOF Frahm damper attached
to two DOF system is investigated. Two combinations of the stiffnesses of two DOF Frahm damper for desired natural
frequencies are obtained. The frequency response functions of the dampers alone show that these dampers have same
resonance frequency and different anti-resonance frequency. In the point of vibration suppression, these dampers have
same ability near the 1st natural frequency, but different characteristic near the 2nd natural frequency is observed. The
damper with better performance suppresses vibration as well as two traditional Frahm dampers. To investigate the
difference in the performance of the dampers, mode vectors are illustrated. In the mode vectors of the dampers alone,
mode localization is observed in only one of the damper, which is effective in vibration suppression near the 2nd natural
frequency. In the mode vectors of whole system, the components corresponding to the main system have almost same
values. But the components corresponding to the damper has same characteristics of mode vectors of damper alone. The
mode localization is observed in the two traditional Frahm dampers.

Key words : Dynamic absorber, Two DOF Frahm damper, Forced vibration, Frequency response function, Mode vector,
Mode localization
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Fig. 1 Undamped two DOF system
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Fig. 2 System with two DOF Frahm damper
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Fig. 3 System with two Frahm dampers
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Fig. 4 Frequency response functions of two DOF Frahm dampers for m; =mp; (A : ——, B : ——). Two

dampers have same resonance frequencies and different anti-resonance frequency.

0000000000000 000000000000 400000 4@a),® 000000 x,x 00000
0000000000000 00000 00000000000 X,000000000000000000
O0ABOODOOOOOOOOOOOOODOD 4000A,BO0OCO0O0OOOOO0OOOO0O0OOOO0OOO0O
x 000000000000 ABOOODOOOOOOOOOOOODOx, 000A,BOOOOOOOOODOO
0000000000000 0000000000000

O0000000000000000000000000000000 500000 5@), (), (), d0000
00 x1,%, %1, % 0000000000000000 FOOOOOOOOOOOOOOOOOOO0OOO00OO
O0000OABOOODOOOOOOOOOOOOOOOOOOOOOOOOOON S5@),®b) 0000000000
0000000000 AODOBOOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOODOOO
0000 AODO0OBOOOOODOOOOOOOOO0O0ODO0OO0000O0000000000000000 BOO
00000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000 5(), (000
ADBODOOOOODOOOOOOOOOO0O0O0O00000000000000 x1,0,00000000000
00000000000000000000000000 x,0000000000000000x,00000
0000000000000 00000000000000000000000000000000000

32 J0OoOoOooobOobooooobooooooo

3310000000000 000 m/mO0000000O00O0O0O00O0 muy/mp0000000ACOOO
oboboboboobooboooooopb0OOoooooboooo31oooooooooooobooboooboon
obooobOoboooooboooobooooboooobOoboooboOobooooOooboooobooooobon
gboobOobooooboobooooboobooooboboooogon



IX,, 7/ FI [m/N] IX5 7/ Fl [m/N] IX; 7/ Fl [m/N]

IX,,/ Fl [m/N]

Fig. 5

100

10

0.1

o [rad/s]

(@) x|

100 T
10 :
1 -
0.1 L
0 0.5 2.5
 [rad/s]
(b) x2
1000 T T T
100 J\ Jl J\ A E
10 4
1 \
0.1 F 3
0.01 1 1 1
0 0.5 1 1.5 2 2.5
o [rad/s]
(€) Xa1
1000 T T T
100 4
10 A 4
1
0.1 F
0.01 L L
0 0.5 1 1.5
 [rad/s]
(d) xa2
Frequency response functions of whole system for m; =m; (A :—, B : ——, two dampers : ). Almost

same properties of vibration suppression for X; and X, are observed near the 1st natural frequency. But
the damper B suppresses vibration of X; and X, better than the damper A near the 2nd natural frequency.
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Fig. 6 Frequency response functions of two DOF Frahm dampers for m; #m; (C : ——, D : ——). Two
dampers have same resonance frequencies and different anti-resonance frequency.
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Fig. 7 Frequency response functions of whole system for m; # my (C : —, D : —, two dampers : ).

Almost same properties of vibration suppression for X and X, are observed near the 1st natural frequency.
But the damper D suppresses the vibration of X; and X, better than the damper C near the 2nd natural
frequency.
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Fig. 8 Mode vectors of two DOF Frahm damper for m; = my (A : ——, B : ——). The damper B has localized mode.
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Fig. 9 Mode vectors of whole system for m; =m, (A : —, B : —, two dampers : ). The damper B and

two Frahm dampers have localized mode. Better performance of the damper B than the damper A seems
to be related to the mode localization.

33 00O0O0O0oOoO0oooooo

gbooooooooobooobooboobobobobobooooooooooboobobOobOobobooon
ooooooooDoOOooOO0Om=m 000000000000 OCOODDOOOOOOO0O00OO00O0000O0OD0 8
ooo0O0oOiOUOOpoOOOOOoOoooOA,BOODOOOODOmMm#m 0000000000000 ODOOOOO
ooooooooooooooboo 000 Nooooooooooobooooe,poooobDooobDobDOoOd
oooo11ooobooooobooooboobooooobooooD s-11ooboooobooooo 12ooo
ooooooobooooboobooog

oboooooooooboooooooboogo so ABOD 100 C,DOOOOOODOOODDA,COOODO
oooooootooD xy 0 xp, 0000000000000 OOODOOODB,DODOODOOODOODOODO
obooobodxp, 000000000 xo000000000DO0O000O00DO0OOOODODbOOOO

ooooooooboooogoonABOO 11D CDOOOOOOOOODOOOOOODOODO A,BOC,D
Ox,xUO00000000D0O0O0O0O0C0O0D0OO0DOO0O0O0O0O00O0DO00O0000O0xq 0 x 0000000000
obobooooooooooooooobooboobobooboobooooboooooooooobooboOoboOoobon
obobobooboooooooboobOoboboboooobooooooooooooooboooboobobOoobon
Oxp,O00OO00D0O00DO0O0O0DOO0O0O0O0DOO0O0DO00O0xy) 00000000000 O0DOO0OOO0ODOOODOOO0
gbooooooobo B, DOO00OOoOoO0oOoOobooOooooboooooB, bDOo0ob00oooooooobooooon
obobOobOooOobooooooooooooooB, DOO0OO0OO0OO0CO0O0000000000000 x4
gbooboooboobooboodxpbOoOobOO0b0OOo0obobooboobO0oboOoo0obooboxqooogon
gboooooB,bObOO0bOO0bOoboOOoOoOoOobOOobOoOO0O0ooOoOobO0obOooooooboOoboobooooonoan
gboboobooooooboooooboooboobooboboboboboboooooooobooobooboOobobobon
gooooao



DA DODONDREO
LB B R R |
I T T T
DPEPDDONDBE
| B B |
I T T T

\x
*a1 Xa2 *a1 Xa2
(a) 1st mode (b) 2nd mode
Fig. 10 Mode vectors of two DOF Frahm damper for m; # m, (C : ——, D : ——). The damper D has localized mode.
4 T T T ) 4 T T T T
K
T 7 2F 1
0 o ] ok % ]
E3
_4 1 1 1 1 _4 1 1 1 1
X X Xal Xa2 R X Xal Xa2
(a) 1st mode (b) 2nd mode

B \S I R (O I Y
T T
b
e
1 i

£ \S B R (O I Y
T T

X1 X Xa1 Xa2 X1 X Xa1 Xa2

(c) 3rd mode (d) 4th mode
Fig. 11  Mode vectors of whole system for m; # mp (C : —, D : ——, two dampers : ). The damper D and

two Frahm dampers have localized mode. Better performance of the damper D than the damper C seems
to be related to the mode localization.
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