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A METHOD OF FINDING THE DAMPING CAPACITY IN A SIMPLE
VIBRATING SYSTEM FROM THE ENERGY POINT OF VIEW

by Kiyoshi KANETA
Synopsis

A comparative study was carried out on attenuated free vibrations of single-degree-
of-freedom systems with several types of restoring and damping force characteristics.
Discussions on the connection between non-linearity and energy dissipation were made
for examples of non-linear restoration and hysteretic damping in structures.

It was indicated that the specific damping capacity is the measure generally
suitable in evaluating the amount of damping when a vibration system has complicated
load-distortion characteristics which may be obtained experimentally.

Possibility of analyzing transient, as well as steady state, behaviors of the struc-
tures by using equivalent viscous damping was discussed in some detail from the
practical point of view. '
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NUD=N(U) e rererresrresasseentinn. D Y PYPRRTIIR (14)
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0 L0
ERBNEG, LM DT1IH A4 708D D=F1
¥ —{B%E 20 0 0 40 60 &0 10
1 1 Fig. 4 Amplitude}Relationships for a System
AW= ‘2*’5([]1 —-UAD+ —Z—k( UA— U with Quadratic Velocity Damping : R.
von Mises’ Method : Linear Restoring

= —;—k(Ulz_ Ugl) veeeenrruvanenieccoiinnn, (18) Force



88 A KA ERF 45 (PR 36. 3)

S

gt54d z(sgnu)+p3/=ﬁsinwt

*Skeleton” —x

Steady State of Vibration
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Ut % Gsgn )+piu-pu)=Fsinwt

Hardening Spring Type
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Steady State of Vibration

Fig. 6 Load-Distortion Curve : Quadratic
Velocity Damping
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Steady State of Vibro'':n
Fig. 7 Load-Distortion Curve : Quadratic
Velocity Damping
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bh

G(u,it)=ku+(sgn ﬁ)CnUnwn[l— (%)2]"/2 ....................................... (22)
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EBLIENTE Do

3. BRBREFREZENT AY—&F % Specific Damping Capacity O ERFR
(A) Coulomb BFE

KRR % b o M7 B AREIR O B IRENC K L CRRABEFHRE (critical damping coefficient) %
Vkm LLTEHESRDo COBHRIIL LEENZOBRE L b 3 AZHIUEROEBNIREIN TS
KBENDIZETH B0 THERL LS5 REELL—RNLROBROEY - ORABERAR &Mt b0
BHEEEL L CERTHZEDRETH B0

W% Coulomb EE%L b 0—2DRDHHIREINZ DIRIFEL 11 74340 2D SOBTBHLDOELREL
X 50 D ixZ D4 Coulomb DERJCHATLIERTH S, D DRFMEILZ OROEEZ T EN-v 1
IATEIERLDBZEELOLERT S0 THbbiRB U 15435 Der i

Dcr = AIQL

TE2DbhDe CZT—2DRF A8~ & BEZ, CAWEEER D L FOBRE Do ORE®FEHTH
D, Ticbhb

D
$= Der

ThHBHETHo DB KEEXD Coulomb FEEYH 5 RORED 191 710 Mhickisbhb=Fos
—8it

AW= kU~ — KU~ 4DY=4RD(U~2D)

LirBmb, OG0 specific damping capacity (%
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ERRLICBDTH Do —F Fig. 10 1L D OEYEAREL T, FhbORIHTHIREIORIE &
specific damping capacity & DEFRAEIN TV B0



&% : = ZA¥ — DR AL LEMIREROBFEIRE B3 5 —Ftk 91

4w
W

mﬁ+(sgn0)C+ku=0,§=D—%=7‘i%, p-%-e¥ ¢ -y

084
06
AW_
04 W= 4Ea-8)
021
. . . 3
0 a7 0.2 03 04 05
Fig. 9 Specific Damping Capacity of a System with Coulomb Damping
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Fig. 10 Specific Damping Capacity of a System with Coulomb Damping
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Fig. 11 Specific Damping Capacity of a System with Viscous Damping.
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Fig. 12 Specific Damping Capacity of System with Viscous Damping.
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Lizho Fig. 111X AW/W % v #1235 A2~ LTEbLEIDTH DT, ThIIHEEERZ LD
® specific damping capacity (T AEH U OECITEBRTH B Z Edibhr b IoT v OBEADE
ZXG$% specific damping capacity D% Fig. 12 IR0

(C) FED2RICHHITIRE

FHER (8) CERINIROHEBIEEHD 1 ¥ 744D D specific damping capacity OfEiX von
Mises DFHRIC XoT S O« DEL ROBRAEHR L ICH L TRD DIl ZDOREMRLFig. 13 ©
R&NBo ZDBEITIL specific damping capacity 13 S LRAEH U OWAHRERTS Z &albh
60
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w
S ; ; — 5=2.0
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Fig. 13 Specific Damping Capacity of a System with Quadratic Velocity Damping.

4. Specific Damping Capacity OEXFROEBRBERAOKA

K, GBE, Gz 2 — b OEBOMPhC X o THIRE bh s BEMCZEHEL ML TL
DEB LT 5 ERERII— B R SR IREE BT T5, S OBNRRCEGIWIHE—EHO
EHHMBITEEERE, 2MoBRBEEMELETSLOT, BHOKE X, WEOHS, BROHER L
REOHE—BEHBEN —~ 72T 2D CEERRTTH D 2 L3 AbNI 5%

D BENEY L oEYN L L1 HhERBRCHESE Sh e bil, £OB40ETHEBRENOHES
¥ Gy, o7 1) 3FEHH, 2{HOBEEY L ORIOERDB, FLT Glu, w5 ) OFMERAMLhIUEL
DRNEBOBNRFT 22T 2E40ROGEL phase-plane-delta Y I IO THETREFEE TRD
BELENTE, BBV G, 47 ¢) %X 5K bilinear, hysteretic 7ocRicHf T2 212X D analog
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computer % digital computer DFEH L TEETH B9, Las LN OB DI DD HEHERE T
—WESH G, 4. 1) &IokRy FRCSHREERE L > SERERTHRCEERLD LD
FEALEELWBAPEL LSV DOTH S,

FOBHTIIERICE LRI E— BRI IER % 7RO “skeleton” & IEHEEEBRORIK L2
TEGLFhEnbievt, Lo LHBENEBAEEXBRITE—e £U DR h/pETeVRY
+oER TREELNIB LRI,

5. #& Bl

1. ABFEDH O EEOREYOREIO X 5 1 ESHERSNCEITH L BEHORS P PR X T E
TRWIRBIROBEM: & Bl T 5 —HEC oW T 5 2 LI b0l Tinb bl OREEHR T LER &
RO~ RIHERRCITBYE, BFEER JOELTHOENE BT S ERBH, B2 HFH 5 R T
BO2FIBE Glu, w5 1) THREAIN, FLTIRIIRE, 2@MoBEBEEY oo

2, WAXBRPHEYEL 1l HHERGRCEE - L, SRR HEMEE Coulomb B
B, BMEE, 55 VIR ROIREEE D 2 KOBIIATHEENEE THHADBREY specific damp-
ing capacity THEb Lo FLTEADBEATHHANC IO TRICEARDI D= R A¥ —BEFRC X
DTEREZNB=FAF -8, BIORRKITZOhAEF Yy = FAFX —BOMOHEBERIHL L
e

3. BENFROEEEED n 6T 588D specific damping capacity 23RDERKREM & 47
DIREB OB L U TEBHN AR TEL bR BT E2UREN, FLT n=2 £ 5H AL von Mises X
Klotter DN EERBHTETH D Z LAH LM Zhiz BT n=2 CROETANMER ORI
a2 R TROH HIREO F#Tcit Klotter OFBIZEATH 50
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