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ABSTRACT

This book covers the fundamental theory, practical methods, and
techniques widely used in analyzing,testing,modeling and controlling vibration
systems in modern vibration engineering. It is divided into two volumes. The
first volume (Fundamental) explains the essential theory of single-or multi-
degree-of-freedom systems vibration vibrations induced by random excitations,
vibration systems testing, indentifying and moedling, vibration suppressions,
and the beneficial inducement of vibrations in certain applications. The second
volume (Advanced) expounds on the fundamentals of analytical dynamics,
standard methods for analyzing vibration in multi-degree-of-freedom systems,
vibration of continuous and non-linear systems, self-excitied vibration,chaotic
vibration in engineering,and computation techniques for problem solving.

Emphasizing practical applications this books is intended as a textbook for
graduate stuedents in mechanical engineering, while the first volume can also
be used as a textbook for undergraduates. Engineers and researchers in the field

may find it a valuable reference as well.



EE‘MREBFABLHR 15 BETS

“BRREMEFE,BRBFENREL. VSR, RENEFTELE—
KK 5 5TE S, TR S SUF BB A KRR B B, S E 2D
HENER. EREHEFD MREBAFHRBANDRE ZBEDC
s, T IE R EE B AL, XORSBE R EN, REFEI, RE
MREHATRUET TR ANLE, HFL L.

SERH ARG USRI S BEIRIA T RO E " R R M, 3R
ATHEWERER . BATHAWEMESL R LSS, BATE
Mot LEBB P HE KRR WA WIRE T, RAITTLUE
HEEN,NBEHENS AMNRTFTERNHLES . WHAEHHER
WTERH - KHRRUFAL. A5 0, 35— KR RBHFA
FWHEEESEERERREHBTR L. BFLTHEFNFBER
N, AANECERZAMNBANES, ESK,ARERE, BB
REBRENAA BHRBRRAUFAA MRS, AHRZ, FRAEH
FMESFTHER! EmF!

MEARE, EHEZI. S ERE —WE. B =0iEd. 18
FWER, - TRENER BRANREREAC  BUANEL"
HE(EEROVETAFEZ R EARRBE AR E, AAK
RUHCHACS. FAETHAPEETHN AER-—FHIBRNL
. R R R R B R AR, TR AT R IR B B s PR T R R A
“PREGIE”, B R, B S EH KRR ERE R, B HER.
NEBRARERUOVDELSF. ERp M, RIEEED T, ABE
AB”, RE“AE. 8. A B8R, AABRTEE BRAR, EU
“BHEA NEMERER A AT RERMFFRT, $RAEE
BB, 4 BB SE £ B 308, 040 0 AT MR i 4 0 A AR 4 SR AL AL
SEMTXRTHRBEBEED. X—IHXERET . RNEFH
BS5HRBRGHBREIAL HIHNRRRCUFAL. AL, ERTR
EERBEESBERS MARSKENRARRNS X, Emm. A7,



2 SE‘BRERFEAFHR 15 AEWS

BREITAA RRUFAABRMN-DFLRBEHER. EA
B EILE B RE, KER T AR, AR RS iR E, )
AL

“THEHRE, LEFER."EHELEER.BHF ORI HF
PR EERIVBERETAINEBAZHFZ - “TTEAENTKRZ
KM EES KR, ERNEXEELBEREE LR, A4 KA
IR R HERBES RERE, B, R— AR5 SRR B 5
AHEEB MR EBC TR M. B 1990 £, 5ERFPH
S ARHBR TR - 8 - F5HMEEN, RAAKBET
ARE?, HPRE. - AFRAEMNZELEH B BRER, BBRITNA,
# B A . B 5X R % Tt 7E — U0 O T 4 BE A0tk A BT R b o BB B M.
MR- AFRAENFTEXBSTEAEE—HENE, BERTEE—
AEEX—BEFENBEITREFXIXIFTEMNRNSE MR —
ARENETENBES THEX—HE T E MEMEE—-FFT RN
HENTENEIAR, FIRFTEXIRRFZURF  BRHES.
ERERRRENMRARERIN IRAEHEAB"NER. &
X, RIMBRWHKE.

EREE— A, EHBTREANG EHFEYUPE, XFEH,;
BHNT—M,“2h i BEALERPEI , NEEEIPELR, ¥
JE5TREFES, THEE;EENE. EANXRBETIRELR
2 SAFREHEL YR, FENERAR EANFASBEWR
NAR, BZNEERNE. MHRESHNEHEEHRE, RLAR
TEBMZEE T2, b, A RX— LR, WA, Fh
2y X SRR, R, EAWREETUH,.HE5FE
SHEERE —HEBET. EEINE, “BREHEA B ARG RS
ARz, I 2. AR tEEZH.

ZEM, BN — S — A R —APRAE, RERREHFE
AE M ERRE AL S, AN P ERE, AN BT ZE. BE
THEMER, BATHEMER YRS, MARRER HRE
BT ANAAERER ARAA—EENE . BRARNAR—EREN
B, FATAARERRMR dRRAEHEEEIHREME BANE
T ERRERASXAHT T, AU RAENER, FHELFE



EEBMREEFAEHR 5 RENS 3

o ST B, (R Bt IR A ST L T 4B B O T T L, BN FO BT UE R R AT
B HE”, DEEE SRS, IEHERYAE (RS - 28
T “BmEEZE M FEZE "RITUFRAEAR, BEFAK
B, B XA B EEFE, FE R, ERIEHET
FOET - REWBE AT BASIE BEZRRERL, BEHR
B B2 iHE, AT SEd. "XA“E”  REL FHRM— U
ZORC BBCE”,RERTILE. CHiE B EEL T EEKIE
BT, EEAEGRBENEER LA RN ERM, — EEE
kR AR, B R i, AR, R M AR, A
B, R E AR, RS GEM )P TR IRAE, SRR EE”, “BH
TP B E RO ER LS, DS BB EE, &
HARK B 2 B R, NS K IR R, BT SR, R R AR, AURT
SR T R R S SR BT 2 B, o R BT IR, RO T B AL A B

XERFER 2R BNE —A&F 1990 4F At LIk, BI04, 3
A TARESLE 15 NEK AFRERTIFEUR, RRFEATH
AR LHRASE SEENMREAHEAPER, RAMPFRE
B BRI PO ER, TRER EENF R AEER.VBRES
FCRRAREAE MHERERT IS, EHEE. A KT A
M, AN BRATHRAM H 22 AMNKBTEHRE AHEH
M BHLE, ERMONHATBIARNLERENHTEHM A
20 M —ENEE, ABAE. RAK BN L AERRIITS S RE,
HRN B AL RS SEHERME T R RNEFRBHX LB
B BB B EZN R RESERNXE RBRARMNH
RAEHEHBHEE.

BEARK TS G ER AR EEREVRELI
N ARER MERM,AEZANXEZX . BEEH. “R"2T#
BEERET . OR‘SET. IERAZERN T ARRETHES
SRS BB I, B R IR VA AR i, B R AR
FEERENLERE SN ES. XERREHAFAH"ERLHIS.
AR B 7 B AT 2 R B IR R B IR A R B AR 2
RAAT AR, TR AT S AR AR K e L A BT AN B8 4t DA Bk, 5 B AR
L EETE. RNELCABSHERBEESERAFHE, RuH



4 BEE‘BMREBFRALHER 15 BEWS

VM RE R RUTIE “BEg R RIS "X R R Z
BOUREXER, ENEARFERB RREHLER L NEE HEE.
HRAE(EPRERERRERNARATMIEAR SHRE (E
PRERFHRAEN SRR RN R 2ER ) WR R X P Rs
BEMB"H—UMROESXFE  BAMINLRRAZH S KB B
REHFRAB.

RMNELAUEERMNEELT, IR0, B Z/TRREER
BRI T .S h2EER/NMELS, InE#EH & E N, 3L
BpERBEHREN FHEEBERPE"X W HE L+, bR
RSN, WEFEUTHAHREETIAL FEHE - KRR REF A
A, 5E R R T B 5T A SR 9 KT 45 T i B 9 B,

ERZF.

PEMAFRRE
EPHRBRFFERERS T4
T
2003 % 7 A Fw B



FE R A

i

(BT S R GE — 77 « Tk - B « H)—H (LT T 1992 F i
EHRBETREHBREER.ZESEH+F. KB, EOIHOK. RELTETHKR
Rl &.

U BRAENA LB REEMHIRN. RENMBRIE R T 1984 £/
Xt A 2 HLAR i 3 & b A0 AL 2F % ok i B 1 BF 5T AR T LB IR 3 5 A 2 A R
BOEBHREN, BRTARNAREUIN BENFR BINR LARRAME
FERMARGPIRLE. HE, W18 LA KA O 8 T LR %7
MAE XNTHRELVNRENHR -ERFEES,CHA 18 F. BHEF,
TR 01 2 A B 3% Bt AR K B % R AR s A U S T sh .

T TP TR AR 2, B A — A R R AR R B — A S BB
HEAMXTRIMBEMBABESRBETEMER, RANENAERIRKX
FRESWMIR IHAFARMOEN —RINEZENRS TEOABERNR
RHRFESRFFPREREETRIARFTHERFEA. BT H BRI B FE R
AN A FIR LA AL, T IR AR AR B 7 BB A 003 X SR A Rk
5317 45 Al R DR 5K B o B AR 2 R B ER 3 AR RV B Ak, M B R B — B HLRIR 3
FEHBEEREFARRESHEBETARAEESEINMELIREL L
MR EHMZA. ETH.BINEE WK T XETFFREHM.

BARAEMEME PN EEENRAITHRART R AN FZIR, TR Y
JSUJE L Bt 2 A BT B M AR B K, M B B B R AR N BHER AL

WHTF 1996 F 6 ARLERBFXRINBRRFHM —FX.

HHTF 2001 FRERHETFRAENSEARETREHFEAS.

B BUR BRSBTS EMTRER T MR S5BIT, IEHT X
IFAEMTIBEERARKNEE.

B, AT BMERS -FGETNE). BEANRRASHR, HEKYLE 20
HEEFRRHRENE AR IRRSANBENTRRARZ— B4R REE
BHARMEBUEMTIBREPHREARNE RN RT @AHDREHT
BEHRS. BRI EYAHE L RiRR.

BMESH, méié?ikB@Eﬁiﬁfﬁiﬁuﬁ'ﬁﬁ?/&%%wu{%%% HR M, ¥
7= b R A A AT GA TR 28 A A BRI A R A ) BE 7. BT 3 AN A X — B 1) B R
TERERSOS X HH SR AAE HENETHRAX TEESHELRNN



I LI Rg— 47 - AR - B - WWEMD

Wb R E AT A B AL RS

HR METE-BWBELEME T =2 PFFRINKRAELEBRT &K
WA HERE EH¥ERIRINVBEIXLAELE IR AESEIT L
HRENBENE.

E= METE-RYEAEENYRTRESESENTL. BRT HNEH
SHBERREBREITL ARV A RORBEAETERERLUS ENT FHH
AR RATRAH B I EO f T AT 3N AT S BOR B AR 10 8
A B X

0, eBHXFE REMLARETTLREA.

HRMANBHOBE BRI TERWBY. FHENFBHFRMT
X 8 Xt T 7E MG BUA .

R+ REERS B, SRR RS EL R — BB TN
HREBRERME R TEENT®R. N5, RECEFAL GROET
TAAMKE. BUEBHFEESBBHERZR RREHESSE ATHRRE
55 1 H MBSO B R DA, 0, E X E -2 E

HFRENKTER, HEGR, PH—ERHERPRERBZL AEZ
b E AR Z AL, WS KR E R T IE AT B R SRS A RAT

EPRERF FRK
FHELT
2003-9-1



i

]

ABRNEFHIREFRLHARENLEMNRBVUBIR RS K EH.
HREEERHARELEEBVMIRSI AL BEAN K BRE RS0
B, BRI NUERE M TR EWHTIRSI T 5B H A B0 AL LR
TRPEFMIREBARES.

HEREREM, A HEEDSTIEORRT , EENRTERHOTLH
REEMINKREN TP REEHBHHSOTSRDER DE, THEERHE
REEES EAMPURE RO EMET. RMNOKXERBEAANRIRS T EOH
ERHM O —BER, THARRD TBPAXRIZEH ST WA BRS
SR EMFIRARBEA—~ T H IR, R EFCRBHFZA.

FEUNMBEIHZLAMNRBCER A% MR A% BEREMTE
BEOERNER ERMSHELAUTRHA:

REBARTELRANA, ERBRIEZNOELER HERIPVEOE
MEGKRN  EEEREXEL MANTENTIRBERSLRENL;

BERBEHTFHEFIHAENERDSNTFOTEZRAKNAA, TRRERH
— ST RS

EENTHMOARSEENEEN ABENATHEELERESRY
MIBLER B MRS MR U B R R EERRREARA T AN EEFRRRE ENT
BEFRERRSEER TSR EZ— B

SHHETHEM, EMERPBDEELAMESSAEERRRIHER
AR AL T A RS, IR R AT R R SR, RS H S5 IR 3 AR
B THEABBEASNS A ZEM, ZEhERRRISTNERTE, &
SRAESEEURENRS, TRTHE MRS U RRSNEDESHTRBHTRE
k.

ERRFELERNRAEEROE A HERIL, SBRR UAEE #5
CREBURBRBESHTR MEHRENEINE, 5| PO X SERE.

EBEXAYWELE T BEE", XLBEFERLURL, HELHAES,
ENEDTEREIZBEENBS, HEEEINB. EFIRHEEERLHE
AR EARNFEBEFELINABREUR . BEERNER SEZREHA
FT I, iR E Y.

BBRNNBFZR, WRFEGE MEARRENESNEI . AERE,
480 ¥MMEBHBRERWELANE, RASERZELLAN 1 2.



ii HMRDRGE — 4 - W - B - RED

MEFRANEARPRCEE XERTEHRE, WXL K, WH
BOEFFRVFR, K 40~60 #B R EEPF5E.

AHRE—BWE-ZELE)RTEINBRE T L KRERB AR L ERESE
BE M, AF 40~60 MR E 2.

A BRAE N HAM 24, AN EHLR & 5L & IR 2
MEARFAESTEIENT KRIBERAREAEARASE 4.

RN ESEBL2S5TXITEBNHFTRERAFIT,F4HNRBBATE=.
WAt NESE - —HEHOH.2BHMIREESBR. ER. ERISR
HAREE BEL2PHXFELAXERA. ARARRNTHRAEN,HFRUETE
s AR KEESNERENES BRI E T FEHHTE.

BRTHEMTRXITEENAREHMEB RS T HFHXRHMRNE. 4
WANABBNERFRELT AR CEMH. S XHERAERABRBEEER
B Y IE % BEAT AT T 35 30,

MFRENKE, BREEFSAELUEZTHRZL, MEZEAMIFHIE.

% A
1990 %11 A 28 8



# it

RG¥MAEFLRERVBELRNEN D03 FR TEMPZE. X
—¥B U S FEMRENEM, DA KRR FBEEARAFR  FNRRL . &
R EEREFFNFDNRRESR, MARER. EER TRELR, URshEH
BB CRRM T EERMRIETAEAERNOEHE N ERE,FHTEERR
WA HERRR A THERFRERAN —NIEEHN —RITE. F
BHIR R IRV EMERSER . XEANFRI TEHE AT
%,

—~ BB IRRARZEILE FREBREFHER

ZEHUBR T 0 E At T M BB D 7 3 X DB 897 3R 3 1R A, 5 4 18 4 IE
TERR S K R S 0 R T B0 IR AR, LUIR B TR RO TE . $ R RO ¥k SR BF
RSB E, RSS2 A.

KB R EE IR, MR R BN, A A RTE RN EXBHEER,
EEAARERLRE. ZEKHAR EANRDTAL B 2R HREEE
AN ERAEERET B EREANMEREMARGT. EFEIRE
BREER T ERNE R, RN REEFRE, MARERMSEE. MERK
B SRAE Sk 2 — , t R AL 4 B9 3R BUR 3. |

KB TBREWERS TS ENER WHARE FELY2REDTHRH
FEEEESTHOAENE RGN, £ R, TRRHBHER. ERER
A2 3 AR SR B4 A3 B R R 3D T O L B AR O T A LT M4 A e A
ShFRHTIES LITRFHE, REEE, EAENEE AR AR

ARBERAEE AN RETH A4 ELTBKNEHITR, EHIR
PR EEENESRY. A TEASSFERBEAERETH, —ABEER
HAENRRaE, UEEHHR, GPEL TEICERS, SEFERNE
BHE LREBEREK.

Hosb, BB FIR RS TSR AR, B L5 Y IR, E AT,

PR REAEH. EX L, TURESREERMFET TRAFRT
BHEIIE. BEEREBEHSE . MELTRTERY, KASH S, B
ZAERERFRE TS MERE—ANTERENSHEEE. |

RAHERENE, MESEEA, FEEBAL BB RERS Y EX



2 PRmERE — o4 - A - BH - HRCEH

e 3hi#E AT A AR A R, W IR 3 0 T GRS B0 0D (4R 3 i 3L IR 30 R L IR s B
weF L IRQWEE.

MERTH, RS TEREN-TTHFXHIEXR, ESTUEFREREHF
BEME MTRX-ORMZALENR, XX BRAFMTRE, W E Kb
ERAX—¥RNEL ERS TR NTREESRAEENEREFHESHS
e

BB IEABEIETHERFHEFIAALA N

SHABRMERTIERLS, MR — 30418 8. B il 31 25 277 BP R A8 1
MR, AEXTRT S RTRN. YRTORERRS 22— RERET REHR
— A BRFRE R BE R — A 30 S 1 G AR R — 8 S R R AL 2. # 3K
b, TR G4 B 6 AR E R B A R L

S5#sEELRREk, A REEUT A

1. S#%

T A 3h 7 R B B9 3T 4k 0 3 T R IR R L AT 4R 0 ¢SRS e R X
HEAFHHBRFHOCCIE”. TERENAEAERE LREFT AN REW R
45 15 % B 2 0 B, TG L B T 2R 45 A LU 4% B 220 MY WL R 5 S TR R G AR — B
B RER RN AR RE, TEHEENZAZHAREREZHRATN L
HEBRRE, FREAAETHECIENET —#. IRBENRENEARES
WAREELENHLMTE, XESZRODNSHBAEANENER, ATEIER
B,REABRREZFZELBESEMHZMSHWE. BHTR, - MISREE
= 3] 40 0 4 20 B, EC R SRR ORISR R B AT AL, TR AR AL ER
A TS — A B A R AR A B R, R R Z R4 A ERS, A B BN B
WENE. BT F RS, A S RANOF R AT RER, R
NBSREEAREBE.

2. Bl

HARGTRTAEE. EAREFERMFHMHFBERIIEHN FH—HRA
o MR EERAN E RN, BN BRETUSIRFRRE.ES
¥y oh B H 0 A5 W R AR 2545 10 B 25 30 % W L 45 N fy WA R, 72 B K RO BRI T
o AR, E—EAET .~ HE RGN E R D HHLE . 2L AL
KAL), T AR AR MR RS T R RREER, REENEF
TR A B R MBI . B4, HLEE £ R & A4 X iR 3, B XE T IE % s kAT Y0
T, KL B X FIRS, GRS BN RATHER. XMHIRE A M
FE, RN CEIRT. TR TR TR A 6. X A L 0 AT R
HErma B mE .



% i 3

3. BEH

RIWAR AERE BT EEERBRAMNMEEKRZI TERUE
SR B J7 gk R 5 P R0 2B S, TR A6 2B S 7 B 3R A AT, A BE 18 LA RR B B B
W RHEEHFERELRAREFEEZ S, AEEXHABRZ X B
— A REEAHTF B, D TR, RB— RO WS, MR LIE
FETFHAREWHERPE, TREFEBNMR, REFTHE NRAEE
FHRBAF, TEBUR”, BHECFBEARUTHHERT R - EXTIHEIR
FEmME L —ATREFELHFRENARARBEF S THIIE. AT
BEUE MR, X — R RS MBS E. BEERTHEIRORI TSR
SBWBRT B REREEHRS RSN TREA T HE
MEE. TERNEI ITRAEN-TTHARFMNH TRER, EREA T HE™
EHELRAEARBRIBLMN. EX—S L, E5RE BASTHEEME
AHE,FERAETRYUELRER EOTEEH,ABFANER EmEE
GMEHE.

BMEZ . RHTBRFALENHSAEESR AR FHSAE, FEHES
ARG UBSH NS S FERE/FSLBEHSRER+FERE, T3S
MMAESHBENERATEARTRBT UBEN, MARALILAFHFEIEH
BiA e E.

T hBIEBEIEFEHORRE

FRHTREFEELHRREHXENZK MAFUTRA.

1. 277 Gr it b 78 4% B 1] B Y 5% B

FEIRFHBESRIT.BHERAEHRUE, MRRAEHSHETEAR
B,NENUS AR AR, N FHFLITEABRYRE, XHBSRIT-FHEH
PR D ETER, MAFRRERT . HE BTSRFSERTHER
HAYERHTR . R SR RS SRR, B2 00 B IR R K
HERE.

2. BMBUWMAE

FHIBABEAE - RHEEIWNREELMNT BT - ENELHRE. X
RELEEEEEMA TR RN ERERRFR - T RIRAE . FAUESE
W R B BT 3R

BTHESHEBZ I, AR 0RALSYER SRR MK

3. RELEITHAE*E

EFMIBEE, R RRFHEN IR, TR G SRR T A3 AW
M.MEMBEASER, AURSREXRZAN BRI SR FETHN, FEX



4 MR R — 547 - A - B - MR

(XEHBEIERBAEZLANI). MEREER  THEREERECHEET,
B & F R i v B 5% 5 43 w0 B, b B4R AL i O Bk R X R O B, RAUEE R
B B AT DL R G 0 3 AR 5 3h A wa 1, T EL AT 4 R % R e 7 B R, X it
2 AT R SR,

4. MESHE

ETELREE . BF¥LBNBERITHNER HESHAESITE. UES
B AR AT 3L B, th R 4R 3 TR 4k 2 S B IR R B — R R R O k.



F—kR HE OB &

- HHHESSEHER ARG A
A %o 1R

« B T 8 3k 3

cRAARAWH R HF R A

* I B0 B R 5 3R 5 B AL A



