A - S S e -

I -

F| B R BB i+ (Coriolis Mass Flowmeter, ELF Rj#F CMF) JE—fh E Hal
MEREMENER, HTHABKMG, B ENHETIVAFRSI M, A
TIHFERDEAREIEK, KANEFRERENESES5EE S, wHESRAR
VI e R R B R, ok N

CMF 2 —MEHUMNREBRE T, HAETAHEAREHRR. BE, CMF i —£
AR, WX PEESAMRERBRET S, HRBIEAME FLRERAB—EX
e R AT e, BRILETSLRVIT R Fe ik, ﬁ%mﬂﬁVWCMhﬂﬁﬂkM$*mﬁﬂ
SR .

X EEMET CMF PR S RIN H1E S, BT CMF ERR SRRV,
SRIGOHT T CMF fFEN— Sl 8, B0 T AR TR TR E AR,

HK, XES CMF ERSBESHET TR, S THERBSRZEW LIEREE, &
WTHMUEERRUATEMRE, XBELF T ERM R,

RiG, METENRENAREHEF RN, FELRBRNFH CMF £t
M FEENRBEATGN . EXEBANE o #IT e -, 18
HUT R CMF 8 R 808 R se B 7, B A B R B iR K AR A BRI 2 F
LR I Fh it CMF RN M RERSAREBREBN B, 3058 T
R E A BEH CMF 0 RAEMRH 506, RIE CMF a5 SRS 45
gk, SN TIHRBITE. B4R THESHERR, HRBRitt#{iT THEH
G THREER.

A RITERETEAFVREIRUERESRNER G, #ITTE
FRRMRIE R R BREBRBANYLERE, EX4TEITRTRERIREER, T
TELEREAZREAHRFRRERMU TR —EESHARBEHE. R THRELF
MG R, BAUF T A998 30 TAEATER R & R B st B Rl 7 iR H R S BE 2 IR 7
WATH, AT XK CMF EANTIR ST RERE TRENENZ %,

W ERE, RBT TR ITE CMF —2@ 3.

XK. FIERK, AFABRABNE, RYE




o A XK F AT F AR L

— —
e o —— ———

ABSTRACT

Coriolis Mass Flowmeter(CMF) is a kind of direct measurement flowmeter for
massflow.It has found wide applications in various industrial fields because of its excellent
features , and market demand for it is increasing accordingly. It tends not only to be
dominant in the massflow measurement field, but also to be substitutes of many other
kinds of traditional flowmeters in practical engineering fields.

CMF is a new type of mass flowmeter which has been under development and has
obtained maturity in technology and applications. Still CMF has certain shortcomings ,
such as that the sensitivity is too low for Mid/low-pressure gas massflow, and that
null-error and its drift problem has not been satisfactorily solved .Therefore, it of great
importance develop CMF of better performance and higher applicabilities‘

This thesis introduces merit and applications of CMF with summary of domestic and
overseas CMF development tendency, analyzes some problems to be solved in CMF
technology. The objectives for the thesis work have been determined.

The thesis then discusses the sensing unit, describing its operation principle,
method for phase-shift, which has layed the theoretic foundation for research work later
on. |

The thesis describes structure and design of whole system, with focus on the
low-sensitivity problem in the current CMF. Based on the analygation of the sensing
vibration tubes, the thesis presents a novel technology to improve the sensitivity by
applying an elastic tube connections in replacement of the traditional stiff tube
connections. This idea tends explore feasibility of the method for low-pressure gas
massflow measurement.

The thesis describes the design and development of the CMF based on the novel
technique .Some signal detection methods are giving according to requirement of vibration
signal detection and processing .The thesis the focuses on signal processing circuits and

make some simulations and the results of simulation have been obtained.
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While the work of mechanic vibration sensing tubes and signal detection circuit were
finished . we conducted an initial experiment for a practical low-pressure gas massflow
measurement. The thesis analyzes and discusses the experiment and its result , obtained
solution and estimation for minimum value of ow-pressure gas massflow detectable in

the experimental system. The good result certifies that the technique of high-sensitivity

elastic sensing tubes is feasible, which offers a very valuable reference for the future

research and development wok on such a novel CMF technique.

Keywords: Coriolis Mass Flowmeter; Gas Mass Flow Measurement;  Bellows
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REEEER, AW Lo, TNEARE. YREZPRBNEFER, KL
o) L) 1 — AN

1. CMF S B 44 XA 5 i 1)

BT &, WA (two-component ) L A AH (two-phase) H 1R K H#) X il
MicroMotion 2y &) AR H L% CMF Bl T B/K-mh WA sy ik, FIRE N

p=p X1+ P 3% (1-1)
x1=1-x; (1-2)

R (1-2AAA-DHH
| X2=(P -0 ) P1-P2) (1-3)

B (1-3)fAA(1-2)#%
X;=l-(p -2 )( P-P3) (1-4)
Qui=Qu x1»  Qm2=Qm X2 (1-5)

A\
p — XA (K, W) MWBRESHEE
p —KMEHE, PJBE

p— I E, AlE
x,——KERA SN AP RIRERS ‘R, WE
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kP RBRXFHREFAE R X

x——MAE A 5 fr TP R 8, HE

Qu— AN
le—_”";"k E‘J)ﬁﬁ{ﬁh%

p, QuilH CMF $k78, o Mp, WRE, WANHEDH Qu M Qumi. ALK
N} ] 47 7 R B8 AN ELE B E N HE MR RA . MERBKEMNBE 0 o XFY
AT MBS, BB ARBERNER, $SEREEL, HaRmEsa]
PLZNg . Fsk b, fEAHHRRAINE, HABHEEE AT,

2. CMF U8 S XAR T 9] B

I3 7 2 B RRAATR CMF AT DA /D & & SRV, B350 R A M
2E. FTEEHTIRBEFNERE ML,

MEBHATUUE Y, JBWAP T 3% (FERE) BUTHwE AR, PCRIEIHE
FOTREE; JESEREHE 5%, (UERRERX 10%, CEEMEEAK. Hit,
Al LUX#EEN A, CMF EAAEE TR SBENHE.

4 RE

1 0% p—

5% —
S K TR 44
PlEag (%)

l l >
i S5 10

0 %

K] 2-2
1.47 MM (Cavitation) FnEEE (Flashing)

FEHRESFIREEPIZLUN. WEEPFET | RERTHIE T fEE,
SBANENBREREHNEZENUT, HREHIMER, SR~ EEZEL
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b MK K EHEE L RX

ROMBHAE, HEIBOCERTUL.

L E P IR AE AT, R I E IR R, BRI RE RTUE. RERRE
M WA R MBS TREOCR TR B E EE MR L, AFESRE,
TranE s 11, A RER .

1.4.8 CMF B9 “3&” (Cross Talk)

T CMF B3R, AMENURBBOFRITREN, KikaglH LA,
TPENE X RARIBIT. RN NESMARE, FMEE R EY.

1.5 FRIRBRIFRITS

A K CMF 7E LA 4

(1) Tk F KBFEERKESANABRHENE R BEEF @ 2IRL R, i
AR CMF TIEMAIRE iR RIX—F K. REFEHEBRFRER CMF 8] LUK
NESAAE, AEEERENSAEES, WANBREEAKXTRE.

(2) FEEBAE CMF R R E, ARG, E CMF FSRE A/,
A AR M F R R AR R /DS SR E R IR K.

(3) CMF W2 Emn, BIH A Vb, VRERGMMBR, 5ILHK
TE L UL 6 6 A

WA LA L) 3R AR BT RAE S

[ I HMAIR AR TR A, B sarE B AR BRI B & 1)
AER, FLRX @i, EREXNENLRRG RSP

2. B EARNE SRR RIT, X RERE AT E:

3. HRREAAXRARLHM S ESRMAREARRE, it IFLiEdAFESH
VIS

4. HET S E M BR LU KA AR Z R N TE.

1.6 CMF R HEHN

CMF REBIEHNE 1-3 fim. RED LIS (partl) FIAIERR 5
Cpartll ). & ES R LAE RISV E A F AN, K EMA, HRESAERITH
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o A B R F AL F AR

ERAES, RS AR E RS ARBENHEENRSNEE, SRR
EANEERSRZH. REWRIRIBIREIERS, K38 R L2k TR IR E A
ERAMEE —PrEia R T 0 B8RS

" | AR _ ‘
ﬁ — | LR | s >
" | BBl 1
B | WiREE
Pat] Part Il

¥ i-3 CMF R4 844 i

ARIL BRI (partlDD, HrBRR X RIHER N R4 5o FARZE(F St s sk
B, UBARRENRESGR—RERE.
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O T T i T

2 CMF {ERRAREEXEL

MR —E AT &), CMF R EER—FE, R b R8s maiE a4 o 4L ak.
T CMF fI L RHMRSMER RS, CAZHWRFMNLGH T CMF £
Hiptga i,

21 RENRENE AR RIEI

g~ AT — BES AR A RS A R BOE B E P O RB B, R AR
M. WTER, YERN S, MRAUSE VE—IXTEEAR P UAEE o
feFE R EIENEE), XN, FRAKKBRHNDIER SR

N

IS =N

r

= 1

< r »

ar

¥ 2-1

1. R o, (EOINERE), KBEN o, HFR#N P:

2. VAN o (BB BAIEE), HBEST 20V, AR5 3

B, A THERSEERERANEE, FEE FRBEN—PKPIEFETF20VE
w7, XAhKAEE, REATEE LR HBERIRRI Fe.

Bl Fe=2wV b,

MEHTTLLEN, SHEN o NRAELMEERE V IR EIERSI,
(B — B E R AX HEEHZH— N RADN AF VIR B RF 7.

AFc=20VpAAX (2—1)
Hph A RFEARTN. HTHABKREN S, , Mo,=VeA,
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b A H X F AL F R X

M AFc=2w 6 ,AX (2—2)
Rk, 2R B ) B ) ) B LB A A HP R B B R B IR i ) A R BB Ay kel LA AR
B AR RERE. XRERKNRETHEALRE.

R AL CMF @, B BEHES) P BRI R AL, T Z VB
ERHFEAAFER S .. LDEFRENOTEUSTRELT BRNRRINN, 45
HEEEEHHERENED) D RR/N. EXEREW P, FABEENAmEE S,
HE A SE AR P a6 EYRs)), IR IE MR 3 BLLUAR IR K77 R R BN fiEHS .
U P R BN, EAR S AR AL B FARAL RABR A, BB ARSI,
BB ®FhEZ AR A RS, FRER N ALK EEE AR
2, XMHEFFSRENRBEKEL,. MBXAHALE, KL RERE.

WA E D EMPREDY, BAGNEIENSATR. XEANTE
AR, BHEMENFRSEINE, EESHEERF T HEENIELERR, B
B, CMF iaTABHEE. W TFHEENY KERERLEL, WXTAEN, &1
B R HoA AR AL N 0.045%E I LR E EIRBEIR T4 GEH R,
HERZ —RABRAERE, RUEBRES, ZREIIEERET, MEHBRRAME
Z M.

22 CMF Bg4y3ehel]

E A 1978 SE A LAE, CMF LR T] LRI etk A, B DRI R TV AR 1S
TEH., £8%, HARE 20 ERATMEER THREMAR, BE50ER, RE%
BRSPS, FTBGHE R, TEREARBNEBENSEHUMIEASR. MERR
ZMEHWER, THAAANSEANEETN. BWKZHN~RATEN, RERF U
v “ERHER", ST, O, WHE, BiEE, sBE. AfEESEALREESE
#, WAEHARR, NHERE, WE, B82S HPERSECKARRTAT
g, EERTHNENSILEMNRE. NAKLGHNE, IELHHKEKH
R, TEADE RS, HOMFICHE, XHERSHERS RS EXTFR,
AT E PR RRIT R . B REXARE RRNANEN, HTUEHEIR
KANR BN, WTH-WEFRBMMR, ADFHDRESHRBSMCHLSE B
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oy A B X FH T F LR

G AR RSB T wl. X TREBTREN, NMXiiEREEHNE K
R BEREEH R, EMNEBWER EERIETENFERS M, DEMAD
RE, TELMBESS. THAH/ILMERERNNR, Il RERTM.

1. SER

HIRSIREHRIERE, ERER O, KRB E N ZED S,
HFE SRASLAE, HTHRER D, TLUEHBRERELE, Kb 8% 50
Wik Hin EXAC 2R (97 & DN40 DR R Bl 2mm, MR AYRCE AT A4
H 316L. BEFHA™ G — BREAFENERE HBUFRBEARE, SHEHN
iRE. MAETLRSTRX.

2. HEER

LigaMR, HTFRIES, ERMESIX IKHz Ah, MZ2ARBPE, BES
IR, AT NMERESRS S, HERRE, AATER 1/4—1/2. KBk
FOUBEHEE H B E . FNA KR RsIE B RS A4 Ly, K LL Vition 1§
AEESE, BRAREBESGH, FH5IRBFARE. FRREMAK, AW
316L ¥ K. (BREBERFMTR TR KU LSRR B SAAERIGR A

3. XWE

CMF RilEA: R B X, [EBR T ks Har8Uma s, JaRA 2RI
WER, EARIE LY, HRIRBAEARIEREPHRERANHEN, BXE
FEFHE PR R B RSB, MR —BH5RMNRE. RMNELE
i LMRIEA B R B 2EE. BXE A mRMRIESFI N LR RS Q
RAELALM. HRWNAKBE-REIER, RAXHEARESSLIEENNE,
5 H AT OB AR LA R L 2K P ARE R

4, PER

b ARAKER AR, REALHEBMRERTEE TERTLLE KRB R,
A B ERMR AR RE. BEAENBRRESL ESHETERNAM, KT
SR GEH HERTAE &N, BXFHEREBMCRE T RFRUN R,
Yy —Fh et 8 A, MicroMotion 2> 1 H1 Foxbro HEHH TELEE &, B SRR
(g eE AL W R FIXE LR T — 5, BR—FHBI W RIEt.
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B P AR K EA L E R B X

R HERE— M EEE, MXAMERNNERGE, T, REXEREm
WP RS, BSHRERNN, EXEET BB TRARREATFHRG. 7
AR ARBE R T BAR R R PIEE S, JRNME S AT B AR IR AT iR
BAMER, LK, RASRLCETENETLEREE.

23 U B CMF g945 e agl el

HF R RRNAR, LR E DM KA LR, HIZBINFIK
HE AR, X BUA HRE R U RS E RS ml.,

2.3.1 U RN CMF RS T(ERE

U R TIE CMF O8RS H 0 2-2 BT, BIRLATR SR AR U R
ST, EEMBEETEE E, MR- EX, DERRIRIER. B
W R R B T, R AR BRIRS, FRRE RIARARR .
T IR, 8 ARSI E — RAMEE R — AR MR, U
BB — 5 R MR RS . T U TRE T R R T AR
Wi U e e s, RHMEES URSOHIERERRL, iS58 A RE
SR FLTE Hoe BRI A0k SR DD Hh QU AT A L BRI 38, 768 SUAHR ) — A
LR, K PR IREIE S, PIRRE S ROMRRLE SR IR, 5
BB RIE .

——

SRS 22BME -HBENE - hENER
% 2-2 U FEHRE CMF 1K
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By AR XF AL FHL BRI

&k e 5 IA R M FR b diaE, BMERBRANGBMNITD, S5
BAFRRET USRS, KARUES, BH—NRPAERITTESE, NP7 ESh
SRS TIER TS S B TS, 8T BRI,

232 T(ERESHFiES

W 2-3 B, VS A B RNERIT, 5 A—A HILIH RGN E MR
SRS —IR .. RSSO TR3 PO B—B MAYIRME, WRSITTTEA:
0=0 sinw't (2-3)

A, 0 KB REE A
O n-fR I E A xR
o KB ER A,

K23 RWESHREHHE
WA ME RN AERE Yo, AMERN«', UH:
w=d 0 /dt= 0 , w 'sin(w "t+ 7 /2) (2-4)
a '=dw/dt=0 (') sin(w't-7) (2-4)
AL, KM A—A SN0 AER o AR o ' B9K/NNTT R ERBE R (]
W e A4 .
HRAE 2.1 BoF L A &4, (BB HEGSTHE CUER v 72493 HA )
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#*ﬂ&k#iﬁf 4 #® X

o
-

HRAHN, RBETLLANRE S A—A MEHNET, MHRSME LA AR
WETZE)HE A, A3 RRAAE —BERNER a
a,=20 X v (2-5)
o A REET o M v MARMATE. HTREBETRS), Bk, ERUEN
MR B MR K E X FRMERRRE X THER o R,
R AL BN RE A K /N T 1)t B I (8] 32 2 0 32 4L
AT 2 B R E RI1ER A
Fi=dn o (=2dgpw X v (2-6)
Hrp, dn RIEAHERE.
FIEERT AN, WAHBENRME R RER I A
Fy=-dn @ k=-2dp @ X V (2-7)
Hir, RMEHSENMES, EETRNE, BE#RMN ST AHEKR,
AR SRS EARR . TR 52 B AN R AR/ ARRE A R ALHE, fE
K e 4 — A58 B—B #iiGd ik, HAERANS2RABHTER.

AFk C

..............................................................

fp—

FryV B

*.._.__ ———

< »

Kl2-4 RUEZHF-EM

A& BEQUEHRBEPUCAAE, WA RSB, B
BRIREN A58 . Bh U BEEEBRANSERNZNELGHAR, FTHT
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ﬁ*ﬁ&k#sﬁ:&%@%sg

. itk
e

LA7rHT s

RAEHEBRAE-REHE G, eLdE v EEANME), HAEAKNEEN du,
THERH e, BMEBREIAN A, REAKEY AL, WE dy= o Adl, MEE T HAE
WETRAMBIRHR A

dF,'=-2d, * v * ©

NifE AB EEEMZBRIKNA:

Fu=-20pAv wdi=2pAviw (2-8)

FlFE, CD BRZIMFKS Fo2p Avie, R Fy M Fo X/DHSE, TTRMK,

HRLIE RITERE A

T=R F,;+R Fo=4Rw p A vl (2-9)
1 [H PREL .
WRAHE H TR AN di=p ARda
A H, R-BEETRe:
da-fH H & ¥,

FUTFTHEBRHAE, BRI BIBAZNFEKIIRN:

Fig=-02w vRp Acosada=-2w v p AR (2-10)
FIRET KB IC BT ZRIK A Fu=29 v p AR. HPIESRRBHK I SR

ARA, 15 RRSHwENTTFHER.

RERIE, BRER BB A:

Tp=0dT=02 vR2p Acos’ada =2R*w p A v n/4 (2-11)
M FERT 19 3 IC B AL
R E L BC Fi R B R SR
Te=Tpc=Tp+*Ticc 1 R*w p A v (2-12)
R U EEZBMNLRKIRER:
T=T +Tp=Rw p A v{4l+ T R) (2-13)
RS EHERNRBREN: qu=rAv, NF:
T=qm Rw(41+ 71 R) (2-14)

YUREBRSTRELS., |MRERESH, 5 K=Re@l+nR), IfF
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B Y HBAF A F LR

e e

T=Kqn @ (2-15)
HR 2-15 AfLLEH, #IE T SABHEMBIE A MEE o UL . 855 B
R 2% A o BB AEMIRG P OAL, BRI IE R i AR
H 2-4" 51, o pe= 0 no, B IE BT 52 BR335SR 5 8 P im0 12 3k A
MBRMIELL, BEMERPRERE © pa AFEE . —AERBE 0 HEFFH .

®l2-5 URERIEAHYEE
A, MEIENERAERER, QHAlBERPRAKA 0, RET UEEIRIER

S R Ks, WA
T=Kjs 6 (2-16)
RAK 2-15 A
qm=Ks 6 /K@ (2-17)
U &R S AR SN 2-5 BTk, R 2415, o HEHENTEREY, X7
B, 7EsfrNAS, SRS 2EERY) PO, RERME U BEERS)TRE
, B ERAT, B ORA FEE A TR AE S B o F
0 KK qme
XEBH U REH TR PO, HEERK, WNEEA 0, FEH AR/, It
AT w &, LA B WSk N v, W
v =wl=FH,
sin0=v, At2R=w]A1/2R
—R 8 1R/, AL A sin6=0, FFLAF
8= (wl/2R) At (2-18)

# 2-18 fAA 2-17 H .
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iﬁq’ﬁﬁk#’mﬂ: i # X

CIm=KSB/Km=KSU1ﬁU2RKﬁJ= (Ksl2RK) At (2-19)
AT L, FEREVTER U BEXNJLARSN, MakeR, RRERENS
P e LA B 28 % Y A IE A% 15 SRR IBalRE At IEH, M5 U EE ISR K.

2.3.3  iRENES KRRzl

W EFTA, W TRERIIES, 7 U BERS PO E NIRRT 5
MR, M TR O, AR R3S 0 B AL T A A I SR
2. B R RS E A
Nk 2-6 Fion, FRRERY B SS Hk e PR IR AN A A, SN AR T L el Pk
B, 7EL M o ER A R, XA R T A I T
e=kBNL v (2-20)

A, B-BEREN IR
N-£& e [ 455
L-53 0 R B
v -fEXTIE B .

bﬁfmﬁ | wENER |

—_—
"-
-

uwéﬁééﬁﬁzy
.

K 2-6 RSB HE

24



¥ AR X F AL F LRI

RS

LU E R

T) RS

HUER

B 27 mdSsmaiES

mAEMEERMSHEMEEZES, HESEHEBREE, mRETIN,
A GRMMLE, FSEX, NS ARETHES. SBEPEREWRER, U
%H@U%‘Hﬁlﬁﬁﬁﬁﬁ%lﬂ? A —iEsh-124%, R N85 s R ErE
B, LEECHRARDE, RBIE U BERKREL, STUAIRMENEHES,
e 2-7 B

2.34 BRSO

232 BTk, W3IEEHMIRS), TERER KDL, AT HEFRR
SRS, BEM—A W, CMF F—BAIERBITE, URSIER B RME
Wd), EREEFINAERRENBEATENES AR/, LB 22, @& AT
HEIE RRE A WAEES . Bk REERWNE 2-8 Fim.

% 2-8 PRI IRIEAA E HEIF R, WEhEm s B UL TR RE TR RUESE
—MEABHE T a8IES) . BPrE RSN %R B RS K iR &4 &
. BRESEERINT: REEBMERN, BOCHBKIEITE BTN LK B0
MR, BT AOEER N, BIHRE, Heoh S E RS E B R R Y
R4y, EMAERNBITHMREMENER B LR, LaBOCHEBNR

""'ﬂ
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Bk A KK EAEE LA

W LR B ROR, RIRBROR, REGRMER. BMKB—ERER, M7
Sh-BEMIURBITEA, TREYRIB, ([E8IR3)EHFFRIRD).

tei & mshE | JEH, Bl
A

| TR DB

R l:'

¥ 2-8  E @ik IR HE
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¥ ¥ AR XFARLTF LR

3 HEUEMNSHFRENAZ

M ALE CMF KB HRA U BERR, FRESERARZFERNEREOT.
URE LML, ARsESRHPRMBIEXES. SRWEPLHER, B

H2Z WBRAHME; WAFREN, BARKAORBMOER, FETHRALE, X174
Rr RN AT BB MM EEE, TREWE . TR R
EZNREEER, e THAEZNENEAE RN EZRGNE L.

fRENEAHZEM

L]

MBHERITERE, THL%HEERILFITE;
. REBE
&%?ﬂ%%%%?ﬁm%mm R K
V E+E = Ee’’ + Ee™* = E(1+cosg — jsing)

REFHHR:
y =EJ(1+CGS:;0)2 +sin’ @ = E\J2+2cos@ =2Ecos—§- (3—3)
REZME, BHR. Pl =2Esin (3—4)

15 R B E ST I, ﬁfﬁ'-asinfz‘lmzﬂztm M H A 180° BT R U8 B K.

XM rEgEa TR/ M. HIRHERME 3-2 pix

——>| —»| i

41 2
———P —»| (RS
//

ol ks

vy
5

5

Tl

e 3-2  OC NI AE 2= R R HE )

2. FHF_E
X HERIEH N MG SR, MRAHME.
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AR TEXE

+ F 44 # X

—A A BRI R IT A

a = = :
e(t) =—9—+Zan cosnax+2bn sin nax

n=| n=l

5 .
a =7 [ etryar

(3—5)

2 g
a, = 7 f e(f) c(?s notdt

2 g :
b, = p f e(t) sin notdt

T IESEAR S e(r) = sinax + ), WH

a, =0

2 & :
a, = P f e(t)cosnmidt = sing@

b, =cosgp

(3—6)

i (3—6) a4, RERBa b, SO LAEMESRMHMLE,
W IRIAATE %45 SR MRRERE, @M EBRREs — T Hift L

V =Kcosp

(3—7)

Hop K BEMARS. AHENRAR W LIEME SRR R BIKIEE, Ml T

B R T B B R R R R W)
3. IIEERE
S R

ABEHRE: BB AMEXESETIRRBERANTRES, K

AN T EEGESHELEAMAE RS SR TRIFSHMEAN RS k25
Mg R —BRAEE SN (R BUARSEN, —BABRES
AT (BUEH) HAalRSBEN, RSMEB/OMNANERE, HEAHIMELER

IETIE 2. XFHERNRARN ZH,

FAEE AR ERE:, CREEHEE, MNERMEARENE EEAME

hitid. XEEHEANRL NARMERR
HiR. R AT A R BRI KRB A0 77 7%

BE AR T EA A R T 554
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EAARKI AL E B A X

o

3.2 iBE&iEFHARN

321 IEERPFAHERFIE

B—BRIESN: u, (1) = Esin(at)
TS —BB{E SN u,(t) = Esin(ax - )
Wu ()=0, u,()=0, A[1g:

W, =, —yW = nx,

A7 LA p=v =0l ~1;)= " (3—8)
KA, 1 o=1,—t,, T XK, B ;o=%“:360*’ (3—9)

—»l BOKRIE | B 1
iy

oo [ o B

33 SFEMREHR

|
é ’: ]—
|

W 3-4 TFEMBEHERE

& (3—5) RAFHANFIRIEZE S HKALE SHNARAEZE S KTEFN
i) 2 A TE b . BRRSANF) SRR IE 5445 S ARG Z ) LU AT TAR Y 0 1L 00T [ 222K
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v AR AXFALF LR

#oR. LT EEHBBERNR 3-3 Fin, ITEMMBEXRME 34 Jor.
& 3-2 R B R B R TR SR S AT LUK R AR W S AR R, AR TT ARHR
IERE RN BB IE, B A/D RESF.

ERAENRSENBEEER. SRR, KNEF. HEELAIBRES TR
S AR R . S RAHE AR EUR . T AR

3.22 HE3FERBEA

BMETREMELBENEAR, BT RAGEEERK, MUBEAREF s
¥y KA, M 3-3 0 3-4 ek AR i BH R ETERMANAOREE. RidF e
fISI I SR A . RS S BHa R, WURWEERAE, 25 G
—3) ATLAB BN EE.

SRR A B, R TAHNZERES, BEETHELMRIT, A

B(t)-?+2a'ﬂ cosnax+2b sin nax

=l

A, a(,:?f d£=—-—_(Adt+}-f0d!=-2{-A (3—10)

2 [, = 25,? (3—11)

Wb £, RABGEE B R ETA B Bt B G—11) MBS S8R
(A (E B R E#S BRIE L.

ERamdELATENESA, BEENSS. Flin, BRERNN, M
25 S S EMTREENBHTENK. HRRERGE—HUFESALIFE LY,
Mg s S a0l B RIRE, REEIME S5 S0 - RARE S RN ESR D,
AR, B SR GARG K LB N/, 2B AR A R EEX.

3.2.3 WETFEBEAR

HTRBARTEREA, B TR TEMBR. KMTERBEHIRRT
A EANMRRENEY, KARETUESRNEEEMATEE.

EE—MRARFMAAEIZEMEMERSTEMOGE. £32208, a7
fER, MBEAMTTER, BHES (BRABFSTE BARMKERES) N
WiE S BRNHER D, Ba, FTEAIBEM EHEGTMRAUGESHLF
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FrHEXFRL FHLE B X

ke

iy o) 2= 0 FR AR K, B AR SME R E . T LLER, XUl FEMHEAR, A
DURGF R T R R B BT, ifg BT LUK D8 O B T3 R E e .
X ] 3o - 56 AT K ) PR B R R AE B R R B AT 2% T — W RI A A

3.3 tEfIEEBAIBHA

MAMESLT TRERENEMERLG, B3 7T RMFE A2k
L, T EB RN ZEE, AHMEEAR: —MEMEBME ST UK K 6] 8l iE
I 15— Fp RS R BR AR 2 7 k5 B EIT ik, BUKEH
MR (ZBRIETHAEE), REHITADERGAE. TE/ERM4ND.
3.3.1 OV IFRPFA
Wi 3-5 fr. BHGSu,(OFREBES u,(OELREE, WESEE S5
NIREREEE TR, Bu,() RIBESEERFS —RIEANEHER, o) BLMHE
BAL u,() B EHBEA . BABRKHBEEIEAICRE, HEHBMEHBTE o) it
T RER, 2 FRENE, BEETHIR, REMERSE, WE:

) a, 1 ¢, 1 ¢
U =?=—2;_[5 Edt-i--?—ﬂE”-EdI

(3—12)
E T E_ T 2E -1,
Wi, =Y #A, BB ¢=U/ ) (3—13)
ul{t)y ——
u(t)y ——
2(t)
+E
0 _
% 5 LY -E

#3-5 ©-vARREARHUKER
A, g RMMUER, URFEMSRNBERET FIREBEENENSE, EX

.
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F AR XF AT FHERX

7 IE TR AR B R

F
s
—>l il [ m e Wk 1
PN >
> i >
5
| B
—» i | e | worms —» #
HIA 2

K 3-6 ARLFEMD—V BB EG
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