BORREREWM LI RFEAMRE

i =

ELUNAHEREZRESA PRSI BEHHE, S5 FARTRTE
At By M AR, Wl TETART ML BT RSO RIEE S 2REER
A MEHET EYHAHBESRERAERMOEE YA S, HHUESE PTO B4
S HER AR 2R OHESY,. RATERERENEERENE.

$AEE 1, BMNESEEEMEZESOER, MEasmEh Tk, &5
Wit - 2R SRS, RIEEE, EREEE TR TR, BREEFT
BiFEHEHN RSB R ST G WS, QPR R AR ) b Rk .
FHFF AR T AT 2, B E sy AR, R MATLAB 459 oded5 LIREER 3
R, BEAEBBTTRERTE 40 TERB A RS AEREE, BOEEARETF 10s.
205, 40s, 60s. 100s B QURRIF 3L 5.0 ke 1 F1k 2 BraR.

P 2, B TRRES PTO RETHMETRANMERY, URRHHHES
FTHETHETFMEHEMCEN. ERBEEM AR R, TURBHBSHETFRET
AUEEh AR E RS, LU R RS T SR A AT R, M S PTO RIET
MARHIENRER: PTO = oMl BTN Dien = [Srerritd H R
Kb, Btbzsh, BRIONETUR A CSM BT SR HE 028 PTO BRI,
A wapz i ESEF S E B E, SRE-AREH FHAEUTISHEIIE, B
R E RO, PTULE BRI ThE  220334W, R B9ME B BEUE A
37193812, LA 2 RS s { OMMRELR ., HURIENE 855
MEYER, 7R wape HAESMESOMEBEER, BEAEERGERTHE. G308
FEMHThER 230027TW,. HELEREN 0752104, BN 0370,

FradiaE 3, FFREFAEBERFIED, THTHEES. FEETEEN. BEH
AWESEREAE. NEBENEF N ESEM R, RNEMHRADR EaERD
S5ERS#THMTZE, AR TRBAREEERD, HEAHBEMITEEEM, Bit
PP S H IR OB AR, ARETRRTNALENE. BEEYEESENH,
BT ELE RS R T IR IEEh W e A e, TEE [RYURIZEhE], @A T HE A ET AR T AE
ot EE AR A, BTG E T AR T A — 840 NS K e, EHA
BUHESNRANTHERGEEE, SHRTHNZ, RAEBITTRRTE 40 TR
R A P9 B0 a0 AR AN P L R SIS MR A A MR, 105, 20s. 40s. 60s. 100s B 03I
For 53 e 3Rk 4 R

FrHEE 4, IEEEREZICHERNNA, S8 2 B8, TN rapz BB
FEmarE R EE, (8 MATLAR SR BHEEEaEFES TR RS
322.128W, A FERFRFE B0YAE R84 5.93x 107, HeFME 35 006 E £ 3109 100000,

e REEEES . ST RSMERNE . HRlEAETFHEE NSy, RBA
FrictrBseit. SmE, SHRMNER, BishaE, HRHEVEEE,; £
=. MRAEEE D, HT# T MGEL, TRYBCSEIRTCH MM —2RE, WEHF
T, SMEETH S EHARERFOEEREAS. NET. RTOAE LY THE
mhasd R fh AT REE, LR TGRS H R .

X FEHERERS. FRMOTE. FIEFERER

1




1.1 (AR
H4HeMeaiE OGRS, RHEEE A nmE. FREATTHEHE. R, 8B
WEANES A, AW AR AR BEHFEES RSN SRR —Aa . MERE
BUbfEHEREE - EEEE BERE IEER AR E A RER N ENE.
—MFHMRRHEENET S, EEREATETNEEHL RS TFIEES,
BTSRRI BT PTO (RS R, FEAFHEMENEEE B EHT),
M S 1 Eoph BRIR Y (.

1.2 jil B Hy

R RO, SRR ENSNTELREETURESHERTH
gihchi, FEPREMETFSESYEAMEBEN PTO. R, FFH—THBETREN
EEEEA— R EEAR, PROEEEZ TEEGEEZFOREPLLE. #
i PTO HikFi%E. EERIMERAT. FFHESHREEFERD. FrREREFIBYIED,
EIHEE Ry, WERAEREATHANRE, FEETETHRESNAERNERR
o 2 W At A R AR

EFLUEWREESHMAAE, BRINEARRRUTEE:

FB—. %R 7 EHEsEnE. EbREE. 748 PTo SEEBEEF D
shibizal, HEIMEHNASSHETF TOMMEEEMES. EHEVMGERETETR
A, HESEZHREHBEEFRES. RS, SUTREREENEEEHA
FE 5 10000 N-s/m i BA KPR JE B 80IE [k F9% FRER T 1A 8 A s et {0 CHUEEf) B8
10000, W 0.5 MR T, HHZESMEHEARS 0 M ERRIENIETSRTS
R ESTBAERE.

B, bR HS Q) PHE. RBBREESESHA SR, R
[0.100000] F3 &% P FE 28 LR ) 5 $Ak Fo,100000) 4 . FEE S04k Fo,1 ] (8 A 8 6
EREHFHEX TR EAMNEE 73

AB=: ShiE T RERAREDDNR. b bR SRR RS, HE
FARALE TR SAREME, SWSNR LM, ERETHEREERETET
7K o A 56 T E IR A R SR IR R R R B S FIE RS TE 40 B R T AR T
o B BN SR R S L T A A B A s,

AR 3 EEEHTE0,100000]H MM E SR EHEESIY, R diFFE M
17 35 AN B9 I TR IR Th A S IR PR R B



= [OE S

FXFEEREOE-BRREEENOERECAERECEAE. Q8- QE_RR
sE R e W R R SIS HT T 5 1R T A0SR IR LU I PR 2 B 9 R R e
TR, MEE=. QENERANATERE RANESRNMEIEHNITFTSE
TR T AnEaiR G L Rl o M VLR R SseE PR e ThE e 4.

2.1 el 0 4 b

Bl —%EF FERIRD R RNES, PRSEEREEE. 0, RETHTH
Kb o), FTR2ESHEMAERANRIRTFBED, HE—BHEGEI#EE T
cEeEEEFTUMEERES, WAEEMERDAHER. KEEERSfE U o=l
AR RTRTEART, BIAXTFETFRRTHNANEFE.

F—pia): BMESZHEBERZOWE T, WERE 2805 10000 N-sim HF B #8795 5K
I HE, (B MATLAB B8R0,

oA BELEMEERNTEL TR . RTHEE A0S AT, 1S
ESyHERE, #HALEER 10000 MIFHEM 0.5, BEFERT MATLAB R&.

22 BB

fo) TR R TE (A — R TR AR R LASEH PTO REMA TS, T
AIMER RS —HTT OB ERERRAN B, §5 PTO ThEREE R x
4. MiELENE: B—H0, Wl REE CURE R R R,

Wl RGHBTEAONER. WFEEFTA. =R A D P o R i
BRGRIEE &3,

e ATASEENERG ISR T, ERARMARENEDMINET
iSRRI EES HOR, ke ESEANEAERTR. SE—ahm
AREER, WEHGAZRIURE E 0, I R 3N MER SRR T
BRI

2.3 il =Y 4 HT

AE=g R EAh R RSN IEED, PRSERSE, FEERESnTE
HEESSEANE ISR SHE—HFE.

BRFETARTMEBRA, EiEYEERZaet, FTLUEEE BT R ESH
ghBem; N RERIESNE ., BT RS AR TR F AR R, BT,
B TR TN BRI, REFHRUERGE SN TEIEMEEEE, 4
FriRFai¥sh .

SRITIE 2 FhHEFER 2 &8 HE, FIF MATLAB REMT HE.

2.4 jal B P9 6% 4

(2] A8 P % o L FE R LT[0, 100000 A B 2R LIS S A0 REFE BLE SR BRI, 9 30 T H e it
TRERAEONITRAGHDESHEEBRE &8, 2UTRAEZ, FRASFTER
i RE PTO, B HEHEE S EE SRR E 23 0100000 #4T#EFB. HHEH
Al TEE PTO. HEitEZREa ERE R, HHRAEN.



=, B3

1. AR R BN,

2 EEE. . BE. PTO IR RS ANERT

3 DEERHE RS AT RER. p. PR, FRURMEBGR . HE. WES;
4 BFTrERLYXEFTEsg T ERE RN,

59F TSR 48 5 B 0 HE S A E KT

6. ERMEREGE —f, EEREEETMNAABTEE, BEFAT VEFENHEES
Fi 73 [ SR 4R

7. ERwEE=N, HETFTFHESES, RT75F THEFEHHMAEETRA
it

BEMREE=M, BF5RTHMEESNMALE R

M, FFSieH

59 54 ol
my N ke
Ry FTEYE m
hy T3 BB 5 e 1 m
h 1T T POHE S 0 m
m, T
R, T ¥4 m
H, TR m
P oy ok i S kg/m?
g IR Sy A m/s®
k WA Mim
Lg MW EC m
Cy SR A N-m
Cw i S8 WAl i ] Nm
I, T i kg m?
Iy FFH:ahm i kg
o A0 R O

" o S ke



] S8 BHNFE S i kg-m?

A H#3HMEHERN Nesim
A SR MEME R 5 N'sim
f i WG R N
L 0T WRD A R AR Nem
m FLEEEA 2 2P FE R N-sim
1 HEREREELHEN \
nj HEF PR B FE R Nes'm
g s A= T T RS K ERNES m
hy VIR AR T LI A PR A m
bz e AE F LR R QU IE m
hy VIR AT FARTF &M OEH T EE m
h. RBREISKE

5.0 jo) B —H R IR R
5.0 HRT A

ot i iR e e MR A RS, W e T R IR O B T 0 THE T T
PR B TE T U HE A oy KB AONE . R DGRt TR AR DR TR R A E . i
RN TaiE TR T IMES S TmMERRLEY., % F RwE SR ER S
hy EEFFIESGEFIESN, RN A A Tho UL R BUHFE 06 8040 1 BE Sh, 092

WEiE, B =0 8, ATHEES K, TINHFTHES 5| B TEREETN.
BTIRETEZNTE, BEFUTEHFR:

|
pg{g aRLh, + 7R, = )] = (m +m)g

33 hy=099999m. 2 J5 4§ F LL L R LIS ETE F R &5 8 R

ETR BREARFTARTHZHSENNRE. BFTERA OBy, RTE
F A BB .

£ 40 Mg MR, F T2 BRI ESEE O AMER, JUESNAE T2 R HE
B HEEh R KR A (SHEAB, ERX). BHEMNEREH (SHEFEEHX) URE
BitmMiEs. EXEAR, ATFFERTHENTER, SR Esa>EH
BEHENA (5THEAMOBIERAX) BEEES (5THEPOMEMIESNEEE#XD.

BEAEREAEE, FTEANRRE L. BAKEEH. MEERA. Hndith
Lo



LLE TPO REMMASHES, BETHRER, WTOLBR,, MEDGHEHH
EREEE T,
FLE R M E, B 7 S5hktriesh BT

{(m_r IR ANG, =)+ A% +h(x =)+ pgrRix =S

3y + g (B = 3 R (% - x5) =0

PR JE & 80E HFIF PR A R HE R R, R SR T Esh A B R

L o 2
(i, + 0%, + 006 = 3, % = S |2 + A% +h(x, - x)+ pgrRix = f -

1
2 th(x,-x)=0

¥, + (%, _"tjl":t —%,

A Ll b 75 £ 7 R o ol B T 4 R 1 S R L R A 0 ) O A . T R
i A )

512 H— /AR ER (LR RE R

odeds f& MATLAB o —#% (1A FREEHS HROMERY. R—MEu, Qi
. FCLREERIFER MO A K. SR SLATMAR (1), AILEFRIBESH
I FIYLE, AL odeds RATAERIPERUS T T2, 195108 ILBE £F resultl-1 xlsx.

R A 2 ST T B A R PRI 5 1R T bR ISR, A TR

08y 1 1 1 1 T - Y 1

I 4
{ |1 Ciadlwahaahobabathabbahananid

1"I1|"|'|"|'_-|r'1rlllr||i|'r'1r'lJ1rli|"-

a 20 @ o0 0 100 120 10 1% 0
tre
B ST SR TRL8ary o xo AR 1 BOTESH R0 28
I, TE 105, 20s. 40s- 60s. 100s B 51 516 1 008 5% (0RO i F =i =

#1ETHETHESLENEEROUPE E 0 s, MBS m, RIS mis)

1 X1 L1 X2 Vs Xy-Xz»
10 [ 0190591947 | 0040504278 | 0211549273 | -0.69360835 | 0020957328
20| 0.590531163 | -0.2404067502 | 0.634068234 | -0.27228741 | 0.043537071
40| 0285456229 | 0313435653 | 0296609879 | 0333247927 | -0.01115365
60 031443603 | 0479107064 -0.33135498 | -0.51555596 001691895
100 | -0.083590128 | -0.604063973 | 00840368506 | -0.64304386 0000446728

&




S13 B /ERMARAR (B RYIE TR T AR T o A R AR
EE, #FH odeds RRESIN (20, FBIFTEEE WEF result]-2.xlsx.
A B R T L L R T SR TR N EEh R, MBI TFHE.

o8k
osl || \i |
oat (L (M "|||!,t..‘l!ll|;I'|l,i,"iul*ll,llilllllllihilﬁlllili,llig,ill
e 221l A N 'I,I..I' (1 'Ill' ,II [ L
= ofll|llf! T I | I!
* ozt I Ul I|I| (1l I.. [ 1 ',I.I'.||
4‘_J|k f ']||' 1 ' ]L AR AR AR AR AR AR
-u-.a-—l:l | l —
il | | =
20 40 (5] a0 100 120 1440 180 180

tis
B2 TR Ty o xR A o AR B B

R2ETHRTHSHUBEEROUEME (0L s, QB m, HEEER ns)

1 Xy vy Xa o
10 <0.20583 =0.65279 -0.23463 (69823
20 61125 -0.25419 -0.66077 -0.27589
40 0.26870% 0.295805 0.280324 0.313936
60 -0.32725 049125 -(.3493 -0.52414
100 -0.08832 -0.60974 -0.09376 -0.64955

AAE R By IR b Fhg, KA 2L T ik LA 37 F IR 15 B0 5
s SN

5.2 [ —HIR AT SRR

T AR IEM PTO R5c PR H ISR R R R Y. WAGTRIM B T FTRRT
fiEshRmiaf . EHEREOVRE R, TUUR A R R T i Esh i
B, LR RRET “HOMA MR, WS PTO RE0F ki Th3
Wik sl, HESHTH I EROCRELE RM M. Bz, RiNEaURACSEY
Pl YRS B H & 02 B PTO RE ML, B wapz M HES S S MM H, H
FIN—FRE | YT iR T 8 2, PEREH R R HRE, W EUA B8 R Th
R (PR R MM . SR R R R N R R IE T, AR LA BIICRR
W, BRBNE SR, R tapz W BUER A RORERERE R, (] RS A i
T, MEEAHEHThE. HLE s R MR,

"R LR 2



521 B—hAMEAMRE (BERIE—EM
5.2.1.1 B—/h AR

B FHEMNTY R 5IRE B3 U L% R4 T R AEMHES T %, B PTO H3EH M6 R

FuzhE, WEMERICHE-BEfEe), HXRFRRA:
1 2
PTO :Emmz |, —x.)

Hob, SR 0%, xRN MRE.

I e E 8l E T ST R i e .

BAREERANR. FIRENRERRANAY. A5 7. MERNEEHEHEST
B () Fr, MT Q) fRRsF TR ToESNERGRAE THEAEE
Fo

|i-&f[m‘,. + ()i F, + 1))+ K + perR; =i —k ][H]_[f}

—iewn —k —a'm, +ion +k || x, 0
BL:
Y=['ﬂ’:{m,r+a‘£}+m’(}-i +1,)+k+ pgaR] —ion =k ]
—ieon —k —a'm, +ion +k
Wi

% | oy r_r —e' m_ +ion +k
X 0 I.F| iwl’.:'ll-"_k
EEIPEﬁ.ﬁl.q—xf—‘ﬁ[—mzm_.J

Bt A= -af{mf + )+ k+ pg}rR; . B=—a’m, +k

—-w'm_f
AB-k* —e*An +io{Ag + B(A +n,)-2ky ]

MHx-x=

My, U P A, 4 C=AB-k?, D=-o'd ., E=A+B-2k, WA L3

|x, —x |’ = w'mf*
VR (C-Dn ¥ + @' Eng + BAT

1 a’'m’ iy
_1_" H .F:IU:"" T L
e 2{C-Dn Y +o’|En +BAY

RHLRRGTH: 7 ., =J5ﬂ%‘2§’f_ BRI,




WNHCEE, MBI 7, . =37193.8119 N-s/m, AR 1 KTHSEN 229.3330W.

5.2..2 M EKEERE

YRR trape WERIEIIT A s iEN, B - TEESAEEE I EERITR
iy B, R (1) ph ) B 5 T BT U

5 8 B R R B AR 5 — LAt A A R A Bl S R AR, BRTE R e R
2 MG — & e 2.

HUEL SR [ [A) 2 0-400s, FFER (A2 2004005, 44639 0.25. 15 Hp,7£(0.100000) i3 H
Py PTO 26 T R 30K R P B e

250
T
P -
200 - 4
_,.'/ "‘--m.-'-a._____
/ ™ B
f T
E 150 |I|I.I k|
¢ | /
100 -
m -
o p
o 2 4 &1 B 10
1, H{N-sfm) «10t
B 3 PTO Tl 8810

WEHERE, PTO ¥R B AEn, 0 T [30000,40000] P2 8], #0566 B .

230

229t > i

PTOIW
(]
4
]

~

;
Fr: )

224 . - ; !
3 32 34 6 38 4
1, HN-8frm) =10
& 4PTO 3 Tl B0 2

a



AR SRR, P T 2004072764376 T0W, R FIPHLE B8 3720 100
MN-sima

522 B ERBIRER (LR R ME LT F ST A I %)
A S 52.0 A AR T B, FEMLE & BUE T AR F Ao A sy
R, SRS a . R RE I, WHGRATER N,

pro-Lnel -5
hFREECha £, BERGETEMETE.

82194, HAEEETE, o trape WIEEE 5 HEEE A A EE B 220.49728W HIEE T
TR ST R R G B0 229.33304W - apsti, BEHAT LAYy, AR Ml
Fi s R AT SRR, e LU 2URE 4 k7 fed R aT LUK Sl s R

5 1 P W R el ] B

M5 5.2 MEN B, BB Y 0-400s, FREEEY 2004008, 4004 0.2,
Al MATLAR b7 — 28 57, i PTO 3 FLam R 5 o R e B & 5.

aiiibia, M5 v 7E[0,100000]. « {E01]FFEEAN PTO XTFHENSEXRME
B

4]

B SPTO T o] #8 q RN o @ERE 1

MR, 88y £[20000,100000]. « {E£[0.3,0.5]07EHE MK PTO AR

10



SR EETE A R (R, 8RR T B

PTO /W
g
1

6 8 10

HePTOoXTHHER g NREN o MERE2

T E A AN EEE T . REAREA PTO=230.12739W.
B R o =0.370 LR R q=9.75% 10* .
S3RE=HEAER T SRR
530 & arHahit M mE

AR R S S T G G B R B B R, e
B ELLF =8 M E

PFEGWANETR, S, =7Rh, =67
AN OER: S, = 7R, R +:¢=@x
FFRERHNER: S, =7k =7

Aiifedat, €ZEMNNFHEELANERRTS IR, FRH .
SR TR A O MEER:

1 g
==K 22
=1 S

AR TR PR B O MEE R

11



1 =k a0
. — . T 30(=2)+ 5h
35+JHIJ_( 1) +300)+5h,]
SRS AR T T TR 8 PR R S S O B R
h, = (mi by +m )

IRT IR TR T 0 O 5 AT S 8 S SR I
i 1mP+LmH2
4

Iz E
T T AR T WG B ACT SR S 2 Bt

i'ﬂ.-l-f

B ol o iua
T J_[J_ & h,f} 30( T IAE GGl

532 EHESHAHBEN N RE

SR R P B A AV E R, BT RO e, BT
THEGZHF, ERBEIEZ0EE. HETE:

(m+p)% + A% +pg:rR}x1 = feosef + kx, + .4,
M+ 3%+, = [g(1-cost, )~ § cosb, + G, sin(6, - 6)~ 16 cos(8, - 6))]
Hep, o MEXTS1P—F, REFEERONA EME, EXREHERR L,
xR (ol R, EICTELES O B R 8T S R I Rk Tl aieY
fug, EFEGRHEL, TEORUESF TR THEN . AMRRSE820
P result3 xlsx. #F8x, . xR0 EEGEE{L:

1
oar
06+
0.4
0.2

ok
il

xlfm

0.2 1
|

04+

DB
fHar

-
0 S50 100 150 200 250 300 350 40D
tis

87 X TH e

12



01
008
006

l'.'r-ﬂ-'l

0.02

]

xg.'m

anH
0,04
006

-0.08

0.1 g . ; : : 4
0 50 100 150 200 250 300 350 400
tis
B B, 3T W A 2L

AAERIF TR T LA o N, EIRET R AR RS
A TRET A — M BRI R, @RS, B, MBS MRS,
BT U O AR AMTFHEMER, CUFRELRPORT IR, BT TRER
A8, RTWEEHE (HTRRENRE) 6, FFUEx. RFLEx,, EFENE.

Mo bbb S A S O A T MR

HREZPSRFFRRTOZEDNEALETE, BB TFRIAEH-
U, + 1, +M Oy =Y +M (=116 + A6, +C 6 = Leos ot
[, + o, (b + %, ) W, + Co (6, - 6)+ 77,6, - 6))
=m,[(g+ % )sin 6, + b6} sin(0, —6,)+ 6y cos(8, — 6]y + x,)
F-FH MATLAB $89 odeds ThiE B ¥R -RBERIER HH, JCEBLRIHF resultd xisx,

RS TR R0, . 0 R B AL T AR



0 s 100 10 0 30 0 0 40
il's
[ 10 6, 3 FETANTELL

50 100 150 200 250 300 350 400
Lis

B 11 8% TR

ARG, . O Xy, R AT
R, FFRRTE 10s. 205, 40s. 60s. 100s B fFEFHLBAEE L LEUE B
FfmBAEST Bl ok 3 Mk 4 Frm, Rh &M pbaiRiE R,

B3R R AR R LR S R R S A

t X4 vy Hy ]
-0.52313 098326 0.05200 013555
-L09838 024480 012253 002588
0.37500  0.76586 -0.05116 -0.06105
-0.31531  -0.72160  0.07359 009148
-0.04792 094736 003163 013157

S8EEE=

14



e 4 06 T 5 (078 TR0 LRSS A R RO A

t x> vy By Wy
10| -0.59350 105454 -0.05529 | -0.14150
20| -0.76358 028834 0.12784 002742
40 | 039883 0.85610 -0.05293  -0.06373
60 | -0.33537 0.79616 007664 009485
100 | -0.04062  -1.03652 003294 0.13739

FIEE . AR Bl 0 BOCIRMA I AN Ty, TRV AT A 200 7% -1 100 L BT 1 I
P A 2 B M K T ik

5.4 [F] R PO BB Yy RO 15 R AR

ol P ) B S e MR T RIS R LI BRI, PR wapz BB LT B
(A im0 Bl P A G i AT LA, 753 M

B PTO 3¢ F iy £ FE R E O T

i oy
| i
e AT Ll :
T ‘1:.,&:*:,,1“‘“3‘ .,u.l.l.l-'-u‘*';'fﬁwxu.'ﬂﬂl { u“'- ,:'.L,.u--.. !
eI e
e ht l'“'.'.'l'l“""""'“:':#""" :": -,1||l.||'|'l'l":'"" .
i u.:h i nl
I'ﬂl 1l

«10* 5

> 2
n,/ (N-sim) 0 0 n (N-sm)

B 12 PTO % o fan, P2 M5

R PTO £ T ny MR H G LGN, SMAYEERR PTO M Fn, 8%
fb, FRULHLT K PTO B SES: LR 5 ¥, M55 100000 1 24n, B 100000 BF ) 157 5 .
#. AHRHEEDNT:

PRAEIHE @ fER
15



3225

INS5r

az1r

PTO/W
~.,

8
=

95t /

319 - /

3185 F

= 8.5 &
i ! {N'S.lrl'l'l:l
B 13 PTO 38 Ty, 040 2538 T 1

AR, BREINNCA R, 322.128795508752W

SR ELEG LR R 8y, =5.93% 10%, BEd% 0 78 2 ¥, =100000.

N BER ST SKE

6.1 BRI R B
6.1.1 TR <8 5 A EES S 8 HAKE ik

eh 4 () ch B R AR, KT T A R T O T K T A RS (1,00 m).

(i ir .

6.1.2 X< RYLEF R F BT RE"HHR

HIH MATLAB ({5 550 BT28, o o] Ml — oh 5 (i B BB B AT Ml 47 TR BUTH A0
RUZEEEE CETRE). RS MR N 0.0891%5%pi ~ 1399 rad /s, 5 UEH 7 (8% 5

A . B,

16

6.5

><1'|34.



LL

- me S e W - [ - - .

T W |'

ik il P ) 1] L

12 LN+ i, i

B 14 BE

e

6.1.3 MR HE T HEFEIH M MLE TN R TR

Al
614 MR T SR THMEE 0 AR

A f .
6.2 BRI ER S tE 41T
6.2.1 HER Ao i A A e

B9 4 - BB ) S el . MR ST S i R E I (0.00.000) K B . ATELA

BRAESHRET A, ETAafeRh ez, WTAMBRIN 7730 HTHA

A FAE AR BRI T AR

r
0,055

005

005 ¢

oot

SO0 o0

]
& 13 JEiR sl HEn Rt s il

1500

17



o] PR O ME R EEA S 6T T AR R B R,

6.2.2 SRR HEGR MR S E R P AT
#t TR IR, ST AR T 5T 00 e
o i
a8 #_,,f’f::
T ."_’_,-'”/
& ,«-*/
B «-”"f
1 P4
3 o 4
2 S ~
ik _i_.-"'-’-ff
-
n‘ﬂ SO 1000 1500 2000 2500
LiNm

B 16 Srifussh s m ke R B
A, R ANE — 2V N, R TR T A R R R .

6.2.3 HAAUAHHSA SR RO BE HE AT
M FAFER AN RRIE, o FHHE.

15 =

10

FTO /W

0 i.'h‘i 1 1:5 F 25
Ck f (WN-m) «10%
B 17 mFE AR i iR E

A5, AN IR E N A s RUE R SR s, EIEIRAGr, REEEHIER.
PRI T 2R, BRI .

18



6.2.4 FRLIEY ook 00 8 1 O ()R P A A
T ARE A IRAIRE, R E.

250+,

& 45 & 85 & 65 7 715 8
k! (Mdm) 10"
R ER R b R

A, FLSERIAETE RS E S HERE Wi A . BRI, REHHIER.

. RERTFN

7.1 BiAR 4
1 BaEd, EXFRERTESA WY,
2 M p, S TERE R E R, EETRRE S .

LIEFE=G, HEMMT T SREL, BeT HRTGRES G5 #ihe,

4 fERE=F, FRHGERLT FahRtER, B TR T

7.2 MBI 5 SR

L BB TR R P R A A LA R R R e, BERIE

P T R S B R T TE 2 R

2. foe] 6L = P 8 R R ST AR RO TR B A R ES ] B0 A

b SRR ATRE S KR E, WA, SHe i SR

3. [ BE R ) B DY o SRR Bl R R MR, RIESS I A 25, o] BE SRR

BEAECRTIEC, (SRR AL I e O FH e R 8

A i i
L B0A i B e L R Y e

2SI MR R MR R D O8), ST SR FH et BRFARS R

13



3R s E RS L, sl E MO R AR,

7.3 HREE

Fi—pERESE SRS EETEibalr, BB THSER. #liteH
HREREESAERARERAEERENG, S TEAREDERLENERESRER
. AR, ERVUTURTH,. SHREREADENERE. 8% T, RTFEEEL
BEAE, A E S TSR A R A RN MR EE.  CASR TR A W A HE MR AT
#.

SE
(1388 Rah e 55 T AR, Jb 5 T4 HRAE 2006 42 9 A B —Hi.

RSB AFHAEREEAKS IS RESERREIRNERS
16.2014,32(19):26-30.



P31

R
bl gL X
resultl-1.xlsx ] R — (1 )&k
g result]-2.xlsx fei) R — (248
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AL T

z_kx_!-"{_ & - € &
P g S T 2pm 2wkt

3B BT 40 46 5 PR A8 -
¢ (%o + {pxy —zpe (45N i + weos i
x=etP (Tsln gt + xpcos qt) =Xy (fsm it 4 sin g cos qc)
+ Xsin(at — )

ARB, SEFRRHER, TRAMEG THEFERERN0, fUHR
a5 e I S A R i ) B .

Bt 3
| 1 FF codel.m
1. %% argument
2 m_f= 4866,
3 mu | =]1335535,
f. etm 1= 10000,
5 lambxla _i =656.3606;
6. k=80000;
7. rho=102%,
3 g=98
9 B fw]:
10, f=6250;

11, omega=1.400%;
12, m_z=2433;

14 x 0=[0000]

'FH tspan = [0:0.2:180];

17, %% rum

18 [t, x] = oded 5{@0t, x) fumc](f, x), tspan, x_0);

20. %% plot
21 plotit, x(:, 13, t, 50, 3), )

Fit 3 4

a1 A funcl.m

funetron didt = funel(t, x)
m = 4866,
mil 1 = 1335 535;
cta 1= 10000;
lambda_i =656.3616,
k = B0000;
tho = 1025;
=08
Ef=1;

10 = 6250,

11 omega = 1.4005;

12 m_z=2433;

13

14, dwdt = zevos(d, 1)

O

ol

22




15

17
18
19
20,

doedi(1) = x02);

doedt(2) = (f = cosfomega = 1) - eta_i * (x(2) - X(4)) * sqrifabs(x(2) - 3(4))) - lambdla i *x(2) - k *(
*(1) - x(3)) -tho =g *pi *R_£2 *x(1)) / (m_{+ mu _1);

dedt(3) = x(4);

dcdt(4) = (-eta_i * (x(4) - %(2)) * sqrifabs(x(2) - X(4)) - k = (2(3) - (D)) /m_z;

end

Fit 5

[ fE 2 FEFF code2.1 B2 41 A% m

W00 =] Oh LA B fab B

%% B EE PTO

%%o argument
m_f= 4866,

mu | =1165992;
ota i=ecta i best;
lambxda_i= 167 8395,
k= BOOOD,

rho = 1025,
g=98

R I=1
f=d4800;

omega = 2.2143;
m_z=2433;

alpha =0,

x 0=[0000];

tspan = [0:0.2:400].

%50 rum

[t. x] = eded 5@ (T, x) fme2(t, x, eta_i, alpha), tspan, x_0);,

25 plof(t,xd:, 1)~ x50
% plotit, a1, 2)-(:, 4), ")

Fafa v
defta_v = x( 1O00: 2000, 2) - x(1000:2000, 4)

pto=eta i .*delta v."2;
FTO = trapapto) / (1000)

Btk 6

i) i 2 FEIF code2.1 AFHAR.m

1
2
3
4
5
G
b
9
1
1

0.
1.

%%o argumnt

m_{'= 4866,

mu | =11565992;

%o eta 1= 10000;
lambxta_i = 167.8395;
k= B0000,

rhe = 1025,

g=9.3

R =1

{= 4890,

23




12. omega = 2.2143;

13 m_z =21433;

14

15, %W AB

16. A=-omepr™2 ®*(m [+ mu D+k+tho*g*p "R M2
17, B=-omega®? *m z+k;

18 C=A=B-k2,

19, D= omega™2 * lambda_i;

20 E=aA+B-21%*k

|

22 Fa% ata_i

23 eta 1 best = sqri((C"2 + omega™2 * B2 * lambda_1°2) /(D72 + omega™2 * E"2));
24, eta_i_best

23,

26, eta_i=ecta i best;

a7

28 PTO =05 * (omega™6 *m_z"2 * 2 " ata_i)/ ({C - D™ ela_i)"2 + omega™2 ® (E * ata_i+ B * lamb
da_1y"2)

29

30, % plot

il et 1= [30000:1:40000];

3

33 PTO=0.5 * (omega™ *m_2"2 * 72 et 1) J((C-D."efa_i}."2 + omega™ *(E "eta i+B=la
mibda_1)."2)

M.

35 plot{eta_i, FTO, -

B 7

[ 2 FEFF code2.2-8141 fi.m

1 %% B RE PTO

2

X %% argument

4. m_f= 4864

- mu_| = 1165992,

. lambda_i= 167 8395,

7 k=80000;

b rho = 1025,

o, g="98

10, Rof=1:

1 f=A4890;

12. omega=2.2143;

13. m_z=2433;

14.

15, % 0=[0000];

1. tspan = [0:0.2:400];

17,

18, %% run-local

19, PTO = zeros(21, 141},

0,

21. for alpha_index = 1:21

i alpha = (alpha index - 1) = 0.05;

23

24. for eta_i_index= 1:141

25 eta_i =(eta_i_index - 1) = 500 + 30000;

26. [t, x] = oded 501, x) fme2(t, %, eta_i, alpha), tspan, x_0);
T

I8 delta v = x(} 0002000, 2} - x(1000:2000, 4},

29,

30, plo=eta 1 * {abs{delta_v)) (2 + alpha);

3l PTO{alpha_index, eta_i_index) = trapaipto) / (1000},
il e

4




33

H end
3 %o E TR M E ), EIETREERE RS, RN T E—ER
30,
a7 %% PTO
s, PTO
39,
a0, mesh([30000:500:100000], [¢:.05:1], FTO)
Fifsf 8
o) B8 2 FEFF func2.m
1 function dwdt = fume(t, x, eta_1, alpha)
2 m_{= 4866,
3 i1 = 1165.992;
4 lambda 1= 1678395,
5 k= B000D;
G, tho = 1025;
T £=08,
8 R f=1;
9 [= 4890,
10, omega =2.2143;
11 m_z=2433;
12,
13 dxdt = zeros(d, 1%
14. dedt{ 1) = %02,
15, cedt{2) = (1™ cos{omeza = () - ela_i = (20 - 2043 = (abs(x(2) - x4 alpha - lunbda_1 = x(2) - k
(%1 -%3)) -tho =g * pi = B_F2=x( 1))/ (m_{+ mu_1);
16 doedt{3) = x{4);
17. et ) = (-eta 1 (>d4) - (20 = (absixd 2) - x(4 Y alpha - k= (x(3) - 1N/ m =
18,
1% end
ffat 9
o] #R 3 FEFF coded.m
. %% argument
2: hy=3%
3. hoz=08
4. R z=035;
5. H_z=035
6. L 0=0.35
7. € k=250000;
. C w=8890.T,
9. m = 4866,
10, m z=2433;
11. rho=1025;
12, g=9.8,
13, B f=1;
14, k=B80000;
{5
16, J=T001.914;
17, lambda 1 =683.4558;
18, lambda j=654.3383;
19, omega=1.7152;
20, mu= 1028876,
21, [=3540;
22 M j= 1690

Zh




13
24, eta_i= 10000,
25 eta j= 1000;
2o
27, h l=L 0+035*Hz-mz"g/k
8 h 2=(sqrt(41) *{-h 2/ 3)+ 30 *(h v/ 2)+ 5= h v) [ (35 + sqri(d 1))
29, h3=fmz*h_1+m_f*h_2) (m z+m_f}
30
3. 1 z=025"mz "R 2+ (111 *m z*H z";
32, 1_f=(m_£/ (35 + sqr(412)) = (sqrfdl) “ (0.5 *h "2+ 0.25*R M2- 2 *h =/ 3y +(h_
2/ 3+h YD +30*05*R M2 +(/1)"h ')+ 5%(025*FE_F2+ (h_v-h 2y,
EE
34, %% nan
35 x 0=[00000000];
36, tspan = [(:0.2:400];
a7
38, [t x] = odedS@AL, xp func3(L, x, eta_i, eta_j), tspan, x_0)
1Y
A0, plonl, =0, 13,9
41, plot(t, =, 5), )
42, plotlt, 1, 3), -]
43, plot(, =, 7).
A4
45, %% pto
46, xx 2 dot =x1000:2000, 6);
47, delta theta = x{1000: 2000, 8) - x{1003: 2000, 47,
48
40 plo=eta i.*x 2 det”2 + eta_j .* delta_theta "2}
500 PTOE, eta_i_index) = trape(pto) / (1000
Fit 3% 10
) & 3 FEFF func3.m
1 funetion doedt = fancAdt, x, eta_i, eta_j)
2
3. h y=13
4, h z=038,
5 R z=0.5
a. H z=10.5;
7 L0=05
3 C_k=250000,
9. C_w=8800.7,
10 m_{= 4866,
11. 2= 1433,
12 tho = 1025;
13. =98,
14, R.f=I;
15, k = 80000,
s,
17 1=T001.914;
18. lambcks 1 = 683 4558
19, lambeka | = 6543383,
20, omega = 1.7152;
21, mii= 1028876,
22, = 3640,
23, M_j= 1590,
24, ela_i= 10000,
25 eta j= 1000,
26.
27, h1l=LO0+05"H z-mz"g/k
78 h 2=(sqrt{d1} =(-h z/3)+30=(h v/ 2)+5=h ¥)/ (35 + sqri(4 1));

25




29, hi=(mz=h | +m_f*h 2)/(mz+m_{}

a0,

3l 1 2=025%m z*R 2+ (112)*mz"H =2,

3. If=(m_£/ (35 +sqri(41) * (sqre(dl) = (0.5 =h 22+ 0.25*R _2-2*h 2/3y2 + (h z/3+
ho2y 2+ 30 *(05*R P2+ (11D *h v+ 5=(0.25=R 2+ (h y-h 220

33

4. thedt = zeros(8, 1),

35

3a. et 1) = (2}

37 doedt{ 23 = (£ * cos{omega = 0+ k = x(5) + eta_1 *x(6)-tho =g = pi * R_{"2 = x(1) - lambda 1 = x({
23/ {m_[+ 1ou);

38 cedt{3) = x4}

39, cedt{) = (M_j * cos{omega = 1) - C_w = x(3) - lambda_j *x(4))/ (I z+ [ f+m z=(h 3-h_1)2
+m = (h 3-h_2¥2%

0. et 51 = x(6);

41. dodt{) =g * (1 - cos(x( T))) - dede(2) * cos(x(T)) + dxct{4) = h_3 * sin{x(7} - x(3)) -

eta i =0} m z-k* x5 m_z -4 2) " h 3= cos(x7) - x(30)

a2, ety Ty = x{8),

43, doedt(8) = (m z = {(g + dxdt(2D) = sin(x(70) + (K2 *h 3 = sin(x(7) - 230} + dxdt{4) " h 3 = cos
[Ty - 230 =(h 1+ 3500 - eta § = (e(8) - x4 - C E=x(T)-230 (1 2+m z*¢h 1+ =502

a4

45 end

Fitat 11

i) B 4 72 FF funcd.m

1. %X argument
2 hy= 33

3. h_z = @.8;

4. B2 = @.5;

5. H_z = 8.5;

6. L@ = 8.5;

7. C_k = 250808;
BE. C w = 8898.7;
9. m_f = 4866;
18. m 2 = 2433;

11. rho = 1825;

12. g = 9.8;
13. ALf = 1;
14. k = BEOGRS;
15.

16. 3 = 7142.493;
17. lambda_i = 528.5818;

18. lambda_j

1655.989;
19. omega = 1.9B86;

28. mu = 1091.899;

21. F = 1768;

2




2.
23.
24.
25,
26.

27.

32.
33.
34.
35.
36.
37.
38.
9.
48.
41.
42,
43,
44.
45,
46.
47.
48.
49,
58.
51.
gi.
53.
54,
55.

56.

P i

If

M_j = 2148;

% eta_i
¥ eta j

=1
[
1]

:‘I:.l'
[N
]

=
LTY)
i S

1]

@.

= 18888;
= 1888 ;

LB +85"Hz-m2z"*g/k;

(sgre{41) * (-
3)+30° (hy/2)+5*hy)/ (35+sqre(a1));

(mz *h 1+mF*h2)/ (mz+mFf);

25 % m_z 4 R FA2 4 (1/12) *m_z * H_zhi;

(m_f f (35 + sgre(d131)) * (sqre(al) * (8.5 * h_z"2 + 8.25 * R_f"2 -

(2 *hz/f 32+ (hz/3+h2)2)+308*% (8.5 % A_f'2+ (1/12) * h_y"2)
+ 5% (B8.25 * R_f*2 + (hy - h_2}%2));

5 run_global

xB-[peBeBBRad ];

tapan =

[@:8.2:480];

PTO = zeros{181, 1081);

for eta_i_index = 1:181

eta_i = (eta_i_index - 1} * 10808;

for

end

and

% mesh

eta_j_index = 1:101
eta § = (eta § index - 1) * 1800;

[t x] = odedS{@(t, =) funcd(t, x, eta_i, eta_j), tspam, x_@);

xx_2 dot = x(1800:2000, 6);
delta_theta_dot = x(10988:2000, B) - x(1868:2088, 4);

pto = eta i .* x_2 dot.*2 + eta_j .* delta_theta_dot.r2;
PTO{eta_i index, eta_j_index) = trapzipto) / (1808);

57. mesh([9:1060:106000], [0:1068:100000], PTO)

8




58.
54,

Bl.
62.
€3.
64.
BS.
BG.
B67.
68.

8.
71.
e
73.
74.
7
6.
7.
78.
748,
Ea.
B1.
Ba.
E3.
4.

¥ run-local

xB=[@egaeoeee];

tspan = [@:8.2:480];

eta_j = 190884;

PTO = zeros{151, 1);

for eta_i_index = 1:1%1
eta_i = (eta_i_index - 1) * 180 + S0006;

[t. x] = odedS(@(t, x) funcd(t, x, eto_i, eta_j), tspan, »_8);

xx_2_dot = x(1900.2000, 6);
delta_theta_dot = x(1888:2088, 8) - x(1600:2000, 4);

pto = eta i .* x_2 dot."2 + eta_j .* delta_theta_dot."2;
PTO(eta_i_index) = trapz{pto) / (1808);

end

%% PTO
PTO

plot([35689:106: 37008], PTO)
[maxPTO, maxPTO_index] = max(PTO)

Bt 12

vl B8 4 FEFF funcd.m

funetion didt = fanedit, % éta 1, eta )

h y=3;

h z=08;
R_z=05

H. z=10.35;

L O0=0(5:

C k= 250000,
C wo= BRO0.T:
m = 4866,
m z=2433;




[T tho = 1025;

97 F=98

0%, R f=];

99, k = 80000,

100

161 J=T142.493;

102, lambels | =528 5018;

103 lambda_) = 1655909,

104 omega = 1. 9806;

1G5 mu = 1091099,

10 = 1760,

167, M _j=2140;

108, %5 eta_i = 10000,

109, Y eta_) = 1000;

110,

111 h1l=LO0+05*Hz-mz*g/'k

12, h 2= (zqr{41) = (-h_z/3)+30*(h v/2)+ 5= h v)/ (35 +sqn(41));
113, hi=(mz="hl+mf*h 2)/{m z+m f);

114

115 | z=025%m z*R 22+ (V1) *m z*H 2"2;

116 L f=(m_£/ {35+ sqea(d1))) * (sqrtfdl) * (0.5 *h 22+ 025" R F2-(2%h =/3y 2+ (h 2/3+

h 2Y2)+30 *(0.5*R_£2+(112) *h y'2)+ 5*(0.25*R_£2+ (h y-h_2y 2K
117
118 ddt = zeros(8, 1);

119,

120 et 1) = (23,

121, duedt(2) = (F * coslomena ® 1) + k=x(5) + eta_i ® %6} -tho * g = pi * B_£2 * 3 1) - lambda_i *x(2)
3 m_f+ ma;

122 e 3) = x(4);

123 et 4) = (M _j ™ cos{omega " 1) - C_w ™ x(3) - lambda j =4/ (Lz+ 1 f+m z=(h 3-h 12
+m £*(h 3-h 2¥2)%

124 deedt{5) = xia);

125, deodt{) =g * (1 - coslx( T))) - cedti2) * cos(x(T)) + dxdt(4) * h_3 * sin{x(7) - x(3)) -

eta | *x(6)/m_z- k" x(3)/m_z-{x(4¥"2} " h_3 " cos{xT) - x(3W%

126 dxedtlT) = x(E).

127 cxdt{8) = (m_z = (g + dxdti2)) = sin{( Ty} + ({4))°2 = h_3 " sinix(7) - x(3)) + dxdti4) *h_3 = cos

(3(T) = kE3ND = (h_1 + KO5)) - eta_j = (a(F) = x40 = C_k = (e(T)= =300/ (1_z+m_z ™ (h_1 + =502,
128,
129, end




