ETRAAEES ERERAER B E B AT F KR

e
AR TR AR R AR S R CTIEE EE, IBEREE
EWRANREEs e, ST SR TR RS RS, REHERHNA
EEERRAE TR () Ry () R, BUPE S ImEN HFR
FUEM e RER B e RARR LA R RS, 75 800 S o 3 B & 8.

FE—, 5 X TS TR TS ath, SEFE TSR TS A,
R EEAEBRA, RENESZHTFTITETSIETS T 200, BREY
s ek, TSR RREERESESNRE T 8 S REAEF RS
FH.

EEEMH BB LE RAEEEMGE T, FANSRERE, MR e
S b Mg, RARMIFE TR T BESEENSEN BEN KR
B SR B R T FLAH A AR AR, RIS 100s MR T B 9—0.0836m, HE R
—0.643mys, IR A—-0.084m, AE A—-0.6042m/s, Hhr 2] 848 IE .

EHERYEHEENNR T, EMa RSl T —ries 28 Mcn 7R
#, F=RIVUET Runge = Kutta BR800 AR SHERE. 85 100s BETFAE S
—0.0894m, I E F1—0.6066m /s, #E-1 I H-0.0952m, L H-0.646Tm/s, H
i) %] & dE WIEL.

FEB—, ®TEE s HmNs R EHERMEEMNSET, a7T
B SE HREAARIER, FERm e Ak, hERE hdE
B, AR A, B e, AR A R,
HERMmS MR hmEMmR R HITRAE, RBYHEHERNR
3719381 N -s-m~ '8, PTO REiig A FHIIh 3 45229.334W .

{EFLJE RAGHE E MR T, B r e - S0 B B R B, Ak
i RACNEfE S G R, IR SN MNP EENHIER Y,
T HERT MiEsh A RE ARG B, B THMRTRiEs) RS R, Bor
R ARSI RL, S RS B H AR R S S B, R REL G B L &R
100000, F4EECH03975, PTO A9 % haE R22889 W.

BE=, FRMEERREI NS IIEES, WaeRBRraREssmn
M FEHFETFRRGA T ESERER EF1.564mit, BEHESESTRFH
SRR ARG RERCH . BEFERERECSEROER, HtElad T
i shmE. 5k bR SRR, RIERECLERT TARSERT M
Felb. 25 ESESNMS TR, RIERIEREE B H AL EnN g A, F
SiE#Ea T FREST, F A VUET Runge - Kutta %R 68, #9515 100s B M F
i, B ESMERN-00501m, &% HE AN-09466m/s, NEH LR
—0.0022, HIE A R00401s™ HTESEE H-00426m, FHEE R
—1.0365m/s, HIE RN -0.00024, HIEHEE 0052771,

MR, S =5 N TR TSR P SERN TR, BE5nE
I R, BfFESEAHEHESEMEREESNIEZ, 268
HoRE TR TSR, BIKMERBRERG S ARHEERNHERE R
62140N - s/m, Kefs B S M E RECHI5541N - s21F, PTO AR IOT X%t 1h
HFH327.96W .,
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1.1 EEER

BEAF AR ERY SSFMRERRE, HHabaRECETmEEERNN
B2, GEEE R ARG Rl R A Bk 0 WE B, AW, SRR EAE RNk
ZEITHARHEGER. EREEA-RGERA. TR BERE, REIR
KFREED. FEgHT —MiREFTARREEER, HeFT. &7,
ARSI R (PTO) A, EHRAERT. BTEZEsEFHET
EE), MENMAEE IR BB, I ETRM ShiE Rt s .
1.2 [EEEXK

o] 46| U R, IR A feoswt FIMER T, i Bt W R g
TR T HRE FER40- IR AR, o R ~0.2s B S B R . iR
F VLR PR B B0 PH B B SHE M 10000N - s/m. 155 2 hIAE RS SETRET
B A S R S RHE R0 SRR IEL: . H H ] B 10000.

i) 4 2 5 6 1 A0 AEEE b 55 BB TEE Y9(0,100000], BEFR B R A(0,1].
TR EHEEE STEAFBER T, R o BN R E &

o) A 3 BRI S PR, (R A feoswt IR IE )1 H Leoswt i)
fERF, BERi-WEASMHEBEMBERHHEERMEE Ry AEEN 10000 N -
s/mA1000 N - m - s}, IFTHARTEAT40TEIRBA N, BRER H0.2s8)E
HNESEEASEAMES AR,

i) R 4 FE ) 3 ROEREH B, A5 AR TR TR %0 e B JE 5 00 DELJE A Sl B 4
JLEE25(0,100000), BRSO S DS KM ) A ER LB FR AL

—. ot

2.1 el —/ 34T

TSR FARE T AR T SRFETZ N0, 0T LURGF MRS TR
HEAN. BTERTEHZEMRXR, RO FEEHET R0EAKRE 538 K4
.

o5 R E SR ED T ANE T SIRT AT S, T RS IR (E A
FoSREA. Fh. PR MRS . FEE¥ U R BSE~ LR
JEA, RTREEN. BEHHSHEREHMHEN.

B TETRRER, S0l BEhmmEh hos L7 r iR, £
SRR, HAIR RO a B, SaliErnED, Bhm
AR E O KIRE A, X AT G R 1k .

RS HE W, TR R R T SR RIE ) . RER A e
S BT R AR R M R AR . (PR RAEER . R R
WA EHERRSE TR RS G, BERIGAHE 2, 5
R ARH REAY. R — W AR A R R .
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A F W RECE TR R R, KR B R, WIS B R
3, TuL AR, SRR PR R AP R R R, R
PRGBS R R R H B,

A F B AR RAARF UM HRE, JARTRRAELURE . T BUR R
SHFEMRNERE, BnER-FERE. SE R RS, LT b
FTE B MR iR h . (HOR S{E AR LI LAY, ARt SARHTARfE R, 1B
I SRR LT R A A UEEA e AT
2.2 MEREZR AR

i B AR AL R, T SROR BB 3R A0 A Th R . PHJR R ABR T E ] L)
Foor AR FH AR LARIRS HEBERY T 07 . T h SR 2 S AE — - A A AR 4y
FREATE MAACHE . i) B ——4, o) 8 — 4 o BB A Bt S TG R ATAEfE = e
.

e RBdE e, B iR T LU U R R R R AR B R R,
EH 7 iR BB BB N ¥ RO S R M fFER M, FAT0T LA o
0 T A B R EAR S AR R R Ay B P i BT S e P RS AR B
FRCEE T, S T AR e el R A (R B, DR AR SRR T, (R 50 A 6 B B e
TN I REEEF R M TR IR TR RO e, hE
o) A T L )

I RRA, AT LA R R B KR AR TR L RR PR, PG
BITh A FE AR A TR, [RH I S S s PH B (E B o] (e e gk, T
LA A BB PE AR A S R AR

PRE FREpARtE R, inimid e bedtlioR AR, PRk H e s Rt i, 3
HE B2 PR R AT b O R B A B, FTHE AR SRR B Rt H b e
8 B E BRI e By, MBI R R ARG, B
ABNCS R, PR R BB, WA B RS H s 2 2 i
{iL -

2.3 R =/ 4

(o] = R WP 1 Wizl s, L VRaA iR IE ), T — 2 9 2E oK
fid Hina) . RGN T REAAE, B0 ECHRE, RERIEE
AR, T RGAEE TR, R A] LA RS iR 2 .

ATHET ot e, BETRRTHATREZN AR, B
EEGIEAN T TR ML ER —FEE L, ABES S UmE SR W
LWy g2 h, AR T S SBIE ] BUG R S — M i L ) SRR AR . i 98
2, AT EMRIEANE f 8 an IR AR AR . R B S 3 8 9 2 R AR R T He 4
AFE BB, R R A R I o] LA B G T A B iy 7 78 . W [
FTF. HT. B, OBt TR-HEE.

2.4 FE)REEAY 34T

i R T T L 2 R o) R i ST R IR R . R E TR 7 SR T Az sh e i =

— B PRk A B AR L JE A W% PHLFE (4 BELJE A 5 ; A o) B8 =0T LA BiE T
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T s A, fFARPIEETAL et PTO 36 M A5 H ISR 7R B HAH
B, BAMHMHE, HirEMAEHEEMN TR, Aa T et i
A, [ hed: S o5 09T £ 00 58 0 0] BA S E P B 8 00T 1 20 s 52 3.

= RERw
AEEPH . KE. RER PTO F G2 AR .
{5 it AR T« TN EL A T T A A B2 SR 4, WA A O s R R AT R
R Iz AP B HER A I R EACE .
R Bk B A e R RS R 0 () S b osEE AR A2 100%,
PR T SRRMMHERS. HH EMAMEFHONRERE, T LERE.
RS T R T SRR A A B R, £ IERM T RR T
&L‘EI‘I FHA L, BOBEah ol thEHizshin iz,

G i DO R

M. FSiREA

s HER iy
my b A Piig kg
my AT () 7 i kg
Xy Frug m
Xy i U 4 m
Fy Fek i 8 N
F, EIEfRE MR 5 N
Fy HESFERMEEND N
Fy de i M MIE A N
Fs IR MR 7 N
ky AR R N/m
ke T N/m
ke HESMHEE R N s/m
ks TN R N -sfm
m, 3 345 Pt m 5 kg
X P 7 I off A E m
I AR F AR a1 & N -m?
Iz R A T e a8 & N -m?
0, FrAale rad
a, HTRahE rad
M, Ak E S N-m

M, WS N-m
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My HESEREHE N-m

My BE P N-m
Ms ViR RO N-m
L WAtk B OO R N /m
Iy o 47 3 T 1) N-m
Iy PHLJE 3510 JE i R ML N - st
Iy HEMEHE RN N-m-s
Je SATE B s sh 1l kg -m?

I, RAET 5K

5.1 [EEE—RAA RS

H FiEFREF 2 il (R S8R R B h SR s, Yusir
FEEFHRHTEASH. LEBHR ERNIEFR @ .
511 FHRETHEDSH

a5 MPAARE TR FEITZ 0N, 4ETFRERE m,, BTFHEam,.
o] LA 13§

Frigar —myg + Fy =0 (1-1)
Frioat = pg¥s Ll—2)
FN =_k2xﬂ (1—3}
g P LB A R R A B e
I, A EARE T IR AT
_ng—Fn.:ﬂ (1_"‘1'}

$##(1-1 (0-2) (-3 A& ¥4
pgVy —myg —kyxy = 0 (1-5)
MU FARE TR S — DR T, 63(3) (9 TR
xp = 0.2980 m
BRE TR E R wEAKT, SETETHRSETHZREEL A FT
B 0 4 v R R B0 4 BE 90 B D H, RO H, . FRFIRERAR, WA BLR .

1
V, = EHRZHz + R (0h — H;) (1-6)

T B9 (1-5) (1-6) a] AR 1§ i i 35 P 0 058 BE R
Ah=28m
FElJah = 2.8m > H,, Hudnd FHES 4 B8 KT, BACF RSB R 0. 2n
5.1.2 EHENRE TR OO
VR R BT o B IR R R, R RE P R . I L B
e WRHMEENIENF.



Fy
FEiie B ke
| D
a+ _'_FF’}
...................................................... P
T '
Tits Mot AL SRS ST i EAK AL AR LSRR ﬁ,ﬂ,ﬁ \\/’d
\\/ r‘I F
F;
‘\/ Fy
i

Ei FTLEREE E: 2TEhaHE
Tt e iE s FENE T S, W 2 s, B, BT
SR, MR, Pyt T IR N R EL by HFIATN:
Fs = feoswt (1-7
K, ORI IRE, o A0S .

VEFTERER P Gz A, 52 F0F N Fpae TR T RTSEE T KdFoa::

Frioae = POVo + BFpipa: (1-8)
AFipae PTEARIE TR0 o, I, PR AREME =00 BL T OB (e )ik A0 3, Bk
.ﬂ.Fﬂaag'{EjLijl ) P A

AFripar = pgV(x,) — pgVy 1-9
H BRI IL TR PR T HE, UL 28 CAl, AFppq, 7T ELVE ST T

—pgmR? ¥ =-1
DFfioar = —pgnR*x; —-1<x <2 (1-10)
AsafiF 2<%

i (1-10), 7ol DU 8 G . e ML AR E, A
A B H AR . TEREES IR D, SrRX A RO R R 2 0 R
fFZ—-
PTO RHEPEE— PSP EIEMR. i M FHE 7L R T )
ACERy, ETBERE FRTZM I RAF,, Wi
Fy = —kalxy — x5+ x5) = —kaxg + AFy (1-11)
REEELJE 28 A 7 R BBILUE it E Ry TROREELE S5 B BILIE 70 535 R R A
MPRERGELE, LG RECHHERMHE /Y, iClFk;, -
Fy = —k3 (¥ — %3) (1-12)
PRl E G, SRR, FENESEANE A, M
MBS, AfER. FSEFHEZEINEENIEL, HRMR, .
Fy = —kyxy (1-13)
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s, F s s M EG KER, e NS, KR E I
&, iofEm.. WEELL Eorth, WLUSBIETRE kRN
Frigas + Fy + Fs + Fy + Fs —my g = (my +m. )%, (1-14)
FAN-8 5(1-11) 5
pgVo + AFp1pqe —kox 0 +AFy + F3 + Fy + Fs —m_1 g = (my +m )%, (1 -15)
BN (-5) . HERH .
AFjigac + OFy + Fy + Fy + Fg = (my + me)% (1 —16)

AFp o0, 37 IFRTE IR 32 200 B 2B 0P AL 5 AR IKE S, DHF,:

APy R IEGER M ET RS, 10HF,.
B 22
Fi+ F + F3 + Fy + Fs = (imy + m.)i; {1-17)
A EHEARE TR TRTEN S, 0E 3 iR,

—F,
_F3

Es ®rEhan@E
RTZIERSHEBHEANRALTIHE S, XEAWT.

[‘—(—kz(xz =x + %) + F3 + G) =m,k, (1-18)
Gy, =mag
fEA (1-3) (1-4) i, A3
—(F, + F3) = my#, 1-19)
ik, WTLAIMTHMSAREET.
(Fy + F; + Fs+ Fy + F; = (my + my )%,
—(F; + Fy) = myi,
Fy = —hyx
{ Fy = —ky(x, — x3) (1-20)
Fy = —k3(%, — 13)
Fy = —kyxy
L Fs = froswt
AR
{{ml +mE = —kyxy — k(g —xp) — ka(F) — %) — kg%, + feosat (1 -21)
mak, = ky(xy — x5) + ky(d; — %)



5.2 [E)RE—REYAYKER

i SRR —A n N REEEF IR R, MBSt T AR,
ER ISR T, FERMHEE R MER BRI EE, EESHREAME A g,
AT A s i i A e ) R R AR L AR AT AR E MR E, TLERIHE B
PHJE Z 805 05 F AR 0 MR R f 2 E R R E b, kUM B, A
f it he WA e WA RS, BT LLGE I TUBA Runge - Kutta iR LEU{ERR .
5.2.1 BREFRER B EMIER TRIKE

32 P A 0 A A A 1 £ o ok T A0 B AT MR R M R W R
IR f . o 7 FR R £ B IR AR B T 5 2
Ly SuHUHIEE $ (28 40 40l 43 J7 F2 1 R S a8 S ARl 72
2. R AR H R 83
3. RO FC AR 1 I IR 7 R R R

EHERECHEEMTET, (1-20) A rReardEr kgt rma, HeE
HE B, IR B R e R e

SEEBERTEdREP Rk ERF oSS EEEKT, B-1<
x, <2, HH.

Fy = =pgnR®xy = =kyx, (2-1)

Bl e SRR RE.

$ (1 — 21) A RET0 & 3 [F 26500
{{ml +m )%y 4 (kg + k)i — kaxy + (kg + Fa)xy — kpxy; — feoswt =

0
mzfz R lF‘:_:ix.]_ + kai’z = ksz + kle =} (2 S 2’}

RGNS R WTE R EE S, —E LEKE0, =) S (), EmAELEE R
Wi i ALF (5) -

F(s) = mf(t}e'“dt (2-13)
0.
Hefp g i i A e Ay
1 B Jeo G
flt)= I - F(s)eds (2 -4)

a2, (2-2) SR 0 4 A AR 019 S ER B

(my +m)s2X,(5) + (kg + ka)sXy(5) — kysXa(s) + Cky + ko)X (5) — kaXa(s) —
m:szx;!(.i} = ka5X,y (s)+ kgsxzfs} =KX, + kzXz{S) =1
RN 50—l  H 56 22 B A

B
s2+af (2-9)



; my = 4866 kg
m, = 2433 kg
k; = 31557.298 N : m™? 2, (0) =0
) k, = 80000 N -m™! x,(0)=0 2-6)
k, =6563516 N-5-m~t |%(0)=0
[ = 6250 N t,(0) =0
w = 14005571

L m, = 1335.535 kg
e

0.041 + 04345 =071 — 04275 =0.043 = 00068
Xyls) = + +

1961 + 52 3539 4+ 0.0865 + 5%  47.270 + 5.742s + 5% o
27
0.051 +0460s  —0099 —0476s  —5704x 107 42063 x 10-""s  0.098 + D.015s

X,(s) = + + +

1.961 + 5° 3539 + 00865 + 57 32.881 + 41105 + 57 47.271 4+ 5.7425 + 5*

SRRX, (5), Xo(5), 5K, (), sXo (s) WP il f 0 R R A i, JFHis 4 R e ) S8 3
R =MAEAER, #.

(%, (f) = (—7.578 x 10~¥sin(—6.247t — 1.008) e~2871t _ 0.420sin(—1.881t — 1.505) g 0043t
40435 sin{—1.4005¢ — 1.503)) =(t)
x,(t) = (1789 x 1072 sin(—6.247¢ — 1.081)e 2871 — 0 478 sin(—1.881t — 1.483) e~ 0043
+0.462 sin(—1.4005¢ — 1.492))e(t)
1 #,(t) = (0.123 sin(6.247¢ — 5.858 x 10-2) e~2871¢ _ 0,899 5in(1.8811 — 6.452 X 10-2) e~0043t )
+0.647 sin(1.4005¢t — 7.860 x 10°2)) &(t)
#,(t) = (—5.210 X 107 5in(6.247t — 0.132) e 2871 _ 0,807 sin(1.881t — 4.276 X 107%) e~P023¢
L +0.610 sin(1.4005t — 6.785 % 107%)) e(t)

B P2 B R TEe = ORI (R]ADy 0, B BAEg— -0 0 Al e LA BR e &1

_f1 t=20

e(t) = I:] t=<0
P B Rl Asin(wt + ¢e® A =S TRA R, Hid e, = 62475
w, = 188NN REEAVRFIESIR, w, = 14005095 /1 415

e (EE080.25, 2 (D) Sxa () — 2, (8). %, () S () I 4 BR:

— _mesmsgn ¥ L MEERNEH —
I T RLLl
:ul_-|| | e | | |
.|
EEs 1 ' | [
i 1 i
" Lt . Ui i
| | sl bicbicriaiiieeanin
:-?'r ] | ! LR
-
E A
- I.Ih.r':_-'._"‘"",:"-.'.,'-!'.'i..:.I:...'.!'.'...:.':.'i:":.'i.'.:.':..!'-I:.'i.'.i"-.'.!'.1 € LY & H
-
a3 i
1 [ | I|''l'I,||,I|||||-||.|I|.||.|II|II'
s f! If A LA R M AL !|| L |
| ik |
88 | | 1 I
plle e e e s sk
oo &} ] L] Mo o LB -]

B 4 FEERMEREMERIES
Al FEREAMZENR B A -1 < xy < 2, WEAGE R4 — 85 R
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[ HELE AT AR A2 B .

Hit = 10s, 205, 405,605, 100s 1 FiZ L0 2 00x, () Sxa(). %, (0) 5%, () F #.

T T
i (] (s) - .
fir ¥ (m) HRE (m/5) {5 (m) JHBE (m/5)
10 0190713821 0693953476 -0.211681303 -0.64100737
20 0. 5M0687694 0272774738 -(L634251241 -0, 2409350128
40 0285373218 0.332912377 0. 296497416 0.312970676
[i1] 0314507575 51572832 0331437723 -0.479454391
104) 0083615586 -0.643002735 -0, DRA068954 -0.604211053

5.2.2 RFAEATENR THKRE
5.2.2.1 UM Runge - Kutta 3EE 4T

Runge = Kutta 3= FREER Iy = f(x, )R HRA, e,y LU
FE— R . AR BE ARG, ) EX LG G LM S REN RS, R
fli BB B R A T . PUET Runge - Kutta {%0E 0T 5 47 1 8.

r 1
Yi+1 = ¥i +Eh(ﬁ1 + Zdz + ng + d4}
dy = f(x, )

1 1
3 d, = f(xf +Efl.}’[ +Ed|h) (2-19)

dy = ,n"(x{- +%h,}r[+ %dzh)

: dy = f(x; + by + d3h)
Hpy i T i EER, x REM TR i HEER, B8k = x,, -
xi» dy~dy2H Runge - Kutta S (8] 45 i
5.2.1.3 BRRKER

WS SE, HEEIH B AR A9EH R R B SIE T AR T O0AR AT R A SR Y
0.5 Rk EE, It Ecf ZE0 10000, B

ky = 10000)%, — #,|%3 (2 =-10)

AR - 2009, I - B REAEF M ARSI AN T —HE &
SRR TR, BLTE Runge - Kutta #9%23K:

Xy
i X4
: —kyxy — kol = x5) — ka(y — 53) — Ky ity + feosmt
i=[§=i&ﬂ= o @-11)
Uy Ry (g — x5) + b8 — 85)
Mg

FEEADHEP, 2,(0), %, (£), %3(0), x4 ()5 BURIETF WL ¥ . 46T HIBLEE . 327109
EE . BT HEE

RAF— B XSS - 6), M Runge - Kutta HEi%1K 40 44
WA, FLRS (E) (A At ey — £ = h = 0.2s, TR EBINx (0) Sxa00) — 2,(8). x3(0) 5
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x4 ()P 5 P

o (ALEEBTOIEM “ B EB RN
- fra] | :
| | (W ¥
. I'"||'.|.'---|||--||||--|||---l o 1 ( 1
s | | Rl
g v S ofl
aspit | L R A R AR AR s o
IIlI l : -I:III | I’ 1 LN 1
1 | I o |
M m e e mwomowow o N o o omow omow owow
E & ERERNI RS R
51 o
11 () ‘ ‘ —
(i (m) HEIE (m/'s) {3 % (m) A RE (m/s}
10 =0 205920238 -0 G45809997 =0 234964788 0691513475
20 -(LO106G4358 -1 246366756 -(,6607 70395 0267815187
40 0. 266694073 030147726 0277778099 0320606667
6l =0 328078998 0485631323 =0 350656448 0517789228
104} -0 0BG TOROE 060061 8652 (095246408 -0.646739304

5.3 EE R eiEsr

F) M AR M R L, RSP R, W R AR e,
senT B ER s e iR, R RS SN AR, AR RSF T
IR BRSNS - - P B e, B ) B (b sk i T A
ER 4 o B o AF R O T R 0 o) R, Gl B MR (R i R R T

0 RS, PSS S IR T OO A R A R R R R L, Gk
SR e b, Ml Ve AR A T R A .
5.3.1 N EUERBAR T SR

JERGHEFRGE RN PR RN, MM RS AR
RGBT, AN RERAMERR

mi+px+hkx=20 (3—1)
Li+Ra+1/Cq =0 (3-2)

Ferp A REI O A e, AR I RLC B EREET 0 1Y
ik WiGteS iR, PHIE RECH R, SRR dURA R, RO R
WL, ASAE S A T R A S A 0 . (R, T BLFH AR R SRS S ik s R .

AR, RS REUEEN 7R
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[(m1_ +m ¥ + kyxy + k(2 — xp) + ka3 — %) + ky%y — feoswt =0 (3-13)
My — kalxy — x3) — kal%y — %) =0
P AR AR s At (A . RE P & W SHURE R S b £ A BE A A R
RAWE 1 Fir.
e 1 iRhF TR b R L S R R B

Hlid e & R
HEr 78 #Hfn %5
FrHARSESHENERZH | m; +m, L 1 i
b ms Ll 2 L,
T 2y [E1E% 1 A 1
R EE X2 185 2 Hafiy i gz
T % =175 1 i I
44 MY %5 [E12% 2 i L
e kiR o R ky Lk 5
SR HIRE i B 2T G
i 24 LS 7 3 key fELBH 1 R
MERHEEHREY ke HfH 2 R,
3 3 WU 4R f % G2 I o 5 A A
AR AR & FEA R &
B 1§k daig iR n] 74
Ly % + cl,[;‘m + C_j;j(;l — Iy)dt + Ro(ly — 1) + Ryly = Acosut

dl, -4

1
Lz at —E;j{ﬁ —l)dt — Ry (I — 1) =0

YA HRLARR (3] 9 R AT B L O PR O R T R R R SR . TIRAE A TR
i . B 6 P

Acosewt (,D G, g s

M —
Ly 6 R

E 6 htAlSuneEHE
R4 THE RLC HLBE, RIFMEZRET. BL, O R =TRERE—
ek, HIRPCEZ,, BIE=FRHHER, M2 MZ, 305z, ML,
al il
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: 1 a ;
21:_;{111.1 +E+R1=£1R+fzix (3—-5}

Zip =Ry
Zyy = wly — 1/(w(y)
Ly, G R =B EERD - 8K, JARIEHEZ,, RE=FRFHXHE. H
ZapFE T B M, 7] 1§

; 1
ijz (}m—{.z + RE)

; 1
Jenlg +H—Z- + Ry

Z; =dan +JZ2x EF-6)

_ ﬂszRzmz — Ezlaz“zmz(l ! EzI,glﬂz}
R0 R + (1 = Calaw?)?

B Co%LaRs*w® + Low (1 = CaLyw?)
T AR W + (1= CoLyw?)?
fEA RIS G, (HES IR Sy B8k, WL HR,, &7 5IF T3
W UG, . MPTOMSH IV RNC, SR MINEY . L, Co R, =18 Mk
BT, L, SCE—TAMA T EMAENhRAS, THER 0" MR,
E—4- A MR G ST, # Ly, G Ry =BT F TR AR, T 51T
$I|i=

= JZp. = fj Zan —
o= = (Z1g + Zap)? + (Zax + Zax)? @-=7
HAP 2oy G2 W ER MR B, FP BRR, B S, SRR ORI mT R R, A0
RO kot 0, MR GPTOR R KR .
E ] L — 2 B 5 (3-8) T LA Bl R B8 (3-9)
‘ my = 4866 kg
m, = 2433 kg
ky = 31557298 N -m™'  (x,(0) =0
) ks = 80000 N - m™? x:(0)=10 G-8)
k,=167.8395N -s-m~1 |%,(0)=0
[ =4890N i,(0) =0
w= 24143571
L om, = 1165992 kg
¢ Ly =6031992H
f.rz = 2433 H _
€, =3.1688 x 1073 F j:% _ g
| C2=125%107°F 1,(0) = 0 (3=19)
R, = 167.8395 12 1,(0) =0
A= 4890V g
~ w= 24143571

13



1 (3-9) XS A (3-5) (3-6) (3-T) vh, FTLLEFHA:

Zig = 16784
2'1;; = _394‘95
0.0222R

Z;m = z [3 p— lﬂ]

0.724 + 7.661 x 10-108,°

4584 + 4.127 x 107%R,*
Lay = (3—11)
0.724 + 7.661 x 10~1°R,*

B 1.717 x 107 x (9.450 x 10%R, + R,*) @
" 1.307 % 1078 + 4555 x 1011R, + 2.328 % 10°R,% + 48B2.0R,> + R,

ae,

4 === 0, REPLHIRE S R, = 37193810, P, =229334W.
F

ATHAEEREEYE, SodpXTROANAR, A8 FTR.

P2

P —-12)

200
150 |

100t

“ow o G00oo  mome0  10a00l2

@7 pkT R MERER
M T R ETLUE . P bR {E 5 0R, = 37193.81 1, bR P, = 229.334W,

BREE, MYk, =R,=371938IN-s-m~1if, MEBRFHHER LS
229.334W . B LLRIECR O E AR ERABHE T Z, RE SR ERTIE.
53 2 it ARFRMERMET S5RE
i B E A G F R hE AP . B, Mx, R0 A8 E ¥ 8.

X, =x,(t)

Exz = x,(t) G=34)
36 (M 2 -1~ B 30 P BLJE 2% B Th SR 7T LA e R A

ST Fyd(x —xp)

p= - (3-14)

EFr RmERN AN AN, TLIGE:

Lo ks = 2,)% dt
p =t T (3-15)

B — A AR T . fEET RIS IR T SIR FAVEEA M AEE, AT
14




RGREMTHIE, BARE, YOXETHE 100 ABEET SRTAEE,
FEEUER T B R IR A N E AR R AL

oy FeaGey — 12)? dt

Fis 0T (3-16)
WabpiERihdE e, Ha e [0,100000]. g e [01].
ks = a |y = i |* (3-17)
F— PR FF R RERRENT TR, KT HEENH;, T
xq+x2—x-|_ + Hg = Hl (3 — IB]

AR AR TR S KT, i ) B SR R T A g K
% H2.8m, alf§.

X <28 (3-19)
PEAYREFIBBRELTE, 2§
X=X+ Xy £ Ln (3 = 2“]
LR T I S AR L R B R
1007, (5 =232 d
[& 8] = arﬁg max P = Joor (:{;T o (3-21)
43

rimy + mo)E = —kyxy — k(g = x0) — kg (g — %) — kg% + feoswmt
mo¥y = ka(xy — ) + k(% — %)
ky = a | = ,|°
Xt+x;—x+H; = H,
x1=28
xj=xz+x; = Ly
« € [0,100000]
L g €10,1]

BT HEREChERSY, BREERENRE MR, BB aEE RS
EB SRS BT PR A EE BTN
W X E A A IR RUE . T RAE N S SR SR B g, i
e

s.L.4

b

b i N
J‘; f{x)dx = ENEZU(IH} T+ f(xnl-l))

b_
- _znfﬂ [FCe) + 2f (x2) + -+ 2f () + [ (xy4)] (3-22)

HTFRAF R GER, R RBER G, S/ MATLAB A9 3T{E 5
BEOTHBRRES, ERMETERERRAE HRRINASEERAIE:
Prax = 228.89 W
{& = 0.3975

£ = 100000
NT AR Ra A fEdE, BLO.001TE et P42, 1000fEApRIZELC, HPBe

15



[0,200000], FP,#{TRGRE, SFNEAS FF:

P2 |betafialphaltth

E s pPrigfatE
ATLLE N, BEFEE—AARA “E", BmEE28WER, FEEHRE
BEBTES R, FHaIES W6 766 € [0,100000]F , AR{A A (BRI
FULEAE: WmEpHY L RaEH—HRE, RASORTEM—BiEm, MM
B PREERER .

5.4 PEE=EBReEsT

BB ETH, ZF iR Rk T EFBZEN S, EIIEEE), BH®
E-AFNTEREFEBLARES. BREAA—ITREFE, ERBOEETLL
Rifk. RIERIGEENAIE, D RS MZEN S B FENINSEE), 4 BI0T LR i
HgEiEE.

FRFEFRFATIEZSNACEE), EMEEREHETFNET
it ER—REZ L, SEENF2ERBER R LRI, EFHEHT0]
CLHE A S — i) B r AT R R AR
5.4.1 BRI E RS SIER TR H

FFd— 1 EEERARN— AR, SNNEmEs:

1
=5 2R le + HZ 43 7R? + 2R - H, = 9.64m?

REER, BTS5RrARYSS, NETELAAHENEER.
Yy

T (4_ 1)

iy =

MEF—RBLFERT, FFLHRAD:
- [ i i
Xm =i(f G'EH'E'IMM+I :r-nRz-dx)=—1.236m:
-8 4 &

™y Hg
i diol ERE

1%



xm=:'c;,-:ac1+:r:.,+%E (4-2)
o il 9 A2 g
X, = —2;
i R TR S iR
h= f(x —x,)2dm = my (xg, — x,)* = 0.764 kg - m?

FRAE (6 FE 4 sl 0 i 2 2CRP AT R A2 2R, 7 HIR TR e s it i

1 1 Hy\® H g
Jzzmz(xgz- Z]ZZEsz2+Em2(?3) +m2(x2-x1+xﬂ+?3+2) (‘4-3}

5.4.2 YUBIERNRE TR NES

TR Izsh, RECEEWE. EMEN TR AT TR EA—T
WHOREZZ AN, BT MEEI. R R”, KR I, M
EBELJE E, IR A ] S A R R G0 b, TR HUR
BELRE Ay FEAE R g Fe fho,, TRLE T B4 L R H L0 b DRI 24 R
A AL T LU0, b DR 2 R Y.

o |
Mc *MI,Z.EA »
AT i}

Eo BFHESHTEE
WA M, DB JE HSEM, . BRI M., SR Y
RS REMIEHF . B Fy; T ESRGET S, FilZ/L4h
LR dOE P00, KA
f-‘;:% i=1,23 (4 —4)
1
) 3 BTG 00, o FIIRF LU Sl oL g 2 R, X A
R HE N

Mi = F - 0,0, (4 —5)
FRBAEH T AR 2 57 TR I R o K.
M = My -%gz 1=123 4—6)
1

R ORI LR T RS, DRHIE TR A B R, LN H e N IE
Jim, fHE T, T SRR SN0, . 6,. IRERIESY, Hehid
L5 Pl B e (Y 7 2 A A R R R

ir



FanihE A i

B 5 2 T
R m, En iR i J
Hh F HiE M
firfs X yii kg4 o
A bs i i
ke e ¥ F I il
EF A E .
M=jd (4-=7)
ESEEh Fqel,  w LA B e sh i O R
(M + Mo+ M+ M+ Mo = (; + )%
—(Fy + F3) = my¥;,
My = =18,
my =210
2 =Do, 2
) Mz=‘“fz%'§—]z'(ﬂi“‘ﬂz} 4-8)
my =210
3500, 3
Mz ==l3 ?;iz (6, —6;)
M, =L,

\ M5 = Lcoswt
TR T FR TR EE), B (1-21) iR,

55 EIRE=#ARYKER
5 Ml SHEARN (1-21) 5 (4-5) RKE, {ER:
%,(0) =0 8,(0)=0
2(0)=0 8,(0)=10
4(0)=0 16,0)=0 G~
0y=0  (8,(0)=0

2% S A
r my = 4866 kg
me = 2433 kg
ky = 31557298 N -m~? [ L= 88907 N -m™
ky = 80000 N - m=1 iz = 250000 ¥

I; = 1000 N - 52

ly =6543383N-m-s
L=1690N -m

J. = 7001.914 kg - m?

{ k3= 10000N-5-m™!
ks, = 6834558 N -5 -m™1
f=3640N
w=17152 51

L me = 1091099 kg

(5-2)
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fEH Runge - Kutta {Zi& {0 40 4~ M, B B ER Ay, — 4 = h = 0.2s,

VS B, R R

miE _ i &

FHHAEE () EHEEMs) HEAHOE  WEHEEGTY
1005 -(L3282T2233 0969849457 0.021266958 -0.043717752
205 -0, 4T3 790 =), 269796298 (0.035TRR920 0004455693
405 0.269362004 0. 757400026 -0.01997 7299 -0.020534371
Gls -(L 320634199 0. 721770333 0.0 1485329 0023680207
100s -0,050 140044 =0L946046528 0002223505 0040093425
i fi] T

EHAE () EBAIE(s)  EARE S R ()
10s (L5398 T724851 LO38195143 0022856302 006907 TESE
205 -0 TT22T0572 0319012527 0043397997 0.007792942
40s (1. 3926459046 (. 845024287 -0.026575779 0036208455
Gls -L341387527 0. 799531753 0020386342 0032719571
100s -0, 042597320 -1.036491582 0000244189 0052720679

{Eg Fé}%:.fﬁ ¥ E], Ezn{]ﬁﬁﬁfj‘ ¥

$90.15 Ed, BRARTEAET S fE A R

5.6 [G)EEPI4E YA IR ST AR AR
5 i) B8 —PHJE R SEE M SR, R, X, Ao, 0, R FH
Eﬂﬁl En:

Xy = x1(t]

x2 = x(L) -

6, = 6,(0) &
2 = By(L)

12(3-12) B AEREE . SNAUE M EIRTHSE . SUB 8 FIITH R 1 B0 1
R 4B LLFE F B I .
ST1E) e —x2) + IMs]d(8,—6,)

P = = 6-2)

Hep, FAM BRI AR KA My R ER e H . #EEAN, "Ll E.

ST, ;s
P = Jo ka3l = %)% + 15(6, - 6;) " dt
B T

FIE, 5100 A48 MREE-F SRS A, FFRURE 1AM TRk A
H 5 2 5

(6-3)

mor

. . § s w2
}__"1' S 'r"?UT ka[X] - x;}z + IE(EI e 32} df-

107
Hiy fs{E Rkt 8, Hy,d € [0,100000].
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3 =1 % — 1l (6 -5)
fes 5|91 - EZI {6—6)

#95 FAF R (3-18) (3-19) (3-20) .
1 2 5 IR A R R R Y.
SO0 ey (#y = %)% + 15(6, — 6,)" de
10T
ks =y |4 — %l
ly = 5|6, - 6,
Xo+xs—x; + Hy < H;
n <128
X=X +x =L,
(1-21)(4-8)
[EFE 8 PR BA TR i SR A B (R BT 97 o (] MATLAB 3 B o R 8 S H el 3,
{6 L {001 T L 4 A R A 7 30l 0 A g e S 00 9 {1
P, =327.96W
{f = 62140
& = 95541
Hrp 317, 75WIE FLERPH FE 28 M 0T AR, 10.21W 42 BE F4 PH 2 28 () Tk .
9T B UESE R AT RERE, JRMTEA 1000 S 4%, @Iy RS, SRR, Wk 10
Fff 75 «

7,8] = argmax (6—=7)
[
¥

P o

@ 10 pfyFas{FE
AT A thPE R 1A P e B DR M Bl . R B (E E E s ik



A, RESER

TE R AR AR 1 FHISE A Runge - Kutta SoRAREEAY, [t 005
PO S LTE ST ey L

5 W] 8 —PHBtE 2 Aot L, R R R e B sk G T R 5 LA AR
XEHA Runge - Kutta #RE —A R A M EIing, 7 AR AT L1 3
Runge - Kutta EEf8EAHR 2. GIUE TSRO E S#EEET R 290, 2
P 11 FR-

i =10 FiEan ‘_._m-* Elmun
3 i | | ‘
i Hl'\' |1'||| 1l |H“Mu
] z !
: |‘ h“‘ ;1'1 il ' H“ll!!*lh 1il
| | A ‘r#
il 2N (LA
% r|1 Y i % | I'|;|I|| |
- ]l' Il 2| I
; |”E
= -] W 3 W‘ ';:"' .1; :Tw "":‘- ‘.;- T‘W‘ -|I]_-E 20 [0 B 108 1H_1;G 180 180
LIt ] ey
R T i o ErEmNMORMEm
—mem |
. — 8 -
il 1 r|
| (| 1§
5 onfl| |I T T v » | || LT L E R
£ i II 5
0 i il .-'rn AR AR AR A u|f.'u'|.—-u“_'--1.'1.--r.ruuu-.um.-!.--.nr.qﬂ,J.-.ﬂ.-l.-u-.m|.-|.-u~.r-.1.-!-tnn.ﬁ:.u
ha_-.i | || |||I ||||5.|||| AT '5|. |II |i|.,||,_|||',,||||||||“”I||
il | T | | i
=1 -1
| |
a8

& " " a i - i " "
o W & s B W 20 a0 W0 o m @ M 10 12\ W w0
[ T

B 1 RESiRE
B 11 A7, F TSR T8 SR G — B A s e, 3
TR K. BT SRFIMOB R SRR RTE 10~ S R 2 ., e ELERE
Ait: BEFEE R EEE TG — Bend [A] P9 i i@ R, BE B HITE0.04 K 4,
I FEOE G065 G MRS, FeHlfEs% L F, FFF nf LU . 8 0RE fr i hr
Y07 i SR 19 BT 8 S5 i i Runge - Kutta BRS04 B 0w JL 4 H(E),
B54F T Runge - Kutta 3E0Y 0] SE4% .
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6.1 HRINMS

1. RFEl AR TR R AR RS b, B S A 1S B A0 A S0
G A AR RERHIT R, R0 Eem, BARS MR,

2. BUEMHRETENSE TR AEOEAEE, ERAEMAE, EmR
WA, ERU FREARESENWNR T, R LSRR i Ll
HERAR  0r 7 FNRAT R IR T s EE R, Bt A R R i, BT RLR)
AR PR R AR R fL ), WAL TR, FIRE, S ER 7T SR
AR i £ B bR

3. TR R R RS NIEEAN, SFRESM IR, e T8
B, BRRARI S LR,

6. 4B BIRE S
EIRAEE R EMNERET, BT TR ES AR iR

ek, RGN ANERENEN, BESRREE - ENRE.

6.3 BRI

FEER QR TESMEE, SWEL PO, aTRUGHERAERE
AEZEhHE RIS . RIS, . BUE. MIE. BEATaHEY, EEnes®E
Hoor thrds B M iEah i S ot X0 EE .
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. MR
TRHESIR:

resultl-1. xlsx
resultl-2. xlsx
resultd. xlsx

modulel 1.m AT &5 H B — o) 5 —Fo 0 R m fom 77 72
modulel 2.m AT &5 05 — o) 3% i L lmr 7 #E
module? 1.m A FEHEP o —fot R e #a 5
module? 2. m F 45 HH 5 = ol 85 s 00 B &
moduled_1.m Al F&tHH = mAR5 5%

moduled 1. m AT &5 508 DU o] B0 5l o 7 #4

vl_jiexi.m Bl F&5H 58— in] 5 —F 8 ol iE-F il FE AR 4 5 e
v2_jiexi.m Bl T4 HE— WM iR A ENEIn =R
x1_jiexi.m Al Fo3 & — b3 - RE T LBt TR
x2_jiexi.m FIF &0 — i 55— M iS4 T A B AR AT R
laplace. nb i B3 8 fr 1 106 A8 i

circuit? L. nb T80 fyek b0l e B 00 S (E A7

circuit2 2. nb W8 Eo I IR H T B A8
CreateProblem2 1.m &5 %5 = a] 55— Fdiy i i or 1k ) R
CreateProblem2 2. m &5 5 = (o] 3§ — i (L2 S AR A4 o) S EEAS
CreateProblemd 1. m &5 870 o] 3 37 L HI %Y

taskl.mlx 35—(a] =5 ¥

task2, mlx 5 A FE

taskd. mlx 58 = o] 38 8

task4, mlx 5570 o) 3= 28 ¥
error_estimate. mlx RERIEFEN



modulel 1.m AT &5 5% — o] 55 — B 0 UL 0 B 7 5 78
function dxdt =modulel_1(t,x)
ml=4866;

m2=2433;

mc=1335.535;

rho=1825;

g=9.81;

R=1;

H_1=3;

k1=31557.298;

k2=800080 ;

k3=10080;

k4=656.3616;

x@=m2*g/k2;

fmax=6258;

omega=1.48a5;

x1=x(1);
x2=x(2);
®3=x(3);%dx1ldt
xd=x({4);kdx2dt

dudt=[x3;

®4;
(-k1*x1*(x1>=-1)-k1*(-1)*(x1<-1)-k2*(x1-x2+8)-k3*(x3-x4)-
kad*x3+fmax*cos (omega*L) )/ (ml+mc);
-g+(k2*(x1-x2+x0)+k3*(x3-x4))/m2;

IH

end

4



modulel 2.m AT &3 H W — ] 58 ZF 05 A0 Gl R
function dxdt =modulel_2(t,x)
ml=4866;

m2=2433;

mc=1335.535;

rho=1825;

g=9.81;

R=1;

H_1=3;

X8=0, 2988425;
kl=pi*g*R*R*rho;

k2=80000;

kd=656.3616;
fmax=6258;
omega=1.48a5;

x1=x(1);

x2=x{2});

®3=x(3);%dx1ldt
xd=x(4);%dx2dt
k3=1G888*sgri(abs (x3-x4));

dxdt=[x3;

x4 ;
(-kl*x1*(x1>=-1)-k1*{-1)*(x1c-1)-k2*(x1-x2)-k3*(x3-x4)-
kd4*x3+fmax*cos (omega*t) )/ (ml+mc);

g+ k2* (wl-%24x8)+k3*(x3-x4) ) /m2;

15

end
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module2 1.m Al &3 H W o) 5% —Fo 0 A0 Gl 7 FE
function dxdt =module2_1(t,x,k3)
ml=4866;

m2=24332;

mc=1165%.992;

rho=1825;

g=9.81;

R=1;

H_1=3;

X8=0, 2988425;

kl=pi*g*R*R*rho;

k2=80000;

kd=167.8395;
fmax=4898;
omega=2.2143;

x1=x(1);
x2=x(2);
®3=x(3);%dx1ldt
xd=x({4);kdx2dt

dudt=[x3;

®4;
(-k1*x1-k2*(x1-x2)-k3*(x3-x4)-
kd*x3+fmax*cos (omega*L) )/ (ml+mc);
-g+(k2*(x1-x2+x0)+k3*(x3-x4))/m2;
IH

end



module? 2.m B &5 HH 3 6] 5 S e Mo 7 =
function dxdt =module2_2(t,x,beta,alpha)
ml=4866;

m2=24332;

mc=1165%.992;

rho=1825;

g=9.81;

R=1;

H_1=3;

Xg=0, 2980425 ;

kl=pi*g*R*R*rho;

k2=80000;

kd=167.8395;
fmax=4898;
omega=2.2143;

x1=x(1);

x2=x{2});

®3=x(3);%dx1ldt
kAd=x(4);%dx2dt
k3=beta*(abs(x3-x4))~({alpha);

dxdt=[x3;

x4 ;
(-kl*x1-k2*({x1-x2)-k3.*(x3-x4)-
kd4*x3+fmax*cos (omega*t) )/ (ml+mc);
g+ k2* (wl-%24x8)+k3.*(x3-x4) )/ m2;
15

end
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moduled_1.m AT &3 W = o] i 5 o3 7 7
function dxdt =module3_1(t,x)
omega=1.7152;

ml=4866;
m2=2433;
mc=1628.876;
rho=1825;
g=9.81;

R=1;

H_1=3;

k1=31557.298;
k2=88808;
k3=12e08;
kA=683,4558;
fmax=4898;
xB=m2*g/k2;

%J1=1840.6332;
%311=1420.6332;
Jc=7801.914;
L1=8898.7;
L2=2586808;
L3=18886;
L4=554.3383;
Mmax=1698;

¥1l=x{1});

X2=x(2);
x3=x(3);%dx1ldt
xA=x(4);%dx2dt
thetal=x(5);
theta2=x(6);
theta3=x(7) ;%dthetaldt
thetad=x(8);%dtheta2dt

J2=2433%9.5/3% (3% (x2-%x1+x0)"2+3%0.5%(x2-x1+x8)+0.5%8.5) ;
J1=0.5*4866%(1.236+x2-x1+x8+08.25).72/9;

001=1/3%(@.25+x2-x1+x8+1.236);

28



002=2/3%(8, 25+x2-x1+x8) ;
020z=0.25+x2-x1+x8;
0102z=0.764;

b=010z/001;

dxdt=[x3;

i
(-k1*x1*(xlr=-1)-k1*¥(-1)*(x1l<-1)-k2*(x1-x2)-k3*(x3-x4)-
k4*x3+fmax*cos (omega*t) )/ (ml+mc);
(k2*(x1-x2)+k3*(x3-x4))/m2;

theta3;

thetad;
{-b*L1l*thetal-L2*(thetal-theta2)-L3*(theta3-thetad)-
b*L4*theta3+b*Mmax*cos{omega*t) )/ (J1+1c);
#(-Ll*thetal-L2*(thetal-theta2)-L3*(theta3-thetad)-
La*theta3+Mmax*cos(omega*t))/(JI1+1c);

% -L1*thetal-L4*theta3+Mmax*cos (omega®*t) )/ (J1+1c);

{L2*¥(thetal-theta2)+L3*(theta3-thetad))./12;
#(L2*(thetal-theta2)+L3*(theta3-thetad))./12;
B{L2*(thetad)+L3*(thetad)+2*m2*thetal3*thetad)./12;
1;

end



moduled 1. m FHF &5t 38 DU (] fip o o 74
function dxdt =moduled_1(t,x,k3,L3)
omega=1. 9886 ;

ml=4866;
m2=2433;
mc=1891.899;
rho=1825;
g=9.81;

R=1;

H_1=3;

k1=31557.298;
k2=80088;

k4=528.5018;
fmax=4898;
xB=m2*g/k2;

J1=1848.6332;
Jc=7142.493;
L1=8898.7;
L2=258608;

L4=1655.989;
Mmax=2148;

¥1=x(1);

x2=x(2);
x3=x(3);Rdx1dt
xd=x(4);Xdx2dt
thetal=x(5);
theta2=x(6);
theta3=x(7);%dthetaldt
thetad=x(8);%dtheta2dt

X J2=2433%0 5/ /3% (3% (x2-x14+x@)"243%0 5% (n2-x14+x0)+8.5%3.5);
#
% dwdt=[x3;



% x4;
#o(-k1*xl*(x1>=-1)-k1*{-1)*(x1<¢-1)-k2*(x1-x2)-k3*(x3-x4)-
k4*x3+fmax*cos (omega*t) )/ (ml+mec);

B o(k2%(x1-x2)+k3*(x3-x4))/m2;

% theta3;

% thetad;

% (-Ll*thetal-L2*(thetal-theta2)-L3*(theta3-thetad)-
LA*theta3+Mmax*cos (omega*t) )/ (J1+1c);

% (L2*(thetal-theta2)+L3*(theta3-thetad))./)2;

w15

12=2433%0.5/3% (3% (X2-X1+X0) 2+3%D. 5*(x2-x1+x0)+8.5%0.5) ;
11=0.5%4866%(1.236+x2-x1+x0+8.25).42/9;

001=1/3*(@. 25+x2-X1+x0+1.236);
002=2/3%(8.25+x2-x1+x8);
020z=08,25+x2-x1+x8;
010z=8.764;

b=010z/001;

dxdt=[x3;

x4;
(=k1*x1*(x1>=-1)-k1*(-1)*(x1<-1)-k2*(x1-x2)-k3*({x3-x4)-
kd*x3+fmax*cos (omega*t) )/ (ml+mc);

(k2% (xl-x2)+k3*(x3-x4))/m2;

theta3;

thetad;

(-b*L1*thetal-L2* (thetal-theta2)-L3*(theta3-thetad)-
b*L4*theta3+b*Mmax*cos{omega*t) )/ (J1+1c);

A -L1l*thetal-L2*(thetal-thetal)-L3*(theta3-thetad)-
LaA*theta3+Mmax*cos{omega*t))/(J11+1c);
%(-Ll*thetal-L4*theta3+Mmax*cos (omega*t))/(J1+1c);

(L2*(thetal-theta2)+L3*(theta3-thetad))./12;
#(L2*(thetal-theta2)+L3*(theta3-thetad))./12;
#(L2*(thetad)+L3* (thetad)+2*m2*theta3*thetad)./12;

1

end
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vi_jiexi.m Bl T4 5 — o] 35— P18 L i1 O BE A AR 4R 5 A
function vl = vl _jiexijie(t)
v1=(@.359987E-2+s5qrt(-1)*(-0.61379E-1)). *exp(1).~(((-
8.28712E1)+sqrt( ...
-1)*(-0.624717E1) ) . *t)+(0.359987E-2+sqrt(-1)*8.61379E-
1) .*exp(l) ...
A(((-0.28712E1)+sqrt(-1)*0.624717E1) . *t)+( (-0.289964E -
Ly+sgrt(-1) ...
*3,448779E0) . *exp(1) .~ ({(-8.430417E-1)+sqrt(-1)*(-
©.188089E1)).*t) ...
+((-8.289964F-1)+sqrt(-1)*(-0.448779E@)) . *exp(1).~(((-
2.438417E-1) ...
+sqrt(-1)*0.188089F1).*t)+(0.253966E-1+sqrt(-1)*(-
9.322436E80)).% ...
exp(1).~((8.E-323+sqrt(-1)*(-0.14805E1)) . *t)+(8.253966E -
1+sgrt{-1)
*@,.322436E0) . *exp(1l)."((@.E-323+4sqrt(-1)*0.14085E1).*t);
end



v2_jiexi.m Bl T 455 — o] 35— P 8 LA 7 0 B A AE 4 AR
function v2 = v2_jiexijie(t)
v2=((-8.342278E-2)+sqrt(-1)*@.25825E-1). *exp(1).~(((-
8.28712E1)+sqrt( ...
-1)*(-0.624717E1) ) . *t)+((-0.342278E-2)+sqrt(-1)*(-0.25825E-
133.%
exp(1).~(((-0.28712E1)+sqrt(-1)*0.624717E1) . *t)+((-0.172369E-
o 5 E O
sqrt(-1)*@.402895E0) . *exp(1).~(((-0.438417E-1)+sqrt(-1)*( ...
-8.188089E1)).*t)+((-8.172369E-1)+sqrt(-1)*(-
9.4082895E@) ). *exp(1l) ...
A(((-9.430417E-1)+5qrt(-1)*0.188089E1) . *t) +(0.206597E -
I+sgrt(-1)* ...
{-9.304031E0)) . *exp(1) . ((8.E-323+sgrt(-1)*(-
8.14005E1)) . *t)+( ...
8.286597E-1+sqrt(-1)*8.304831E8) . *exp(1) .~ ((@.E-323+sqrt(-
13* L
8.14085E1).*%t);
end



x1_jiexi.m T4 HH— BB Mg RE T B A
function x1 = x1_jiexijie(t)
x1=((-@.320585E-2)+sqrt(-1)*(-0.202094E-2)).%exp(1).~(((-
2.28712E1)+ ...
sqri(=1)%(-0.624717E1)) . *t)+( (-0.320505E-2) +sqrt( -
1)*%@.202094E-2) ...
Lexp(1).A(((-98.28712E1 )+sgrt(-1)*0.624717E1) . *t)+((-
8.213883E8)+ ..
sqrt(-1)*(-0.140587E-1) ). *exp(1).~{((-08.430417E-1)+sqrt (-
1)*( ...
-8.188089E1)).*t)+((-0.213883E0)+sqrt(-1)*0.140587E-
1) %exp(L1):*{( ..
(-8.430417E-1)+sqrt(-1)*0.188089E1) . *t)+(0. 217088E@+sgrt( -
TP
8.147517E-1) . *exp(1) .~((0.E-323+sqrt(-1)*(-
8.14885E1)) . *t)+( ...
@.217088E@+sqrt(-1)*(-2.147517E-1) ). *exp(1) .~ ({@.E-323+sgrt(-
1 ) .
@.14085E1).%t);
end



x2_jiexi.m A F &5 H 0 — R T AT T #
function x2 = x2_jiexijie(t)
x2=(9.789299E-2+sqrt(-1)*@.428387E-2) . *exp(1).~(((-
8.28712E1)+sqrt( ...
-1)*(-8.624717E1)).*t)+(8.789299E-2+sqrt(-1)*(-0.420387E-
2)).*exp( ...
1).~(((-9.28712E1)+sqrt(-1)*0.624717E1) . *t)+((-
©.238122E8)+sqrt( ...
-1)*(-9.208655E-1)).*exp(1).~({(-0.438417E-1)+sqrt(-1)*( ...
-9.188089E1)) . *t)+((-0.238122E0)+sqrt(-1)*@.208655E -
1). *exp(1).*{( ...
(-8.430417E-1)+sqrt(-1)*0.188089E1) . *t)+(0. 230229E0+s5qrt( -
1)* ...
8.181339E-1).%exp(1).7((0.E-323+sqrt(-1)*(-
8.14085E1)) . *t)+( ...
8.230229E8+sgrt(-1)*(-8.181339E-1) ). *exp(1) .~ ((0.E-323+sgrt(-
13* L
8.14085E1).*%t);
end



laplace. nb {1 S 45 10 285 =08 i

m 1 =4866,

m2=2433;

me=1335.535;

k1=31557.298,;

k2=80000;

k3=10000;

kd=6356.3516;

=6250,

omega=1.40035,

Solve[{{m1+me)x] s"2HK1+k2)x1-k2 x2+(k3+kd)x] s-k3 5 x2-['s (s"2+
omega"2)y==0.m2 "2 x2-k2 x1+k2 x2-k3 x1 s+k3 s x2==0} {x1.x2}]
$Ex1-2o((-5.%10% 5-6.25%107 %-1.52063%107 ¢*)/((1.9614 +5?)
(2.52458*10%+3.68081*10% 5+7.74105* 10% s24+8.79423* 107 s7+1.50883*107
sT))X2-2-((4.11015 (8. +1. 8) (-5.510° 5-6.25% 107 s2-1.52063* 107 s*))/((1.9614 +52)
(32.8812 +4.11015 s+1. 87 (2.52458* 10°+3.68081*10° 5+7.74105*10°
s2+8.79423% 107 s*+1.50883* 107 s*)))3}

(X123 ={-((-5.%10% 5-6.25% 107 s*-1.52063* 10" s*)/((1.9614 +s%)
(2.52458*10°+3.68081*10% 5+7.74105* 10° 2+ 8.79423* 107 57+ 1.50883* 107 s"))).-
(411015 (8. +1. 8) (-5.#10% 5-6.25% 107 s2-1.52063* 107 s*))/((1.9614 +s*) (32.8812
+4.11015 s+1. s%)(2.52458*107+3.68081*10° 5+7.74105% 10° s+8.79423* 107
s'+1.508834 107 sH)))!

{((-5.%10° 5-6.25% 107 5°-1.52063*107 s3)/((1.9614 +s°) (2.52458*10"+3.68081%10°
s+7.74105%10% s+ 8.79423% 107 7 +1.50883%107 s))).-((4.11015 (8. +1. 5) (-5.%10% s-
6.25%107 52-1.52063* 107 3))/((1.9614 +s?) (32.8812 +4.11015 s+1. 8%)
(2.52458%10%+3.68081%10% s+7.74105% 10° s24+8,79423%107 7+ 1.50883%10" s")))}

Apart[x1]

(0.0413194 +0.434175 5)/(1.9614 +1. s*)+(-0.0712974-0.427765 5)/(3.5396
+0.0860835 s+1. s7)+(-0.043655-0.0064101 s)/(47.271 +5.74241 s+1. s?)

Apart[x2]

(0.0507931 +0.460458 $)/(1.9614 +1. s3)+({-0.0989896-0.476244 5)/(3.5396
+0.0860835 s+1. s7)+(-5.70398*1017+2.06256% 10" 5)/(32.8812 +4,11015 s+1,
$71H(0.0978493 +0.015786 s)/(47.271 +5.74241 5+1. 5%)

MN1=8implifv[InverseLaplace Transform[x1.5.t]]
(-0.00320505-0.00202094 1) EC281262917 00 00320505 -0.00202094 [) E-
BENBEMTITDL (0 213883 +0.0140587 [y EHAORMITLINNDL G 213883 -0.0140587 T)

E0ORMITISND1:(0,217088 +0.0147517 ) B 1401 0,21 7088 -0.0147517 1)
Eﬂ.‘l. 1 AMETH



XN2=8Bimplify|Inverse Laplace Transform|x2.5.1] ]

(0.00789299 +0,00420387 1) EFE1162717 D L) 00789299 -0.00420387 1) EC
HET26NTITNL(0.238122 +0.0208655 [) ECO0BMIT1E8089 DL () 238122 -0.0208655 I)
EOMA0ITHLINSINL 0, 230229 +0.0181339 [) 14093140, 230229 -0.0181339 I)

g0 +1 4005 )t

Y 1=8implify|InverseLaplace Transform|s x2.5.1]]
(0.00359987 -0.061379 [) E-28712:624717DLiv) 00359987 +0.061379 [) EL28T124624717D
L{0.0289964 -(. 448779 [) EHO0HMITLESDL g 0229064 +0.448779 ) EX

QORONTASSI DL (0.0253966 -0.322436 1) E® 1499 D 14(0.0253966 +0.322436 ) E
+14003 T30

Y 2=Rimplify]Inverse Laplace Transform|s x1,s.1]]

(-0.00342278+0.025825 I) V28712624717 0L () 00342278 +0.025825 [) E(287120620717D

1-(0.0172369 -0.402895 [) EXI0BUITISISNL 0 0172369 +0.402895 1) E-

0043041741 88089 I Ly (0,0206597 -0.304031 I) EP- 1495 D L) 0206597 +0.304031 1) E™

+1. 40051} 1

Import|"ToMatlab.m"."Package"|

x1=ToMatlab[X1]

x2=ToMatlab[X2]

yi1=ToMatlab[Y1]

yv2=ToMatlab[Y 2]

((-0.320503E-2)+sqri(-1)*(-0.202094E-2)).*exp(1).{((-0.28T12ZE1)+ ...
sqri(-1)*(-0.624717E1)) *O)+((-0.320505E- 2y +sqri(-1)*0.202094E-2) ...
Zexp(1).(((-028T1ZED ) +sqri(-1)*0.62471 7TE1).*1)+((-0.2 13883E0)+ ...
sqrt(-1)7(-0. 14058TE-13). Fexp(1)."({(-0.4304 1 TE- 1 +sqrt-1)%( ...
-0, 188089E1)). *)+{(-0.213883E0) sqri(- 1)* 0. 14058TE-1 ) Fexp(1). ([ ...
{(-0.43041TE-1)+sqrt(-1)*0. 188089E1). *1)+(0.21 JOSBEO+sqri(-1)* ...
0. 14731 TE-1).Fexp(1). (0. E-323+sqri(-1)*(-0.14005E1)). %) +( ...
0.217088E0+sqri(- 1)*(-0. 14751 TE-1)). ¥exp(1). "{(0.E-323 #sqru(-1)* ...
0.14005E1).*1);

(0.789299E-2+sqri(-1)*0.42038TE-2). *exp(1)."(((-0.28T12E1 )+sqrt ...
-1)*(-0.62471TE1)). *1)+(0.789299E-2 +sqri(-1)*(-0.42038TE-2)). *exp( ...
1).7((-0.28712E1 y+sqri(-1)#0.62471 TE1 ). ¥1)+((-0.238122E0)+sqri ...
~1)%(-0,208655E-1)). *exp(1). (((-0.43041 TE-1 ) +sqri(-1)*( ...
-0.188089E1)). *1)+((-0.238122E0)+sqri(-1)* 0.208655E-1). *exp(1). (( ..
(-0.43041 TE-1)+sqri(-1)*0.188089E 1), #1)+(0.230229E0+sqri(-1)* ...
0.181339E-1). *exp(1)."((0.E-323 +sqri(-1)*(-0.14005E 1)) *t)+( ...
0.230229E0+sqrt(-1)*(-0.181339E-1)). *exp(1).((0.E-323+sqrt(-1)* ...
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0.14005E1).#1);

(0.35998TE-2+sqri(-1)*(-0.61379E-1)).*exp(1)."(((-0.28T12E1) sqrt( ...
-1)#(-0.624717E1)).*1)+(0.35998TE-2+sqri(-1)*0.6 1379E-1).2exp(1) ...
A((-0.28T12E1 )+ sqr(-11#0.62471 TED). #1) +{(-0.289964E-1 }+sqri(-1) ...
#0,4487T9F0), *exp( 1).(((-0.43041 7E-1)+sqrt(-1)*(-0. 1 88089E1)).%1) ...
H{(-0.289964E-1)+sqri(-1*(-0.448779E0)). *exp(1). (((-0.43041 TE-1) ...
+5qri(-1)*0.188089E1).¥1)+(0.253966F- 1 +sqri(-1)*(-0.322436E0)).* ...
exp(1)./((0.E-323+sqri(-1)*(-0.14005E1)). #1)+(0.253966 E-1+sqrt(-1) ...
%(.322436E0). *exp( 1)."((0.E-323+sqrt(-1)*0.14005E1).*1);

((-0.342278E-2)+sqrt(-1)*0.25825E-1) exp(1)."(((-0.28712E 1 )+sqrt( ...
-1)%(-0.624717E1)).*1)+((-0.342278E-2) + sqra(-1)*(-0.25825E- 1)).* ...
exp(1).(((-0.28712E 1 }+sqri(-1)*0.62471 TE1).20)+{(-0.172369E-1)+ ...
sqrt(-1Y*0.402895E0). *exp( 1). (((-0.43041 TE-1 )+ sqri(-1)*( ...
-0.188089E 1)) *1)+((-0.172369E-1)+sqrt(-1)*(-0.402895E0)). *exp(1) ...

A(((-0.43041 TE-1)+sqrt(-1)*0. 188089E 1 ). #0)+(0.206597E-1 +sqri(-1)* ...

(-0.30403 1E0Y) Fexp( 1) (0L E-323+sqrt(- 1)5(-0. 140053 E1 7). *)+( ...
0.206597E-1+sqrt(-1)*0.304031 E0).*exp( 1), "((0.E-323+sqri(-1)* ...
0.14005E1).%1);



cireuit? 1. nb o5 A7z by o B8 00 6 AT
m1=4866,
m2=2433,
me=1165.992;
k1=31557.298:
k2=R0000;
k3=36000);,
kd=167.8395;
f=4890,
omega=2.2143;
L1=ml+me:
L.2=m2;
Cl=1/kl;
C2=1/k2;
R1=k4:

Z1=1 omega L1+1/(I omega C1)+R1;

A2=11AR2+ V(] omega C2)+141 omega L2));
RZ1=Re[Z1]:

RZ2=Re|Z2]:

IZ1=Im[£1];

[Z2=Im|[Z2]:

P2{R2 =224 RZ2((RZ1+RZ2Y 2 HIZ1+122)"2))

(11956050 Re[1/((0. -0.000185619 1)+ 1/((0. -36128.8 1)+R2))])/((-894.951+Im[1/((0.
-0.000185619 1)+ 1/((0. -36128.8 [)+R2))])>+(167.84 +Re[1/((0. -0.000185619
1)+1/(0. -36128.8 )+R2)]))

Plot[%6211,{R2.0,100000}]
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circuit2 2. nb M AR A ERET S

ml=4866;
m2=2433
me=1165.992;
k1=31557.298;
k2=80000,
k3=36000;
k4=167.8395;
£=4890;
omega=2.2143;
w=ofnega;

l1=ml+mc;

12=mZ;

cl=1/k1;

c2=1/k2

Rl=k4:a=w"2 ¢212 R2:

ad=-w"2 c212;

b=w12;

c=1-w"2 2 12

d&=wc2R2;

dd=w ¢2;

ZIR=RI;

ZI1X=wll -1/{w cl)

ZIR=(a c+b d){c"2+d"2)

Z2X=(b c-a d){c"2+d"2)

-894.951

(0.0222357 R2)/(0.724003 +7.66113*10°'" R2)
(4584.04 +4.12735%10° R2*){(0.724003 +7.66113*10°'" R2%)
P=f*f2%(Z2R)V((Z IR+Z2R )" 2HZ 1 X+Z2X)"2)

(265851, R2V/((0.724003 +7.66113*10°1° R2%) ({167.84 +(0.0222357 R2)/(0.724003
+7.66113%107-10 R2"2))*H(-894.951-+(4584.04 +4.12735%10"-6 R2"2)/(0.724003
+7.66113%107-10 R2"2))*))
Full Simplify[P]
(1.62264*10" R2+1.71702*10" R2*)/(1.30734*10'*+R 2 (4.55573*10" '+R2
(2.3284 1" 10°+R 2 (482.071 +1. R2)))
Cancel[(1.62264*10' R2+1.71702*107 R2*)/(1.30734*10"*+R2 (4.55573*10' +R2
(2.32841*10°4R2 (482.071 +1. R2))]
(1.71702*107 (9.45034*10° R2+1. R2%))(1.30734*10"+4.55573*1 0"
R2+2.32841*10° R224482.071 R2*+1. R2Y

1.62264 x18'% R2 +1.71782 <16 R2?

Sz - - —r—
1.30734 210'% . R2 (4.55573 « 18! . R2 (2.32841 <107 + R2 (482.071 - 1. R2} | |
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-(((1.62264*10'° R2+1.717022 107 R2%) (4.55573* 10" +R2 (2.32841* 10"+R2
(482.071 +1. R2))+R2 (2.32841*10°+R2 (482.071 +1. R2)+R2 (482.071 +2.
R2))1(1.30734* 107 18+R2 (4.55573*10"1 1 +R2 (2.32841*10"9+R2 (482.071 +1.
R21N)IH1.62264*10"%4+5.15105% 107 R2*)/(1.30734*10"+R2 (4.55573* 10" +R2
(2.32841*10°+R2 (482.071 +1. R2))))

FullSimplify[%a91]

(2.12134*10"+R2 (-1.09951* 10"+ R2 (2.956* 107 +R2 (-4096.+R2 (-

£.69993% 10" +(-3.8147*10°%-1.71702* 10" R2) R2)1N)(1.30734* 10" 18+R2
(4.55573*10"11+R2 (2.32841# 10"9+R2 (482.071 +1. R2)))

FindMaxValue|P.f {R2,0}}]

229334

FindArgMax[P,{{R2,0}3]

{37193.8}
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CreateProblem? 1.m &% 5% — [a] &% — Fofir o0 2 o7 48 {4 [a] ST

function prob2_1 = CreateProblem_2_1()

omega=2.2143;

T=2*pi/omega;

t=(9:08.2:100*T)"';

x8=[0,0,0,0];

k3=optimvar('k3', 'LowerBound',®, 'UpperBound"',188888);
#modulez 1
[~,module2_1_x]=fcn2optimexpr(@(k3)(odeds(@(t,x)module2_1(t,x,
k3),t,x@)),k3);

module2 1 xl=module2 1 x(:,1);

module2_1_x2=module2_1_x(:,2);

module2 1 vl=module2 1 x(:,3);

module2_1 v2=module2_1_x(:,4);
p2_1=trapz{t(end-floor{18*T/0.2):end),-(-k3*{module2 1 vi(end-
floor(1e*T/8.2):end)-module2_1 v2(end-
floor(10*T/8.2):end)).”2))./(18*T);
prob2_l=optimproblem('ObjectiveSense’, "max
prob2_1.Constraints.conl = module2_1_x2-
module2_1_x1<=2.2819575;
prob2_1.Constraints.conl
module2_1_x2<=8.281575;
%prob2_l.Constraints.con3 = module2_1_x1 »=-1;
prob2_1.Constraints.cond = module2 1 x1 <=2;
end

Al

, 'Objective',p2_1);

n

module2_1 x1-

a2



CreateProblem2 2. m &3 8% — (a3 — Ffi i@ i o {0 {4 fo] BRI A

function prob2_2 = CreateProblem_2_2()

omega=2.2143;

T=2*pi/omega;

t=(9:08.2:100*T)"';

x8=[0,0,0,0];

beta=optimvar('beta’, 'LowerBound',®, "UpperBound',188888);
alpha=optimvar('alpha’, 'LowerBound',8, "UpperBound',1);
*module2_2

[~smodule2_2_ x]=fcnoptimexpr(@(beta,alpha)(oded5{@(t,x)module
2 2(t,x,beta,alpha),t,x8)),beta,alpha);
module2_2_xl=module2_2_x(:,1);

module2 2 x2=module2_ 2 x(:,2);

module2_2_ vi=module2_ 2 x(:,3);

module2 2 v2=module2 2 x(:,4);
t_integer=t(end-floor(18*T7/8.2):end);

v2_vl=(module2_2_ vi(end-floor(19*T7/0.2):end)-module2_2 v2(end-
floor(18*T/8.2):end));%v2-vl
p2_2=trapz(t_integer,beta*fcn2optimexpr(@(v2_vl,alpha)abs(va_v
1).~(alpha).*{v2_v1)."2,v2_wv1,alpha))./(1e*T);
prob2_2=cptimproblem('ObjectiveSense’, 'max', 'Objective',p2_2);
prob2_2.Constraints.conl = module2_2_x2-
module2_ 2 x1<=2.2819575;

prob2_2.Constraints.con2 = module2 2 x1-

module2_2 x2<=8.281575;

Zprob2_ 2.Constraints.con3 = module2 2 x1 >=-1;
prob2_2.Constraints.cond = moduled_2 x1 <=2;

end

a3



CreateProblemd 1.m &3 550U fo] 2 37 fR4EHIRY

function prob4_1 = CreateProblem_4_1()

omega=2.2143;

T=2*pi/omega;

t=(9:08.2:100%T)"';

x9=[9,0,0,0,0,0,0,0];

k3=optimvar('k3', 'LowerBound',®, 'UpperBound’',188888);
L3=optimvar('L3', 'LowerBound’,8, ‘UpperBound', 188888) ;
*moduled_1

[~smoduled_1_x]=fcn2optimexpr (@(k3,L3){odeds(@(t,»x)moduled_1(t
X% k3,L3),5,x8)),k3,L3);

moduled_1_xl=moduled_1_x(:,1);

moduled 1 x2=moduled 1 x(:,2);

moduled 1 vi=moduled 1 _x(:,3);

moduled 1 v2=moduled 1 x(:,4);

moduled 1 _alphal=moduled 1 x(:,7);
moduled_1_alpha2=moduled_1_x(:,8);
pd_1=trapz(t(end-floor({18*T/8.2):end),-({-k3*(moduled 1 vi(end-
floor(10*T7/8.2) :end)-moduled_1 v2(end-
floor(18*T/8.2):end)).”2))./(18*T);
p4_2=trapz(t(end-floor(18*T/0.2):end),-(-
L3*(moduled_1_alphal(end-floor(1e*T/8.2):end)-
moduled_1_alphaz2(end-floor(1@*T/@.2):end) ). 2))./(10*T);
pd=p4_1l+p4 2;

probd4_l=optimproblem( 'ObjectiveSense’, 'max’, 'Objective’,pd);
probd_1.Constraints.conl = moduled 1 x2-

moduled_1_ x1<=2.2819575;

probd_1.Constraints.con2 = moduled 1 x1-
moduled 1 x2<=8.281575;
probd_1.Constraints.cond
end

moduled_1 x1 <=2;
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taskl.mlx 3B—n) EBE
clear
ml=4866;
m2=2433;
mc=1335.535;
rho=1825;
g=9.81;

R=1;

H_1=3;
k1=31557.298;
k2=80088;
k3=18008;
kd=656.3616;
fmax=6258;
omega=1.4005;

T=2*pi/omega;
t=(9:8.2:408%T)";

#modulel 1

modulel 1 x1=x1 jiexijie(t};

modulel 1 x2=x2 jiexijie(t);

modulel 1 wil=vl jiexijie(t);

modulel_1 wv2=v2 jiexijie(t)};

pl_l=trapz(t{end-floor(1@*T/@.2):end), -(-k3*(modulel_1_vi{end-
Ffloor(18*T/@.2):end)-modulel_1_wv2{end-
floor{18*T/8.2):end)}."2)}./(10*T);

plot{t,modulel 1 x1);hold on;plot(t,modulel 1 x2-modulel 1 x1);hold
off;legend( "VE TILE, "I FHMEEFE ) title( " JHE £ 3{EEH ' ) ;x1abel("
HiE s');ylabel('fIfE m')

plot{t,modulel_1_v1);hold on;plot(t,modulel_1 v2};hold off;legend( i T
EE L RTIEAE) title 'HE £8E5 20 " ) ;x1label( 'BE s');ylabel( ' EAE
mfs')

modulel_2

x@=[e,8,8,8];

[~,modulel 2 x]=odedS{@{t,x)modulel_2(t,x},t,x8);
modulel 2 xl=modulel 2 x(:,1);

modulel 2 x2=modulel_2 x(:,2};

modulel 2 vi=modulel 2 x(:,3);
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modulel 2 v2=modulel_2 x(:,4);

pl_2=trapz(t(end-floor(1@*T/@.2):end), -(-k3*(modulel_2 vi{end-
floor{18*T/@.2):end)-modulel 2 v2(end-
floor(18*T/@.2):end) ). 2))./(18%T);

plot{t,modulel_2 x1);hold on;plot{t,modulel_2 x2-modulel_2 x1});hold

of f;legend('¥F FHLE ', "M THMF TR ) ;title " HE RHFEIEEH
"};xlabel{ "E{[@] s");ylabel{ {IrfE m"})

plot{t,modulel_2 v1);:hold on;plot({t,modulel 2 v2);hold off;legend( % T
B, RTEE ) title( ' HE R ER ") ;xlabel ("B 6] s');ylabel('SAE
mis')
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taskZ. mlx 3 —ja] EE
ml=4866;
ma=2433;
mc=1165.992;
rho=1825;
£=9.81;

R=1;

H_1=3;
n@=0.2988425;
k1=31557.298;
k2=20006;

kd=167.8395;
fmax=4898;
omega=2.2143;
T=2%pi/omega;
t=(0:08.2:100°T)";
x@=[0,0,0,0];

¥module2 1 (it

prob2 1 = CreateProblem 2 1();

options = optimoptions("fmincon”,...
"Algorithm”,"interior-point™,...
"EnablefFeasibilityMode”,true, ...
“SubproblemAlgorithm","cg"});

k@ . k3=18608;

g5 = GlobalSearch(FunctionTolerance=le-4});

[s012_1,fvl2 1] = solve(prob2_1,ke,gs, 'Options',options);

¥module2_1 #fH
p2_1 1=zeros(16a,1);
i=1;
for k3=6:10:186080
[~,module2_1 x]={cdedS{@(t,x)module2 1(t,x,k3),t,x@));
module?_1_xl=module2_1_x(:,1);
module?2 1 #2=module2 1 x(:,2);
module?_1_vi=module2 1 x(:,3);
module?2 1 vZ=module2 1 x(:,4);
p2_1_1{i)=trapz(t{end-floor{16*T/0.2):end), - (-k3*(module2_1_vi{end-
floor{18*T/@.2):end)-module2_1 v2(end-
floor(16*T/@.2):end))."2))./(18*T);
i=i+1;
41



end

Zmodule2 1 HHE

k3=s0l2_1.k3;

k3=37@43;

[~,module2_1 x]=(odedS(@(t,x)module2 1{t,x,k3},t,x8));
module2 1 xl=module2 1 x(:,1);

module2 1 x2=module2 1 x(:,2);

modulez_1 vi=module2 1 x(:,3);

module2_1 vZ=module2 1 _x(:,4);
p2_l=trapz(t{end-floor{18*T/8.2):end), -{-k3*{module?_1 vi{end-
floor{16*T/0.2):end)-module2_1 vZ(end-
floor{18*T/8.2):end)}."2)}./(10%T);

¥module2_2 fi{n

prob2_2 = CreateProblem_2_2();

options = optimoptions("fmincon",...
"Algorithm”,"interior-point™,...
"EnableFeasibilityMode” ,true, ...
"SubproblemAlgorithm”, "cg");

k@.beta=188808;

ke.alpha=9.5;

gs = GlobalSearch(FunctionTolerance=le-4});

[sol2 2,fvl2 2] = solve{prob2_2,ke,gs, 'Options’',options);

E¥module2_2 Hni

beta=so0l2 2.beta;

alpha=sol2_2.alpha;

[~,module2 2 x]=(oded5{@(t,x)module2_2(t,x,beta,alpha),t,x@)}};

module? 2 xl=module2 2 x{:,1);

module2 2 x2=module2_ 2 x(:,2);

module2 2 vi=module2 2 x(:,3);

module2 2 v2=module2 2 x({:,4);
p2_2_1=trapz(t{end-floor(10*7/0.2):end}, - (-beta*abs({(module2_2 wvi{end-
floor{18*T/8.2):end)-module2_2 v2(end-
floor{18*T/@.2):end)}.*alpha). *(module2 2 vi{end-floor(1@*T/8.2):end)-
module2_2 v2{end-floor{1@*T/@.2):end)).”2))./(168*T)

X¥moduled_2 iEfH
WN=188;
beta=linspace(@,286008,N);
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alpha=linspace(@,1,N};
p2_2 3=zeros{N,N};
for i=1:N
k3isbeta(i)};
for j=1:N
alphaj=alpha{j);
[~,module2_2 x]=(ocded5(@(t,x)Imodule2_2({t,x,k3i,alphaj),t,x8)};
module2 2 xl=module2 2 x(:,1);
module2 2 x2=module2 2 x(:,2);
module?2 2 vi=module? 2 x(:,3);
module2 2 v2=module2 2 x(:,4);
if((module2 2 x2-module2 2 x1<=2.2819575)}&(module? 2 x1-
module2_2 x2<=@.2081575)&( module2_2 x1 <=2))
p2_2_3(i,j)=trapz(t{end-floor{18*T/6.2):end},-(-
k3i*abs({module2 2 vi(end-floor(18*T/8.2):end}-module2 2 vi({end-
floor(18*T/@.2):end)).*alphaj}.*(module2_2 vi{end-floor{1@*T/8.2):end}-
module2_2 v2(end-floor(1@*T/@.2):end))."2))./(10*T);
end
end
end
mesh{k3,alpha,p2_2 3);xlabel('beta'};ylabel( 'alpha');zlabel('P2');title
{'P2 #} beta fl alpha ")

49



task3. mlx P =] FEH

clear

omega=1.7152;

ml=4866;
m2=2433;
mc=1828.876;
rho=1825;
g=9.81;

R=1;

H_1=3;

k1=31557.298;
k2=86000;
k3=18008;
lkd=683.4558;
fmax=4898;

J1=1848.6332;
Jc=7801.914;
L1=8898.7;
L2=250004;
L3=1000;
L4=554,3383;
Mmax=1698;

T=2*pifomega;
t=(8:8.2:48%*T)";
#0=[0,0,0,0,0,0,0,8];

¥module3_1
[t,module3 1 x]=oded5{@{t,x)module3_1(t,x),t,x8);
module3 1 xl-moduled 1 x(:,1);
module3 1 x2=module3 1 x(:,2);
module3 1 wvismodule3_1 _x(:,3);
module3 1 v2-module3 1 x(:,4);
module3 1 thetal=module3 1 _x{:,5);
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module3 1 thetaZ=module3_1 x(:,8);

moduled 1 alphal=module3 1 x{:,7);

moduled 1 alpha2=module3 1 x(:,8);
p3_1_1=trapz(t{end-floor{18*T7/8.2):end}, -(-k3*{module3_1 vi{end-
floor{168*T/@.2):end)-module3 1 v2(end-

Ffloor(18*T/@.2):end) ). *2) ). /{10*T);

p3_1 2=trapz(t{end-floor(10*T/8.2):end},-(-L3*{module3_1_alphal(end-
floor(18*T/@.2):end)-module3_1_alphaZ{end-
Floor(16*T/@.2):end)).*2))./(16*T);

p3_1=p3_1 1+p3_1 2;

delta_theta=module2 1 thetal-module3 1 theta2;

delta alpha=module3 1 alphal-module3 1 alpha2;
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taskd. mlx 50 (o] 3= o8 B

clear

omega=1.9806;

ml=4866;
m2=2433;
mc=1891.89%;
rho=1825;
g=9.81;

R=1;

H_1=3;

k1=31557.298;
k2=80008;

kd=528.5818;
fmax=4896;

J1=1848.6332;
Je=7142.493;
L1=88%9@.7;
L2=250060 ;

L4=1655.909;
Mmax=2148;

T=2%pi/omega;
t=(8:8.2:100*T)";
%x@=[0,08,0,8,0,08,08,8];

¥moduled 1 #IFR
N=188;

M=1648;
pd=zeros(N,M};
pd_1=zeros({N,M);
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pd_2=zeros(N,M);
k3i=linspace(©,100600,N);
L3j=linspace(d, 180686,M) ;
for i=1:N
k3=k3i({i);
for j=1:M
L3=L3j(3);
[~,moduled 1 x]=(odedS{@(t,x)moduled 1(t,x,k3,L3},t,x8));
moduled 1 vi=moduled 1 x(:,3);
moduled 1 v2=moduled 1 x(:,4};
moduled 1 alphal=moduled 1 =(:,7);
moduled 1 alphaz=moduled 1 x(:,8);
pa_1(i,jy=trapz(t({end-floor{10*T/8.2):end},-{-
k3*(moduled 1 wi{end-floor{18*T/8.2):end}-moduled 1 wv2{end-
floor(18*T/@.2):end) ). *2))./(10*T);
pd_2(i,j)=trapz(t({end-floor{18*T/8.2):end},-{-
L3*({moduled_1 alphal{end-floor(18*T/8.2):end)-moduled_1_alpha2{end-
floor(18*T/@.2):end) ). *2) ). /{10*T);
pa(i,3)=pa_1(1,3)+p4_2(1,3);
end
end
mesh{k3i,L3j,p4);xlabel{ k3" );vlabel( L3 };z1abel('P");title{'P & k3 #
L3 f&pE Y

¥moduled 1 {E£{z
prob4_1 = CreateProblem_4_1();
% options = optimoptions("fmincon”,...

% "Algorithm","interior-point®, ...
S "EnableFeasibilityMode® ,true,...
% "SubproblemAlgorithm”, "cg";. ..

* 'Display”’, "iter'};

options = optimoptions("fmincon",...
"Algorithm”,"interior-point™,...
"Display", "iter'};
k. k3=30880 ;
k@, L3=30608;
gs = GlobalSearch{FunctionTolerance=le-4};
[s0l14_1,fv14_1] = solve(probd4_1,ke,gs, 'Options’',options);

%moduled_1 5iE

k3=s0ld_1.k3;

Li=sald 1.L3;

[t,moduled 1 x]=odedS{@(t,x)moduled 1({t,x,k3,L3),t,x0);
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moduled 1 xl=moduled_ 1 x(:,1);

moduled 1 x2=moduled 1 x(:,2);

moduled 1 vi=moduled 1 x{:,3);

moduled 1 v2=moduled 1 _x(:,4);

moduled 1 thetal=moduled 1 _x(:,5);

moduled 1 thetaz=moduled 1 x(:,6);

moduled 1 alphalsmoduled 1 x(:,7);

moduled 1 alphaZ=moduled 1 x(:,8);

pd 1 1=trapz(t{end-floor{10*T/6.2):end),-(-k3*(moduled 1 vi{end-
floor{16*T/@8.2):end)-moduled 1 v2(end-
floor(18*T/@.2):end))."2))./(10*T);

pd 1 2=trapz(t{end-floor(16*T/0.2):end),-(-L3*{moduled 1 alphal{end-
floor(16*T/@.2):end)-moduled_1_alpha2(end-
floor{16*T/8.2):end)}.*2))}./{10%T);

Pd=pd 1 1+pd 1 2;

delta_theta=moduled 1 thetal-moduled 1 theta2;



error estimate. mlx iREAGLS 4B 5

clear

omega=1.9806;

ml=4866;
m2=2433;
mc=1891.89%;
rho=1825;
g=9.81;

R=1;

H_1=3;

k1=31557.298;
k2=80008;

kd=528.56018;
fmax=4896;

J1=1848.6332;
Je=7142.493;
L1=88%9@.7;
L2=250060 ;

L4=1655.909;
Mmax=2148;

T=2%pi/omega;
t=(9:8.2:108*T)";
%x@=[0,08,0,8,0,08,08,8];

¥moduled 1 #IFR
N=188;

M=1648;
pd=zeros(N,M};
pd 1=zeros(N,M);



pd_2=zeros(N,M);
k3i=linspace(©,100600,N);
L3j=linspace(d, 180686,M) ;
for i=1:N
k3=k3i({i);
for j=1:M
L3=L3j(3);
[~,moduled_1 x]=(oded5{@(t,x)Imoduled 1(t,x,k3,L3),t,x8));
moduled 1 vi=moduled 1 x(:,3);
moduled 1 v2=moduled 1 x(:,4};
moduled 1 alphal=moduled 1 =(:,7);
moduled 1 alphaz=moduled 1 x(:,8);
pa_1(i,jy=trapz(t({end-floor{10*T/8.2):end},-{-
k3*(moduled 1 wi{end-floor{18*T/8.2):end}-moduled 1 wv2{end-
floor(18*T/@.2):end) ). *2))./(10*T);
pd_2(i,j)=trapz(t({end-floor{18*T/8.2):end},-{-
L3*({moduled_1 alphal{end-floor(18*T/8.2):end)-moduled_1_alpha2{end-
floor(18*T/@.2):end) ). *2) ). /{10*T);
pa(i,3)=pa_1(1,3)+p4_2(1,3);
end
end
mesh{k3i,L3j,p4);xlabel{ k3" );vlabel( L3 };z1abel('P");title{'P & k3 #
L3 f&pE Y

¥moduled 1 {E£{z
prob4_1 = CreateProblem_4_1();
% options = optimoptions("fmincon”,...

% "Algorithm","interior-point®, ...
S "EnableFeasibilityMode® ,true,...
% "SubproblemAlgorithm”, "cg";. ..

* 'Display”’, "iter'};

options = optimoptions("fmincon",...
"Algorithm”,"interior-point™,...
"Display", "iter'};
k. k3=30880 ;
k@, L3=30608;
gs = GlobalSearch{FunctionTolerance=le-4};
[s0l14_1,fv14_1] = solve(probd4_1,ke,gs, 'Options’',options);

%moduled_1 5iE

k3=s0ld_1.k3;

Li=sald 1.L3;

[t,moduled 1 x]=odedS{@(t,x)moduled 1({t,x,k3,L3),t,x0);
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moduled 1 xl=moduled_ 1 x(:,1);

moduled 1 x2=moduled 1 x(:,2);

moduled 1 vi=moduled 1 x{:,3);

moduled 1 v2=moduled 1 _x(:,4);

moduled 1 thetal=moduled 1 _x(:,5);

moduled 1 thetaz=moduled 1 x(:,6);

moduled 1 alphalsmoduled 1 x(:,7);

moduled 1 alphaZ=moduled 1 x(:,8);

pd 1 1=trapz(t{end-floor{10*T/6.2):end),-(-k3*(moduled 1 vi{end-
floor{16*T/@8.2):end)-moduled 1 v2(end-
floor(18*T/@.2):end))."2))./(10*T);

pd 1 2=trapz(t{end-floor(16*T/0.2):end),-(-L3*{moduled 1 alphal{end-
floor(16*T/@.2):end)-moduled_1_alpha2(end-
floor{16*T/8.2):end)}.*2))}./{10%T);

Pd=pd 1 1+pd 1 2;

delta_theta=moduled 1 thetal-moduled 1 theta2;
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