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5.1.2 BRI L
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ARIEF NS F R ARSI, K% 3R S S AR R RGO E D b, DIV RGE O N
JEU R, W AT A AR R
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e A VG

0. O'SHIRES. FEAMIMER A
B2 RARZIATEE B3 ZIrEl
T2 x 3R y b7 ) b3 5 i S s R

ZFx —0: Fy —Fsing; =0

ZFy=0: Fg=G"— Fycos ;=0

X
Fy = 0.625v2 X Rh
Fy = pgn(hs —h)
(ShN
0.625v? X Reh = F; sin 6, €))
pgn(Rf - h) = Gy + Fycos 6 2)

S BRI 1L H RO AR R AR P SR G AR A LR, BIAAAE A0 N IR A BE o El ) AR 2
A58 LTS
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B 4 Zhiath L

PSRRI KRR . B0 B DM Bl R R S5 DR 2R i 1 B R AR B AT % . A B i)
shfatthgert, B R UIZRRRZ MBI . @ B KME 57.3°0, HE LM =W. & T N4 HE
B, GMONHIRatkm, 1321 BiMerRIEN:

e=%-57.3°

FH TR s T 7R P2 88 A A1 — S Y TRl P I XU 6 A BB AR /)N, BRI BT XUBE 05 R 2K
LR Ra peE o I O AT 7 N - R
5.1.2.2 EHIF /12D

PRy DY 5E 4 —FEM, KON 1m, BLARN 50mm, JREN 10kg MOEFA K. A% KT
BTSSR R R AT LR, B ANE I ENE S B, DARAHAR N B SRR AR B EETE L L
AR B o RN 7). D AE R EPIN IS AI &R, BEA T# D PERRES . 36 7N
(7=1, 2, 3, 4) W 31 B an ~ B s :

GV

B 5 BIRERIE
72 x sy BN TT R 3 9 L i ) S P T R
ZFx = 0: Fi sin Hi _Fi+1 sin 9i+1 =0 (3)

YF, =0: Fy0050;4 —F;cos0;—Fy,—G =0 (7)
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AV ER R TIECE
1 1
F; x El X sin(a; — 6;) — Fj1q X El X sin(6;;, —a;) =0 (1)

LT 245
H; = lcosa; (15)
AL DA J7 REARER DY 55 60 F) D A A e 475 50 o
5.1.2.3 WA E YRR #1200 P
EEEEE AN S KB AN, KO Imy AMEN 30cm, EBTEDN 100kg. BHHE T
HA R R B B YRR, AN BRI A BRSNS AD R AT RED
PR B B ERAE i 7K v 32 21 A3 0] SEBR 1 DL IR
Fiz = pyxgV
G =mg
m=p-V
V= gnR2
Beor B, A5
Ptk )
p
X EVERM R LR, Ga B REYER SRR R R EYER R & AR K P
JE S5 & R R . ATE e e GaEtki RS EEOR, p=19.32g-cm™), RAHHE:

02> G ~ 0.053G
o2 -

R AR S G KPR AL, EYIEKIIM IR 10CrMoAl (p = 7.65g - cm™). I,

3lm 3
R= ’—-— ~ 0.335m ~ 2.233R,
p 4

1.025
e G =~ 0.134G

WEER, BFy, <Fy,. Bk, EYBRGTZEA R 20,
RIS, OG0 8 P DR 8 By 6 508, 2 0 S PR SRR, {4 TR 5B TP
Heams . DRI, SRR IR B AR RO T PR A T P %
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K6 fil. EYMRRASRZE
£ x By v BOPEANTT 18 73 ) 51 i 0 2 T T R

X F, =0: Fgsinfs — Fy.sinf, =0
LA 0 NS i, R4S

(19)

1. e
Fy XEXSln(aﬁ —0,) — Fyy XE XSID(Q,{ﬁ —aﬁ) =0 (21)
FEYIRCESEACE
Hy = cosay, (22)
5.1.2.4 SHEERIE 1 £

WHSBRKEAL, RIERELHEE" |, RS ESRMEESR.
P NBURBE (ds), JUAT LR B B KL 0 M B2 0 BIUROT (dy) M ds on, AEHE

WS BB FTLAMEE] v 55 s st

K7 s A & 8 ST



Ve ds SHEIRAII A N, W U8 RAERS
Fies

57

2 2
,V'§a+f'm¥
Fe

JFPmn T F o

Hrp, Fg o RN HBERMOTI K DK 8 BRI 71, F o RSB I 3K i BT 1A L
1377
XHABEREATER 07 A 00T, R BE S 4 DA AHE, SEERI T R 9K i Kr B9y g A
T EE BT ST Fos B BE TG RZ B B PR K M7 77, Bt DA BE OGO 5K 0y B BT 1 B9 7
PRI B E S 5IF NG T, WA
F jop =Fy sin 6, = Fy sin 6, (23)

sing =

dy =ds-sing =ds -

Fy i =Fyy cos 0y = mgs — pgAs + Fo cos 0y (24)

Xt dy FREARY, H
s s s F&&E
y fo y fo S:sing fo S

JF T F

N TS, 4
a=mg—pgA
b = F, cos 6,
¢ = Fysinf,

as+b

arctan

(25)

(25) AT TH SR BE T AR AR -

AN H B2 s ) A i A BB R S o LA B BT T A R e AR B A K (U AR T #8001
FEHEIR £ ROHTER . AR10,  GEN il FHE I, S85E AT 20 8 PSR AE e IR EAEAE g K R &t 2y, |l
HVVETT 0 S IRELR I N0, (WTNEFR). 018 A N90°RT, HEREANFHHEAT, BAEMAKH
BRI SO B SR B K
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|
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|
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| Vi
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B 10 REEHWAEE
A = ARG K IR P AN 1B B Al e K P AN B L e K R L ) LK
1P

4
2-h)+ Z H;+ Hy + vy =18 (26)
5.1.3 HRAKRAE -

B i 1 7 X # realv BB 7E 10-30m - s™5E Fl P9« B T-0, Flls3 oy A&, BRSZ FiR (1) ~(26)
SRR N R IGVEE, 5% realv = 21.9200m - s~ . PARIARG SR LK E y ST
IKIRFE R E R, AR RGEHKEE h yEAR R, ¥ B AR 0~2 208, #7754 &, § MATLAB
B, A PRI 7 AR B R0 R G A A P K R BT I KR BE 18 m R, 43Sl iR K
Wy 12m/s CRiBEHHD . 24m/is CREREA ML) HOTEDL. VEARSE R AT RITR:

B 12m/s 24mls
PRRIUR A o 1.209° 4.584°
a 1.163° 4.429°
4 :
» a, 1.175° 4.458°
B R
as 1.180° 4.486°
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a;(i=1,2 a, 1.186° 4521°
1314)
OWIUEIRZ, S 5K I f 4.561°;
N ‘ @z HrERIEA:
(06.253m K585 G 7E IR L J
N o i y = 15.7338(1/(0.0636s + 0.0798)2 + 1
@R 458 B HUTFERIA R (
HEET IR y =3.9763(/0.25155% + 1 — 1) - 1.0032)
x = 3.9763In(;/(0.25155)2 + 1 x = 15.7338 [ln (\/(0.06365 +0.0798)2 + 1
+0.2515s) +0.0636s + 0.0798)
- 0.4703]
Wz KR FE h 0.6816m 0.6958m
W X0 R 14.6591m 17.7716m

5.1.4 BEKK

£ 1 12m/s. 24m/sKRE T REGH 7 SRS

I
25

L I L
5 75 10 125 15

A 11 K 12m/shH iR RsE R

15

125¢

10 -

5t

st

25+

1}

1 L L L L L L
] 25 5 7.8 10 125 15 175 20

B 12 R 24m/shH SRS R E

FESE— IR, BEESEER B 210 BoBE M, AR A S B PR R R Y B 2k, JF
KRR 00 J7 iR AT SR A o

LR
SEPR b, BEEZR T AR AT DRI Hi AR R SR AL I R R I B K By SRR KT K B X
AL B R
y = a(cosh (a) ~1)
Horp
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ToFe Al B TR 7 70 0K o B, FH B /K O 1) 52 20 P on] L Fo R Ty, 0D, 1tk
SN AT 55 T Fy o

RGHE Ay 12mis IS FEA — M EIR b, XGEDY 24mis I AR, i LAURIE )y 24m/s B
(R B REAT LU, To MBS T 941.87N, P [{E%5 T 68.6N/m.

AR -

TETF] — AL bR Z& P AR — R T TR R y 5 x B

a

& 13 AR A
AUVE M, Wi CRI7 ot — S e i s IRt 40 TRECy R, y B8
12.3012m (#E4Y—) 1 12.5824m CREEL T MHEAKR, KitHE, HERZITEINERSN RN
ARG SHE GHR —HRN S SHUEMZEA R I UTIAE T — 14 B i

5.2 A~ EYRFEEMAHEE
5.2.1 BRI —KHEMAH

KR — BT 5 A SN R A AR I 5 OBE . BBELE RN AL SR IR A AN
i 16 FEX AN LR ARAF IGO0 N SR A, £

AGE 36m/s

DR TR A o 9.482°

a; 9.190°

N R a, 9.242°
fia;(i=1,2,3,4) as 9.299°
a, 9.356°
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OHRETE S 1 S IRI I A1 20.867°;
QFIARIR IS HOITHERIE A
AR y = 34.7849(,/(0.0287s + 0.3811)2 + 1 — 1.0702)

x = 34.7849(In(y/(0.0287s + 0.3811)% + 1 + 0.0287s
+0.3811) — 0.6303))

Nz /KR FE h 0.7185m
Wesh X R 18.8799m

£ 2 36m/sRE T RAF > EHWRES

15

1281

10F

fii

s

25

]

L L L L L L L
0 25 3 75 10 125 15 17.5 20

B 14 RJE 36m/sEH R RAE E

P bR 45 SR AT S, X A 36m/s Bt AT AR A1 1Bl 7 i A 5 T AR P e Ay R T e R BRAR
A AR — R N RIAREAREIER LA, B DURE 28 15 R0 RGN R0 Rk 17
FPRE. MR, A R I R T A ER I P RIS B RV RS W E SR . TG E
VER T B AR ALAS T F) LA N 2
5.2.2 A A

FERRL — [ JE R XA AT s, DU AR BEASER I 5 JB 48l 7 il o Ak 5 PR )
SR 16 FE N LIRS, EPIBRI TRy F AR SR, 32 FRE AR — v (R 005 B 75 7R HH i /2 20 PR 4%
R ER /B ={ii N
5.2.3 AR

FERLRL — [ it b RIREHb IS 5 RGEH AT 2 F1 00 0T, HEIR1Y B BRI 2 PR, BB K
EERF R, BRI R BN 5 R, B RECE R A S PR I AN 16 BE . AU
SR IX AN S 1 FE AR5 R B Dy S A Y B AR

SRASEYERI &N 2225kg. XM HIRFARAZRSSEEW T :

DR ANARIARL M B 4.52°, WEMRHAE R L2 T 00008 4.43°, 4.45°4.47°, 4.49°, HEEERIR:
HEBEAEHE SR JE AN 15.98°, RIRIR NIILL, FARIINZKIRE N 0.98m, {Fhriish X BN TE
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W VRS A, 242N 18.5437m IR .
ek E TR SO R RIS
y = 27.5782(,/(0.0363s + 0.2863)2 + 1 — 1.04)

x =27.5782x (In (,/(0.0363s + 0.2863)2 + 1 + 0.0363s + 0.2863) — 0.2825))
B FaREE T A, HEPER 2225kg B R R Guik B T ANAR IR A EEAN KR 5 B, BERE T4 T
A5 EIR I R A ANEEIE 16 BEIXPIANLIR 6. 2225Kg A ELAE R IR S AR T &
5.2.4 HELFH
AR AR R — SR /b T R X — DA, LT RE RS T AL, (HEAER
JoR R D 52 B M U e P 5 Rk o T DA TR A PR 7 75 S T AR S R X — i T B R

5.3 A= BETFRMEMKRBERA R IR
5.3.1 A

FERSAY — . T RFERE B SEINTIEKIR TT, AR T YEARER P E N AR P AR A — K T R
HATHNTE . ARG R RGO EORIEAAR R, HR R HEiE BUE R4, @ sraiiibds
PRo FEHEDL ARG O T S 2 R PRI DL N R AR G H TARZ AR R 4 G AL TR br i
NHITTS, I KR L . GRS S AR . EBRERR, 0K AR LR T SR AN
TANERIBR AR SRR, AR AOUZ KR LA 3l X 35

5.3.2 HAIgRL
5.3.2.1 LZERMIRIFHIESE

ARAE Z2 70 2R Gu BV A5 A 1 W 7 TR FEE AR 31 X 3 S AR R T 7 B2 R AT e /N B3R, 1040
SEVERRIZKUEREE « sl X AN WURL A B R R GBI AR bR . dn SR B8 B — MR R
FIRERT AT RAK, R = TR A AR AR ELAEAE DI, Gk N EA (R 0RE £ B2 VT 2 LA I A
W KR BE AR, BRI ks =AM febr s 5 % R

FEARRENS I R A MU 5 22 KR R B/ AR ANREDTIG, T 2 DXI U sk 1 AR (X A e A2
FE, ANAmIRHE N T 5o R RIARGIET TAEM & the 32 Fok, SRR INE T, MRE AT i
THE R H R, JATHE 1 AN IR L . FEARIZ KR L L sl X =N R PR HD AR A

| e

=

I
s LA
W = = | =

RIS 293 CRED) SR & FebR FBUCE R4 PIRIT -
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FEFE A BF—FH— 415 2056 FF B;

KR B 817 o R I FAES B — A 51 n 47 I FERE C:

FERE C B A I sk BE 7] & .

SRAFIFERIC/KIREE « Vsl X3, B9 (0 A} A B2 (R A = 3R 2053 791y 063, 0.26, 0.11.

XTVEFRIZ AR TSN X 38 AR TR B = ML TR AR E T — e b B, 4 b R ()7 bz
KIREEEAE hg, FARIES X IHICAE Ry, WNARIURIAECE 65, ZREALIRFRICAET o

e

f=0.63Xhs+0.26 X Ry +0.11 X 6,

5.3.2.2 RHRGHF /1% 0

FE2%5 I K TR MBS, S HFbR . A 8. BEEIERE 0200, PP IR A R EA
TSP EER S O AR, BRI, RINRGS 2 AT B SRR — o iR it b &g, R
Bt E AR

FEARIER SIS

E x FhA y 507 B4 T80 H 2 A R

ZFX=O' FN+F7J<_F15in91=0
ZFy:O: Fy—G—Fcosb; =0

e
Fy = 0.625v2 X Rsh
Fy = pgn(hs — h)
= 374v® X Ry X (2 — h)
(GH
0.625v% X Reh 4 37402 X Rp X (2 — h) = F; sin 6, €))
pgn(Rf = h) = Gy; + Fy cos 6, (2)
WE KE 5T
FE x Hily BRI R 20 90 R i A T TR
ZFx =0: Fi sin9i _Fi+1 Sin9i+1 _F7J(i =0 (3)~(6)
XF, =0: Fyyycos8;yq —Fjcos0;—Fy, —G; =0 (7)~(10)

F ;= 374 x H; X 0.05v?
F T 5 75

1 1
Fi X El X Sil’l((li - 91) - Fi+1 X El X Sin(9i+1 - O!i) =0 (11)

SEYREES G
H; =lcosq; (15)

15



PA L5 BEARER DY 19 AN B DY A AS [R5 L

PR BRI ST

FE x sy BN TT 0 3 9 L i ) S P i T R
XF =0: Fysinfs — Fsin@y — F . =0 (19)
X E, =0: Fscosfs + Fiopg + Fipgp — Gy — Gy — Fycos 0, =0 (20)

F 5 = 374 X Hyg X 0307
S AL IRV E e F N =P ER R R

1. 1
Fy XEXSln(aﬁ —0,) — Fy XE XSID(Q,{ﬁ —aﬁ) =0 (21)
SEYIRCESEACE
Hy =cosay (22)
BRI 12

X EEBEAT I 1220, A EE SRR DUAA HE,  SREEROT Tk J1R KT 7 18 B R oy o RiAE
TR S BEIRL Ry B BEROT 2 B E MK R AT, BT MR SEROC 5K s R BT A )
NETHZ BN E N SEANE T, B

F s =Fysinfy= Fy sin 6, (23)
Fig e =Fy cos 0, = mgs — pgAs + Fy cos 6, (24)
xfdy RIEAR Dy, A
S S S Fl
y=fdy=fds-singo=fds- ==
’ ’ ' Fogp TF v
NT TR, &
a=mg—pgA
b = F,cos 8,

¢ = Fysin 0y — 374 x 0.02(H — Z H; — (2 — h))v?

c 1 arctan'ls e
N a_ ' cast arctanl—, (25)
=L - C - 3
T a cos(arctanasT“') cos(arctan%)
(25) A AT TSR BE AR AR -
B 7 ISR BRI AT -
4
2—h)+ Z Hy+ Hy 49y =18 (26)

i=1

5.3.2.3 tRAEALTTEE
PURGHE . KIRIERE . iR S MK E . SRR ENEEE, HETHZERZ HEHARE
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A, FATR AN B 7077 A2 WGy 18mfs, JKITE DY 0.75m/s, /KRy 18m I EHESL T X 4
FRPRGHAT IR, UURBERFAENRIES T OREFERTT F AR HIE R ROR, KEEA 16m Al
20m ILPTAMIBDL) REWs IR TARNAR KA, ULAE AR f B/ B AR, 300 2 LR AR
BEETL S A . BRI R

5.2.3.4 AR

TET AR PR DL AT LA TAR RGO T, XA PRl B A — AL 15 SR A LA S A /N O -
ihs) R R YRR E srer AL AE bR

| 32.37m 4900kg 0.9691

I 28.245m 4700kg 0.9004

1T 25.08m 4500kg 0.8442

v 21.9m 4500kg 0.8036

v 20.52m 4200kg 0.7631

R 3 AFEERS TR
RS V Rt br ey, BRI, BTRLEBOXFPBeih: i8R 20.52m, 50
V, BEYIERJFE 4200kg. REBSHAT FIH 2 2K .
5.23.5 RHRABIERIT
I =ML EAT TR, DU 4
1RGE 27m/s, 7K3E 0.75m/s, JrlAl[E [A], ZKI 20m.

DL AN AR AL A R 1550, ANEHIAAE R EE N0 h 1.44°, 1.46°, 1.48°, 1.50°. VFEARHING
KIRPEAN 1.6144m, 1FFriiE s XSONTERE B VRS vrboty, 488 10.4201m HIE
HisE TR S BT R RIE A

y = 4.7376(,/0.0446s% + 1 — 1)
x = 4.7376 x (Iny/0.0446s2 + 1 + 0.21115s)

2. X# 24mis, KK 1m/s, J5mIEHE, ZKIE 16m.

DU ANRR AR M R 2.27°, ANEEIRIAE R B2 a5 2.07°, 2.11°, 2.14°, 2.17°. FihrHINZ
IKIRFE N 1.6144m, J5briiah X IHCONTERETH LD b0, 488 12.7424m HIH .
Bk m TR ST R RIE

y'= 6.9747(4/0.020652 +1 = 1)
x = 4.7376 X In(y/0.0206s2 + 1 + 0.1434s)

3. Xk 15m/s, 7KiE 0.5m/s, J7lAlfaE ], 7K 18m.

BN AR AL A B 0.620, AMEMHIARNAE R EE R0 0.57°, 0.58°, 0.59°, 0.60°. VFEARHING
IKIRFEAN 1.6144m, IFbriiE s XN TR _E DA ey, 4274 5.9076m R .
s TR S BT R R IE A

y =1.9065(/0.2751s2 + 1 — 1)

x = 1.9065 x (Iny/0.2751s2 + 1 + 0.5245s)
HTRIEAR, R —Eo e s R E .
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125+

7.5

251

o 25 5 75 10 125 15

& 15 28 2 PR R A B B

ZHRE L BAR RL A AN, AR S X R LR AR, W2 KR FE KR R T B T
T PRI N RIA R GRS IEH TR /5 EER T Bk,
5.2.3.6 AT SR

5 = 1) (KSR AR P RAT R TE RN R GAERIRIGI T RESS 1EH LAEMRIEE N i RIARS, R
SR EYERRE S — ARG AR, AR I AR o 3K 5538 AR BRI I 1 S R AR R A
AN FRABHE R, BT BV R R, DRSE R — B R IR b, X
FE—E R LRER & T AR e .

ABRATE TR RN RGN B 5 KIETIREH IS, BITH RN ARG T REAEIE R R, A
B s TESERRRIT R, W] DA 25 RO U THI R R 3R, K R 2 A R P R A — s R BR A
BB U b 2 S PR R 75 3R

VAR - bitha i
6.1 Al —, —.

6.1.1 IRZ 5T

LAEM/KEIERITE LR, R AR SR R B TR 1 & 45 M RSB AT R AL T R — R ESFIE , E
BEAb T F2 G0 v RS2 T 1 IATAE — RE S

2 48R 1) RN R AT R A S I AT 2B

BSERBRIEWL T, AR K RUBTA X 22 407 A IO A 55 5 AL LE 23 B0 RN [RS8 2 PR mT e A 22001

4 RV E % BER A, FRATTAR A TR 49 A B 7T R85 SRR AR A e 2 .

6.1.2 RBUEDHT:
WAL R (1) ~ (26) SHFE, LUFMRASGHKEE h AEEE, FIFH MATLAB, f#H7E

I 07 AR B 2R A AR G0 B 1) PO R i KR 18m RO R Bdl OR B 2 /MU
18



VU7, K753 h=0.3184m, LI /KK N 17.9940m, 545444440 % 0.0060m.
AR 245 K PR IO R . BUB KA 0.0001, B3RS Bl B v AH 4R\ ZH 5k
5, WFRPIR:

h(m) 1.3180 | 1.3181 | 1.3182 | 1.3183 | 1.3184 | 1.3185 | 1.3186 | 1.3187 | 1.3188

2-h(m) | 0.6820 | 0.6819 | 0.6818 | 0.6817 | 0.6816 | 0.6815 | 0.6814 | 0.6813 | 0.6812

H'(m) | 18.2005 | 18.1489 | 18.0972 | 18.0456 | 17.9940 | 17.9424 | 17.8908 | 17.8392 | 17.7877

AH(m) | 0.2005 | 0.1489 | 0.0972 | 0.0456 | 0.0060 | 0.0576 | 0.1092 | 0.1608 | 0.2123

R4 MKREREERS
A AR HE A2 BV A h=0.3184m Dy Bt fif, H AL B AERLAZ 0.0001 X fip >R 45 R KIS M AR K,
PR SRR e, IS8 AIE T AR SR AR AR B 1

6.2 BB =

6.2.1 IRZ 5T

LA KIRBNITE LR, Vb5 0] B 52 BB I AR A0 R S 4410 0, A BT i /K I AR e
ST R .

2. /K BHLJE T BEXT R RGN 52 14— E AR o

3.4l B AN R AT R AR I AT 2 T

4 FE BRI RSB (V)3 BE R, FRAT TR W B 45 O 25080 1T e 5 S B 0 A 2 R 2

6.2.2 HEEPEA)

AR AL iets, IF HAEREHEI T SR 5%, FR L R RS AN
PRV R IE R TR, SR B R — BT T R EbriEn B ANER B RHRGZ B E
X AE RN AT B RN X B A S R S AN . B IR A L AR BETIR . AR
W2 KR FE AN sh X 3, B N —ANBEH R 2 T ISR, B — M S ThEe rBCA T & 1)
R,

t. NHER
BHEEEFRRS

PR R IA RGBT R AR ER & 1) AR A 2 57 5 it kA 4 B SE  3

HEVE BORHT AR R GUTE DU E AR RO AR o B4, DA R EE . 151, &4 R 5 %
ORI, DLESIMO TR R, ULEE . BT PRI & oy LUK S N i 28 B AL
BN R ARG, 2016 £4), (AMR) ZE IR T 2 RARH TR Argo ) BL— e [F] #h s
SEVERR, AR F AL B S 5 DL AT AR X BRI BURRF AR R GAE 2RI B 26 AF T
AT AR MBORSIRF o (BI04 R GEA7AE 1A ) L A5 AR e ORPER IR A . M b A
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Y5 Ay SEVERS A AN R A5 T I
ASCEIRAER, B L T B RS T R RS0 ALk, EET AU LSS
B RNRIBAE AR AR E VE DT A TR BORHE AR R SR T SR i AT .

I\\ BFE R
(1] AEAR, FHERICZ SR, http://baike. baidu. com/view/604101. htm , 2016.9. 10 .
(2] WF, WHERE RS E R AL, REERZEM LA 5C, 2012, 11,
(3] R&EE, Tk, ETEFELENMEERKERTE, (PEKEZHTD) 139-139, 2013.1.
(4] FBMS%, EEEZCRMIEFEZEREN RS, CQLARFEE)  1-9, 1990. 02,

(5] BEAR, BRSO, http://baike. baidu. com/item/%E5%B1%82%E6%ACKA1%E5%88%86
%EG%IE%I0%EG%B3%95/1672, 2016.9. 11,
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B % -

PAF B35 matlab #1444 .

Bt 1 [ — RGE 12ms B % 23055 matlab £ 65
p=1025;

v=12;

0=9.8;

Mbuoy=1000;

Mtube=10;

Mdrum=100;

Mball=1200;

Ltube=1;

Dtube=0.05;

Ldrum=1;

Ddrum=0.3;

§=22.05;

m=7;

Gbuoy=Mbuoy*g;

Gtube=Mtube*g;
Fftube=p*g*Ltube*pi*0.25*Dtube*Dtube;
temp=Gtube-Fftube;
Ffdrum=p*g*Ldrum*0.25*pi*Ddrum*Ddrum;
Gdrum=Mdrum*g;

Gball=Mball*g;
Ffball=Gball/7.46;%7.65/1.025=7.46
realh=100;

judge=100;

% h=2-((Gbuoy+4*temp+Gdrum+Gball-Ffdrum-Ffball+0.87*m*s)/(p*g*pi));
% realh=0;

% thetaO=pi/2;

% Fwind=2*0.625*h*v*v;

% FO=Fwind/sin(theta0);

% a=0.87*m*q;

% b=F0*cos(theta0);

% c=F0*sin(theta0);

% y=(c/a)*(1/cos(atan((a*s+b)/c))-1/cos(atan(b/c)));

for h=1:0.0001:1.5
Fwind=2*0.625*h*v*v;
Ff=p*g*pi*(2-h);
thetal=atan(Fwind/(Ff-Gbuoy));
F1=Fwind/sin(thetal);
theta2=atan((F1*sin(thetal))/(F1*cos(thetal)-temp));
F2=F1*sin(thetal)/sin(theta2);
theta3=atan((F2*sin(theta2))/(F2*cos(theta2)-temp));
F3=F2*sin(theta2)/sin(theta3);
thetad=atan((F3*sin(theta3))/(F3*cos(theta3)-temp));
FA=F3*sin(theta3)/sin(thetad);
thetab5=atan((F4*sin(thetad))/(F4*cos(theta4)-temp));
F5=F4*sin(thetad)/sin(thetab);
thetachain=atan((F5*sin(theta5))/(F5*cos(theta5)+Ffdrum+Ffball-Gball-Gdrum));
Fchain=F5*sin(theta5)/sin(thetachain);
%  thetaO=atan((Fchain*sin(thetachain))/(Fchain*cos(thetachain)-0.87*m*g*s));%7.81/1.025=7.62
1-1/7.62=0.87
thetaO=pi/2;
FO=Fchain*sin(thetachain)/sin(theta0);



s=(Fchain*cos(thetachain)-FO*cos(theta0))/(0.87*m*q);
a=0.87*m*g;

b=F0*cos(theta0);

c=FO0*sin(theta0);
y=(c/a)*(1/cos(atan((a*s+hb)/c))-1/cos(atan(b/c)));

alphal=(F2*theta2+F1*thetal)/(F1+F2);
alpha2=(F3*theta3+F2*theta2)/(F2+F3);
alpha3=(F4*thetad+F3*theta3)/(F3+F4);
alphad=(F5*theta5+F4*thetad)/(F4+F5);

Alpha=acot((F5*cos(theta5)+Fchain*cos(thetachain)+Gball-Ffball)/(F5*sin(theta5)+Fchain*sin(thetachain
));

H1=cos(alphal);
H2=cos(alpha2);
H3=cos(alpha3);
H4=cos(alpha4);
Hdrum=cos(Alpha);
Hriver=2-h+H1+H2+H3+H4+Hdrum+y;
if(judge>abs(18-Hriver))
realh=h;
judge=abs(18-Hriver);

end

end

h=realh;

Fwind=2*0.625*h*v*v;
Ff=p*g*pi*(2-h);
thetal=atan(Fwind/(Ff-Gbuoy));
F1=Fwind/sin(thetal);
theta2=atan((F1*sin(thetal))/(F1*cos(thetal)-temp));
F2=F1*sin(thetal)/sin(theta2);
theta3=atan((F2*sin(theta2))/(F2*cos(theta2)-temp));
F3=F2*sin(theta2)/sin(theta3);
thetad=atan((F3*sin(theta3))/(F3*cos(theta3)-temp));
FA=F3*sin(theta3)/sin(thetad);
thetab=atan((F4*sin(theta4))/(F4*cos(thetad)-temp));
F5=F4*sin(thetad)/sin(thetab);
thetachain=atan((F5*sin(theta5))/(F5*cos(theta5)+Ffdrum+Ffball-Gball-Gdrum));
Fchain=F5*sin(theta5)/sin(thetachain);

%  thetaO=atan((Fchain*sin(thetachain))/(Fchain*cos(thetachain)-0.87*m*g*s));%7.81/1.025=7.62

1-1/7.62=0.87
thetaO=pi/2;
FO=Fchain*sin(thetachain)/sin(theta0);
s=(Fchain*cos(thetachain)-FO*cos(theta0))/(0.87*m*q);
a=0.87*m*q;
b=F0*cos(theta0);
c=F0*sin(theta0);

% y=(c/a)*(1/cos(atan((a*s+b)/c))-1/cos(atan(b/c)));

coel=c/a;

coe2=h/c;

coe3=a/c;

y=coel*(sqrt((coe3*s+coe2).”2+1)-sqrt(coe2./2+1));
x=coel*(log(sqrt((coe3*s+coe2)."2+1)+coe3*s+coe2)-log(sqrt(coe2.2+1)+coe2));



alphal=(F2*theta2+F1*thetal)/(F1+F2);
alpha2=(F3*theta3+F2*theta2)/(F2+F3);
alpha3=(F4*thetad+F3*theta3)/(F3+F4);
alphad=(F5*theta5+F4*thetad)/(F4+F5);

Alpha=acot((F5*cos(theta5)+Fchain*cos(thetachain)+Gball-Ffball)/(F5*sin(theta5)+Fchain*sin(thetachain
));

H1=cos(alphal);

H2=cos(alpha2);

H3=cos(alpha3);

H4=cos(alpha4);

Hdrum=cos(Alpha);

Hriver=2-h+H1+H2+H3+H4+Hdrum+y;
R=x+22.05-s+sin(alphal)+sin(alpha2)+sin(alpha3)+sin(alpha4)+sin(Alpha);

BEAF 2 1] R — e SR A 5 XA R
p=1025;

0=9.8;

Mbuoy=1000;

Mtube=10;

Mdrum=100;

Mball=1200;

Ltube=1;

Dtube=0.05;

Ldrum=1,;

Ddrum=0.3;

§=22.05;

m=7;

Gbuoy=Mbuoy*g;

Gtube=Mtube*g;
Fftube=p*g*Ltube*pi*0.25*Dtube*Dtube;
temp=Gtube-Fftube;
Ffdrum=p*g*Ldrum*0.25*pi*Ddrum*Ddrum;
Gdrum=Mdrum*g;

Gball=Mball*g;
Ffball=Gball/7.46;%7.65/1.025=7.46
judge=100;

realv=0;

for v=10:0.1:30
h=2-((Gbuoy+4*temp+Gdrum+Gball-Ffdrum-Ffball+0.87*m*s)/(p*g*pi));
thetaO=pi/2;
Fwind=2*0.625*h*v*v;
FO=Fwind/sin(theta0);
a=0.87*m*q;
b=F0*cos(theta0);
c=F0*sin(theta0);
y=(c/a)*(1/cos(atan((a*s+b)/c))-1/cos(atan(b/c)));
if(judge>abs(18-(2-h)-5-y))
judge=abs(18-(2-h)-5-y);
realv=v;
end
end



BEAF 3 Rl — . XU 24m/s I 36m/s I &2 5% matlab 4GRS (36mi/s I R K58 —ATHI v BN
36)
p=1025;
v=24,
g=9.8;
Mbuoy=1000;
Mtube=10;
Mdrum=100;
Mball=1200;
Ltube=1,;
Dtube=0.05;
Ldrum=1;
Ddrum=0.3;
§=22.05;
m=7;
Gbuoy=Mbuoy*g;
Gtube=Mtube*g;
Fftube=p*g*Ltube*pi*0.25*Dtube*Dtube;
temp=Gtube-Fftube;
Ffdrum=p*g*Ldrum*0.25*pi*Ddrum*Ddrum;
Gdrum=Mdrum*g;
Ghball=Mball*g;
Ffball=Gball/7.46;%7.65/1.025=7.46
realh=100;
judge=100;

% h=2-((Gbuoy+4*temp+Gdrum+Gball-Ffdrum-Ffball+0.87*m*s)/(p*g*pi));
% realh=0;

% thetaO=pi/2;

% Fwind=2*0.625*h*v*v;

% FO=Fwind/sin(theta0);

% a=0.87*m*g;

% b=F0*cos(theta0);

% c=F0*sin(theta0);

% y=(c/a)*(1/cos(atan((a*s+b)/c))-1/cos(atan(b/c)));

for h=1:0.0001:1.5
Fwind=2*0.625*h*v*v;
Ff=p*g*pi*(2-h);
thetal=atan(Fwind/(Ff-Gbuoy));
F1=Fwind/sin(thetal);
theta2=atan((F1*sin(thetal))/(F1*cos(thetal)-temp));
F2=F1*sin(thetal)/sin(theta2);
theta3=atan((F2*sin(theta2))/(F2*cos(theta2)-temp));
F3=F2*sin(theta2)/sin(theta3);
thetad=atan((F3*sin(theta3))/(F3*cos(theta3)-temp));
F4=F3*sin(theta3)/sin(theta4);
theta5=atan((F4*sin(thetad))/(F4*cos(thetad)-temp));
F5=F4*sin(thetad)/sin(theta5);
thetachain=atan((F5*sin(theta5))/(F5*cos(theta5)+Ffdrum+Ffball-Gball-Gdrum));
Fchain=F5*sin(thetab)/sin(thetachain);
thetaO=atan((Fchain*sin(thetachain))/(Fchain*cos(thetachain)-0.87*m*g*s));%7.81/1.025=7.62

1-1/7.62=0.87

FO=Fwind/sin(theta0);

% thetaO=pi/2;

% FO=Fchain*sin(thetachain)/sin(theta0);



% s=(Fchain*cos(thetachain)-FO0*cos(theta0))/(0.87*m*q);
a=0.87*m*g;
b=F0*cos(theta0);
c=FO0*sin(theta0);
y=(c/a)*(1/cos(atan((a*s+b)/c))-1/cos(atan(b/c)));

alphal=(F2*theta2+F1*thetal)/(F1+F2);
alpha2=(F3*theta3+F2*theta2)/(F2+F3);
alpha3=(F4*thetad+F3*theta3)/(F3+F4);
alphad=(F5*theta5+F4*thetad)/(F4+F5);

Alpha=acot((F5*cos(theta5)+Fchain*cos(thetachain)+Gball-Ffball)/(F5*sin(theta5)+Fchain*sin(thetachain
));

H1=cos(alphal);
H2=cos(alpha2);
H3=cos(alpha3);
H4=cos(alphad);
Hdrum=cos(Alpha);
Hriver=2-h+H1+H2+H3+H4+Hdrum+y;
if(judge>abs(18-Hriver))
realh=h;
judge=abs(18-Hriver);

end

end

h=realh;

Fwind=2*0.625*h*v*v;
Ff=p*g*pi*(2-h);
thetal=atan(Fwind/(Ff-Gbuoy));
F1=Fwind/sin(thetal);
theta2=atan((F1*sin(thetal))/(F1*cos(thetal)-temp));
F2=F1*sin(thetal)/sin(theta2);
theta3=atan((F2*sin(theta2))/(F2*cos(theta2)-temp));
F3=F2*sin(theta2)/sin(theta3);
thetad=atan((F3*sin(theta3))/(F3*cos(theta3)-temp));
F4=F3*sin(theta3)/sin(theta4);
thetab5=atan((F4*sin(theta4))/(F4*cos(theta4)-temp));
F5=F4*sin(thetad)/sin(theta5);
thetachain=atan((F5*sin(theta5))/(F5*cos(theta5)+Ffdrum+Ffball-Gball-Gdrum));
Fchain=F5*sin(theta5)/sin(thetachain);
thetaO=atan((Fchain*sin(thetachain))/(Fchain*cos(thetachain)-0.87*m*g*s));%7.81/1.025=7.62

1-1/7.62=0.87

FO=Fwind/sin(theta0);

% thetaO=pi/2;

% FO=Fchain*sin(thetachain)/sin(theta0);

% s=(Fchain*cos(thetachain)-FO*cos(theta0))/(0.87*m*q);
a=0.87*m*q;
b=F0*cos(theta0);
c=FO0*sin(theta0);

% y=(c/a)*(1/cos(atan((a*s+b)/c))-1/cos(atan(b/c)));
coel=cla;
coe2=h/c;
coe3=alc;
y=coel*(sqrt((coe3*s+coe2)."2+1)-sqrt(coe2./2+1));
x=coel*(log(sqrt((coe3*s+coe2)."2+1)+coe3*s+coe2)-log(sqrt(coe2.2+1)+coe2));



alphal=(F2*theta2+F1*thetal)/(F1+F2);
alpha2=(F3*theta3+F2*theta2)/(F2+F3);
alpha3=(F4*thetad+F3*theta3)/(F3+F4);
alphad=(F5*theta5+F4*thetad)/(F4+F5);

Alpha=acot((F5*cos(theta5)+Fchain*cos(thetachain)+Gball-Ffball)/(F5*sin(theta5)+Fchain*sin(thetachain
)

H1=cos(alphal);

H2=cos(alpha2);

H3=cos(alpha3);

H4=cos(alphad);

Hdrum=cos(Alpha);

Hriver=2-h+H1+H2+H3+H4+Hdrum+y;
R=x+22.05-s+sin(alphal)+sin(alpha2)+sin(alpha3)+sin(alpha4)+sin(Alpha);

B 4 1) X 36mis 1 17 BRI & S ARAD
p=1025;

v=306;

0=9.8;

Mbuoy=1000;

Mtube=10;

Mdrum=100;

Ltube=1;

Dtube=0.05;

Ldrum=1,;

Ddrum=0.3;

§=22.05;

m=7,

Mball=2225

Gbuoy=Mbuoy*g;

Gtube=Mtube*g;
Fftube=p*g*Ltube*pi*0.25*Dtube*Dtube;
temp=Gtube-Fftube;
Ffdrum=p*g*Ldrum*0.25*pi*Ddrum*Ddrum;
Gdrum=Mdrum*g;

Ghall=Mball*g;
Ffball=Gball/7.46;%7.65/1.025=7.46
realh=100;

judge=100;

t=3000;

% h=2-((Gbuoy+4*temp+Gdrum+Gball-Ffdrum-Ffball+0.87*m*s)/(p*g*pi));
% realh=0;

% thetaO=pi/2;

% Fwind=2*0.625*h*v*v;

% FO=Fwind/sin(theta0);

% a=0.87*m*g;

% b=F0*cos(theta0);

% c=F0*sin(theta0);

% y=(c/a)*(1/cos(atan((a*s+b)/c))-1/cos(atan(b/c)));

for h=1:0.0001:1.5
Fwind=2*0.625*h*v*v;
Ff=p*g*pi*(2-h);
thetal=atan(Fwind/(Ff-Gbuoy));



F1=Fwind/sin(thetal);
theta2=atan((F1*sin(thetal))/(F1*cos(thetal)-temp));
F2=F1*sin(thetal)/sin(theta2);
theta3=atan((F2*sin(theta2))/(F2*cos(theta2)-temp));
F3=F2*sin(theta2)/sin(theta3);
thetad=atan((F3*sin(theta3))/(F3*cos(theta3)-temp));
FA=F3*sin(theta3)/sin(thetad);
theta5=atan((F4*sin(theta4))/(F4*cos(thetad)-temp));
F5=F4*sin(thetad)/sin(thetab);
thetachain=atan((F5*sin(theta5))/(F5*cos(theta5)+Ffdrum-+Ffball-Gball-Gdrum));
Fchain=F5*sin(theta5)/sin(thetachain);
thetaO=atan((Fchain*sin(thetachain))/(Fchain*cos(thetachain)-0.87*m*g*s));%7.81/1.025=7.62

1-1/7.62=0.87
FO=Fwind/sin(theta0);

% thetaO=pi/2;

% FO=Fchain*sin(thetachain)/sin(theta0);

% s=(Fchain*cos(thetachain)-F0*cos(theta0))/(0.87*m*g);
a=0.87*m*q;
b=F0*cos(theta0);
c=FO0*sin(theta0);
y=(c/a)*(1/cos(atan((a*s+hb)/c))-1/cos(atan(b/c)));

alphal=(F2*theta2+F1*thetal)/(F1+F2);
alpha2=(F3*theta3+F2*theta2)/(F2+F3);
alpha3=(F4*thetad+F3*theta3)/(F3+F4);
alpha4=(F5*theta5+F4*thetad)/(F4+F5);

Alpha=acot((F5*cos(theta5)+Fchain*cos(thetachain)+Gball-Ffball)/(F5*sin(theta5)+Fchain*sin(thetachain
));

H1=cos(alphal);
H2=cos(alpha2);
H3=cos(alpha3);
H4=cos(alpha4);
Hdrum=cos(Alpha);
Hriver=2-h+H1+H2+H3+H4+Hdrum+y;
if(judge>abs(18-Hriver))
realh=h;
judge=abs(18-Hriver);

end

end

h=realh;

Fwind=2*0.625*h*v*v;
Ff=p*g*pi*(2-h);
thetal=atan(Fwind/(Ff-Gbuoy));
F1=Fwind/sin(thetal);
theta2=atan((F1*sin(thetal))/(F1*cos(thetal)-temp));
F2=F1*sin(thetal)/sin(theta2);
theta3=atan((F2*sin(theta2))/(F2*cos(theta2)-temp));
F3=F2*sin(theta2)/sin(theta3);
thetad=atan((F3*sin(theta3))/(F3*cos(theta3)-temp));
FA=F3*sin(theta3)/sin(thetad);
thetab5=atan((F4*sin(theta4))/(F4*cos(thetad)-temp));
F5=F4*sin(thetad)/sin(thetab);
thetachain=atan((F5*sin(theta5))/(F5*cos(theta5)+Ffdrum+Ffball-Gball-Gdrum));
Fchain=F5*sin(theta5)/sin(thetachain);



thetaO=atan((Fchain*sin(thetachain))/(Fchain*cos(thetachain)-0.87*m*g*s));%7.81/1.025=7.62
1-1/7.62=0.87
FO=Fwind/sin(theta0);
% thetaO=pi/2;
% FO=Fchain*sin(thetachain)/sin(theta0);
% s=(Fchain*cos(thetachain)-FO*cos(theta0))/(0.87*m*g);
a=0.87*m*g;
b=F0*cos(theta0);
c=FO0*sin(theta0);
% y=(c/a)*(1/cos(atan((a*s+b)/c))-1/cos(atan(b/c)));
coel=clg;
coe2=h/c;
coe3=a/c;
y=coel*(sqrt((coe3*s+coe2).M2+1)-sqrt(coe2./2+1));
x=coel*(log(sqrt((coe3*s+coe2)."2+1)+coe3*s+coe2)-log(sqrt(coe2.2+1)+coe2));

alphal=(F2*theta2+F1*thetal)/(F1+F2);
alpha2=(F3*theta3+F2*theta2)/(F2+F3);
alpha3=(F4*thetad+F3*theta3)/(F3+F4);
alphad=(F5*theta5+F4*thetad)/(F4+F5);

Alpha=acot((F5*cos(theta5)+Fchain*cos(thetachain)+Gball-Ffball)/(F5*sin(theta5)+Fchain*sin(thetachain
));

H1=cos(alphal);

H2=cos(alpha2);

H3=cos(alpha3);

H4=cos(alpha4);

Hdrum=cos(Alpha);

Hriver=2-h+H1+H2+H3+H4+Hdrum+y;
R=x+22.05-s+sin(alphal)+sin(alpha2)+sin(alpha3)+sin(alpha4)+sin(Alpha);

BEF 5 1] B8 = AR A AR A

p=1025;

Vwind=36;

Vwater=1.5;

0=9.8;

Mbuoy=1000;

Mtube=10;

Mdrum=100;

Ltube=1,;

Dtube=0.05;

Ldrum=1;

Ddrum=0.3;

Dchain=0.02;

Gbuoy=Mbuoy*g;

Gtube=Mtube*g;
Fftube=p*g*Ltube*pi*0.25*Dtube*Dtube;
temp=Gtube-Fftube;
Ffdrum=p*g*Ldrum*0.25*pi*Ddrum*Ddrum;
Gdrum=Mdrum*g;

judge=100;

WEHEIWIUGAL, SR BEONKER H, BEE AT E m SRR T s, BRI Mball, iz /K IR EE 2-h
m=28.12;

H=20;

trueh=zeros(3000,0);



truethetaO=zeros(3000,0);

truealpha=zeros(3000,0);

trueMball=zeros(3000,0);

trues=zeros(3000,0);

trueR=zeros(3000,0);

i=1;

% s=25;

% Mball=2300;

for s=10.8:0.18:54

for Mball=1000:100:6000

for h=0:0.01:2
Gball=Mball*g;
Ffball=Gball/7.46;
Fwind=2*0.625*h*Vwind*Vwind;
Fwater=374*2*(2-h)*Vwater~Vwater;
Ff=p*g*pi*(2-h);
thetal=atan((Fwind+Fwater)/(Ff-Gbuoy));
F1=(Fwind+Fwater)/sin(thetal);
Fwtube=374*0.05*Vwater*Vwater;
theta2=atan((F1*sin(thetal)+Fwtube)/(F1*cos(thetal)-temp));
F2=(F1*sin(thetal)+Fwtube)/sin(theta2);
theta3=atan((F2*sin(theta2)+Fwtube)/(F2*cos(theta2)-temp));
F3=(F2*sin(theta2)+Fwtube)/sin(theta3);
thetad=atan((F3*sin(theta3)+Fwtube)/(F3*cos(theta3)-temp));
FA=(F3*sin(theta3)+Fwtube)/sin(theta4);
thetab5=atan((F4*sin(theta4)+Fwtube)/(F4*cos(thetad)-temp));
F5=(F4*sin(thetad)+Fwtube)/sin(theta5);
Fwdrum=374*0.3*Vwater*VVwater;
thetachain=atan((F5*sin(theta5)+Fwdrum)/(F5*cos(theta5)+Ffdrum-+Ffball-Gball-Gdrum));
Fchain=(F5*sin(theta5)+Fwdrum)/sin(thetachain);
Fwchain=374*Dchain*(H-7+h)*Vwater*Vwater;
thetaO=atan((Fchain*sin(thetachain)+Fwchain)/(Fchain*cos(thetachain)-0.87*m*g*s));
FO=(Fchain*sin(thetachain)+Fwchain)/sin(theta0);
a=0.87*m*q;
b=F0*cos(theta0);
c=F0*sin(theta0)-374*Dchain*(H-5-(2-h))*Vwater*\Vwater;
y=(c/a)*(1/cos(atan((a*s+b)/c))-1/cos(atan(b/c)));

alphal=(F2*theta2+F1*thetal)/(F1+F2);
alpha2=(F3*theta3+F2*theta2)/(F2+F3);
alpha3=(F4*thetad+F3*theta3)/(F3+F4);
alphad=(F5*theta5+F4*thetad)/(F4+F5);

Alpha=acot((F5*cos(theta5)+Fchain*cos(thetachain)+Gball-Ffball)/(F5*sin(theta5)+Fchain*sin(thetachain
));

H1=cos(alphal);
H2=cos(alpha2);
H3=cos(alpha3);
H4=cos(alpha4);
Hdrum=cos(Alpha);
Hriver=2-h+H1+H2+H3+H4+Hdrum+y;
if(judge>abs(H-Hriver))
realh=h;
judge=abs(H-Hriver);
end



end

judge=100;

h=realh;

Ffball=Gball/7.46;
Fwind=2*0.625*h*Vwind*Vwind;
Fwater=374*2*(2-h)*Vwater*Vwater;
Ff=p*g*pi*(2-h);
thetal=atan((Fwind+Fwater)/(Ff-Gbuoy));
F1=(Fwind+Fwater)/sin(thetal);
Fwtube=374*0.05*Vwater*\VVwater;
theta2=atan((F1*sin(thetal)+Fwtube)/(F1*cos(thetal)-temp));
F2=(F1*sin(thetal)+Fwtube)/sin(theta2);
theta3=atan((F2*sin(theta2)+Fwtube)/(F2*cos(theta2)-temp));
F3=(F2*sin(theta2)+Fwtube)/sin(theta3);
thetad=atan((F3*sin(theta3)+Fwtube)/(F3*cos(theta3)-temp));
FA=(F3*sin(theta3)+Fwtube)/sin(theta4);
theta5=atan((F4*sin(theta4)+Fwtube)/(F4*cos(thetad)-temp));
F5=(F4*sin(thetad)+Fwtube)/sin(theta5);
Fwdrum=374*0.3*Vwater*VVwater;
thetachain=atan((F5*sin(theta5)+Fwdrum)/(F5*cos(theta5)+Ffdrum-+Ffball-Gball-Gdrum));
Fchain=(F5*sin(theta5)+Fwdrum)/sin(thetachain);
Fwchain=374*0.02*(H-7+h)*Vwater*\VVwater;
thetaO=atan((Fchain*sin(thetachain)+Fwchain)/(Fchain*cos(thetachain)-0.87*m*g*s));
FO=(Fchain*sin(thetachain)+Fwchain)/sin(theta0);
a=0.87*m*q;
b=F0*cos(theta0);
c=F0*sin(theta0)-374*0.02*(H-5-(2-h))*Vwater*\VVwater;

% y=(c/a)*(1/cos(atan((a*s+h)/c))-1/cos(atan(b/c)));
coel=c/a;
coe2=b/c;
coe3=a/c;
y=coel*(sqrt((coe3*s+coe2)."2+1)-sqrt(coe2./2+1));
x=coel*(log(sqrt((coe3*s+coe2)."2+1)+coe3*s+coe2)-log(sqrt(coe2.2+1)+coe2));

alphal=(F2*theta2+F1*thetal)/(F1+F2);
alpha2=(F3*theta3+F2*theta2)/(F2+F3);
alpha3=(F4*thetad+F3*theta3)/(F3+F4);
alpha4=(F5*theta5+F4*thetad)/(F4+F5);

Alpha=acot((F5*cos(theta5)+Fchain*cos(thetachain)+Gball-Ffball)/(F5*sin(theta5)+Fchain*sin(thetachain
));

H1=cos(alphal);
H2=cos(alpha2);
H3=cos(alpha3);
H4=cos(alpha4);
Hdrum=cos(Alpha);
Hriver=2-h+H1+H2+H3+H4+Hdrum+y;
R=x+sin(alphal)+sin(alpha2)+sin(alpha3)+sin(alpha4)+sin(Alpha);
% if((Alpha<pi)&&(theta0>0))

if((Alpha<(1/36)*pi)&&(theta0>(37/90)*pi))

trueh(i,1)=h;

truethetaO(i,1)=theta0;

truealpha(i,1)=Alpha;

trueMball(i,1)=Mball;

trues(i,1)=s;

10



trueR(i,1)=R;
i=i+1;
end
end
end

midscore=100;

score=zeros(10000,1);

Vwind=18;

Vwater=0.75;

H=18;

for i=1:3000
if(trueh(i,1)==0)

continue;
end
Mball=trueMball(i,1);
s=trues(i,1);
p=1025;
0=9.8;
Mbuoy=1000;
Mdrum=100;
Ltube=1;
Dtube=0.05;
Ldrum=1,;
Gbuoy=Mbuoy*g;
Gtube=Mtube*g;
Fftube=p*g*Ltube*pi*0.25*Dtube*Dtube;
temp=Gtube-Fftube;
Ffdrum=p*g*Ldrum*0.25*pi*Ddrum*Ddrum;
Gdrum=Mdrum*g;
Gball=Mball*g;
Ffball=Gball/7.46;%7.65/1.025=7.46
h=2-((Gbuoy+4*temp+Gdrum+Gball-Ffdrum-Ffoall+0.87*m*s)/(p*g*pi)); %] W i 5% /2 75 1t
thetaO=pi/2;
Fwind=2*0.625*h*Vwind*Vwind;
Fwater=374*2*(2-h)*Vwater*Vwater;
FO=(Fwind+Fwater)/sin(theta0);
a=0.87*m*q;
b=F0*cos(theta0);
c=F0*sin(theta0)-374*Dchain*(H-5-(2-h))*Vwater*\water;
y=(c/a)*(1/cos(atan((a*s+b)/c))-1/cos(atan(b/c)));
decide=0;
if(H-(2-h)-5-y>0)
decide=1;
end%decide=0 fEtl decide=1 ¥t
if(decide==0)
h=2-((Gbuoy+4*temp+Gdrum+Gball-Ffdrum-Ffball+0.87*m*s)/(p*g*pi));
Gball=Mball*g;
Ffball=Gball/7.46;
Fwind=2*0.625*h*Vwind*Vwind;
Fwater=374*2*(2-h)*Vwater*Vwater;
Ff=p*g*pi*(2-h);
thetal=atan((Fwind+Fwater)/(Ff-Gbuoy));
F1=(Fwind+Fwater)/sin(thetal);
Fwtube=374*0.05*Vwater*Vwater;
theta2=atan((F1*sin(thetal)+Fwtube)/(F1*cos(thetal)-temp));
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F2=(F1*sin(thetal)+Fwtube)/sin(theta2);
theta3=atan((F2*sin(theta2)+Fwtube)/(F2*cos(theta2)-temp));
F3=(F2*sin(theta2)+Fwtube)/sin(theta3);
thetad=atan((F3*sin(theta3)+Fwtube)/(F3*cos(theta3)-temp));
F4=(F3*sin(thetald)+Fwtube)/sin(theta4);
thetab=atan((F4*sin(theta4)+Fwtube)/(F4*cos(thetad)-temp));
F5=(F4*sin(theta4)+Fwtube)/sin(theta5);
Fwdrum=374*0.3*Vwater*VVwater;
thetachain=atan((F5*sin(theta5)+Fwdrum)/(F5*cos(theta5)+Ffdrum-+Ffball-Gball-Gdrum));
Fchain=(F5*sin(theta5)+Fwdrum)/sin(thetachain);
Fwchain=374*Dchain*(H-7+h)*VVwater*Vwater;

% thetaO=atan((Fchain*sin(thetachain)+Fwchain)/(Fchain*cos(thetachain)-0.87*m*g*s));
thetaO=pi/2;
FO=(Fchain*sin(thetachain)+Fwchain)/sin(theta0);
s=(Fchain*cos(thetachain)-F0*cos(theta0))/(0.87*m*g);
a=0.87*m*q;
b=F0*cos(theta0);
c=FO0*sin(theta0)-374*Dchain*(H-5-(2-h))*Vwater*Vwater;

% y=(c/a)*(1/cos(atan((a*s+h)/c))-1/cos(atan(b/c)));
coel=c/a;
coe2=h/c;
coe3=a/c;
y=coel*(sqrt((coe3*s+coe2)."2+1)-sqrt(coe2.2+1));
x=coel*(log(sqrt((coe3*s+coe2).”2+1)+coe3*s+coe2)-log(sqrt(coe2.A2+1)+coe2));

alphal=(F2*theta2+F1*thetal)/(F1+F2);
alpha2=(F3*theta3+F2*theta2)/(F2+F3);
alpha3=(F4*thetad+F3*theta3)/(F3+F4);
alphad=(F5*theta5+F4*thetad)/(F4+F5);

Alpha=acot((F5*cos(theta5)+Fchain*cos(thetachain)+Gball-Ffball)/(F5*sin(theta5)+Fchain*sin(thetachain
));

H1=cos(alphal);
H2=cos(alpha2);
H3=cos(alpha3);
H4=cos(alphad);
Hdrum=cos(Alpha);
Hriver=2-h+H1+H2+H3+H4+Hdrum+y;
R=x+trues(i,1)-s+sin(alphal)+sin(alpha2)+sin(alpha3)+sin(alphad)+sin(Alpha);
score(i,1)=0.63*0.5*(2-h)+0.26*0.05*R+0.11*Alpha*36/pi;
if(midscore>score(i,1))

midscore=score(i,1);

record=i;
end
end
if(decide==1)
h=2-((Gbuoy+4*temp+Gdrum+Gball-Ffdrum-Ffball+0.87*m*s)/(p*g*pi));
Gball=Mball*g;
Ffball=Gball/7.46;
Fwind=2*0.625*h*Vwind*Vwind;
Fwater=374*2*(2-h)*Vwater*VVwater,;
Ff=p*g*pi*(2-h);
thetal=atan((Fwind+Fwater)/(Ff-Gbuoy));
F1=(Fwind+Fwater)/sin(thetal);
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%

%

%

Fwtube=374*0.05*Vwater*\VVwater;

theta2=atan((F1*sin(thetal)+Fwtube)/(F1*cos(thetal)-temp));

F2=(F1*sin(thetal)+Fwtube)/sin(theta2);

theta3=atan((F2*sin(theta2)+Fwtube)/(F2*cos(theta2)-temp));

F3=(F2*sin(theta2)+Fwtube)/sin(theta3);

thetad=atan((F3*sin(theta3)+Fwtube)/(F3*cos(theta3)-temp));

FA=(F3*sin(theta3)+Fwtube)/sin(theta4);

theta5=atan((F4*sin(theta4)+Fwtube)/(F4*cos(thetad)-temp));

F5=(F4*sin(thetad)+Fwtube)/sin(theta5);

Fwdrum=374*0.3*Vwater*Vwater;

thetachain=atan((F5*sin(theta5)+Fwdrum)/(F5*cos(theta5)+Ffdrum-+Ffball-Gball-Gdrum));

Fchain=(F5*sin(theta5)+Fwdrum)/sin(thetachain);

Fwchain=374*Dchain*(H-7+h)*Vwater*Vwater;

thetaO=atan((Fchain*sin(thetachain)+Fwchain)/(Fchain*cos(thetachain)-0.87*m*g*s));
thetaO=pi/2;

FO=(Fchain*sin(thetachain)+Fwchain)/sin(theta0);
s=(Fchain*cos(thetachain)-F0*cos(theta0))/(0.87*m*g);

a=0.87*m*g;

b=F0*cos(theta0);

c=FO0*sin(theta0)-374*Dchain*(H-5-(2-h))*Vwater*Vwater;
y=(c/a)*(1/cos(atan((a*s+h)/c))-1/cos(atan(b/c)));

coel=c/a;

coe2=h/c;

coe3=a/c;

y=coel*(sqrt((coe3*s+coe2)."2+1)-sqrt(coe2.2+1));

x=coel*(log(sqrt((coe3*s+coe2)."2+1)+coe3*s+coe2)-log(sqrt(coe2.2+1)+coe2));

alphal=(F2*theta2+F1*thetal)/(F1+F2);
alpha2=(F3*theta3+F2*theta2)/(F2+F3);
alpha3=(F4*thetad+F3*theta3)/(F3+F4);
alphad=(F5*theta5+F4*thetad)/(F4+F5);

Alpha=acot((F5*cos(theta5)+Fchain*cos(thetachain)+Gball-Ffball)/(F5*sin(theta5)+Fchain*sin(thetachain

N

end

H1=cos(alphal);
H2=cos(alpha2);
H3=cos(alpha3);
H4=cos(alpha4);
Hdrum=cos(Alpha);
Hriver=2-h+H1+H2+H3+H4+Hdrum+y;
R=x+trues(i,1)-s+sin(alphal)+sin(alpha2)+sin(alpha3)+sin(alpha4)+sin(Alpha);
score(i,1)=0.63*0.5*(2-h)+0.26*0.05*R+0.11*Alpha*36/pi;
if(midscore>score(i,1))

midscore=score(i,1);

record=i;
end
end

result=zeros(3,1);
result(1,1)=trueMball(record,1);
result(2,1)=trues(record,1);
result(3,1)=score(record,1);
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p=1025;

Vwind=15;%4% &

Vwater=0.5;%%% &

0=9.8;

Mbuoy=1000;

Mtube=10;

Mdrum=100;

Ltube=1;

Dtube=0.05;

Ldrum=1;

Ddrum=0.3;

Dchain=0.02;

Gbuoy=Mbuoy*g;

Gtube=Mtube*g;
Fftube=p*g*Ltube*pi*0.25*Dtube*Dtube;
temp=Gtube-Fftube;
Ffdrum=p*g*Ldrum*0.25*pi*Ddrum*Ddrum;
Gdrum=Mdrum*g;

m=28.12;

§=20.52;

Mball=4200;

Gbhall=Mball*g;

Ffball=Gball/7.46;
h=2-((Gbuoy+4*temp+Gdrum+Ghball-Ffdrum-Ffball+0.87*m*g*s)/(p*g*pi));
H=18;%% &

%

%

Fwind=2*0.625*h*Vwind*Vwind;
Fwater=374*2*(2-h)*Vwater*Vwater;
Ff=p*g*pi*(2-h);
thetal=atan((Fwind+Fwater)/(Ff-Gbuoy));
F1=(Fwind+Fwater)/sin(thetal);
Fwtube=374*0.05*Vwater*\VVwater;
theta2=atan((F1*sin(thetal)+Fwtube)/(F1*cos(thetal)-temp));
F2=(F1*sin(thetal)+Fwtube)/sin(theta2);
theta3=atan((F2*sin(theta2)+Fwtube)/(F2*cos(theta2)-temp));
F3=(F2*sin(theta2)+Fwtube)/sin(theta3);
thetad=atan((F3*sin(theta3)+Fwtube)/(F3*cos(theta3)-temp));
FA=(F3*sin(theta3)+Fwtube)/sin(theta4);
thetab5=atan((F4*sin(theta4)+Fwtube)/(F4*cos(thetad)-temp));
F5=(F4*sin(thetad)+Fwtube)/sin(theta’);
Fwdrum=374*0.3*Vwater*VVwater;
thetachain=atan((F5*sin(theta5)+Fwdrum)/(F5*cos(theta5)+Ffdrum+Ffball-Gball-Gdrum));
Fchain=(F5*sin(theta5)+Fwdrum)/sin(thetachain);
Fwchain=374*Dchain*(H-7+h)*Vwater*Vwater;
thetaO=atan((Fchain*sin(thetachain)+Fwchain)/(Fchain*cos(thetachain)-0.87*m*g*s));
thetaO=pi/2;
FO=(Fchain*sin(thetachain)+Fwchain)/sin(theta0);
s=(Fchain*cos(thetachain)-FO*cos(theta0))/(0.87*m*q);
a=0.87*m*g;
b=F0*cos(theta0);
c=FO0*sin(theta0)-374*Dchain*(H-5-(2-h))*Vwater*Vwater;
y=(c/a)*(1/cos(atan((a*s+b)/c))-1/cos(atan(b/c)));
coel=c/a;
coe2=b/c;
coe3=a/c;
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coed=log(sqrt(coe2.A2+1)+coe2);
y=coel*(sqrt((coe3*s+coe2). 2+1)-sqrt(coe2.2+1));
x=coel*(log(sqrt((coe3*s+coe2)."2+1)+coe3*s+coe2)-log(sqrt(coe2.2+1)+coe2));

alphal=(F2*theta2+F1*thetal)/(F1+F2);
alpha2=(F3*theta3+F2*theta2)/(F2+F3);
alpha3=(F4*thetad+F3*theta3)/(F3+F4);
alphad=(F5*theta5+F4*thetad)/(F4+F5);

Alpha=acot((F5*cos(theta5)+Fchain*cos(thetachain)+Gball-Ffball)/(F5*sin(theta5)+Fchain*sin(thetachain
));

H1=cos(alphal);

H2=cos(alpha2);

H3=cos(alpha3);

H4=cos(alpha4);

Hdrum=cos(Alpha);

Hriver=2-h+H1+H2+H3+H4+Hdrum+y;
R=x+sin(alphal)+sin(alpha2)+sin(alpha3)+sin(alphad)+sin(Alpha);

Bt 7 1 11 AR EARED

$=0:0.01:6.25

X=S;

y=0;

plot(x,y);

hold on;

$=6.26:0.01:22.05
x=3.9763*log(sqrt(0.2515*(s-6.26).22+1)+0.2515*(s-6.26))+6.26;
y=3.9763*(sqrt(0.2515*(s-6.26).72+1)-1);
plot(x,y);

set(gca,'xtick',[0:2.5:15]);
set(gca,'ytick',[0:2.5:15]);
axis([0,15,0,15]);

B 8 1A 12 1E EARAY
$=0:0.01:22.05;
x=15.7338*(log(sqrt((0.0636*s+0.0798).22+1)+0.0636*s+0.0798)-0.0797);
y=15.7338*(sqrt((0.0636*s+0.0798).72+1)-1.0032);
plot(x,y);
set(gca,'xtick',[0:2.5:20]);
set(gca,'ytick',[0:2.5:15]);
axis([0,20,0,15]);
x=coel*(log(sqrt((coe3*s+coe2)."2+1)+coe3*s+coe2)-log(sqrt(coe2./2+1)+coe2));

B 9 Pl 14 1R EIARAD
§=0:0.01:22.05;
x=34.7849*(log(sqrt((0.0287*s+0.3811).72+1)+0.0287*s+0.3811)-0.3724);
y=34.7849*(sqrt((0.0287*s+0.3811).72+1)-1.0702);
plot(x,y);
set(gca,'xtick',[0:2.5:20]);
set(gca,'ytick',[0:2.5:15]);
axis([0,20,0,15]);
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B 10 1A 15 PE RIS
$=0:0.01:20.52
x=6.9747*(log(sqrt(0.0206*s./2+1)+0.1434*s));
y=6.9747*(sqrt(0.0206*s.2+1)-1);
plot(x,y);
set(gca,'xtick',[0:2.5:15]);
set(gca,'ytick',[0:2.5:13));
axis([0,15,0,13]);
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