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i = JO2LA8T (rad)

BiJE, (EsR AR i 12 v o A i 2 e R A B fr B R RE . A7 i bR
STEP1  ®fs eIt Frp oo

Fifo) 8 — 1 B AL, b RSk ETIE T AT b AT s, AR SR U B I A
FIELor R AT HH 3 I e o B B S i o g o
STEP2  BESEARHE T o Lo fr 38 207 I 405 ob o By b S0 2R 1) 4 17 e

il R —mt ), AE—4dE, HASIEF PR AL, JEATIE T B A R () 2
o Mo dieeE A i s P — B . R

L S AR, ZRREHRF P L—E TRASLE L.
2. MigAM T BB, I e, AT R

(2r)2 + (2r) = 2(2r) cosp = I°

o I . 8,_2 o I'l
@ = arceos( = }

FF#, WIHEFEPLYS0ERMER S0 AN MRy,
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WA—un o i _.'ﬂ'-']
4=y =Tk

A —[.Ir:ll W1 — I
Ep—EQ, T1—T0,

¢ = arctan

Ny’ > o, FIEFPOER BB L,
' < o, JFIRFPLES AL .
3. Bz i T30 BB RRY ] R A o i B4 8 R

P 4.18: fifin = Fiib g

£

Horby oA

=

P+ =2 cosp ="

LS E

p = AICCC '{zrz - F}
E = arceos 2;"1

& PR, WHHEF LS50 EERMEER S50, ER KM, A

Be—toy  Bi—iog
TE— Ty 1T

\'r"F = arctan

| H: HE~ Wiy Wi~y
TE—Xiy Ti—Fiy

o > ofif, JEABFTER — B ks
Bt < oBt, ST OTE R — B L

4. MR AN T AL R, ST i T A ot PR L L9 A
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B 419 i Y ) b 7 s 6 P

-]I':F'. I,S'Tﬁ,ti'

D o 2 i a I o e
{-:j+£;'r} +{.—2']| "D(E+§;Ji-ﬂﬁv—f

AR PR A o B EL
£ R, RIHCFPROSOBEMERS0CHRMN, A

/TR
e

Ny’ > ], JGIEFPOEMHERR |
By’ < o, JEIEFPOES B L.

=

STEP3 &7 f Bkt ok
Rt ), N5, LS FEhOEE A, e Ep O BN () B
W1, MO BESE TR RE s A T — Bk |
Hin FHT:
1. MEFEANAE Fh oo FRNREE B, (0 BL% 2 305 ol 8 ] .

2. HESEAME PO TR BB, JSICFR O T RASRE E, Wi 208

A

15



Uf}’=§+d_(:

OH = /2 + 5

LGOH =a+ £AOH
{E=MIBOGHT, &5 5%,
OG? + OH? = 20G - OH cos(£HOG) = [
(2r)? + (2r)® — 2(2r)%cosd = AH®
E=WMIEAOHT, HREEH:

E%“ +OH? — D-OH cos(£AOH) = AH?

R ESAR, MRFRNROGH, M bRAY BHHRIET Lo

D= de |
(@2, 92) = {[EEE + %}mm{—ﬂrﬂ + q}_{..?. + 2_:],5-"1{% +a))

3. BECEMAGEF P OB TR B, W21 .
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B 491 iy =g

e, gl

(2r) + (2r)® = 2{2r)%cos B = 2
fifg 1 -

82— 2
3 = arceos| —
Brd
XA
YA-voy _ W-vo
Fa—Ey i1 —F0y
% = arctan| ]

vA—IO, D1l
TA—Tgy Tp—Toy

a=vy—/1
KT FE 8 L R AR G F L G A

Jo; —Ba T —a). yo, +2r :-'.i|||:awlr-:'t:-m{—;’mrl =
T, — Ly Ty — XA

(2, 42) = (xp, +2r cos{arctan( Hm—a))

4. SPSENATGIETF PO TR BRI, SR GO R BUMIT, Anfde.220

¥ PH

20



P .22 ALY A P

i, gy, E£=MBOHO , mifsdEH, EEerf.
r? + (3r)® — 6reos 8 = O H?

OH O
sinfd sin ZHO, 04

E=MmEOHGY, dHpiiar:

O H? + (20)% — 4r - O H cos(LHO\G) = 2

e
o= LHWG = AHOW,

SRS Eid 24 SOE 1

1472 — 6reos 4 — 12 : rsin g
o = arceos| ] = aresin(
4r/10r2 = 6r cos 8 V1052 — Grcos 3

AT A1 S T o LG bR

M]+r+rr—{.ﬂ, Yo, +2r sin(arctan(
Iy, = T4

Moy — Ha Vo))
A

(2, 1) = (o, +2r cos(arctan
Toy = T4

5. MM AT EIE TP OO TR M, anfE4.2355.
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B 4.23: iR s

KLII! fﬁ";‘l:'.‘fﬁll* {tzfﬁiﬁf;UQHllr! H].%";EMEEPEE

P+ =2 s g =1*
813

S 4
B = arcco
f :-[ 577 )

M
a=y—4

AT 8 8 I L B AR 9 IR EF rHL G A

.yl'h y.ll

o ]I+ﬂ &), vo, +r ‘i]!l{#lrﬂﬂll{y{bq_y'} a—ad))

(za. 1) = (1o, 12) = (T, +r coslarctan{ ————

6. SEEMANFICF O T RRE, JEICF PO TR BB, 4245

.;';{ H

22



H 424 iR AREHE

teRLR B, .

D da
O = — 4+ —
i1 2 i 2

FE=fMIBOCHY, HfE, FakE.

D? D di., nodi 3
m=—— — e — i et e a bt .I.,-r: .1-
y +[24~2F] D{242ﬂ}c1m, CH
singd  sin(L0CH)
CH  OH
PNEE R
(m — o)

LOCH =LOCH -

o

E=MLO.CHY, i, E3EER:

r*+ CH? — 2r CH cos(£0,CH) = O, H?

E=ZMIBOGH S, HiReRi #E:

sin( £Z0,HC)  sin(£0O,CH)  sin{£C0,H)

4+ Ol = 2r  OaH cos( £GOLH) = 1P

AT <
LGOC = LGOH = LCO:H

o= gh — LGOLC
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PR Sal(E, BIAREIET LGRS,

Yo, + Ua . Yoy + Ua
(@2, 92) = (x2,%2) = (To,+7 coslarctan(————)+a—a), yo,+rsin(arctan(——— ) +a—¢))
Xo. TaA To, +Xa

s T

7. HESEMATRIEF PG TR R B, BT RNGRER S A S A O T AR
el EHULRTRR, SO FAL TR — B VR R AR SR 1R TPl i AR

STEP4 ERArREEMR 4

R Bk o BaE A, M F—RE8, TG E 2K EIEF P o
br. MWHBGIEFROLMAELLAFE. Fit, ZHilAICFOEE R, NE
LEEE MGIEF o MADEEE i E,  EDAT SR AL e 5 )

FISTEP3—#, HTR A, T CLilid B e RAR i B IEILN ELo, . Of) %
br. SFFHOCREA. SMHBEAARE, A RARIET PO Tl —ENE L, ahnER
W LR Ty e, RETE R RER EMVINER . MfEE SRl EIEF RO ER KN E.
MEIEFRPORERLIMEERE, RrRiFIeTREX RN, BRI EA
23,

WUE— il (z,y), AR TUR L iR 2 e IR AR 5

L SIGFRENGRERR, ol e AR R i OOCHE f. M YDER

B sin @+ feosd
" cosf — Osinf

2. By TR—BEME, ol Rk,

k

_.I' — Iy
¥ =%
3. B TR BRI, AR .

| -

_.I—I,U=
¥ —vo,
4. HIfr FardaReRe, TR S Al A DR FE

k:

~ sinf + feost
"~ eosfl — fsind

AXLRHEFEPOER —REAN L, FEFEPOERANBRR LA,
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B 4.25: R

CHEHE TP O H AR (e ), WEE Ribfr B2 T Bl Bl B Fh O
45, LN (r.y), HELASRERTTFR A THER A N0,
MTTAT B A8 T G BT FLER Y 52

p= i
XLy =— Lo
S T ot A DR B R
i _J’.‘| — &y
h — Mo,

JGAEF b e 2
-y sinfls 4+ faeosly
7 Costly — Bysinty
o] Bl #]a. 304

Y = ACLAD I.-E —k

R 1+ ks
L’I — In.'

7 = aret

| Aarclan 1+ kh ‘

M R SR AT IS BT oy 0 MR R

vy eos F = v Cosa

R T HARKY L, ASCAE AR i B T R s R AR 2 5.

442 BEHHER
NSRRI RS R R,



B 4.26: & = 20=0F 808 A4 B = B

# 4.6: (r# e

| | -100s | -s0s | 0s | 50s | 100s

| Mk (m) | 7778034 | 6.608301 | -2.711855 | 1.332696 | -3.157228
| Jesky (m) | 3717164 | 1.898865 | -3.591077 | 6.175324 | 7.548511
| W1V ESr (m) | 6.209273 | 5.366911 | -0.063533 | 3.862265 | -0.346889
|
|
|
| %

|
|
|
|
WIW RSy (m) | 6.108521 | 4.475403 | -4.670887 | 4.840828 | 8.079166 |
511 S (m) | -10.608037 | -3.620045 | 2450062 | -1.665659 | 2.005033 |
51 |
|

|

|

|

UYEEry (m) | 2.831492 | -8.963799 | -7.778145 2 | 4.033787

1014 S e (m) | -11.922761 | 10.125787 | 3.008493 505340 | -7.2887T

| 101N M Sy (m) | -4.802377 | -5.972246 | 10.108539 | T0626 | 2.063875

| B IS (m) | -14.351032 | 12974784 | -7.002788 | -4.500737 | 9.462514

| 151 E Sy (m) | -1.980092 | -3.810357 | 10.337482 | -10.389549 | -3.540356
| 2019 S (m) | -11.952042 | 10.522508 | -6.872841 | 0.342052 | 8524374 |
| 2011 JE 5y (m) | 10.566008 | -10.807425 | 12.382609 | -13.177577 | 8.606933 |
| I () & (m) | -1.011058 | 0.189810 | -1.933627 | 5.853703 | -10.980157 |
| Jele C(JE) y(m) | -16.527572 | 15720588 | -14.713128 | 12.615526 | -6.770006 |




4.7 EEHE

| | -1o0s | -50s | 0s | B0s | 2405 |
| Bk (mfs) | LOOOOOO | 1.000000 | 1000000 | 1.OO0O0O | 1.000000 |
| WIVWEL (mfs) | 0.999904 | 0.999762 | 0.998686 | 1.000363 | 1.000124 |

| 51V JEEr (m/s) | 0.990346 | 0.998641 | 0.995134 | 0.949698 | 1.003966 |
| W01V (m/s) | 0.999091 | 0.998248 | 0.994448 | 0.948246 | 1096263 |
| HIS1WES (m/s) | 0.998044 | 0.998047 | 0.994156 | 0.947802 | 1.095306 |
| 201V S (m/s) | 0.998849 | 0.997925 | 0.993994 | 0.947587 | 1.004034 |
| R (&) (m/s) | 0.998817 | 0.997885 | 0.993944 | 0.947524 | 1.094833 |

4.5 [EE AR E G S5k
4.5.1 SREFE

ERRE AR LI R, RESLATE TR s (e A, BRRFIEFIEES
RO i A AR . A0S e Sk TS T P O EOE Lin /s L) R PY £
BARL, A9 B o T P

P 4.27: 0 — 100s P4 5 02 BA 15 40 F I 0t A B 1] 26 {b 7 & P

LRI p PRI, (E JE S BT 5 HE N Bk R R 38 N Sk i A 3R ACRE A A iy i
B, B[—F N\WRLEIEFOME 2 B, (LW R LS R

27



B 4.28: KA RHBEMLET, STWERFIEFORIER

ST Ed AN, F=ER-ENESHEFNERELTEFESRR, EibEL
RER=VREMIRFERBFEF, SHEELHE _BEANELHEEMTEF,
ZIEFAEE R

% e nr ma (LR ] e Hl

B 4.20: Jeki A S HEBENERES, FENESHEFAER

BREkEAE, XELTES S =Nk S0 F 0 S GERE 41.604793m /5.

EH ) 0 DU o 3 ST A RIS A AT R0, R =R GRICF B IEREN 7 E,
EEFSHLEFMmEFRER. FEHo S 3RME=F SitFmRIEH
H2m/s, AP AR AT B RE,

4.5.2 WAHHLER

RS, SRARATE kOB 1 i A1, 246266m /5.

h  REREN

5.1 HRERS

o 1. BIEMRHNEHES, POV S A R E A B ARG, &
AETRH AR R T .

o 22 BENZEERENEGEDERAXSEEERLK, EATAREES
HAEAIEOL, ATRLETTHE .

5.2 HRENES
o El: HHREX, HEERERG,

28



L5 30k
(1] G, GCFHRED, SHHE R ML, 20075,
%

AR SO 2

1. resultl.xlsx
result2.xlsx
result4.xlsx
function.py

zeropoint. py

= N

number, py
7. o] —{CH. py
8. crushjudge.py
9, ja) 8 8%, py
10. jo] § = {458, py
11. dataproduce.py
12. positioniteration.py
13. velocityiteration. py
14. [ B MRS, py
15. veletorytheta. py
16. jo] 8 1 AEHY. py
fRE:

1. function

import numpy as ap

def fl(theta):
result=theta-np.sqrt{theta=--2+1)+np.log(theta+np.aqrt {theta--2+

1))

return reauwlt

sATHRELEEMeFEAGEL

def f2(theata thetald ,v0,t,d):
result=f1{(thetal}-fi(theta)-4=v0O=t=np.pi/d
return result

ST Tk 3 A G O B ) 9 A

def f3(theta ,d,d0,theta_last):
t=theta
t_l=theta_la=st

29



resultst=s24t _leaZ=-2et=t_lenp.cog(t=-t_ll-d+np.pise2ede=2/de=2
return result
ST A AR oy Wk
def f4(thata):
t=theata
result={np.sin(t)+t*=np.cos(t)}))/(np.con(t)-t=np.sin(t))
return result
AF it HE b Ay
def f5(theta,d,d0,theta_last):
t=theta+np.pi
t_l=theta last+np.pi
result=t=+2+t l=x2-Qut=t _l=np.cos(t-t_l)-d=np.pi=s2ad0 ==/ /d+=2
return result
#ATHAEHES Fa WK
def f6(theta,d,d0,thetald,l,gamma}:
t=theta
t0=thetad
resultsl=+2+deeetee2/(4enp.pive2)=delet=np.cos(t-t0+gamma)/np.
pi-dQ#e2
return result

tRFHRANEFEI—BEAGEEFES N EEHWA

impoert numpy as ap

dof fi(theta):
resultstheta=np.sart(theta+-=2+1}+np.log (theta+np.sqrt {theta+=2+

1))

return resault

AT T 1 WA S0 0 B e ) i 4L

def f2(theta thetal v0,t d):
result=fl1{(thetald)-fl(theta)-4+vO=t=np.pi/d
return result

AR T i A L R e A

def f3{theta,d,d0,theta_last}:
t=theta
t_l=thata_last
result=t=e2+t_lw=2-2etut_lenp.coal{t-t_ll-d4+pp.pies2ud0e«Z /duw=2
return result

TR AES F A RSN

def f4{theta):
t=theta
result={np.sin{t)+tenp.cos(t)}/{np.cos{t)=-tenp.sin(t))
return result

#F T HARS bk aeE

def f65(theta,d,d0,theta_last):
t=theta+np.pi
t_l=theta last+np.pi
resultot=sadst le=2-Futsg lepp.cos(t-t_l)-d#np.pissed0e=l/d=2
return result

T RE RS e WA

def f&(theta,d,d0,thetal,l,gamma):
t=theta
tO=thetad
result=lss24dsn2at==/(4+np.ple=2)-d=sl*t=np.cos(t-t0+gamma)/np.

pi-dQ+=2

return result

tTUHNREFEN —BEATEEFES RS MK
2. zeropoint

30



def zerol{f,a,b,a,thetad,vD,.t,d}:
while b-a>=e:
c={a+b) /2 #BF &
if f(a,thetald ,v0,t ,d)sf(c,thetald ,v0 t,d)<0:
b=c
alse:

a=¢
AT A RAERM
return {a+b)/2
ARTH SR E Y
def zero2(f.,a,b,e,d,dd,theta_last}:
while b-a>=a:
c=(a+b)}/2 #HEF 4
if f{a,d,d0,theta_lastli=f{c,d,d0,theta_last)<d:
b=¢
alea:

asg
AR R A RAEREM
return (a+b) /2
eR T S satream T g
def zero3(f.,a,b,e,d,dd,thetad ]l gamma):
while b-a>=e:
c={a+b)/2 #H & o
if f{a,d,d0,theta?d ,l,ganmal)=f(c,d,d0,thetad 1, gammal<0;
b=c
elae:
a=c¢
AR R S A
return (a+b) /2
sRTiTHENte TS

. number

import numpy as np
dof number{A.m}:
for i in np.arange(A.shape([0])}:
for j in mp.arange(A.shape[1]):
a=A(4,4]
b=int (a=10==n)*10=={-n)
25 Wapy i &
if a-b*=5=10 == {-n-1):
b=b+10=={-n)
#HHFEA
Ali,jl=b
returno A

#F T E Ee ik

. e —

import numpy as np
import pandas as pd
from function import £2 #MTitH &% ¥ et eE L
from functicn impert £3 #f TFiHMHAINHS baf EaEf
from function impert f4 #f FitHES FAEMHHE
from zeropeint import zerol #FTFitHEEf2fITH
from zercpeint impert zero2 #HE TN EHfagy T
from number import number &8 FREefi
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d=0.566 ##fE
vo=1 #ELAE
thetaO=32=np.pi #ELIHE M
lst _chair_thata=[]
for t in np.arange{301)}:
if f==0:
theta _chairO=thetal
elae:
theta_chairO=zerol{f2,0,thetald ,10==(-8) ,thetal ,v0 ,t d)
#5l AL B4R M theta
lst_theta=[theta_chair0]
for i in np.arange(223):

if 1==0;
d0=3.41-0.2T5=2
eleea:
d0=2.2-0.275=2
A3 B A

theta_last=1lst_theta[-1] #FH#A L—EFoNE ftheta
theta=zeroZ(f3,theta_last ,theta_last+np.pi/2,10=={-8).d,d0,
theta_last)
lst_theta.append(theta)l
#it B Ll FEF I Mtheta
lat_chair_theta.append{lst_theta)
let _chair_ theta=np.array(lst_chair_theta)
1st_chair xy=[]
for t in np.arange{301):
lst_xy=[]
for i in np.arange(224):
theta=lst_chair_thetalt k i]
let_xy.append{d+=theta*np.cos(theta) /(2+ap.pi))
1zt _xy.append{d+theta*np.sin{theta) /{(2+np.pil)
s Bthetaf B M EEFLE (x. y)
lst_chair_xy.append{lst_xy}
let _chair_xy=np.array{lat_chair_xy).T
let _chair_sy=number(let_chair_xy ,6) #FEiefi | &
df=pd.DataFrame(lat_chair_xy)
df .to_excel ("resultl_1.xlsx" ,index=Falsza)
R 7B FExcal P
lzt_chair_w=1[]
for t in np.arange{0,301):
1st_v=[v0]
fer i in np.arange(223):
v_last=lst_v[-1] #ZB L—MEFHLE
theta_last=1lst_chair_thetalt,i]
theta=lst_chair_ theta[t i+1]
x_last=lst_chair_ xy[i=2,t]
y_last=lat_chair_xy[i=2+1,t]
x=lst_chair xy(i=2+2,%]
yslst _chair_xy[i=2+3,t]
AR E— T EFRLUNEFHLE (x. v) PER
k_chair=(y_last-y)/(x_last-x}
E_v_last=fd4(theta_last)
k_v=fd4(thetal
FIHERRA AR
alephli=np.arctan{np.abs {({k_v_last-k_chair)}/(1+k_v_lasat=
k_chairy))
alaph2=np.arctan(np.abs{{k_v-k_chair)/(1+k_v=k_chair)))
#it AR SN R A
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v=v_lasts*np.cos{alephl)/np.cos(aleph2) #iitH SWEFMHLE
lat_v.append(v)
1st_chair_v.append(lst_v)
lst_chair v=np.array{let_chair w).T
lst_chair_v=number {lst_chair_v ,6) #FWe{l &
df=pd.DataFrame (lst _chair v}
df . to_excal (“rasultl_2.xlax",index=False)

#1715 8 € FlExcal ¥

5. crushjudge

import numpy as np

from function import £3 #ATUHNA RS oyl Wt
from zeropoint import zere2 2R THHEHMIWES
def judge(theta ,d,v0)}:

dl=0.275

d2=0.15

lst_theta=[thetal

for i in np.arange(223):

if i==0:
do=3.41-0_2T5=#32
elea:;
d0=2.2-0.275=2
A B

theta_last=lst_theta[-1] ##&#M® L—PEFo74 fitheta
a=theta_last
b=theta_last+np.pi/2
theta_new=zero2(f3,a,b,10==(-8) ,d,d0,theta_last)
lat _theta.append(theta_new)
#iF LA EF A Atheta
if theta new-theta>=3=np.pi:
break

AEAHETFARE A udmetgu

lat_x=[]

1st_y=[]

for i in np.arange(len{lst_theta}):
p=lst_theta[i]=d/(2-np.pi}
x=p=np.coe(lst_thata[il)
y=p=np.sin{lst_theta[il)
lst_x.append{x}
l=t_y.append(y)}
#ff Bthetaf B MEEFLE (x, y)

let k=[]

for i in np.arange{len{lst_thetal-1):
k={let_y[il-1let_y[i+1]1}/(1lat_x[il-1let_x[i+1])
lst_k.append(k)
it HERHHE

ki=1lst_k(0]

xl=lat_x[0]

¥l=lst_v([0]

dREMELMEERHE

k2=(d2/d1+k1)/{1-d2=k1/d1) #itHELHEFOM0 LD HE

b=d2=np.sqrt (ki==2+1)+yl-ki1=x1

if np.abs{b)<=np.abs{yi-ki=xi}:
be-dZ=np.sqrt{kl==2+1)+yi-kisxi

#it N M a8 E

x=(y1l-k2=x1-b)} /(kl-k2)}

y={kl=yl-kl+k2+x1-k2=b)/(k1-k2)
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#it B S e R
Ilag=0
for i in np.arange(len{lat_k}):
if lst_theta[i+1] -theta>=np.pi:
ki=lst_k(4i]
ri=lst_x[i)
yi=lat y[i]
d_chair=np.abs(ki=(x-xi}+yi-y)/np.sqrt (ki==2+1)
it E L ER SR E T CEMES
if d_chair<d2:
flag=1
sHEETEE
x2=1lst_x[1]
y2=1st_y[1]
*tEBRE T AEWETNER
k2=(k1-d2/d1)/{1+d2+k1/d1) #iHB-—FREWEFPLANBAHEHHE
= {y2-kZ»x2-b)/(kli-k2)
yelkley2-klsk2ex2-bek2)/(k1-k2)
it RELNE AL
for i in np.arange(len{lst_kl})}:
if lst_thetali+l]-theta>=np.pi:
ki=lat_k(i]
ri=lat_x[i]
yi=lat_y[i]
d_chairsnp.aba(ki=(x-xi}+yi-y)/np.sqrt (ki==2+1)
et REFAEAFSWRRE T CENEN
if d_chair<dZ:
flag=1
sHEEEE
ki=lst_k(1]
xi=1at_x[1]
yi=lsat_y[1]
B F—FEEOWEFLFHE
k2=(d2/d1+k1)/{1-d2=k1/d1) #HHF-FEALFEFRATSERSHE
b=d2=np.sqrt (kl==2+1)+yl-ki=xl
if np.aba(b)<=np.abe{yl-kl=x1}:
b=-d2+np.sqrt{kl==2+1)+yl-kl=xl
#HI AR —FEEARANHEE
x={yl-k2=x1-b) /(kl-k2)
y={kl=yl-kil=k2=x1-k2=b)/(kl-k2)
#it A BN AT
fer i in np.arange(len{lst_k})}:
if lst_thetali+i] -theta>=np.pi:
ki=lst_k(li]
xi=1st_x[1]
yi=lat_y[i]
d_chair=np.abs(ki=(x-xi)+yi-y)/np.sqrt (ki==2+1)
B - TEEANEEHESHEE T CENER
if d_chair<d2:
flag=1
sfin 2 EHEN
x2=1s8¢t x[2]
y2=1et_y[2]
eI A TR EWIETe &R
ﬂ=&bﬁﬂdﬂfﬂ+ﬂhﬂfﬂ)#ﬁiﬁ:*ﬁgﬂﬂ%ﬁﬁ*ﬁﬂﬂ*ﬁﬁjﬁﬂ

x=(y2-k2+x2-b) /(k1-k2)
ye(kley2-kl+k2+«x2-b+k2) /(k1-k2)
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it EE—TERAE S8R
for i in np.arange(len{lst_k}):
if lst_thetali+i] -theta>=np.pi:
ki=lst_k(i]
xi=1st_x[1]
yi=lst_y([il
d_chajir=np.aba{ki+(x-xi)epi-y)/np.sqrt (kis-241)
#tHF—FNELENFEEF S WHEE T CENES
if d_chair<d?2:
flag=1
shiEEHEE
return flag

tATHANETLEHEN

. o] B LD

import numpy asa ap
impart pandas as pd
from function impert f£1 #f FiHE&A{EMetmMEL
from function import £3 e FitH & 88 Fay{r B/
from function import £4 #f FitHEE L RMHE
from zercpeint import zero2 #fTITHEHLIBTESE
from pnumber import number #m'}ﬁ;ﬁﬁ{ﬂ.f}\ﬁ
from erashjudge import judge #F THHEELLEE
d=0.66 #iffE
vo=1 ##% %l g
theta0=32«np.pi #& L4740 A
for theta in np.aranga(60,0,-0.01):
flag=judge (theta ,d, v0)
if flag:
break
sl EL A TANOEAEFTARRES
for theta in np.arange(theta+0.01,theta-0.01,-0.0001):
flag=judge (theta ,d, v}
it flag:
break
for theta in np.arange(theta+0.0001 ,theta-0.0001,-0,000001):
flag=judge (theta,d, v0)}
if flag:
break
glEfh B M A LAY Mtheta
theta_chair0=theta+0.000001
t=d=(fl{thetad)-f1(theta) )/ (4+*np.pi=v0} #ifHuEHMH
lat _chair_theta=[theta_chaird]
for i in np.arange (223):

if i==0:
do=3.41-0.276-2
alse:
do=2, 2-0.2T6=2
R A

theta_last=lst_chair_theta[-1] ##E®{ E—1EFHE Mtheta
theta=zero2(f3,theta last ,theta last+np.pi/2,10==(-8) ,d,d0,
theta _last)

lat_chair_theta.append(thetal
#it B4R ET A8 Aitheta

lst _chair_xyvs[]

for i in np.aranga{224):
1at_xyv=[]
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=1

theta=lst_chair_theta[il
lat_xyv.append (d=theta<np.cos(theta)/(2+*np.pi})
1st_xyv.append{d=theta=np.sin{theta)/(2+np.pi})
#ii Erhorafi & B EIEF L85 (x, y)
lst_xyv.append(v0)
lat_chair_xyv.append(lst_xyv)

lat_chair xyvenp.array(lst_chair_ xyv)

for i in np.arange{223):
v_last=lst_chair_xyv[i,2] #E#L—{EFHtE
theta_last=1lst_chair_theta[i]
theta=lst_chair_theta[i+1l]
x_last=1st_chair_xyv[i,0]
y.last=1lst_chair_xyv[i,1]
x=lst_chair_xyvli+l,0]
y=lat_chair_xyvl[i+l,1]
G R LT EFRESWEFNERE x. v) EM
k_chair=(y_last-y)/{x_last-x}
k_v_last=f4(theta_last)
k_v=f4{theta)
#REERHEEENHE
alephl=np.arctanf{np.abe((k_v_last-k_chair)/(1+k_v_laszt=k_chair)

B

aleph2=np.ar<tan{np.abs{(k_v-k_chair) /{1+k_v=k_chair}))
s HFARE SRR EA
vay_lastsnp.con(alephl) /np.cos(aleph2) &ifX &igiEFayiltE
lat_chair_xyv[i+l,2]=v

l1st_chair_xyv=number {lst_chair_xyv,6} #Eielt &

df=pd .DataFrama{1lst _chair_xyv)

df .to_eaxcel ("resultl2_ .xlsx",index=False)

#RF#EFExcel ¥

i) A8 = {5

import niumpy asa ap
from crashjudge import judge #H THWEEFL EHE
v0=1 #EiLiF
D=9 #WLTMAHE
for d in np.aranga{(0.55,0.4,-0.01):
theta_min=D=np.pi/d &8 %# A\ 5% % @6 fthata
for theta in np.arange{theta_min+6,theta_min ,-0.1}:
flag=judge (theta ,d,v0)
if flag:
break
if flag:
break
eI G EETE ML EMNA N RS
for 4 in mp.arange{d+0.01 ,d-0.01,-0.0001):
theta _min=D+np.pi/d
for theta in np.arange{theta_min+6,theta_min,-0.1):
flag=judge (theta,d,v0)
if flag:
break
if flag:
break
for d in np.arange{d+0.0001 ,d4-0.0001,-0.00001):
theta_min=D=*np.pi/d
for theta in mnp.arange{(theta _min+6,theta_min,-0.1):
flag=judge {theta ,d, v}
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if flag:
braeak
if flag:
braak
for d in np.aranga{d+0.00001 d-0.00001,-0.000001}:
theta _min=D=+np.pi/d
for theta in mp.arange{theta min+6,theta min,-0.1):
flag=judge {theta ,d,v0)
if flag:
break
if flag:
break
for d in mp.arange {d+0.000001 ,d-0.000001 ,-0.0000001}:
theta_min=D+np.pi/d
for theta in mp.arange{theta_min+6,theta_min,-0.1):
flag=judge (theta ,d,v0)
if flag:
break
if flag:
break
i (kA R
print{d) siAEWEEMSTeRERHNR|ATRE

5. dataproduce

import numpy as np
from function import £4 #FFHEEE N EMUE
from functieon import £5 i FitM & HUE by Faf
from zercpoint import zero2 28 TiH WiE#tseiT S
d=1.7 i
vO=1 #% %l ¥
D=9 #WLEFMEE
do_1=3.41-0.276=2 #xLHE
d0_2=2.2-0,276=2 #E B EREE
thetaO=D=np.pi/d #it 84 06 2 BT &7 A
x0=D=np.cos (thetald) /2
y0=D=np,.sin(thatald) /2
it W hoR FIAT R (x, y)
k=f4(thetald)
11=2+np.aba (y0-k=x0}/np.aqrt (k==2+1}
12=np .eqrt (De«2-11%x2)
r=D*=2/(6=11) #itAB _BHEAMNEE
x1=x0+2+r/np.eqrt {1+l /k==2)
yl=-({x1-x0) /k+y0
AT W — B ] L ]
x2=-x0-r/np.aqrt (1+1/k==2)}
y2u={x2+x0) /k-y0
it BB N O [N A T
aleph=np.arcces(12/(r=3))+np.pi/2 #THFHEHNHHE LA
theta_chair0_l=npp.arccos ((8esr==2-d0_1#+2) /{8uer==2})
#HH AT EEREFHRE— TNt % L0 T £ Erhota
theta_chair0 _2=np.arccog ((2sre=x2-d0_1==2) /(2sr==3))
AR —TEENETH LS — BN A A £ Htheta
a=thetad-np.pi
b=thetad-np.pi/ 2
theta_chair0_3=szeroZ(f6,a,b,10=*=(-8),d4,d0_1,thetad-np.pi)
dt A —FEEREFRESHRE A LN R EHhota
theta_chair_l=np.arcces({B=r==2-d0_2=+2)/(8sr=«2)}
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PN EEEEFHE - HETFEEEHtheta
theta_chair_2=np.arccoa({Z2er=+2-40_2==2)/(2sr«=2})

A EEEEFHAF _RHAHNEFHEE S Htheta

theta chair 3=zero2(f5,a,b,10*=(-8) ,d,d0_2 ,thetald-np.pi)

AN ELEEFEHESHESHTETFHEEL A theta

ti=Z=r=aleph/v0 #THELBZE _HEMnHH

t2=ti+r=aleph/v0 #it WK L 3| & iR pyet &)
thetal=np.arctan((y1-y0)/{(x1-x0))+np.pi #itH ¥ —FEH N 5B TEHC

thetaZ=np.arctan((y2+y0)/(x2+x0)) #if;—'%ﬁi'-ﬁﬂ]ﬁﬂﬂﬁﬁﬁﬂf LB R
x_=-x0/3
y-=-yo/2
Wit BT N S AT
print {(theta? ,x0,y0,r,x1,y1,x2,¥2 ,aleph,theta_chair0_1,
theta_chair0_2,
theta chair(0_32 ,theta _chair 1 ,theta chair 2 ,thata chair 3 ,t1,
t2 ,thetal,
thetaZ ,x_,y_)
HEHEMEEER

. positioniteration

import numpy as np
from function import £3 #ATHHE S LHEEAR
from function impeort £5 #m%w!ﬂﬂiﬂﬁ._ﬁm{iiiﬁ
from function import £6 #ATHANEFEF —ERATEEFESNRENEE
from zeropoint import zero2 #HTHHEELsISHTS
from zeropoint import zero3 R FiHHHEELfeH TS
def iterationl(theta last  flag last ,flag_chair):
d=1.7 #FE
D=2 #WAEFHEE
theta0=16.6319611 ## Hobf &ataudE il
r=1.5027088 #F _EHAHEE
aleph=3.0214868 #MFEALAE UM
if flag_chair==0:
d0=3.41-0.2756=2
theta_1=0.9817636
theta 2=2.5168977
theta_3=14. 1236667
alse:
d0=2 . 2-0,276=2
theta_1=0.E5E61483
thata_2=1.1523561
theta_3=13.8544471
s EH R E ey
if flag last==1:
theta=zeroZ(f3,theta_last ,theta last+np.pi/2,10+={(-8) ,d,d40,

theta_lasat)
A HERETFNHNE £8theta
flag=1 #EEFEFHESEHEN
it R EF R EEF HER K8 Mk
elif flag_ last==2:
if theta_last<theta_1:
b=np.sqrt(2-2+«np.cos(theta_last))=r=2
beta={aleph-theta_last) /2
l=np.sqrt(b=*2+D==2/4-bsD=*np.cos{bata})
gamma=np.arcsin(b*np.sin(batal /1)
thetaszero3 (f6,thetal ,thetad+np.pi/2,10==(-8) ,d,d0,
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thetal ,1,gammal
#itHEEFHAES Htheta
tlag=1 sEEEEFHEDEHEY
st REFE Y - REATMEBEFEE N KREHHKD
elze;
theta=theta_ last-theta_ 1
st HEEFAAEEHtheta
flag=2 +BEFEFHEBENEY
st HHEFREEFRER —RETHWE
elif flag_last==3:
if theta last<theta_ _2:
a=np.eqrt(10-6=np.cos(thata_last))=r
phi=np.arccos{{4+r+=«2+aws2-d0==2)/(d=asr))
beta=np.arcein{r*np.sin(theta_last}/a)
theta=aleph-phi+beta
#HEEFHIE S Htheta
flag=2 s+EEGEFHFE LS ES
et Wi RSN B EATEET 8 —BEAMEA
elaa:
theta=theta_last-theta_ 2
T HEREFHAEE Htheta
flag=3 #BREFEFHEBEMHRY
sTRARETREETHER —_REAHWE
alae:
if theta_last<theta_3:
p=d={theta_last+np.pi}/(Z=np.pi)
a=np.eqrt(p*=2+D==2/4-p+Denp.cos{theta_last-thetad+np.
pil)
beta=np.arcsin{p*np.sin(theta_last-thetal+np.pi)/a)
gamma=beta-{(np.pi-aleph)/2
b=np.sqrt{a=*2+r==2-2sasr=np.cos{gamma) )
gigma=np.arcsin(a=np.sinf{gamma) /b)
phi=np.arccos{{r*=2+be=2-d0=«2) /(2=r=h})
theta=aleph-phi+sigma
#it HEEFO L E £ Htheta
flag=3 #REGEFHEhEHES
AN ETER S NERTES RN
alee:
a=theta_lazt-np.pi/S2
b=theta_last
theta=szero2 (f6 ,a,b,10=« (-8} ,d ,d0 ,theta_last)
st R EEFHEE Htheta
flag=4 #ETEEFHEREMES
st HEFPREETHESHBL NN
return [theta flag]

#RTHREERAR

10, velocityiteration

import numpy asg Bp
from function impeort f£4 #AFHREE LM FMHE
def iteration2(wv_last ,flag last ,flag,theta_last ,theta,x_last ,.y_last
PRI
x1l=-0.T600001
¥1l==1.306T7264
#it BA— 5 e G A
x2=1,.7359325
y2=2. 4484020
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#it 5OF = B 9 o B T
k_chair=(y_last-y)/(x_last-x) #itHwEsiE
w=-1
if flag last==1 and flag==1:
kE_v_last=fd(theta_last)
k_v=f4(thetal
LT HWEFREEFWES N R E 730 s
elif flag_last==2 and flag==1:
kE_v_last=-{x_last-x1}/(y_last-yi)
k_v=f4(theta)l
AN EFER - BEAMBEFES N EEHA 0B OHE
elif flag last==2 and flag==2:
v=v_last
AN EFREEFNLES — B ET AR
elif flag_last==3 and flag==2:
k_v_last=-{x_last-x2)/(y_last-y2)
k_vs=(x-x1)/{y-¥1)
PR ETER _AEAMGETAF —BEAH T Koy #tE
elif flag_last==3 and flag==3:
v=v_last
gt AN ETPEETNES _BHEN WA
olif flag last==4 and flag==3:
theta last=theta_last+np.pi
k_v_last=f4(theta_last)
k_v=k v==(x-x2}/{y-y2)
T EHETESHEEMEEFER RN FA T Erdt e
else:
theta last=theta_last+np.pi
theta=theta+np.pi
E_v_last=f4(theta_last)
k_v=f4(thetal
AR EFPEEFNESHREN TR FaHE
if vy==-1:
alephi=np.arctan{np.abs {({k_v_last-k_chair)/(1+k_v_last=
k_echairi))
aleph2=np.arctan(onp.abe{({k_v-k_chair)/{1+k_ve=k_chair)))
#it A4 SH B XA
v=v_lastsnp.cos{alephl)}/np.cos(aleph2) #H{H SWHEFHAE
return v
e g ELY £ 10
import numpy as ap
from function import f4 #AFHHSS FAFHE
def iteration2(v_last.,flag_last ., flag,theta_last ,theta,x_last,y_last
P ESY Y3
%1=-0.7600001
¥yi==1, 3067264
St RE—E WA
x2=1.73659336
y2=2. 4484020
P o sl b Ao BN
k_chair=(y_last-y)/{(x_last-x) #HFHELHHE
w=-1
if flag last==1 and flag==1:
kE_v_last=fd4(theta_last)
k_v=f4(thetal
AN EFPEEFH LA RS0 E R B4 #
elif flag_last==2 and flag==1:
k_v_last=-(x_last-x1)/(y_last-y1)
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11.

k_v=f4(thetal
S RHEFEN - RUATEETEE A RS RN E
elif flag_last==2 and flag==2:
v=¥_last
tINNEFHEETHER —BEASHRT
elif flag last==3 and flag==2:
E_v_last=-{x_last-x2)/(y_last-y2)
k_v=-(x-x1)/(y-y1)
AN EFER _REAMBEFAS B NAE A HE
elif flag_last==3 and flag==3:
v=v_last
#THNETFHEETHER —_REASHE
elif flag_lazt==4 apd flag==3:
theta_last=theta_last+np.pi
k_v_last=f4(theta_last)
k_v=k_v=-{x-x2}/{y-v2)
tNNETESUBEMEEFTER —REAA R EHHE
alae:
theta_last=theta_last+np.pi
theta=thetat+np.pl
k_v_.last=f4(theta_last)
k_v=fd4(theta)
i ANETPERETHESHESHFA M EaRE
if wy==-1:
alephi=np.arctan{np.abs ({k_v_last-k_chair)/(1+k_v_last»
k_chairl})
aleph2=np.arctan{np.abs{{k_v-k_chair)/{1+k_v=k_chair)}))
#r}#ﬁﬁ LY R A ES
v=v_last=np.cos{alephi)/np.coes(aleph2) #iMIWiEFHAE
return ¥

#f T it B

510 ] 5

import numpy as ap
impert pandas as pd
from function import £2 &8 T iF 8 &k W Mt g 4k
from zeropoint import zerol #AFITHEHL2MT N
from number import number #M TR@eli | &
from pesitioniteration import iterationi #H'T'I']'#{Eiiéﬂ
from velocityiteration import iteration2 #8Tit Wit @&
d=1.7 #8E
vo=1 aX KK
theta0=16.6319611 ## LoBtHlptiyim )
r=1.5027088 #% —BEAMEE
aleph=3.0214868 #FTF MOLHE M
t1=9.0508209 #EF B E —RE e
t2=13 6212449 4% B3 I a0 Bt Bl
x1l==0 7600051
yi=-1.3067T264
w0 — A B AR
x2=1.T369326
y2=2.4484020
L Bt BNE O
thetal=4, QOSE3TE &4 — B [ 30 Ayl A g of 3 [ L8040 AR
theta2=0.8630449 &% — 5 M3 AYE 7 S FE.Oa0E &
lst _chair_theta=[]
let _chair flag=[]
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for t in np.arange{=100,101):
if t<0:
theta_chairO=zerol(f2 6 thetad 100 ,10+={-8) ,thetad ,v0 t, d}
flag_chairQ=1
elif t==0;
theta_chairO=thetal
flag_chaird=1
elif t<tl:
theta_chairO=v0=t/{2=1)}
flag_chaird=2
Belif t<t2:
theta_chairO=v0=(t-t1)/r
flag_chairQ=3
elea:
theta_chairO=zerol{f2,thetad ,100,10+*={-8} ,thetald ,v0 ,-t+t2 ,d
J-pp.pi
flag_chaird=4
s LA RS S theta W TR S AR 2 Hflap
let_theta=[theta_chairQ]
let_flag=[flag_chairo]
for i in np.arange(223):
theta_last=1st_theta[-1] ##H® L—PEFHHEHE £ Htheta
flag last=lst_flag[-1] ##%# — T EFHRAGSHER £ Hag
[theta ,flagl=iterationi{theta_last ,flag last ,i}
lat_theta.append(thetal
laet_flag append{flag)
lst_chair_theta.append{lst_theta}
lat_chair_flag.append (lat_flag)
MR LTEFHE NS theta FERS SR £ Hllag
lst_chair flag=np.array{lst_chair flag)
lzt _chair_theta=np.array{lat_chair_theta)
l=t _chair_xy=[]
for i in np.arange{201):
1st=[]
for j in np.arange(224):
flag=let_chair_flagli,j]l s @ 4HFEFEHETSE Stheta
theta=lst_chair_thetali,j] #HESSMEFAEGSNEN S Hilay
if flag==1:
p=d*theta/(2=np.pil
x=p=np.coe(thata)
y=p*np.zin{theta)
alif flag==2:
x=X1+2#r=np.coz(thetal-theta)
y=yl+2+r=np.zin{thetal-theta)
elif flag==3:
x=x2+r=np.cos{(thetaZ+theta-aleph)
y=yZ+r=np.sin{thetaZ+theta-aleph)
aelse:
p=d#* (theta+np.pi)/(2+np.pi}
x=p*np.coe(thata)
y=p*np.sin(theta)
S STEFELHR (x, y)
lst .append(x}
1st .append(y)
lat_chair_xy.append{lat}
lzt _chair_xy=np.array{lat_chair_xy).T
lst _chair_xy=number(lst_chair_xy ,6) #E el
df=pd.DataFrame{lst _chair _xy)}
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df . to_excel(“resultd4_1.xlax",index=Falza)
#RFHEEErcel T
ist_chair_w=[]
for 1 in np.arange{(201):
lst_v=[v0]
for j in np.arange(223):
flag last=1lst _chair flagli,j]
theta_last=1st_chair_theta[i,j]
flag=1st_chair_flag(i,j+1]
theta=1st_chair_thetal[i,j+1]
x_last=1st_chair_xy[j=2,i]
¥_lagt=1st_chair_xy[j=2+1,1]
x=lst _chair_xyl[j=2+2,1]
y=lst_chair_xy[j=2+3,1]
AR E— T RERUHETHLE, AXEHthetaP A BENTE £ 8f1ag
v_last=1lst_vi-1] #HZ# r—+EFeE
v=iteration2{v_last ,flag_last ,flag,theta_last ,theta,x_last,
y_last ,x,v)
let_v.append(v)}
#it W AW ET YK
let_chair_v.append(lat_v)
lst_chair v=np.array{lst_chair wv).T
lat_chair_v=pumber {lat_chair_v ,6) #Eifefi &
dfopd.DataFrame {lst_chair _v)}
df .to_excel("resultd_2.xlsx",index=False)

#RF#E P Excel 7

12. veletorytheta

import numpy as np
from positioniteration import iterationi 28T itM{X E#&f
from wvelocityiteration import iteraticn? AT RAEHK
def f{flag,theta}:
d=1.7 #885
r=1.5027088 #R B EAHSFE
aleph=3.02148658 #FMEEALE A
x1=-0,T600001
yl=-1.3067264
e —EEAAEcER
x2=1.T385325
y2=2. 4484020
= BT e AR
thetal=4.0056376 #ifNH—MEAAE N S0~ FH-LoEA
theta2=0.8539445 #MIHE BT AHE 7 40 5 84808 &
if flag==1:
p=d=theta/{2+np.pi)
x=psnp.cos{theta)
y=p=np.zin{theta)
Mt RETEN Bty 84
elif flag==2:
x=xl+2=r=pp.coa{thetal-theta)
y=yl+2=r=pp.sin{thetal-theta)
At R T 8 — R E e A AR
wlif flag==3:
x=xl+rsnp.coa{thetaZ+theta-aleph)
ysyZ+r=np.sin(thetaZ+theta-aleph)
A NETH _BEA LR

else:
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ped={theta+np.pi) /(2=np.pi)
x=p=np.cos {theta)
=p=ap.sin{theta)
A HETEHRE oy 8
return [x,¥]
AR THEEE S SthetaFE S SRR LR
def v_theta(theta last ,flag last , flag chair v _last):
[theta ,flag]l=iterationl (theta_last ,flag_last ,flag_chair)}
gt M E S S thetafo i ik 0
[x_last ,y_last]=f{flag _last ,theta_last)
[x,y]1=f(flag,thata)

#tRWMEFREEF LK
v=iteration2(v_last ,flag_last ,flag,theta_last ,theta,x_last,

y.last ,x,y)
#it R
return [theta,v,flag]

tATHREERRE

i) RS

import numpy as np
from velctorytheta import v_theta #Iﬁ‘?’i'i‘ﬂi!ﬁ-fﬂf}ii
vo=1 #F LK
v_max=2 &#FAHE
thetal=16.6319611 #% Lo ZIpEnEA
theta_chaird_3=14.1235657 #¥— T ESNEF IR HE S A E K £ H theta
lzt_thetal=np.arange(thetald-np.pi,.theta_chaird_3,0.001)
let_v=[]
1st_flag=[]
lst_theta=[]
for thetad in lst_thetal:
[theta ,v,.flagl=v_theta{thetad ,4,0,v0)
lst_theta.append{theta)
1st_v.append(v)
lst_flag.append(flag)
for j in ap.arange{(2)}:
for i1 in np.arange(len{lst_thata0d)}:
theta_last=1lst_thetalil
v_last=lsat_vw[il
flag_last=1st_flag([i]
[theta ,v,flag]l=v_theta(theta_last ,flag_last ,1,v_last)
1st _thetalil=theta
lst_v[il=v
lat_flaglil=flag
A BRI AW EN e M A A8 thotaf® 1L
theta0=1st_theta0{lst_v.index(max{lst_v))] #H#2ERAtEAHEEE

#theta
lst_theta®=np.arange{(thetald-0.001,thetad+0.001,0.000001)

let_w=[]

let_flag=[]

lst _theta=[]

for thetad in l1st_thetad:
[theta ,v,flagl=v_theta({thetad 4,0, v0)
lat_theta.append{theta)
lst_v.append(v)
lat_flag.append(flag)

for j in np.arange{(2):
for i in np.arange(len{lst_thetal))}:
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theta last=lst_theta[i]
v_last=lst_v([i]
flag _last=1st_flag([i]
[theta ,v,flag]l=v_theta(theta last  flag last ,1,v_last)
1st_theta(il=theta
lat_w(i]=vw
1at_flag(il=flag
sEsg B AELNER
vO_max=v_max=v0/max(lst_v) #tHLLHR ER
print {max {1at_v})
print {vO_max) &dLa00 AR
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