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5.2.2 o) B LAY S
5.2.2.1 bR RAVE L
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MTF LB ErESIER, $HEFN: f(pL,H,H,B,F,T), (i=1,2,..p). B %
TR p, LH H,BS5HREEREE,THEEH.
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X -Fizsh o sk, iﬁ?ﬁ#ﬂﬂa‘ﬁﬁ%ﬂl%~¢ﬁ% PR ZEMER T . 34T
W MEHASAKFRMEANREG, ENARNAFE, (i=12,.,p).
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M,=00,xQP, (33)
FRFPxFERFIM. HEESETE PO =00 -0P , WHEM, T#K7HN
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YERI 3 ST = A 0 0. SRS B aR(35)% p LB\ R T BE M HiE A ik, 193
M, F7 {8 Step i 43472 J A0 SRR A5 150
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5222 88 ER

FAVF ) MATLAB %4t g F SR AR BB B A FE 0 # problem2.m 4 WLFRHE- 1]
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3. #ET9RM R R ANH S HEHIHEENE T, MNEREH, AEHENH
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5.3.1 [EE=/44

6] B = i R AT EE L T B SRS 4R AT, SRR S T R e AR () B A A &,
WHEAS. A, BmEA RPN FREE. BRTRA. RTIEEE. AGETH
R, RS NE TR, 1. e T RTE AR L —8, &
BRI NERE; 2. MR FEZESHL RSN — R, BiRBIKES
10N . 2TFLLEFEREgE /N RED ], RERERE.
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=B, SHoERS Lo R, BEESIHE SR,
5.3.2.1 Zh4#T
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Sk, WA pERRE. R THBERYMA X T AN B RIR R
ﬁ'{PsLiHﬂ:Hz:ﬂ:Fj}j:)r [I 5 1}25*--:P} "

(1)ER., REE T
S ERMEEIN, HERESHEAERNTED T Mris 5 iR R,
FE B R () 2R 4 20 A
" ﬂt; 2 ﬂrl;
& _k[E] P (43)

ER A 5T S S TR, WIRIRE N x, = (0,0,H,), HEE v, =(v,0,v,,,0)
A] FH ] — R R R BR R a3 AR .

AR EshE, BTEZER p MNAKRNNEF SEINILT &AHE, #
W4 —EH M . ot W Fsh S5 E R, #RiEsh 5 FEn 58w 6 2 ek,
TSN SE N SRR AR RN B i, PEANSS BT BLEEE F A

(2)ER ., R |

LERA R, BREVEE Ay, = (v, s, v0) » SERNEAE A 7 = (a,b,¢), BT
LR EE R v, =(0,0,v,) « FHEERS S IRERE SRy — A IEREFIREASFAT T T Y
izgl), WA Oxyz ¥R REEALHN Omnk S5 R, #EHEBEAREERDT:
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7E M F VBB ATEE P, FUCTRATSE R T 8445 R 0¥ .
1Ev, En,mk =M ERIRE, A7
v, = (v, -n)/|n|
Vi = (v, m)/|m| (44)
vy, = (v, - K)/| k|
BIEE, FRATAT LA E] v, E=AH W B v, v, v, « Fo8, HEERRIEE R REE 7 =4
J7 1) bl R B BESFIE SEh B
g = W T
@ﬁEﬁ"ﬁi?EMPh+E my,, = EM vfn+5mvh

.

1

(45)

s E My, tmyv, = MV, +mv)

] ] LA R 9 38 o fS BRTE n AR S R Y, -
bl 2Mv, — (M —m)v,, (46)
M+m

BeJE, BAESE S EHEROEE Y, BB ZE Oz VR T, #3).

vy =Y You WYk (47)
|ln|  |m| |&]

(3)BR. BLRlrESE
R ERNTFEFRBRANEE TR, TRENHEANNELT, HhRE—P by R
B =4

dt dt

T M SRR T HEER R, EE SRR R RN R EEYER A
BEME, AR E— ARG ERAZES) TR,
5.3.2.2 B iA%EMeEH B ireAE
A IEFE T s Bk g eHEER, A1 S0 R A 0 e fEHEER L ] g LLB AR
AR, BT BB g RATREAN . S B -
mjnﬁ'(HﬂﬂHE?ﬁ:pi!—ﬁH}:F::?:) (49)
5.3.2.3 Ev{0 1R %E SRRE I 29 B 2k 1
T4 Ia) = 0 5T 0 R R A G R A B — a5 A 2 B AR, WENER S E AR
SENAEAHSEEELE, MAER, HESIHRE -2 REtE R, P EESAHN
RIZI R K
® RS AH
LIRS\ RRIA IR EE,, RS R EHENAF 81 T R%.
HARMAENRETESHFAE. AMsARETE )y RAWNRIREESIHYE:
{yj:ﬂ, BA R 2 5%
J,-'I.=l! Mﬁfg%ﬁ%
AR, AMEEMA I BT AR ik R A ERE R EOR, 3R
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. )
m—-=mg+ .ﬁ{E‘E] (48)
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3y, =2 (51)
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SRR RAZE p AN\ R AL RSP 4 AT R 0 0B 1 .

o FHEERNIEHR
BA 7 (1) %2 1 7 FE I TR A T 2 SR
F'=F,+y, AF,
{{Ji.ﬁﬁ <10
R, SRRy, AR RN EHRT T HE, FAR S5 T HE Wy =1,
BAETHRIF A F, 260 E £ N AF, 5 h7E0~10N 2 4],

i=12,..,p (52)

o RAMH—BAR
g RIS, BATHE AR FR RS, W p ARMNEBRRD T 14
T, =T,(Vi,j=12,...,p) (53)

53.2.4 EALARERRAEENEE
gh BRI, FRATHT LA 215 T e {0 1R B s LA A Y
minﬂJ(Hﬁ?Hiﬂﬁ!P?L:ﬂrﬂ:I;)

VAR L iyl. =

; ‘F;:=F:l+yf"ﬁf;
ﬁﬁﬁﬁﬁﬁﬁﬁ:{ngﬂﬁim

o1.d VR ABHLAN: T, = T,(Vi,j =1,2,..., p) (54)
Eﬁﬁﬁéﬂ}-ﬁ ﬂ: i H_,: (ﬁ‘:‘f - 1,2,...”'_?}

HTLER 85 P 405K H;—%z{m

Jd=1L2.....p

BA R EEE29 5 : D = 2(R + LcosH)- sin% > 0.6

AR, H,,H,, B, p, LETFEER, 0,F,T,(=12,..,p) rRlEE, A K
T EHERE R A, R BTSSR A SR, YRR
MIXR, HTHESBOVER, £LRASHFH,H,, B p.L O, E,T)NERER,

5.3.300 B =H#R R H
Atz AR SE R e, AT SR A, RSN T RSN .
i e B es . FRA A 0 e i ER i AR R e AR (L

(&5 B P EERCEER R B BB 5 —kie=k), BRI ES KL
3 R EHE

HhzH 1 2 3 4 5 6 7 8

RAOEHL 0 0 0 0 0 0 0 0
HAhk/h 9 8 8 80 80 80 80 80

I e = SR B 52 ) A i 17 R S ER A ) A . AR A B ) B RN L
F90.09s, R\FRPEAN B HEERER N, FEREE0415m, o FH1.99° .
Q)R EMME. BEBRIESRAMNE, LR EHERN A &N E
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PREREL RAREIINR A R:
=4 PR

Hhs%H |1 2 3 4 5 6 7 8
RAEH, 0 0 0 0 0 0 0 0
HAk/ 8 8 8 8 90 90 80 80

e FIR O REREE A 1.99° MSERRIFNUE, A RIS ad B ERE A 90.0528°
[ ¥ N 0.4005m . LR HL &5 R F k.
%5 EEpE
LR T S AR
REEE  0415m  0.4005m 3.49%
BR ) i #1 1.99 0.0528 97.35%

iRy e B = AR AR e SE B R LA, Du it SO O RRE T S SR, RATTE e
Tt AT VR A S

5.4 [ BE PYAR R B B L S5 SRR

BA R REEH T p=10, L=2m%Eifs a0, B HERAb SR R: p=1,
H, =0.6m. HTEREL P @FEMIZE), MERFRHBEREAKET A EraE. EE
A I A E R HH A A1 BA 5 B A D BRI, SR AT e S AT e 5 AR B A R ik
BB e B R, W ) BE B R i A1 2R v SR s e ) 7 ) = Y,
54.1 RIEEIERIMESL
5.4.1.1 BFRE#E

A B HI S R R g=1', H, =0.6m. {BRFKLH\REZFL T
KRS N, BAVHEEN PB4 E g, {8 0 SERSS B 5 Bk i 3
SRR RE—3. ms/h IRBEGR T B ARk

min |H; —0.6| (55)

min| 8" 1] (56)

A 7, 5, B AR B EA SEE R EE, EIIMASEE N 0.6m,1 . BAIH

M EE R S ARG R 8. MiElEE AL RAEER M.
5.4.1.2 R EIBALER A1 E

7£5.3.237 9, ROTCE RN S, AR NE. REFE R R NP2 H
HATTHGR, XEFAFEIHY.

HRE HbRpA 8, PO EPLELIERE — 2 BRI, TEsCirsREERERE S, A
i I AR A p B EUE R E R, Mok H ARSI R R, ERE S A
wEDNTEME E . BT LA R T R EH ARt

22



min |H —0.6|

WA QLA Yy, =2
=1

; . F=F,+y, -AF,
BRI R, {ﬂ < AF €10 R Eh
R ISR T =T (Vi =12,..., p)

R T IR 6, =6, (Vi, j =1,2,..., p)

1.1
> B gE ey D = 2{R+Lmaﬂ}-3h~.%£ 0.6

R R H;—%zﬂ.d
AL TR 57 - 1] < &
BB R : = =tan12’
| Yy (57)
ER A, g HIRAET] R AT LA PR a6 . B TP ERER I 7 mIAE K
SEF A F AR SHI R A2, BIERR G S A EE SRS T
tan12 B tan24", FRALLtan12 150 A
5.4.2 i AR )R AR
Stepl: BN HEERMHMEE, WHEREGEEKFREELA0.11m;
Step2: PRS0 . R IR FRES R RMNEILT . 25iE%
KPR RN NEEF,, AE25RENNRBENHEF,. EMNNGESSHEKA
EIEHIAN: 0<T <02,AT =001s, 95<F <11595<F,F, <115,AF, =AF =AF, =1. ¥
o AR B bR PR 3 B AE e A T 1A N BRER S B R, A4 h T 95N I B ER R BE A
253 0.6m, HHEHE FR:
Step3: PHLBALEREE R, ER\TNEHE, BRERERNE=001. HEES
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F*"o6 MERFRE
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BT HL 0 0 0 0 0 0 0 0 0 0
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Mrp, £ dEM, BRSWEEISmEL M B, SEARRAIMEKEENSSLTm,
5 F—3aEREEHZE0.181m -
5.4.3 (o] EE P9 AR
5.4.3.1 HEREEESRER
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7 BmEAESR
HAOZ% 1 2 3 4 5 f 7 8 9 10

= FIEHL 0 0 0 0 0 0 0 0 0 0
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ik — RE—EF
WAF4: %probleml.m
cle,clear
2=9.8;% 5 1 INIEE
dt=0.01;% 94785 (8] 0.01s
h0=40%0.01;%ER &5 L1 FI#) 4 = B
t=0.2;
t=0:dt:t;
global F
global nh
H=0.11,
ah=zeros(length(t)*10,4);
u=0;
%%
forp t=t
Yo T I AL
for F=70:90
% F 1 1
nh=0.4;
u=u+l;
hh=solve probleml(p t);
ah(u,:)=[hh,Ep_t,0];
if hh<0.4
continue
end
for i=1:20
hh=solve probleml(p t);
if hh<0.4
ah(u,1)=inf;
break
else
nh=hh;
end
end
ah(u.4)=nh;
end
end
%o
% F=R85;
% nh=0.4;
% for 1=1:100
%o u=u+l;
%o hh=solve problem1(0.09);
%o ah(u,:)=[hh,F,0,0];
%o nh=hh;
% end
% plot(ah(1:u,1))

L. MR
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%solve probleml.m
function hh=solve probleml(p ft)
%R R 5 — B BN
Yop_t,FFHE BT HL
global nh
£=9.8;% 5 JJ I &
[T,P_ball]=s p(@ball P,[0,1],[nh,0]");%EkF{7 &
m=3.6;% 5k i) & &
mb=0.24; %ER ') i &
[~.gul=s_p(@my_fun,[0,1],[0,0]);
dt=0.001;
u=0;
for 1=1:length(T)
if T(i)>p t
u=u+l;
d=abs(P ball(1,1)-0.105-gu(u,1));
%o plot(i,d,'ko")
Yo hold on
if d<5e-3
t=i; Yo 2| flE 48 B AL
break
end
end

end

Yo hold off
v2=P ball(t,2);
vi=gu(u,2);
V=2*m*v1-(m-mb)*v2;
V=V/(m+mb);
[~bl=s_p(@FE,[0,11,[0,V]);
[~.k]=min(abs(b(:,2)));
hh=b(k)+P ball(t,1);

end

function f=fft,x)
m=0.27;%ER 1) i &
R=0.105;%f:1%
row=1.29;% ¥ K
c=0.5;% P R

£=9.8;

k=0.5*c*row*pi*R"2;

f=zeros(2,1);

f(1)=x(2);

f(2)=-g-k/m*x(2)"2;
end

R — RE_EFF
W AF44: Yproblem2.m
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cle,clear
[=1.7;m=3.6;H=0.11;g=9.8;R=0.2;
n_people=§;
F=80*ones(1,n_people);F([1])=90;
error_t=zeros(1,n_people);% /& JJ4EIR
error t([])=-0.1;
FO=F;
dt=0.001;
tt=0.1;
T=(min(error t)+dt):dt:tt;
T=round(T*1000)/1000;
h=0);
MO=[0,0,1]";
v={);
P=zeros(length(T),2);
u=1;
W0=[0,0,0]'
WO02=[0,0,0]';
[=0.25*m*R*2+m*0.22"2/12;
flagl=0;
for i=T
F=F0;
if flagl==0
flag=0;
for ii=1:n_people
if error t(ii)<i
for j=1:n_people
if j~=11 && error t(j)=error t(ii) && error 1(j)=1
F(j)=(L/H)*m* g/8;
flag=1;
end
end
end
end
if flag==0
flagl=1;
end
end
u=u+tl;
[M,Fy]=solve M(MO0,h,F,n_people);
WO02=W02+M;
M=W02;
a=Fy/m-g;
h=h+v*dt+0.5*a*dt"2;
v=v+a*dt;
P(w,))=[h,v};
alpha=sum(M."2)"0.5/1;
wk=W0"*M/sum(M."2)*0.5;
ww=wl*dt*0+0.5*alpha*dt"2;
A= makehgtform('axisrotate, M,ww); % t f& a &% b HEFEAI9LE
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u=0;

forp t=
Y iE P L
for F=85
%F 1 E
nh=0.4:
u=u+l;
hh=solve probleml(p t);
ah(u,:)=[hh,Ep_t,0];
if hh<0.4
continue
end
for i=1:20
hh=solve probleml(p t);
if hh=0.4
ah(u,1)=inf;
break
else
nh=hh;
end
end
ah(u,4)=nh;
end
end
for i=1:u
if ~isinf{ah(i,1)) && ah(i,end)>0
p_t=ah(1,3);
break
end
end

YAl F 85— I B B e L 2
%%
p t=0.09;
F=80*ones(1,n_people);F([1])=90;
error t=zeros(1,n people);% /% JJ4EiR
error_t([])=-0.1;
FO=F;
dt=0.001;
tt=0.5;
T=(min(error t)+dt):dt:tt;
T=round(T*100)/100;
h=0;
MO={0,0,1]";
v=0);

=zeros(length(T),2);
u=l;
W0=[0,0,0]";
[=0.25*m*R"2+m*0.22"2/12;
flagl=0;
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MO=A(1:3,1:3)*MO(:);
am=M/sum(M."2)"0.5;
Wo=wk*am+alpha*dt*am;
plot(i,atand(sum(M0(1:2)."2)*0.5/M0(3)),'0")
hold on
end
atand(sum(MO0O(1:2).72)*0.5/M0(3))

%esolve M.m
function [M,Fy]=solve M(MO0,h,Fn people)

YoSRFRE—RUL FAL A, CLARBEGF EMNED

%MO J2 BLE A S T Y i e B
%h ZHHE (SRS EAEMED e
%F 5 NETH B
%n_people & ANEL
L=1.7;m=3.6;H=0.11;g=9.8;R=0.2;
theta=2*pi/n_people;
M=0);
Fy=0;
for i=1:n_people
z=shpe(MO0,(i-1)*theta);
hO=h+z(3);
r=[z(1),2(2),h]’;
FO=zeros(3,1);
x=sqrt(L"2-(H-h0)"2);
=x+(r(1)Y*2+1(2)*2Y0.5;
FO(1:2)=r(1:2)*k/(x(1)*2+1(2)*2)"0.5;
FO(3)=H-h;
s=sum(F0."2)"0.5;
FO=F0/s*F(i);
M=M-cross(r,F0);
Fy=Fy+F(1)*(H-h0)/L;
end
end

fiR= FE=EF

WAF4: %problem3.m

cle,clear
[=1.7;m=3.6;H=0.11;g=9.8;R=0.2;
n_people=§;
h0=40*0.01;%ER & S8 B9 2 &
t=0.2;

dt=0.01;

t=0:dt:t;

%%

global F

global nh

H=0.11;

ah=zeros(length(t)*1,4);
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gu=zeros(length(T),5);
for i=T
F=F0;
if flagl==0
flag=0;
for ii=1:n_people
if error t(i1)<i
for j=1:n_people
if j~=11 && error_t(j)=error_t(i1) && error_t(j)=1
F(j)=(L/H)*m*g/s;
flag=1;
end
end
end
end
if flag==0
flagl=1;
end
end
u=utl;
[M,Fy]=solve M(MO,h,F.n people);
a=Fy/m-g;
h=h+v*dt+0.5*a*dt"2;
v=y+a*dt;
alpha=sum(M."2)"0.5/1;
wk=W0'*M/sum(M."2)*0.5;
ww=wl*dt+0.5*alpha*dt"2;
A= makehgtform('axisrotate', M,ww); % t #& a 5¢ b JEH: 1)1 E
MO=A(1:3,1:3)*MO(:);
am=M/sum(M."2)"0.5;
WiO=wk*am-+alpha*dt*am;
gu(u,:)=[h,,M0'];
end
Yol FH I BB MR - S B S0 5L T B s i sl i i
%e%0
[V,Vp]=solve find(gu,p t,[0,0,0.4]',[0,0,0]);%F 55 = ] ft) = o Tl H0HL 5 SR i 35— Ve S o
[EERFZE SRS
%%
gama=Vp(2)/Vp(1);
gama=atand(gama);
if Vp(2)>=0
n=floor(gama/(360/n_people));
else
n=floor({gama+180)/(360/n_people));
end
if n==n_people || n==0
sel=[1,n_people];
else
sel=[n,n+1];
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end

V=solve find(gu,p t,h0,v0);
if V(5)<0.4
Yol R R H e AFF AR
Vh=inf;
else
=sum(V([1,3]).72)*0.5;
end

%shpe.m
function z=shpe(M,theta)
YoJ iR B8] 7 — £ 2% [] ) AR B

end

R=0.2;

fl=@(x) [sum(x.”2)-R"2;x(2)-tan(theta)*x(1);M"*x];

if theta>=0 && theta<pi/2

beta=[0.1,0.1,0]";

elseif theta==p1/2 && theta<pi
beta=[-0.1,0.1,01";

elseif theta>=pi && theta<pi*3/2
beta=[-0.1,-0.1,0]";

elseif theta==pi*3/2 && theta<2*pi
beta=[0.1,-0.1,0]";

end

opt=optimset('Display’,'off’);

z=fsolve(f],beta,opt);

%s_p.m
function [T,F]=s_p(f.span,x0)

end

h=0.001;

=span(1):h:span(2);
F=zeros(length(T),length(x0(:)));

k1=f(1,x0);

=f{i+h/2 x0+h*k1/2);
k3=f{i+h/2, x0+h*k2/2);
kd=f{i+h,x0+h*k3);
x=x0+h/6*(k1+2*k2+2*k3+k4);
x0=x;
U=l
F(0,)=X();

end
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end
minn=inf;
n=1;
for i=1:n
for FO=81:90
for F1=81:90
F=ones(1,n_people)*80;
F(sel(i,1))=F0;
F(sel(i,2))=F1;
Vh=solve ad(F,n_people,p t,[0,0,V(5)]',V(2:2:end)');
if ~isinf(Vh) && Vh<minn
minn=Vh;
a=[sel(i,:),80,F0,F1];
end
end
end
end

solve ad.m
function [Vh,V]=solve ad(F,n people,p th0,v0)
%03 fE7 1 HE TE B
%F_ad J215 F /1 ES
Yosel i 2 AR L& A %5 I 1
%F0 EMAFN NE N E
dt=0.001;m=3.6;R=0.2;g=9.8;
=0.3;
=dt:dt:tt;
h=0;
M0=[0,0,1]’;
v=0);
u=1;
Wo0=[0,0,07;
I=0.25*m*R"24+m*0.2272/12;
gu=zeros(length(T),5);
for i=T
u=u+tl;
[M,Fy]=solve M(MO.,h,F,n people);
a=Fy/m-g;
h=h+v*dt+0.5*a*dt"2;
v=v+a*dt;
alpha=sum(M."2)"0.5/1;
wk=W0'"*M/sum(M."2)"0.5;
ww=wk*dt+0.5*alpha*dt"2;
A= makehgtform('axisrotate', M,ww); % t /& a 58 b JEFL AL
MO=A(1:3,1:3)*MO(:);
am=M/sum(M."*2)"0.5;
Wi=wk*am+alpha*dt*am;
gu(u,:)=[h,v,MO';
end

34



