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4 The program used for studying the particles motion on a conventional
¢ yibratory separator in which the normal acceleration of the trough
4 je less than the acceleration due to gravity

PI = 3.141359
A% = "H.HH" : D$ = "HH.HEES @ Y$ = "HEAHEAT
2¢ = "NO SLIDE® : B$ = "NO BACK®* : F$ = “NO FORW®

+ getting of the parameters &.... ..
FOR P1 = @8 TO @ STEE.@
FOR P2 @ TO 8 STEP 8

FOR A .1 TO 1.1 STEP »1

FOR PR =.1 TO 1.1 STEP &1

s getting of the initial walue of variables «.vccu
X=81:2=28 -

Z¢I) =08 ¢ XK(I) =0
J=1:1=1:T=28
EJ¢J) =8 : EICI) = @
AJ(dy = 8 : AI(I) =8
i1B=8 : BB=06 : FB =0
LE=6 : BE=86 : FE= 8

1F P2 (= 8 THEN 80680

¢ calculation of the angular position in which

/ the particle start sliding along 2

ZL = (1-P2)/A

IF ABS(2L) > 1 THEN &58

R$ - n n

1F ZL = | THEN 286

LB = ATN(ZL/SOR( 14(=2L) ¥2ZL)>: GOTO, 316

LB = P1/2 :/LE(=|LB ' v

s calculation of the angular position in which the sliding along 2
/ of the particle terminate by using the method of regula falsi

N =20

0T = LB

T1 = LB+.1

T2 = OT+Pl/4

K= 1 : GOTO 468
T2 = T2+Pl/4

K = K¢i

IF K>=8 THEN 2390
GOTO 416

Fi = (COS(T1)+SINC(LB)¥(T1-LB)-COS(LB))
F2 = (COS(T2)+SINCLB)¥(T2-LB)-COS(LB))
Y = T2-Ti

LH =TI
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458
440
478
480

490

560
oie
528
936
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4606
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628 Y =

636
648
658
448
678

688 J =

690
766
710
728
730
7480
758 J
268
779
788
796
gea
816
82o
83e
840
858
840
876

O\
3

’i‘ %7
Gy

IF F1=0 AND F2=8 THEN 6468

IF F1>8 AND F2>8 THEN PRINT ®SAME SICN" :G0TO 348
IF F1<8 AND F2<{8 THEN PRINT "SAME SICN":G0TO 360

S = YX¥(ABS(F1)/(ABS(F 13 +ABS(F2)))
LE = LH+§

1IF (ABS(S)-ABSCOM) ) (= 1E-12 THEN &é8
IF (ABS(S)) (= 1E-12 THEN &40

XN = §

F3 = (COSCLE)+SINCLBI¥X(LE-LB)Y-COSCLB)>
IF (ABS(F3)-(1E-12)7 (= @ THEN. 6468
IF F1 > 8 AND F3 > B/ THEN 610

IF F1 ¢ 8 AND F3<¢ @ THEN é1i8

IF F1 = 8 THEN 448

IF F3 = 8 THEN &48

F2 = F3

Y =28

GOTO 446

F1 = F3

Y-S

LH = LE

GOTO 440

R$ = 2%

PRINT °LB";LB,"LE®;LE

IF R$ = Z$¢ THEN 788

J+l : EJ(I) =-9

F LE >= LB+(2%¥PI> THEN 710

LE : AJ(I) =8, :60T0, 738

= LB+(2%XPIy :AJ(J) =T

/ calculation the Z-displacement

I
T
T

~’4»
) it
g g’i’m ~.

- 1Ly

2(J) = -A¥P3¥{SIN(LB) ¥(.5%(T=LB)~2~1> -COSCLB) ¥(T-LB) +SIN(T)>)

IF T =-LEJHEN 288

= J+#] 20 = 0
EJGI =5 1 AN =T
GOTO 8oe

J=J+l 1 2(0) = 8
EJ(I = 6+ AJKD) =T
2F = (14PD/(A+(1/P3))
IF 2F>1 THEN 12386

S$ = v @

 calculation of the angular position in which

7 the particle start sliding forward
1F ZF = | THEN 878

FB
FB

P1/2 : FE = FB

ATN(ZF/SARC14¢(-2F) X¥ZF)) : GOTO 900
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888  calculation of thelangular position in which the sliding forward

890

se0

210

928

938

948

950

248

978

80

990

ieea
1018
1620
1838
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18580
1648
ie7a
1688
1690
1160
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1128
1130
1148
1158
1148
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1190
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1248
1278
1280
1296
1360
1310
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 of the particle terminate by using the method of requla falsi

XN=28

OT = FB

T1 = 0T+.1

T2 = Ti+(P1/2)
K= 1 1: GOTO 988
T2 = T2+P1/2
K= K+i

IF K>=5 THEN 2380

Fi = (1+AXP3) ¥(COSCTA) +SINCEBR) X(T1-FB) -~COSCFE))
F2 = (1+A¥P3) X(COSCT2)+SINCFB) X (T2-FB) -COS(FB) >
Y = T2-T1

LH = Ti

IF Fi=8 AND F2=8 THEN 1248 '
IF F1>8 AND F2>8 THEN PRINT "SAME SIGN":GOTO 9960
IF F1<8 AND F2<{8 THEN PRINT "SAME SIGN®:GOTO %50
S = Y¥(ABS(F1)/(ABS(F 1) +ABS(F2)3)
FE = LH+S
IF ABS(S)-ABS(XN) <= 1E~12 THEN 1246
1F ABS(S) <= 1E-12 THEN 1248
XN = § :
F3 = (1+AXP3) X(COS(FEY +SINCFB) X(FE-FB)Y -COS¢FB))
IF (ABS(F-1E-12) (= 0 THEN 1240
IF F1 > 8 AND F3 > 8 THEN 1190
IF F1 ¢ 8 AND F3¢ 8 THEN 1198
1F F1 = @8 THEN 1248
= B/ THEN| 1248

Y=6

GOTO 1828

Fl1 =F3

Y =Y-§

LH ="FE

GOTO 1626

S$=F% : FB=06 : FE= 0

PRINT "FB";FB,"FE";FE

IF (A-1/P3) = 8 THEN 1718
 calculation of the angular position in which
‘ the particle start sliding backward
2B = (1-PD/A-(1/P3))

IF ABS(2B> > | THEN 1718

T$= ] ;]

IF ABS(ZB) = 1 THEN 1348
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1328 B = ATN(ZB/SQR( 1+(-2B)%ZB))

1336 BB = PI-B : GOTO 1378

1346 BB = 3%P1/2 : BE = BB

1356 / calculation of the angular p051t10n in which the slldlng backward
1348 / of the particle terminate by using the method of regula falsi
1376 XN = 8

1388 OT = BB

1398 T1 = OT+.1

14808 T2 = OT+Pl/4

1418 K = 1 : GOTO 14480

1428 72 = T2+P1/4

1438 K = K+1

1448 IF K>=8 THEN 2388

1456 GOTO 1476

1448 F1 = (I-AXPS)X(COS(T!)+SIN(BB)X(T1 BB) -COS(BB))>
1478 F2 = (1-A¥P3)%(COS(T2) +SIN(BB) (T2~ BB)—COS(BB))
1488 Y = T2—Tl

1498 LH =

15868 IF F1=8 AND F2=6 THEN 1728

1518 IF Fi>8 AND F2>@ THEN PRINT "SAME SIGN":GOTO 1420
1528 1F F1<B AND F2{@.THEN PRINT ®“SAME SIGN":GOTO 1428
1530 § = Y¥(ABS(F1)/(ABS(F1)+ABS(F2)))

BE = LH+S

IF ABS(S) -ABS(XNY = 1E-12 THEN 1720

IF ABS(S) (= 1E-12 THEN 1720

XN = § :

F3 = (1-A%P3)X(COS(BEX+SIN(BE) X(BE=BB) -COS(BB))
IF (ABS(F3)=1E=12) (=8 THEN |1728

IF F1 > 8 AND F8 3.8 THEN 1470

IF F1 < 8 AND F3¢ 8 THEN 1470

1F F1 6 THEN 1728

1F F3 @ THEN 1720

F2 = F3

Y=98

GOTO 15649

F1 = F3

Y = Y-S

LH = BE

GOTO 1566

T¢ =B : BB=86 : BE =

PRINT °BB®;BB,"BE";BE :PRINT

T=0:EKI) =4 : AKKD =T

IF 5$=F$ AND T$=B$ THEN X(I) = @ : GOTO 2158
IF S$=F$ THEN I=I+1 :EI(I)=3 :GOTO 1980
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IF T$=B$ THEN I=I+1 :EI(I)=2 :G0TO 2870

IF BE>FB THEN 1880

I =141 : EIX]) = 3

IF BE>= FB THEN 1848

T=BE : AICI) = T

GOSUB 2470

I =141 1 EIXD) =@ AKX = T 2 X(TIy =8
GOTO 1846

T=FB : AlII) =T

G0SUB 2470

I =141 : EIC
GOTO 2048

I =141 3 EIC]) 2

IF FE >= BB THEN {948

T=FE : AIKD =T

GOSUB 2440

I =141 1 EICI) =4 & AlCH) = 0
GOTC 1940

T=BB : AIK) =T

GOSUB 2440

I =141 1 EIC]) = 3

IF BE >= FB+(2%P1) THEN 2020
T=BE : AI(D =T

GOSUB 2470

I =141 ¢ EIXI) = 4 ¢ AICD)
GOTO 2150

T = FB+(2%XPI) : AIC1) = T
GOSUB 2478

I = 1+1 OEICDY = 2 : AICD)
GOTO 2150

IF FE >= BB+(2%P1) THEN 2§18
T=FE LAl =T

GOSUB 2446 '

I =1+41"% EIKD =4 : AIKDD = T
GOTO 2150

T = BB+(2%PI) : AI<I) =T

GOSUB 2448

I =1+41 ¢t EIXI) = 3 1 AIKD) =T @1 X(I) =8

“ report the calculation results ........

PRINT “XX" TAB(S) ;R$; TAB(15) ;S$;TAB(28) ;T$; :
PRINT TAB(35)“P1 = ® USING A$;P1;:PRINT TAB(47)°P2 = ° USING A$;P2;
PRINT TAB(39) "A = “USING A$;A;:PRINT TAB(48)“P3 = "USING A$;P3
PRINT :PRINT “LB = “USING D$;LB;:PRINT TAB(15) °LE = © USING D$;LE;
PRINT TAB(29)"BB = "USING D$;BB;:PRINT TAB(43) “BE = “"USING D$;BE;

2

X1

]
L~

I
—
1]
©

XD

]
-

HID (@6

]
®

X(ID

]
]
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2210
2228
2238
2240
2256
2248
2278
2280
2290
2368
2318
2320
23380
2348
23358
23680
2378
2384
2398
2480
2410
2420
2436
24408
2450
2448
2478
2488
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PRINT TAB(57) °FB = "USING D%$;FB;:PRINT TAB(71) "FE = "USING D$;FE; tPRINT

FOR N=1 T0 J

2= 242¢N) : S2 = 2/A : PZ = 2/(2%P1
PRINT "EJC";N;") = ";EJ(ND jTABC2BY AT ;N3 ™) = ";AJ(NY,
PRINT "2¢";N;") = 3;2(N) :PRINT
NEXT N :
FOR M=1 TO I
X = X#X(M) 1 SX = X/AiPX = X/{2%PD)
PRINT "EIC";Mj*>e= " ,ET (M) s TABC28) "ATC ;M1 ™) = *;AICM),
PRINT "X(";M;") =¥ (M) sPRINT
NEXT M

IF X=8 THEN TH = 9@ £GOT0, 2330
TH = ATN(2/X) %(188/P1)
PRINT "X = "USING D$;X;sPRINT TAB(29) "2 = “USING D$;Z;

PRINT TAB(S?7) "SX = °"USING Y$3SX & PRINT

PRINT "S2 = "USING D$3;SZ35:PRINT TAB(28)"PZ = "USING D%;PZ;
PRINT TAB(468) °"PX = PUSING Y#;PX;

PRINT TAB(S8>°"TH = “USING Y$3;TH

NEXT P3

NEXT A

NEXT P2

NEXT P1

END

‘ The forward dieplacement sub program ........

X(I) = (14A%P3) ¥(COS(FB) X(T-FB) - . SXSINCFB) X{T-FB) ~2) ~AXP3X (SIN(T) -SIN(FB))>

RETURN

 The backward displacement sub program ........

XCI) = (1-A%XR3)¥(COS(BB) ¥(T-BB)-.5%SIN(BB) ¥{T~-BB).22) +A¥P3¥ (SIN(T) -SIN(BB))
RETURN
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18 / The program used for studying the particles motion on a conventional

20

38

40

56

é8

78

8e

98

160
118
126
130
140
150
140
i70
180
190
208
218
220
238
240
256
2648
278
286
298
368
318
320
336
348
256
340
378
388
390
498
418
4280
430

/

rs

is greater than the acceleration/due to gravity
DIM EIC38) ,EJ(28) ,AI(508) ,AJ(20) ;X(58),2(28)

FE$ = "FE.LGT.HB+2X%P1°% : BE$ = "BE.LGT.HB+2XPI1" :
2% = "NO SLIDET®

vibratory separator in which the normal acceleration of the trouth

LE$ = °“LE.LGT.HB+2XPI"

B% = “NO BACKT" = F$ = "NO FORWT" : . '

21$ = “NO SLIDE® : Bi$ = °"ND BACK®" 3 F1$ = “"NO FORW"
A = "HHA" : D3 = "HECHEH" 1 YS = "HHH . HHH"

P1 = 3.14159

‘ setting of the parameters ........

FOR P1 = 1 TO0A STEF L P

FOR P2 = 8 TCO @ STEP., @

FOR A = 1.2 TO 344 STER .2

FOR P3 = .85 TO 1.85 STEP .85

‘ setting of the initial value of variables .....
HB=8 : 1B=8 : FB = @ .: BB =48

HE=86 : LT=0 : FT =06 : Bl =8

UB=86 : UE=0 : Ul =8 = UT =48

WB =8 : RHE=86:Wl=08."39W =28

T=20

LE=8 : FE=86 : BE =@

FF =08 : SB=61:8BL =8

EJ(J) = 8 : AJ(D) =08+ J =0

EICID) =8 : AICI) =8 : I =0

2¢(J> =8 :2=28

X¢(I) =8 : X=28

 calculation of the angular position in which
‘ the varipus.forms motions of .the particle start
ZH = /A

IF ZH = | THEN 330

HB = ATN(ZH/SAR(1+{-2H) ¥ZH))

GOT0-3480

HB =0PR1/2Z

2L = (1-P2)/A

IF ZL = | THEN 388

LB = ATN(ZL/SOR(1+4(-ZL)¥2ZL)>

GOTO 3%8

LB = PI/2

ZF = (14PD/(A+1/PD)

IF ABS(ZF) > 1| THEN 42886

IF 2F = 1 THEN 448

FB = ATN(ZF/SBRC14(-ZF) XZF)»)

GOTO 440



~

440
458
440
478
480
498
506
oi8
528
536
5490
558
968
578
58a
o598
4688

418

620
638
648
658
-1-1)
678
688
696
764
718
720
738
740
758
760
778
780
798
gee
g1a
g2e
838
840
856
8460
g7ze
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FB = P1/2 o
IF (A-1/P3) = 8 THEN 42880
ZB = (1-P1Y/{(A-1/P3)

1F ABS(ZB> > 1 THEN 4288
IF 2B = -1 THEN 526

IF 2B = | THEN 538

B = ATN(ZB/SQR( 1+(=ZBJ X2Z8B))
GOTO 546

B = -Pl/2

B = P1/2

BB = PI-B i

‘ hopping motion ... .4
IF ZH = 1| THEN 4060

GOSUB Sedse

GOTO é48

‘ hopping motion &....0.%
HE = HB

PRINT : PRINT “HB"3HB, "HE"$HE

 calculation of the initial velocity

 of the paticle before hopping along X

IF FB >= B THEN 4860

IF HB >= B THEN 718

UB = CO0S(SB)-P3%((P1-13¥{HB-5B) -AX(COS(HB) -COS(SB))>
GOTO 7486

IF FB >= HB THEN-718

@@Q@F&m‘@‘

UB = COS(FB)-P3X((P1+1)X(HB-FB) +AX(COSCHEY=COS(FB}))
GOTO 748
UB = COS<HBY

# calculation of ;the trough velocity and

/ particle velocity, aleng X duping,impact
UE = UB-P1%¥P3%(HE-HB)

Ul = UE

UT = COS<HE)

1 = 1salyEF6]) p=ci

T ="HE': AICID> = T

 calculation of the X-displacement during hopping pericd
XCIY = UB¥(T-HBY- (.5¥PIXP3X(T-HB>"2)

1F HB ={ LB THEN 848

/ calculation of the initial velocity

‘ of the particle before hopping along 2

WB = P3%{(P2-1)¥(HB-LB)-AX{COS(HB) -COS(LB)))
GOTQ 898

WB = 8

 calculation of the trough velocity and

4 m e e e TTammemes N Ee oa wes JR—



o~

880
g89ve
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/ particle velocity along Z during impact

WE = WB+P2XP3¥(HE-HB)

908 Wi'=WE : WT = B

710

920

938

940

958

248

978

980

990

igea
1610
fg20
1630
1648
1850
1gé0
1076
1688
18690
1iea
1118
1120
1138
1140
1150
1160
1170
1188
1198
1200
1218
1220
1230

‘12408

1256
1240
1278
1286
1298
1300
13160

Ss
BS
T

J=J+¢1 1 EJ(I) =1 1 T=HE : &JGJ) =17

+ calculation of the Z-displacement during hopping period

2¢J) = WBX(T-HBY+ (,.S¥P2XP3%(T-HB)"2) '

’ sliding along X

IF (UI-UT) = 8 THEN 2488

IF (UI-UT) > 6 THEN 1230

F¢

HE - :

HE .

ic a factor which used to/select the transcedental equation

P i 4 gliding backward (BD

ON P GOSUB 4348,4376,4400 ‘get BTLTD

IF ABS(F1) > (1E-12) THEN 1648

R$ = B$ : R=TI A

GOTO 1120 ‘go to print BS,BT

T2 = Ti+§ :

ON P GOSUB 4446,4470,4586 “get BTCT2)

IF ABS(F2) > (1E-12) THEN 1148

R=T2

GOTO 1128

GOSUB 4468 ‘get the angular pesition in which sliding backward terminated
PRINT *BS";BS;"BT";R

BT = R

IF BT ¢ (HB+2%¥PI)> THEN 1198

1 I+1 : EICKD) = 3.

T = HB+2XPI : AICI) =T

GOSUB 5378  4get] the |backward displacement

GOTO 1480

I =1+1 @ EIKD) "= 3

T=B8T : AIKI) =T

GOSuUB 5378 “get.the backward displacement

GOTO 2446 /g0 ‘to SX statiomanriyvon X

R$ = B3

FS = HE
T1 = HE '
P =2 / sliding forward (FT)

ON P GOSUB 4346,4370,4408 ‘ get FT(TD
1F ABS(F1) > (1E-12) THEN 13160

S$ = F$% : R=TI{

GOTO 1370 ‘go to print FS,FT

T2 = T1+1} A

o onn



1328
1338
1348
1356
1340
1378
1386
1398
1408
1410
1420
1430
1440
1450
1448
1478
1480
1490
1588
1510
1528
1538
1548
1350
1540
1578
1588
1596
1488
1610
1620
1636
1648
1450
1648
1670
1688
1690
1768
1716
1728
1730
1746
1756
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ON P GOSUB 4448,4478,4500 ‘ get FT(T2)
1F ABS(F2) > (1E-12) THEN 13686

R=T2

GOTO 1370 ‘go to print FS,FT

GOSUB 4468 ’get the angular position in which sliding forward terminated
PRINT “FS";FS;"FT";R

FT =R

IF FT < (HB+2%PI) TFHEN 1448

1 I+1 : EI(DY = 2

T = HB+2%¥PI : AILIY =T

GOSUB S468 *"getfsliding forward displacement
GOTO 14886 * siiding along 2 -

1 =141 : EICID = 20

T=FT : AIKDY = T

GOSUB 540680 / get sliding forward displacement
GOTO 2449 / go jto 8% stationary on X

PRINT “COMPLETE CYCLE ALONG X*

‘ sliding along 2

IF (WI-WT) {= 8 THEN 1860

LS = HE

T1 = HE

P=3 ’ gliding along 2 (LT

ON P GOSUB 4346,4370,4408 ‘get LT(TDH

1F ABS(F1) > {E-12THEN 1586

T¢ = 2% : R=TI1

GOTO 1440 - ’go to print LS,LT

T2 = Ti+}

ON P GOSUB. 4440 ;44704500 1 get UTL(T2)

IF ABS(F2) D ME<12 THEN 1638

R=T2

GOTO 1448 ‘go to print LS,LT

GOSUB 4448 ¥ “get’ the “apgular posi tion’in which sTidirig along 2 terminatec
PRINT ®LS°;LE{"LT";R

LT =R

IF LT >= (HB+2XP1)> THEN 1748@

J=J+#1  EJ(I) =5

T=LT : A&J(DH =T

G0SUB 5436 / get sliding along Z displacement

IF LT >= (LB+2%PI)> THEN 1778
J= J+l 1 ECD) = 6

T=LT : A =T :2¢) =8
GOTO 1848 ‘go to z

J=J+f : BEJ(I) =5
T = HB+2¥PI1 : AJ(H =T



1760
1778
1788

GOSUB 5438

REM complete cycle with hop
GOTO 3986 ‘print RESULT

/ get sliding along 2 displacement

156

1798 / stationary on Z

1888 T = 7%

1818 J = J+1 1 EJ(I = 6

1826 T = HE 1 AJKI) =T 12(J)=0

1838 IF T<¢= (HB+2¥PI) THEN 18640

1840 W$ = 213

1858 GOTO 3980 ‘print’ RESULT

1868 BL = LB

1870 IF T<{= BL THEN 1898

18868 BL = BL+2XPI

1898 IF BL)>= (HB+2%PI) THEN 1848

1988 / sliding along 2

1918 / calculation of the angular position in which the sliding
1928 ’/ along 2 end by using the method of requla falsi
1938 0T = BL

1948 XN = 8

1950 T1 = O7+.1

1948 T2 = 0T+(P1/4)

1970 K = 1 : GOTO 2020

1988 T2 = T2+(P1/4)

1998 K = K+l

2088 IF K>= 18 THEN 1848 _‘iteration failure and print result
2616 GOTO 2036

20828 F1 = (COS(T1)+(2L)§(T1 ~BL»-C0OS(BL)?

206390 F2 = (COS(T2)+(ZL)¥(T2-8BL)-COS(BLI)

2648 Y = T2-TH

28580 LH =TI

2048 IF Fi=8 AND F2=8 THEN 2270

2878 IF F1>8 AND F2>8 THEN PRINT "SAME SIGN®:GOTO| 1988
2888 IF F1<8 AND F2¢@8 THEN PRINT "“SAME '€IGN":GOTO" 1988
2098 S = YX(ABS(F1)/(ABS(F1) +ABS(F2))) '
2188 LE = LH+S

2118 IF ABS(S)-ABS(XN) <= 1E-12 THEN 2278

2128 1F ABS(S) (= 1E-12 THEN 2276

2138 XN = S

2148 F3 = (COSC(LE)+(2L)X(LE-BL)-COS(BL)>

2158 IF ABS(F3)-(1E-12) (= 8 THEN 2270

2148 IF F1>8 AND F3>8 THEN 2238

2178 IF F1{@ AND F3¢(8 THEN 2236

2186 IF Fi=8 THEN 2278 '

2196 IF F3=8 THEN 2270
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Pt

22040
2210
2228
2230
2240
2256
2248
2270
2288
2298
2368
2310
2328
2330
2348
2350
2348
2370
2388
2398
2400
2418
2420
2436
24448
2456
2440
247¢
2480
2490
2560
2518
2520
2536
2548
2550
2560
2578
2580
2598
2480
2618
2620
2638

- 157

F2 = F3

Y=28

GOTO 2848

F1 = F3

Y = Y-S

LH = LE

GOTO 26486 _

PRINT : PRINT "BL";BL;*LE"§LE:FPRINT

IF LE>= (HB+2%PI> THEN 2330

J=J+1 1 EJ(I) =5

T =LE

AJ(D) =T

GOTO 2376

ES$ = LE$

Jd=J41 ¢ EJ(I) = 5

T = HB+{2%PD)

AJ(I) =T .
GOSUB S448 ‘ get sliding along / displacement
PRINT : PRINT " COMPLETED CYCLE ALONG Z *
GOTO 3986

R$ = B% : S% = F¢

IF HE ¢ (HB+2%P1) "THEN 2430

GOTO 1480

T = HE

‘stationary on X

/ setting of the anguwlap~position dn-which
4 the particle start sliding atong X
IF T < HE+(2%P1); THEN 24906

GOTO 1488

1F T{=FB~THEN' 2548

1F T{(= PI-FB THEN,2548

IF T > FB#(2%¥PI> THEN 2548

FF = FB+(2%PD)

GOTO 2576

FF =T

G0TO 2578

FF = FB

IF T¢{=BB THEN 24386

IF T{=2%PI+B THEN 2418

SB = BB+(2X%PD)

GOTO 2440

SB=T

GOTO 2448

SB = BB
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2449
2650
2640
2670
2680
2690
2760
2716
2720
2738
2748
2750
2748
2778
2788
2798
28608
2818
2820

2838

2840
2858
28460
2878@
2888
2896
2980
2910
2928
2936
2948
2950
2949
2978
2980
29986
3009
3616
3820
3638
3648
36858
3640
3676

IF SB >= (HB+2%PI) THEN 2698
IF FF >= (HB+2%PI) THEN 27é48@
1F (SB-FF) = @ THEN 3330

1F (SB-FF) > 8 THEN 3398

GOTO 2749

Vs = Big

IF FF >= (HB+2%PI1) THEN 2726
G0TO 3396 ‘go to st

Us = FI$ ;

GOTO 1480
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/ calculation of the angular position in which the sliding backward

/ of the particle end by using the method of regula falsi
0T = SB

XN=28

T = 0T+.1

T2 = OT+(P1/4)

K= 1 : GOTO 2858

T2 = T2+(P1/4)

K= Kti

IF K>= 18 THEN 2458 4 jteration failure
GOTO 2840

FI = (1-AXP3)X(COS(T1)+(2B) X(T 1-8B) ~COS(SB)?
F2 = (1-A¥P3)%¥(COS(T2)+(ZBY*¥(T2-SB) -COS(SB)>
Y = T2-Ti

LH=T1

1F F1=8 AND F2=6 THEN 3188

IF F1>8 AND F2>8 THEN PRINT “SAME STGN":60TO 2818
IF F1<8 AND F2¢{8 THEN PRINT “SAME SIGN":GOTO 2810
§ = Y¥(ABS(F1)/(ABS(F4).+ABS(F2)))

BE = LH+S

IF ABS(S) -ABSOMNY (= 1E-12 THEN 3166

IF ABS(S) ¢="1E-12 THEN 3188

XN =8

F3 = ¢1-AXP3)X¢C0OS¢{BE) +(2ZB)X(BETSB) ~COS{S8))D

IF ABS(F =(1E=12)" {(=/ B THEN 3160

IF F1>@ AND F3>8@ THEN 3848

IF F1<B AND F3<{8 THEN 3848

1F Fi=8 THEN 2168

IF F3=0 THEN 31880

F2 = F3

Y=8

GOTO -2890

Fi1 = F3

Y = Y-S
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30888 LH = BE

3898 GOTO 2898

3180 PRINT : PRINT "SB";SB;"BE";BE:PRINT

3118 1 = I+1 : EICI) = 3

3120 IF FF >= (HB+2%¥P1) THEN 3260

3136 IF BE >= HB+42%Pl THEN 3318

3148 IF BE >= FF THEN 3196

3156 T = BE : AI(1). =T

3148 GOSUB 5498 ‘ get €liding backward displacement
3178 1 = 141 : EMT) =74 /Al = T : X{D)=6

3188 GOTO 3219

3198 T = BE : AI4T) =T,/ FF = BE

3288 GOSUB 5498 ¢ get/sliding backward displacement
3216 IF BE (= BB+(Z¥PI) THEN" 3248

3228 SB = SB+2%XPI

32368 GOTO 2648

32408 SB = BB+2%Pl

3256 GOTO 2448

3248 1F BE >= (HB+2¥PI) THEN 3328

32786 T = BE : AIKDY =T

3288 GOSUB 5498

3298 I = 141 : EI(D) =4 ¢ AICI) =T ¢ X(I) = 8

3308 GOTO 1480

3318 E3% = BE%

3328 T = HB+(2¥RI) : AICI) =T

3336 GOSUB 5498

3348 GOTO 1488

33568 PRINT "NO 5EQ?

3346 GOTO 1568 ‘the.caleculation of .the sliding along ¢
3376 ‘ calculation of the angular position in which the sliding
3388 ‘ forward of the partitle end by using the method of regula falsi

3390 OT = FF

34808, XNy=v0
3418571 = 0T+l
3428 T2 = 0T+(P1/4)

34386 K = 1 : GOTO 3470

3448 T2 = T2+(P1/%

3458 K = K+i

3448 IF Kd>= 18 THEN 2728 “ iteration failure

3478 F1 = (1+A%P3) %(COSCT 1) +(ZF) X(T1-FF) -COS(FF)?
3488 F2 = (1+A%XP3)X(COS(T2) +(ZF)X(T2-FF)-COS(FF))
3498 Y = T2-T!

3568 LH = Ti

3518 IF F1=8 AND F2=8 THEN 3720



-,

3526
3538
3546
3550
3566
3576
3588
3598
3468
3618
3628
3638
36480
34580
3648
3678
3688
3496
3700
3716
3720
3738
3748
3756
3746
3776
3788
3798
3880
3818
3826
3838
38480
3858
38480
38786
3888
3898
39008
39186
3928
3938
3948
3958

IF F1>8 AND F2>8 THEN PRINT ®SAME SIGN":GOTO 3448
IF F1¢8 AND F2<8 THEN PRINT "SAME SIGN® :GOTO 3448
8 = Y¥(ABS(F1)/(ABS(F 1)*ABS(F2)))

FE = LH+S

1F ABS(S) -ABSOMN (= 1E-J2 JHEN 3728

1F ABS(S) ¢= 1E-12 THEN 3726

XN =§ '

F3 = (1#A%XP3)#CCOS(FE) +(2F) X (FE=FF) ~COS(FF))

1F ABSCE3Y=(IE-12) <= 0 THEN 3728

IF F1>8 AND F328 THEN 3488

1IF F1<B/AND/F3<8 THEN 3688

1F Fi=6 THEN 3728

1IF F3=0,THEN 3720

F2 = F3

Y=28

GOTO 3518

Fl = F3

Y = Y-8

LH = FE

GOTO 3516

PRINT : PRINT “FF" ;FF;®FE®;FE:PRINT

1 =141 ¢ EICIYy = 2

IF SB )= (HB+2%¥PI)> THEN 3888

1F FE>= HB+2%PI THEN 3938

IF FE->= SB THEN 3816

T=FE : AKXy =T

GOSUB 55286 / get forward displacement
1 = 1410=E1C1) = 4 ;. AKKD =T 1 X(D)=86
GOTO 3830

T =4FE_: Al(l) =T/ : 8B =FE _

G0SuUB 5526 / get forward displacement
IF FE <{= FB+(2%¥PI1) THEN 3848

FF.= [FF+2%P1

GOTO 2448

FF = FB+2%P1l

GOTO 2448

1F FE >= (HB+2X%PI> THEN 3940

T=FE : AIKD) =T

GOSUB 5528 s get forward displacement
I =141 31 EIXI) =4 1 AIKD) =T : X(D) =8
GOTO 1486

E2% = FE3
T = HB+(2%PI) : AIKD =T :
GOSUB 5528 ¢ get forward displacement

. 160



3948
3978
39880
3990
4808
4818
4828
4830
4848
4858
4048
4878
48880
4898
41868
4118
4120
4138
4148
4158
4148
4170
4180
. 4198
42060
4218
4228
4238
4248
42350
4240
4278
4280
4298
43069
4318
4328

4330 “

4348
4358
43450
4378

4380 F1 =

4398

161 .

GOTO 1489
’ report the calculation results ........
PRINT : PRINT “%% PARAMETER %X";
PRINT TAB(28)"P1 ="USING A%$;P1;:PRINT TAB(35)"P2 =" USING A$; P23
PRINT TAB(S1)"A ="USING A$; A;:PRINT TAB(64) "P3 ="USING A$;P3 :PRINT
PRINT U$;TAB(12)S$;TAB(25)"FB ="USING D%;FB;
PRINT TAB(39) HB —" USING D$;HB;
PRINT TAB(S53)"LB ="USING D%; LB;:PRINT TAB(&4) "BB ="USING D$;BB:PRINT
PRINT VU$;TAB(12)R$;TABC(25) " FT ="USING-DS s FT 3
PRINT TAB(39) HE -“ USING =D ; HEl
PRINT TAB(S *LT ="USING D%; LT,.PRINT TAB{44) "BT =*"USING D%;BT:PRINT
PRINT W$;TAB(12)T$;TABL25)" FE ="USING D% ;FE;
PRINT TAB(43)“LE ““USING DBSLE ; :PRINT TAB(él) BE ="USING D%;BE:PRINT
PRINT °"FF =" USING D#$; FF--PRINT TABC12) "SR =" USING D%;SB ;
PRINT TAB(22) E2%; TAB(4G) ES$;TAB(S8) E3% : PRINT
FOR N=1 TO J
2 = 2+42¢N) 3 82 =7¢2/A
PRINT "EJ(";N;") =" ;EJCND ;TABC28) "AJ("N") = ";AJ(N),

PRINT "Z("N") =% ;2(N) :PRINT
NEXT N
FOR M=1 TO I
= X4X(M) : SX = X/A
PRINT "EI("M") = ";EI1 QR ;TAB(28) "AI("M") = “'AI(M),
PRINT "X{("M") = °;X(M)3 PRINT
NEXT M

IF X = 8 THEN TH .= 98 :60T0 4239

TH = ATN(Z/X) %188 /P1)

PRINT *X = *USING Y$;X;:PRINT TABC(15)“2 = "USING Y3$;Z;

PRINT TAB(29)"SX = "USING Y$;5X;

PRINT TAB(43)°S2 = "USING Y$;52;:PRINT TAB(37)"TH = "USING Y%$;TH
U =" " s Ug="" s W$g="":R$g=""3:8="":Ts=""
E2$ = " " : ES$ = % #u: E33 = " °

NEXT P3

NEXT A

NEXT P2

NEXT Pi

END . :

a set of transcedental equatien for sliding-motions/T(TD

DEF FNB(T) = (1-AXP3)¥(COS(T) +ZB¥(T-HE)) -UI+AXP3XCOSCHE)

FI = FNB(TD

RETURN

DEF FNF(T) = (1+AXP3)¥(COS(T)+ZF%(T-HE)) -UI-AXP3XCOS(HE)
FNFL(T 1D

RETURN



4488
4418
4428
4438
4440
4450
4448
4478
4480
4498
4580
4510
4528
4538
4548
4558
4568
4578
4580
4598
4600
4610
4428
4638
4648
4450
4648
4478
4480
4690
4790
4710
4720
4738
4748
4750
4740
4770
4780
4798
4800
4818
4828
4838

DEF FNL(T) = AXP3¥(ZLX¥{T-HE)+COS(T) -COS(HE)) -WI

F1 = FNL(TD

RETURN

73 set of transcedental equation for stiding motions T(T2)
DEF FNB(T) = (1-A%P3)%{COSCT) +2BX(T=HEY) -UI+AXP3%COSCHE)
F2 = FNB(T2)

RETURN

DEF FNF(T) = (14A¥P2) $(COSCT) +2ZF%(T-HE) ) ~UI-AXP3%COS(HE)
F2 = FNF(T2)

RETURN _

DEF FNL(T) = A¥P3#(ZL¥(T-HE)+COS(T) -COSCHE) Y =K1

F2 = FNL(T2)

RETURN

’a set of transcedental equation for sliding motions T(TI
DEF FNB(T) = (1-AXP3) ¥(COS(T)+ZBX(T~HE)) -UT+AXP3%XCOSCHE)
F3 = FNB{(R)

RETURN

DEF FNF(T) = (1+A%P3)¥(COS(TY +ZF¥(T=HE)) -UIT-AXP3XCOSCHE)
F3 = FNF(R)

RETURN :

DEF FNL(T) = AXP3%¥(ZL¥(T-HE)+COS(T)-COSCHE)) -W1

F3 = FNL(R)

RETURN

162

¢ calculation of the angular position in which' the forward sliding after
¢ impact , backward sliding after impact and sliding along Z after impact

’ of the paticle terminated by using the method of regula falsi
XN =20

Y = T2-Ti

LH =TI

IF F1 = 8 AND F2 =8 THEN 4960

IF F1 > @ AND F2 > 8 THEN 4918

IF F1-{ 8.AND F2 ¢ 8-THEN.4916

S = YXABS(F1)/(ABS(F 1) +ABS(F2))

R = LH#S

IF ABS(S) -ABS(XN) =¢ 1E-12 THEN 4948

IF ABS(S) ¢(= 1E-12 THEN 4948
XN=§

ON P GOSUB 4548,4576,4480

IF ABS(F3)-(1E-12) =¢ 8 THEN 4948
IF F1 = 8 THEN 4948 '

IF F2 = 8 THEN 4940

IF F3 = 8 THEN 4948

IF F1 > 8 AND F3 > @ THEN 4876

1F F1 ¢ 8 AND F2 ¢ 8 THEN 4878



4849
4858
4848
4878
4889
4890
4989
4918
49280
4938
4948
4958
4948
4978
4988
4998
5660
se1e
3028
o038
5848
3058
5848
5878
o8ga
50878
5168
5110
5128
5130
9148
5159
5168
5170
5180
3190
5200
5218
5228
5238
5248
5258
5260
5278

F2 = F3

Y=28

GOTO 4498 L
F1 = F3 : PRINT "SAME SIGN®
Y = Y-§

LH=R

GOTO 4498

PRINT ®*SAME SI1GN®

T2 = T2+1

K= K#i

IF K =¢ 5 THEN 4970
R=T2

RETURN

ON P GOSUB 4448 ,4478,4506

IF ABS(F2) > (1E-12) THEN 50610
R=T2

GOTO 4948

Y = T2-Ti

LH = T1

GOTO 4498

‘calculation of the angular position in which
“the hopping end by using the method of regula falsi

C1-C<5%(T1-HB) ~2))

XN =8

0T = HB

T1 = HB+!

T2 = OT+{2¥PD)

Fi = SIN(T1)-COS(HB) ¥(T1-HB) -(1/AR) X

F2 = SIN(T2)-COS(HB) ¥(T2-HB) -(.1/A) X(1-(.5%{(T2~HB) *2))
Y = T2-T1

LH = Ti

IF F1 =@ AND F2 = 8 THEN 5350

IF F1 > 8 AND F2 > 8 THEN PRINT "SAME SIGN":GOTO, 5118
<

I, B¢ e ANDOF2

HE = LH+S

§ THENOPRINT -9 SAME) S16N*+60T0 (5118
S'= Y%(ABS(F D/ (ABS{F1)#ABSCF2)))

IF ABS(S)-ABS(XN) (= 1E-12 THEN 5358

IF ABS(S) (= 1E-12 THEN 3358
AN = §

F3 = SINCHE)-COS(HB) ¥(HE-HB) -C 1/A) ¥( 1-( .SX(HE-HB) *2))

IF (ABSC(F3)-1E~12) (= @ THEN 35338

IF F1 > 8 AND F3 > @ THEN 5318
IF F1 ¢ 8 AND F3 ¢ 8 THEN 3318
IF Fi1 = 8 THEN 353358
IF F3 = @ THEN 5350
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5286
5298
5380
931a
5328
5330
53460
5356
5340
5370
5386
3396
5488
5418
54280
9438
5448
9450
54486
5476
5480
5498
5566
5510
3528
5930
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F2 = F3

Y=5§

GOTO 5148

Fi = F3

Y = Y-S

LH = HE

GOTO 5148

PRINT : PRINT "HB® ;HB;"HE" ;HE- 1 RETURN

* backward displacement aftes impact
X(I)=UIX(T-HE)—AXPBX(COS(HE)X(T—HE)-(SIN(T)-SIN(HE)))—.5*P3*(P1-1)X(T-HE)“2
RETURN

¢ forward displacement after impact
X(I)=UIX(T-HE)+A¥P3X(COS(HE)X(T-HE)-(SIN(T)-SIN(HE)))-.SXPSX(P1+I)X(T-HE)“2
RETURN

/ gliding along 2-displacement after impact
Z(J)=NIX(T-HE)+AXP3X(COS(HE)X(T-HE)-(SIN(T)-SIN(HE)))+.5*P3X(P2-1)¥(T—HE)‘2
RETURN

* gliding along Z-displacement
Z(J)=—AXP3¥(ZLX(.5X(T-BL)“2-1)-COS(BL)X(T—BL)+S]N(T))

RETURN ‘

* gliding backward displacement
X(I)=(l—A*PB)X(COS(SB)*(T-SB)-.SXZBX(T-SB)“2)+AXP3X(SIN(T)—SIN(SB))

RETURN

¢ gliding forward digplacement
X(I)=(1+AXP3)X(COS(FF)X(T—FF)-.SXZF*(T-FF)“Z)-A*PBX(SIN(T)-S]N(FF))

RETURN
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