B
X

2= N—Hou sl s F oA

(HBF0524F 8 I31H 32 )

Universal Cam Curve and Its Application

Hiroshi Makino

Abstract

A new cam curve called “universal cam curve” is developed. The curve has a form of
combined sinsoidal acceleration and is able to be transformed to several known standard

cam curves by ajusting parameters T,, T},

, T;. By this way more than twenty curves

are included in the Fortran subroutine program of the universal curve. As well as standard
curves, some special curves for each specific application are also introduced from the curve

with slight efforts.
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The program of the curve and some applications are shown.
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2= A AMIED TR 2T A (ABIERES)

1 SURROUTINE CURVE(NO,INITAT,SsVsA,AIK,Q,PM)
2 € # UNIVERSAL CURVE.
3 € * REDUCED PROGRAM
4 € * NO = CURVE NUMRER,
5 C % INIT = INITIATION FLAG, CALL THIS SUHROUTINE WITH INIT=1 AT THE
6 C % EIRST TIMF F0R EACH CURVF. CALL WITH INIT=0 FROM THE SECOND,
7 C & USE INIT=2 JNSTEAD OF INIT=N IN THF CASE OF REVERSE CURVE, (SYMMET~
B C % RICAL RFTURN CHH2VE,)
S ¢ * 1977.03.02
16 C +« PROGRAM MADE AY H.MAKINON, YAMANASHI UNIVERSITY.
1 IMELICIT pOUYLE PRECISION(A=H,0=7)
12 DIMENSION PH(24)
13 IF(INIT.En.N) 6O TO 300
14 IF(INIT.EQ.2) GO TD 200
15 PI24.0DD*HATAYV(T,0DN)
16 T0=0.60
17 T7=1.00
18 vN=0.50
19 V7=0.00
20 S0=0.00
21 $7=1.00
22 RATIO=1.0N
23 amp=0,00
24 QMM=0,006
25 FLAG=0,D(
26 IF(NO,EO.1) GO TO 1
27 IF(NO.EG.2) 50 TO 2
28 IF(NOLED.A) 60 TO 4
29 IF(NO,ES.27) 6O TO 27
30 1 CONTIMUE
31 ¢ % CUTTING UNIT FEED CURVF, RAPID FEED,
32 € % 7 GIVEN,
33 1=PM(23)
34 T3=1.0D0/¢1.719N412)
35 T4=T3
36 T1=73/4.000
37 12=71
33 T5=(3,0D04T73)/4.000
39 T6=T5
40 RATIO=1.00)
41 GO TO 91
42 2 CONTINUE
43 € % CUTTING UNIT FEED CURVE» CUTTING FEEDa
44 € * T4 GIVEN,
65 T1=0.000
46 T2=0.000
47 13=0.0D0
43 T4=PM(5)
49 T5=1.000
59 T6=1,000
51 AMMZPI/(4,0004(1.000-T4)#%2/P1+2.000#(1,0D0=T4)*Ts)
52 AMP=0,0D(
53 RATI0=1.0075
54 VG=2.000%(1,090=T4) *AMM/P]
55 GO 70 91
56 4 CONTINUE
57 C % MODIFIED CONSTANT VELOCITY, NON-STANDARD,
S8 € % T1 AND T3 ARE. GIVEN,
5% T1=PM(2)
60 T2=T1
61 T3=Pr(4)
62 T4=1,000~73
63 T5=1.000-71
64 T6=T5
65 GO TO 91
66 27 CONTINUE
67 € % MODIFIED CONSTANT VELOCITY, STANDARD.
68 T121.,000/16,.000
69 T2=T1
70 T321.000/4.003
71 T4=1.000-73
72 T5=21.000-71
73 T6=T5
74 60 TO 91
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75 91 CONTINUE
76 C1=2.0p04(T1=T0) /P
144 €2=72=-T1
14 C3=22,0n04(T3=-T72)/P1
79 C4=T4=T3
30 €522.0p0%(T5=T4)/PI
81 C4=TH~TS
82 C7=2.000%(T7=T6)/P1
R3 IF(NOLEA,.2) 6) TO 93
R4 1F(V7- NELD.0DO) GO TO 32
RS IF(NCLEQ,1) G TO 92
Aé RATIO=(C34+C2+C1)/(C7+C6+CS)
]7 92 CONTINUE
£ AMP=(S7=50=VOx(T7=T0))/(~RATIO*(C7#C740.500*CAH*CoH=CS*C5+(TE6-TS)w
a9 TCT7=T6)+CS* (T7=Ta)I4C3*C340D.500#C24C2=C1#CI1+CIn(T7=T3)¢(T2=T1)*
90 2(T7=T2)+C1x(T7=F0))
91 AMMZRATTIOXAMP
92 23 CONTINUE
93 V1=C1*AMEL VR
94 V2=C2%AMP4 V1
95 V3=C3#AMP4V2
96 vyM=v3
97 V4=v3
9% Vo==CS5wANMEY S
99 VE==COouAMM+YS
100 V7==(7*AMM+VE
101 S1==CI+C1wANPHVIA(T1=T0) +50
102 S2=0aSOU*C2*C22AMP+C 2%V 1451
103 S3=C34C3*xAMP+V24(T3=T2)+S2
104 IF(NO.EQR,.3) PA(23)=S3
105 S4=C4xV3I+S3
106 S5=CS5*CS*AMMIVSH(TS=T4L) 454
17 Sh==0,50N«LHACE*AMMECE*V5+SS
108 S72=C7*C7aAMI+VH*(T7=Th)+S6
109 IF(ABS(S7=-1.D1)eGT.1.0=5) FLAG=2,D0
110 IF(NOLEQL2) 60 TO 94
111 IF(NOLER.12) GO TO 94
112 IF(NOLGE.50) G0 TO 94
113 AJKMP=AMP/C1
114 AJKMMz=AMP/C 3
115 AJKS==AMN/C5
116 IF(AJKS.LTLAJKMM) AJKMMAJKS
117 AJKH=AME/C7
118 IFCAJKH.GTLAIKMP) AJKMP=AJKH
119 60 TO 9%
120 94 COMTINHE
121 AJKMP=0,0p0
122 AJKMM== MM/ (S
123 AJKkH=0,0D0
124 29 CONTINUE
125 PM(1)=T0
126 Pr(2)=T1
127 PM(3)=T2
128 PM(4)=T3
129 PM(5)=T4
130 PM(6)=TS
131 PM(7)=Th
132 PM(R)=T?
133 PM(9)=VD
134 PM(10)=V7?
135 PM(11)=50
136 PM(12)=S87
137 PM(13)=RATIO
138 PH(14)=VM
139 PM(15)=Arp
140 PM(16)=ANM
141 PM{17)=AdKMP
142 PUCIR)Y=AIKMM
143 PM(19)=AJKH
144 PM(22)=FLAG
145 RETURN
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146 € % CALCULATION OF S,V,A,AJK AND
147 200 CONTINUE
148 € % ONE=-DWELL» RETURN, SYMMETRICAL SOLUTION,
149 TT=T
150 T=1.000=TT
151 300 CONTINUE:

152 € * UNIVERSAL CIURVE, TWO-DWELL.

153 IF(TatToTH) GO
154 TF(T.GE.TNAND.TLLT.TT) GO
155 IF(T.GE.T1.ANDT.LT.T2) GO
156 IF(TaGE.T2.AND T.LT.T3) GO
157 IF(T.GE. T3, AND,T.LT.T4) GO
158 TF(TaGE.T4LAND.T,LT.TS) GO
159 IF(T.GE.TS,AND.T,.LT,T6) GO

160 IF(TeGETHLANDTLLTLT?) GO
161 IF(TWGELT?) 60
162 400 CONTINUE
163 $=S0
164 Vavn
165 A=0,000
166 AJK=0,000
167 G0 TO 490
168 401 CONTINUE
169 P=(T=T0)/C1
170 S=aC1*CI¥AMP*DSIN(P)+VIn(T=T0)+S0
171 V==C1%AMP%DCOS(P)+V1
172 AZAMP#DSIN(P)

173 AJK=AMP*DCOS(P)/C1
174 GO TO 490
175 402 CONTINUF
176 P=T-T1%

177 SEQ.SDOXAMPAPXP+V1aP+S1
178 VEAMP*P+V1
179 ATAMP
180 AJk=0,0D0
181 G0 TO 490
182 403 CONTINUE
183 P=(T=T2)/c¢3
184 S==C3#C3#AMP*(DCOS(P)=1.00N)+V24(T=T2)+S2
185 V=C3*AMP*DSIN(P)+V2
186 A=AMP*DCOS(P)

187 AJK==AMP*HSIN(P)/C3
188 60 TO 490
189 404 CONTINUE
190 S=V3I*(T=T73)+S3
191 vsV3
192 A=0.000
193 AJK=0,000
194 GO TO 490
195 405 CONTIMUE
196 Pe(T=T4)/(CS
197 S=CS*CS*AMMXDSIN(PI+VS*(T=T4)4+S4
198 V=CS*AMMeDCOS(P)+V5
199 Az=AMM*DSIN(P)

200 AJK==AMM*HCOS(P)/CS
201 GO TO 490
202 406 CONTINUE
203 P=T=T5
204 S==0a5DU*AMMKP*P+VS*P+SS
205 V==ANM*P+y5
206 Ax=AMM
207 AJK=0,0D0
208 GO TO 490
209 407 CONTINUE
210 Pe(T=T6)/¢7
211 STCT7AC7*AMMA(DCOS(P)=1.000)+V6*(T=T6)+S6
212 VE=C7*AMM&DSIN(P)+V6
213 A==AMM*DCOS(P)

214 AJK=AMM&DSIN(P)/C7
215 GO TO 490
216 438 CONTINUE
217 SESTHYTH(T=T7)

218 Vav7?

219 A=0,000
220 AJK=0,000
221 G0 TO 490
222 490 CONTINUE
223 IF(INIT.EQ.0) GO TO 499
224 TeTY
225 V==V
226 AJK==AJK
227 499 CONTINUE
228 Gz=y=*A
229 IF(Q.6T.AMP) AMP=Q
230 IF(Q.LT.GMM) aMM=0
231 PM(20)=aMp
232 PM(21)=0anM
233 PM(22)=FLAG
234 RETURN
235 END

9

T0
T0
T0
T0
10
TO0
T0
T0
T0

FROM GIVEN T.

400
401
402
403
404
405
406
407
408
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* CAM4OT
* UNIVERSAL CURVFE NO SHIYOUREI,
* 1977.08.16
IMPLICIT pOIBLE PRECISION (A=H,0-2)
DIMENSIUN PH(24)
EXAMPLE 1.
HYOUJUN CAM CURVE NO KEISAN NO REI,
LINE=127
LSX1IP=S
NOCRV=27
CALL CURVE(NICRY,1,T,S,V,A,40K,0Q,PM)
WRITE(6,600)
A00 FORMAT(IHA///7H CAMGNT,10%,10H19077.08.16//11H EXAMPLE 1,)
WRITE(H,6N1) HOCRV,PM(14),PM(15)
601 FORMAT(1H), 35HMODIFIED CONSTANT VELOCITY, STANDARD,SX,9HCURVE NO=,
VT4/6X,3HVM=, F10.5/6X,3HANS,F10.5/)
WRITECh,610)
610 FORMAT(IHO//5X,2HN0,8X, 18T 211X THS 711X, THV 11X, THAP 11X0THI 211X
1T1HQ,7X,2HNO/)
1=0
J=0
1 T=DFLOAT(T)/DFLOAT(LINE)
CALL CHRYF(4DCRV,0,T»SsVrA,80K,3,PM)
WRITEC6,611) 1+,T,S,VoA AIK,Q,1
611 FORMAT(IN »15,6F12.5,16)
I=1+1
J=d+1
IF(I=LSKIP) 3,2,2
2 WRITE(As512)
612 FORMAT(1H )
J=0
3 IFCI-LINEY 1.1.9
9 CONTINUE
* EXAMPLE 2,
* HIHYOUJUN CaM CURVE NO TOKUSEICHI NO KEISAN,
NOCRV=4
WRITE(6,620)
620 FORMAT(1H1///11H EXAMPLE 2.)
WRITE(6,621) HOCRY
621 FORMAT(1HN,40AMODIFIED CONSTANT VELOCITY, NON=STANDARD,S5X,
194CURVE NO=,14)
WRITE(6,622)
622 FORMAY(IHN//12Xs2HT3213Xs2HT1213X,28VM, 13X, 2HAM/)
DO 20 1=1,14
DO 10 J=1,2+1
T3=DFLOAT(I)/DFLOAT(32)
T1=0FLOAT(J)/DFLOAT(6L)
PM(2)=T1
PM(4)=T3
CALL CURVE(NOCRV,1,T+SsVsAsAJK,Q,PM)
WRITE(6,623) T3,T1,PM(14),PMN(15)
623_FORMAT(1H ,4F15.5)
10 TONTINUE
20 CONTINUE
sToP
END

*
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EXAMPLE 1,
MODIFIED CONSTANT VELOCITY, STANDARD CURVE NO= 27
vMs  1,27526
AM=  8.01268
No T s v A J 0 No
0 0.00000 0,00000 0.00000 0.00000  201.38070 0,00000 0
1 0.,00833 0.00002 0.00697 1.66593  196.98005 0.01161 1
2 0.01667 0.00015 0.02756 3.25905  183.97042 0.08983 2
3 0.02500 0.00051 0.06089 4070974 162.92041 0.28677 3
4 0.03333 0.00120 0.10549 5.95458  134.74999 0.62813 4
s 0.04167 0.00230 0.15941 6.93919  100.69035 1.10616 5
6 0.05000 0.00388 0.22030 7462051 62.23006 1.67876 6
? 0.05833 0.0059% N.28549 7.96879 21.05001 2.27500 7
8 0.06667 0.00864 0.35219 8.00780 ~2.36270 2.82030 8
9 0.07500 0.01185 0.41879 7.96879 ~7.01667 3.33725 °
(LA TFug)
$5%-30 2 HEEREO—F GEEETED
EXAMPLE 2.
MODIFIED CONSTANT VELOCITY, NON-STANDARD CURVE NO= 4
T3 T VM AM
.01563 1.03226 51.88695
R bi0ss 1.04144 52.34836
0.03125 0.03125 .
0.06250 0.01563 1.05704 26456629
0.06250 0.03125 1.046667 26.80826
0.06250 0.04688 1.07647 27.05467
006250 0.06250 1.08646 27.30566
0.09375 0.01563 1.08304 18.14650
0.09375 0.03125 1.09315 18.31588
0.09375 0.04688 1.10345 1348845
. 1.11394 18.66431
0.09375 0.06250 .
0.09375 0.07813 1212464 18284354
0.09375 0.09375 1.13555 19.02625
0.12500 0.01563 1.11035 13.95308
(LAITmg)



