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Algorithm of S—shape acceleration based on control of anticipation time

ZHENG Zhong—qian, WANG Xing—fei, LI Song, LI Di
(School of Mechanical & Automotive Engineering, South China University of Technology, Gangzhou 510640, China)

Abstract: Aiming at the difficulties of parameter—setting and using the 7—phase S—curve acceleration and deceleration control model, a
new method was proposed to implement S—curve acceleration and deceleration based on the control of anticipation time. The problem that
the impacts in NC machining caused by discontinuous acceleration and velocity in linear acceleration and deceleration method, was
overcome by 7-phase S—curve acceleration and deceleration control model. However, the parameter configuration is so complex that they
can be easily misused. After the analysis of 7—phase control model, the functional relationship of the anticipation time and acceleration
was established. Except the strength of motion stability, the control model was based on the control of the anticipation time of acceleration
and was constructed by five phases, which means the process of parameter—setting is not only simplified greatly but also more convenient
to use. The simulation results indicate that the algorithm can make sure the acceleration is continuous, which mean the flexibility of
control system is improved ,and much easier to implement. The method has a high practical value.

Key words: flexible S—curve acceleration and deceleration ; anticipation time of acceleration;plan algorithm

Fthl RGO X R 2 — | RSB R B Ty
0 51 F BEARAE, — 7 1 B R A A G Pt 3 % B
FROLE ;55— 7 TR RENS 7 8 7 SR M AT 3 10

BB H AR S SRR RN R B R 38 84T, R STR ISR B 1 7 W EERS i i
B R G REROR B, — 0B ZR B RIS ShH ) R G F I v (e, It 3 2 ]
S A RO R 2 B AT B 42 B B R R LLE A St A b R B B ), (LR 7 B B
WA EIRIT IR ISR TP IE B R R T LR ST B e A S o E

i B 2013-12-02

EETIR: [ AR SIS HEE A OH AR I %E B3 H (2012A010702004,2012A09010012) 5 1 444 208 #8P= 200 H (2011A090200054)
PEE R HMHR(1988-), 53, AR, FE N m R ARG BT HIYIESE. E-mail : zzqleon@163.com

BIEBERA: 25, 20, #0082, /L4 2Uli. E-mail :itdili@scut.edu.cn



- 426 - HL )

TE INBE I ] e 2k 5 ST M 4k 05 B S i DL, e A
ASHIFFTHRE H— T S pHh 2 a4 il )i 7 ik —2E T
D TP T 42 14 B 5 5 B S i 2 S oo s 4 ) D %
A 2R R vk W] LSRR DRIE R G P AR GE AT 11
THOUS , SR E o T B

1 JEARE A

ST Jinsiad L) v s R 1A SRR AR
RGP AR AR R R i R
R A EE LRSS IR B SC R R 27 -

a(t)=a(t)+ [ j(r)dr, (1)
JO=f@)+ [ alr)dr, (2)
s)=s)+ [ fr)dr, (3)

Kb o — R, f—HBE, s —hif%,

% 35 B B R B A [R) AR ¢ AR T AR
PRI 4 S T il S n vtk KA 43R 7 A B B O
INE B Q51 I B s s i B ; @573 B s QM
PRBE ; ©5) Uk B s DIk B o 7 By BB A& XS S B
IR f e HE R FRAE T =

2 5B il 2 3 hin e AL R

7 B B A BB AR I 2R G0 5 A B R I R kL (U2
TR R, BRI R 75 X o 2 A 00, R P S Bt
F S AN AR ST R T B BT HR E 8 S
BL,F,f,f,A,DUKNI), JU), MmHEss
B P A R A2 S el s ) 4 25 e K ik
JEEAE A R A5 B B (A0 I sk 3 (0 kg i D, o o kg T
2o

B MR ) T, D8 )R T, AT

~

R

T +T,+T,=2T,+T,=T,. (4)

Ts+T+T,=2T,+T,=T,, (5)
XD .2 .3 3 B s 2, A

F=f+]JTT,+]T; (6)

A X (4) 3K (6) 4 LY 75 e 4 o vk B i
Ty, T f S, IR 7 By Be A GRS o ASFSE 4
He MU R g A, A T s Be s sE B A B |
T B B AL, 73 B AN 1 s

T 1R, 55 7 By BeB AR L, 5 B Bosd 2 B 2R
WO T A3 s BOMN AT s B, (5 R BE S B R k) i
e, R s AR N, A B BEZ ) i 5
U, IR [ 2 S , T A SR T D 42 i oK

F 5, S5,
Sy
S -
) IR /
L 1] .
5y . S
1 i b Eta ;ta Etst >
. . M
. AN
t, it A AN ‘L, >
T o T T LT
[—— i — i —h
M 4 . ' .
T, T ’ T. Ty v T o
1 : 2 . 3 ._4.:_5..
A i : Vo
a :
b
; Do
i t, X it/
P
oy
F Doy
J Do
. L .
5 Lo
. L ]
A 7 7, RS >
_Jz _14

K1 5B SRR &

SRR o — % R 0(k=0,1-5) — & B
B B 25 T(6=1,2-5) — BT I A, AR L B A
g‘(%ﬁ‘ﬁé ,‘}5\445717 i\’,ié’l B IE]/’%TTT§ T, =L, Tk(k: 132"'5) -
BB B BB AT 5 L —EANEAT R F—484 B AR
12)5{, A_f?ikj]ﬂﬁz}?i’fﬁy D_%ﬁk’mlﬁ&’fﬁ; ]17 -]zv -]47 -]5 —;k?f”—;
1,2,4,5 U e hadmis &

P (1~3) AT 455 [ BoRH R (4 T in g B2 s JE |
Uy Rz AST R ERE ST W R

J 0<i< i
-5, t=t<t,
=10,  n<i<y (7)
=1, =t<t,
Js L, <1<
JiT, 0=sit<
J.T - J,7,, L<t<t,
a(t)=140, L<t< 1, (8)
1.7, L,<t<t,
-J I+ )7, <1<



TR, 55 - T sl ict it 1) 2 o 1) S 2 3 PEE SR B A 5 - 427 -

ﬂ+%]17'12, 0<i<i,

f,+],T,7-2—%]27§, t,<t<t, f, =f\,+%],T,2
FO=1fi n<t<t, =i+ JTT=2LT=F  (9)
Jg—%mj, L<t<t, f,=f,

f4—]4T475+%JST§, L<i<t, f, :ﬂ—%LTf

fir +%]]T?, 0=<i<y,
51+ﬁ72+%J1T17—§_%J2727 L=t<t,
_ 1 3
S —ﬂT1+€J1T1
s(t)=1s, HfoTy, 1, SU<ty, 5,=5, "'fsz"'%JlTszz_%Jsz3
S3 +f374_%-]47'?w L<t<t,, sy=s,+f,T,

1 | 3
Sy +f475 - §J4T475 + g-]sTsv I, SUsts

1
sy=s; T, - 8]4Tj

(10)

PLF S B S iR 32 M ik 4 o) O ik i A

e BT A B AN s By P~ B B, 7E

B RE <2 (4) A (6) AL 5 BRLH A fi " m] U

R L, F, f, [ Tor To X680 RT3 EHEEL
T 2 , sRAS BB Z A e B e B A A

3 FE T UsCH I R] Ay S b g i) Oy ik

5 [ BB TR i ) 114) B o AR A il ke o
(SRS I R AR oS S5 300k 3 R s il
3.1 nRGEE EIEERER

FEXFPRARTE O, S th 2 inysidipi k) H 75 2246
L, F, f T, aPAar eyl B4, mT
sk B ) A ], RS b A2k B AR SE L BD £ =S, o
FE AL T R T=T,=T,=T,=T,/2 ,

3.3.1  AefBk B4R Ak E a9 L
XIFR S BB ST o B FLRI 7 B A B 2 B o

i
A

B2 XFR S BB S T AR 7 R A
LRI AR BB, BT LASIIL F o

TR (A A FE BB N, BN f BEhn 3 f 7
WM BN, BRSNS B R F o JEFE TR 43 5 A
T, T,,Hh=09)n %l

fl=ﬂ+%]le,F:f2=f1+]1T1T2—%J2T22=ﬂ+]1T12 (11)

LB AT Ag B i F—f =110 o I,
AIAGE]
F=f _4F-f)

Ji=J,= TR (12)
A=]T = Z(ﬁ;,_ﬂ) (13)

R 5 T BT, FRE T2
J4=J5=FT_;“'=4(I;;Q (14)
p=yr,=207L (15)
R C10) AT LA B BB R S, 1S,
5,=5,= D (16)

PUESA L=S, +S, Wl A5 2R i i 4S80
3.1.2 KRB IEA Ak A H L

XK 4 B B S TP R R R B AN 3 T o

ML<S, +S, B, I T IEIEIRE] F o, e
T AR R AT B, L R R R an R 3 TR o

% 7, P t, 7 t

3 XiFK 4 BB S T B A 7R
e, f13X(9,10) Al G
Fou =L HITE =4 T (17)

o fyxr,= PP T L)

UNIOE



- 428 - L5 = NN DU 314
4(L_2Tiw(,f;) ‘h
]12]2:]3:]4:7173 (19> P
2(L-2T
AZDZJITI:(TZ‘W (2())

AR 2 T S G s ) i =5 1 4 240
32 RGEEE EAEERER

WEEOLN AR S 2O EE R E] 5
W A AN AR S, B £ 2 T # T BEH B30
BT AERTRR SRR ARSI AL A EE T
YRG0 T AR5 B ) AR, R A SR AR
TR LR T BRI T R

hnsE sl RFE s it T | o B IS
By J, L, AVSKREES R T, s, D6 AR
i, AR A IR ) R
321 fEBIA B354k E AL

AKIFR 5 BB ST B FA 7 = an ] 4 s
A F

f

. . >
:13 Ay Loy
LT, L LI
T, A 7 i‘,ﬁ,

K4 AXIFRS BB S I LRI R B K
5 s (AR AR B 25 E T BERE A B 54 U
TR DL DL, [ B AT A5«

J.:JZ:?:W (21)
A=]T = 2(1;—f ) (22)
su=(F+f‘§xa; (23)

PR L R S N AR AR, [ T4
Ji=J,= FT_f - 4(’;_” (24)
D=J.T,= 2(§_f‘) (25)
S,= (F”FZ)X' (26)

IEE QSR L=S, +S, AR B G 1 25 S48
322 AREB|IEA R E AL

ASKEFR 4 [ BE ST 1R R 7 2 e 5 BT

ML<S, +S, W, N T TRk IRE] F o, R e
R ST B, BV L S B A — O S,
SRIGTFH fow W E S, o SCBRBITRENS I8 2 1 5 5
REE [ T EE T R H R T 3RS Hh 4 R XS

. >
13 4 L L A t
L .5 T L
T E T, T : T
— — —

5 AAFR4 BB S TR ML R R
PRt i S5O 5 YA JC S e e R
HX(10) "] #5, L=S,+5, , Hrp.

. 2

(27)
- Vut)X T
-
2
1 (9) WY R IR B S (N
JuBf g W=+ LT (28)
H AT 5
4QL-2fT,. ~(f.+f)XT,.)
=) 1T,
(29)
Jog 2 deL=A T, ~( 4 f)XT.)
o TS +T2.T
42 20L=f T ~(f4f)% T
- 72.+T,.T,.
(30)
o 2CL=2 T, ~(f+/)XT..)
T(lzcc + T(]cc Tacc

A5 5 T S INZE BT G 22 8
4 5 H AR

N T BIEIZ T A R N ER LA SR R
Dol ST EESR  BLBEAT O B, LAIBiise i (] A 255
— I R AL B, A AR P AN 6 7

B R T B s ] () AS [ EL H B i 28 A ]
14 B A% B tE AT S 30, B ) LA S 91 A B, B 5 L ik o
A, E BRI BN TR

B ES B A B 05 B op, 45 2 80 n ke 2
2N



544 TR, 55 - T sl ict it 1) 2 o 1) S 2 3 PEE SR B A 5 - 429 -

HARILTTR

[ A AREMUBHL, F. £ o T T |

| BRI KEES, =057, X(F+), 5,~05T. x(F+f) |

A1 B AE S BN AR
RHE(22~27) JIWTL =8,+S,7 4EX(30~31)
HESH HESH
| . ¥
| A, S, s
e
BRI S |
E el
g
Fo6 BEmELA
R1 FEEMKSH
SR BRI 1 A B2
L (Jik ) 4 000 4 000
F(JhkbyJE3) 100 100
£ (ke JE1359) 10 10
/. (kb FE1391) 20 20
T,. (JE1) 35 45
T,. (&) 20 30
xR2 BEHESER
TR () B A B 2
S, (i 1925 2 475
S, bkt 1 200 1 800
L=8,+8S,? Y N
Ji T, (ks R 0.293 9 0.1633
Joo ., (Tkeb/E ) 0.800 0 0.323 0
A (B #A2) 5.142 9 3.674 1
D (kw472 8.000 0 4.844 4
S (BRI 1H) 100 91.189 3

HH 2 2 TN, B AR B L A AR ST S B B, 7T LALA 3]
F A 5B BoL R4 %, AR B 2 ANAFEAE ST BB
B, AT DGR B A i A 91.189 3 ik J& 1

% 1,28 245 21 S i S st BRI T 75 1) 2 2
B, T A TP R R R A ) R £ ]
7 FE 8 iR

LT 8 HRT LU Y AN S B i o i B2 th £k
TS R R O S, T EL R ()3 R 4
SR RT3 — 5 B B S it 2 stk A0 53k mT LA 2
B )17 YR N i B R S o C ST £

}ﬁ?l‘ﬁfiﬁﬂiéﬁ Get X-Y value by cursor

0 T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65
TRl ME %D
(a) FFANHRE 2R
e %
10 PR, | SRRy g - 5
8
g 6
)
T
£ 0
%5 -2
= 4
=
_6
-8
_10 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0 5 10 15 20 25 30 35 40 45 S50 55 60 65
BTl NE )

(b) sk B2 th 2k
7 BB HY S HEE BT SEE IT E § FC
FEAMNERE R GetX—YvaluebyCum:

0 — :
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

HeF TR/ NET %)
(a) FHANHLRE Hh 2k
i R 2R
10 =
8
~— 6
% 4
£ 2
g 0
% -2
=g
_6
-8
T X T A Y S S A A
0 10 20 30 40 0 6 70
B TRl NE %)

(b) i 22
K8 AR B2 A S R RE LRI HBE fin sk B £y EC A



- 430 - HL )

T $3145

5 4ERiE

ABEGESE T T — RS i n s a7
ik, AL TSRO E T Al B E NG
(DA IO i A S s i oK R S T
ey =, K5 ST e 7 By B st L 1y 4k 2k 5 B
PRI fifp DA 1 e N TR ) 4 K 5 0k TE i
BRI ARG SR BRI, 2t — 2P HE S T
AN TR R A A S PRAE T B O B R RS
SIS R T RN TESR 9 T ER
Tl AR R by, R TN R . ST BB
RERIAR L, 2 B 7 K o fag Ak, A S 5 1
Who ZTTEEAE 16 iz shia i< iR 2l 7 Sebrii i,
T T B R HIZRCR o

22 3k (References) :

(1] sRAAL, JERAK. Fodsiz shin T EH A EE [ ], fies 2
#2,2006,27(1) :125-130.
[2] ZREE,E B, IRk, 55, S phZe st 45 il Oy k5T

A5 At

(1. v E A5 B4k, 2006, 35(23) : 38-40.

(3] SRASAL, R, B sln T I A BELT ). fies 2
#%,2006,27(1) : 125-130.

(4] A7 M, IRA . 5T S g iy 28k s ML sl i) 425 1l
[J]. HLHLTHE,2011,28(7):813-817.

[5] ERKORKMAZ K, ALTINTAS Y. High speed CNC system
design: part I:jerk limited trajectory generation and quintic
spline interpolation [J]. International Journal Machine
Tools & Manufacture. 2001,41(9):1323-1345.

(6] =BHTot, 22 Dty , BT M. SR 4 Pt ek 2 4] R 32 46 1) b
HERfE AR [T HLM T RE2 %3], 2003,39(7) : 74-78.

(7] skdRfe, R4, B REL S HIFRFRT ], DL
5 ,2008(8) : 163-165.

[8] WHmeZE, REF, Y 4. CNC RS HLMIGE AL 5k
[J]. LR S5¥E,2008,36(5) :287-289.

(9] HEEAT, 844, e, 48 SE PR B i th 2y 225
PERBLERIAPTTELT ). A3 51%,2013,28(4) :53-56.

[10] BiRAd. HTRpUs 30y 20 il sl L) ] PLHeR,
2012(5) :28-30.

[11] ZEWerE, 85 SUAS vk, S il 2 sl st 2 il 87y i i o
(], #5800, 2007(10) : 50-53.

[t ok ]

AT, E260, A BN AF FETIIEGHR Rl Y S TR LR T 7 (D], PLHL T2, 2014, 31(4) :425-430.
ZHENG Zhong—qian, WANG Xing—fei, LI Song, et al. Algorithm of S—shape acceleration based on control of anticipation time[J]. Journal of Mechani-

cal & Electrical Engineering,2014,31 (4):425-430.

CHLHE T RE)Z4 35 : http : //www.meem.com.cn

(EEF4137)

22 3Lk (References) :

(1] Jhming, 5k F], A4 45 SEMOEH AR IR R
[J]. HLEL TH2,2010,27(5) : 1-12.

(2] Thming, 404 5k 58,45 B TR [ H la e < g
PICHH ALY ]. HUIR T R4z ,2007,43(8) : 2-6.

(3] Z=&fh, o ME 28 2 45 TR ML TGRSR 6 T 5
BA B BRI AR [)]. e2F AR 1 1999,5(3) : 56-62.

(4] @1 %, % 71, 7B sEReTESEL i (T]. ot
2B AAR,2006,4(1):5-7.

[5] 7B, i, MR R, . I T4k I AME R PG
2RI )] SO SR A, 2011(1) : 97-100.

(6] W i L, 5B CCOSEARLE: B I Ia] g8 7 v:
[C1/72009 4 Se 24 B AR K R RIS 2518 4R, 2190
SEOE T, 2009:69-72.

[7] SCHINHAERL M, RASCHER R, STAMP R, et al. Utilisa-

tion of time— variant influence functions in the computer
controlled polishing[ J]. Precision Engineering,2008(32) :
47-54.

[8] SCHINHAERL M, SMITH G, STAMP R, et al. Mathemati-
cal modelling of influence functions in the computer con-
trolled polishing: Part 1[J]. Applied Mathematical Model-
ling,2008(32) : 2888-2906.

[9] SCHINHAERL M, SMITH G, STAMP R, et al. Mathemati-
cal modelling of influence functions in the computer con-
trolled polishing: Part 11[J]. Applied Mathematical Mod-
elling, 2008(32) :2907-2924.

[10] Befham, THmng , G A, 55 SRS st rY s
Beueitl) ] R TAL, 2013,31(1):24-28.

(1] A BLR G i oL R T 258D 1. AT -
VEDAME R Z AU TR B, 2009.

[t B





