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3. Real-time jerk-limited kinematic profile generation

This section presents a procedure for generating jerk-
limited kinematical profiles. This procedure is done by
estimating the admissible range of the acceleration value at
the consecutive point along the smooth tool path and
deciding the maximum possible value for achieving final
deceleration stage, repeatedly at every sampling period.

Fig. 2 shows the kinematic profiles used in jerk-limited
accelerations. The trapezoidal acceleration profile is defined
by pre-specified jerk values J,s and maximum acceleration
and deceleration allowances denoted as A and —D
respectively, where the subscript r indicates the index for
each of regions 1-7. This procedure allows the trajectory
profile to be modified on the fly, according to unpredictable
path constraints, with maintaining the smooth tool path.

3.1. Conditions for accelerations

Considering the acceleration g, and the feedrate f} at the
kth sampling period, suppose that the cutter travels along
smooth path with trapezoidal acceleration profile regions,
which has jerk values of J;, 0 and —J; in turn, from the next
(k + 1)th period, and finally reach the desired feedrate f;
with the acceleration ay = 0 at the k4qth sampling period.
The condition, in which the feedrate can reach the desired
value f; in the fastest time, is for the cutter to travel along the
acceleration profile for the region 3 where the jerk value is
—J;, as represented in Fig. 3. The following equation can be
obtained based on the point that the area under the
acceleration profile is equal to the deviation of the feedrate
(Fig. 3).

%(ak_,_l,p + (lk)ATS + %(ak+l,p - ad)[kd - (k + 1)]ATS

=Jfa—fe 2)

where ATg is the sampling period and a;y, is the
acceleration value at the next sampling period. Rearranging
Eq. (2) in terms of a4, ,, the second-order polynomial
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Fig. 2. Kinematic profiles with jerk-limited acceleration [6].
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Fig. 3. Acceleration profile for the acceleration condition.

about a;y; , is obtained as

iy1p+bagi,+c=0 3)
where

b = J3ATg
{C = LlaATs — 2(fq — fi)]

The solution of Eq. (3), aiy1, = [—b+ (b* — 40)"*112 is
regarded as the most efficient acceleration value, at the
consecutive period, by the above assumptions. Imposing the
jerk limits and the maximum acceleration/deceleration
values on this value, the range of the acceleration value is
obtained as follows.

g1 = [akJrl,min’akJrl,max] (4)
where

{ak+l,max = min(@yy 1, @ + JATs, A)
Aty min = Max(ay — J3ATg, —D)

The desired feedrate is usually regarded as the command
feedrate f.. However, if the path constraint such as the
contour error tolerance is given, this desired value should be
replaced by f,. corresponding to the path constraint, as
following.

fd = min(ﬁ:’fgc) (5)

3.2. Determination of final deceleration stage

The most efficient tool motion is achieved by following
the profile generated from the largest value in the admissible
acceleration range, mentioned in the previous section, as
long as the final deceleration stage are not invoked. For such
a profile generation, the interpolator keeps track of whether
the final deceleration stage should be started or not, at every
sampling period.



3. dopmMupoBaHHe B peaTbHOM peKHMe BpPeMeHH
KHHEMATH4YeCKOro Mpo(guisi OrpaHM4eHHOI0 PhIBKA

B stoM paszene mpeacTaBieHa MpopLexypa T'eHepanuu
KWHEMaTHYEeCKOT0 IMpo(miIs OrpaHNdeHHOT0 phIBKA. JlaHas
Ipoueaypa BBINOJIHEHAa JUIA  OLEHKH  JOIyCTHMOTO
JMana3oHa 3HAYeHUH YCKOpPEHHS Ha IMOCIEAYIOIIEed TOUKe
BIOJIb TUIABHOM TPACKTOPWUH WHCTPYMEHTA M BBIUYMCIICHUS
MaKCHMJIFHOTO BO3MOKHOTO 3HAUEHMS JUIS JTOCTHKCHUS
KOHEYHOTO 3Tara TOPMOXKEHHS, TOBTOPHO IUISI KaXKIOTO
TaKTa.

Ha pumc. 2 moka3zaH KHHEMaTHYECKHH  MpOQHIb,
UCTIONIB3YEMBbIil B YCKOPEHHH C OTPaHWYEHHBIM DPBIBKOM.
TpanenmeBuaHbI  TPOQWIE  YCKOPEHHS  OIpeNeicH
NIPEABAPUTENBHO  3aJ@HHBIM  3HAYCHWEM pbIBKa s,
MaKCHMaJIbHBIM YCKOPEHHEM, JIOITyCKaeMbIM
TOpMOKEHHEM, O0O3HaYeHHRIMH Kak A u -D
COOTBETCTBEHHO, TIJle HW)KHHUM WHAEKC I YKa3bIBaeT Ha
WHAEGKC Kaxaoi w3 obmacteir 1-7. Orta mpouexypa
MIO3BOJISIET M3MEHATH MPO(QWIb HA JIETY, B COOTBETCTBHHU C
HeTIpeICKa3yeMbIMU OTpaHUYCHUSIMU TPaeKTOPUHU
WHCTPYMEHTa, C IIOJIEPKAHUEM IUIAaBHOM TpPaeKTOpHUHU
JIBIDKCHHSI HHCTPYMEHTA

3.1. Ycnosus yckopenus

PaccmarpuBast yCKOpEeHHUE a; M CKOPOCTh MOJauH f; a k-oM
TaKTe, MPEIIoIaracM, 9YT0 PEKyIUi HHCTPYMEHT
IepeMeIaeTcs BIOJb IUIABHOM TPaeKTOPUH IBMXKCHUS, C
TparneneuIaIbHON 00JaCThI0 TPOQIIIS YCKOPEHISI, B
KOTOPOM MOOYEPENHO NPUCYTCTBYIOT 3HaYEHUS phIBKa J;; 0
u —J3, Ha caenyrouwii (k + 1)-pIif Iepuo, U TOCTUTACT B
KOHIIE CKOPOCTH NOJa4H f; C ycKopeHueM a, = 0 B kg-oM
TaKTe. YCIOBHE, JUIs IBHXKEHHS PEXYIIEr0 HHCTPYMEHTA,
10 PO IITI0 YCKOPEHHUS B 00671acT 3, Tie 3HaYeHNE PHIBKA
—J3, Ipu KOTOPOM CKOPOCTH MOJIaYU MOKET JOCTUTHYTh
0XXKHaeMOT0 3Ha4YeHus fy 3a ONTUMANEHOE BpEeMs,
npejacTaBieHo Ha puc. 3. Cieayrolee ypaBHEHHE MOXKET
OBITH MTOJTyYeHO 0a3UPYACh HA TOUKE, HAXOIAIICHCS B
00yacT o mpouIIeM YCKOPSHHS, paBHOE KOJICOAHUIO
ckopoctu niogaun (Puc. 3).

S(ai+1,p+ ap) ATstS(ax1p+ ag) ka—(k+1)] ATs—
Ja Jr (2)

I'ne AT 5T0 TaxT, a ay+;, 3HAYEHUE YCKOPEHUS B
cnenyromiem takte. [lepecuntas ypaBaenue (2)
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Puc. 2. Kunemarnueckuii npoQuiib yCKOPEHHs C OTPaHUYEHHBIM
pBIBKOM [6].
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Puc. 3. Ilpodunb yckopeHus i yCIoBUsS yCKOPEHHUS.

MOTy4UM

bl +ba,, , +e=0 (3)

k+1,p
e

b=J,AT,
c= J3[akATS _2(fd _fk)]
Pemenne ypasnenus (3), @y, , = [— b+ (b2 — 4c)% j/Z

paccMaTpuBaeTcsi Kak HanboJiee ONTUMAaIbHOE 3HAYCHHUE
YCKOPEHHUS, K IT0CIIE0BATEIbHOMY IEPHOLY IS
BBILIECKA3aHHOTO Tpenonoxkenus. Haknanpisas
OTpaHUYCHHUE PHIBKA U MAaKCUMAaIbHOE 3HAUCHHUE
YCKOPEHHS/TOPMOKEHHE Ha TO 3HAUYEHHE, T1ana3oH
XapaKTEPUCTHK YCKOPEHUS MOIYYHM CIIEIYIOINM 00pa3oM

ak+l = [ak+l,min H ak+l,max ] (4)
rae

it max = mln(ak+1p7ak +J,AT;, A)

Ay i min = maX(ak - J3AT ,—D)

Tpebyemast cCKOpOCTh IOJauM OOBIYHO paccMaTpPUBACTCA
KaK KOMaHJia CKOpPOCTH TojauH f, OIHAKO eciu 3aJai0Tcs
OTpaHUYCHUSI TPACKTOPHH, TAKHE KAK JOMYCK OIIHOKH
KOHTYpa, 3T0 TpeOyeMoe 3HaueHHe JOJKHO ObITh 3aMEHEHO
Jec COOTBETCTBYIOIMM OTPAHHYCHHIO TPACKTOPHH
MHCTPYMEHTA, KaK MOKa3aHO HIKE.

Ja=min(fe, foo) (5)
3.2. Onpeodenerue KOHEUHO20 Y4ACMKA MOPMONCEHUSL

Haubonee 3¢ pexTnBHOE ABIDKECHIE HHCTPYMEHTA
JOCTHUTaeTCs Ha npoduiie, Moay4eHHOM JJisi HanOOJIbIIEero
3HA4YEHHS B JIOMyCKAeMOM JIHaNa30He YCKOPEeHHUs,
YIIOMSIHYTOM B ITPEABIIYLIEM pa3jiele, oka He OyneT
JIOCTUTHYT KOHEYHBIH 3Tall TOpMOKeHus1. J[Js1 nanHoro
(hopMupoBaHHS PO, HHTSPIOIATOP OTCICKUBACT
TPAEKTOPUIO IS ONPEACTICHHS, HEOOXOJMMO JTU HAYHHATh
TOPMOXKCHHI WITU HET, JUTS KaXIOTO TaKTa.



