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DETERMINATION OF CUTTING SPEED VALUES
FOR PROCESSING A NON-RIGID SHAFT

Abstract. This article discusses the flexibility of the technological system due to the influence of external shear
forces on it during processing of non-rigid parts such as bodies of revolution. In order to reduce the deformation of
the part during the Py cutting force is applied to it, various fastening schemes are used and, accordingly, calculations
are made on the rationality of its choice. The bending moments M land M2 in sections Z1and Z2are determined in an
analytical way (curve part). The cutting force is calculated according to the formula (1), and also according to
formulas (2) and (3) there are determined the points of maximum and minimum deflection of the non-rigid shaft. By
transforming formulas (1), (2) and (3), the formulas (4), (5) and (6) were derived. Using formula (4), the values of
the cutting speed V along the entire length of the shaft part L were calculated, and the cutting force Py at each fixed
point Z1to Z2 was determined from the obtained expressions (5) and (6). The block diagram and software
implementation in the Delphi XE8 environment are presented in which calculations are performed so that the
minimum value of the shaft deflection always has a constant value y=const. A graphical dependence of the change in
cutting force on the values of the cutting speed is obtained. The developed subsystem will also allow to visually
display how you can avoid various errors during the machining of a non-rigid part (shaft).

Key words: cutting speed, cutting force, mechanical machining, shaft deflection, task algorithm, scheme,
software module, secondary circuit.

During the processing of non-rigid shafts, the technological system «Machine ~ Fixture ~ Tool
N Workpiece» is essentially very malleable to the influence of cutting forces (external shear forces) and
thereby complicates the processing ofthe product. All these difficulties can occur due to the displacement
of the cutting tool and the workpiece, that lead to errors, the divergence of the axes of the base elements of
the MFTW system, as well as thermal and inertial disturbances that affect the technological system, where
the deformation of the workpiece increases during turning (in the form of deflection).

Under a non-rigid shaft there is understood when the length L exceeds its diameter 0 by

10-12 times, that is, the condition i >1 Oh 12 [1] must be met.

During processing of a workpiece of a non-rigid shaft, it is necessary to reduce the deflection and
make it uniform along its entire length under the influence of cutting force, as well as to reduce the
imbalance of the rotating workpiece. In order to reduce the deflection of the non-rigid shaft under the
influence of the radial cutting force Py, there are used various fastening schemes. The verification
calculation determines the feasibility of choosing a fastening scheme, in which the maximum value and
the minimum value ofthe deflection ofthe workpiece are found. The Figure 1shows the deflection of the
workpiece under the influence of the cutting force Py. The non-rigid shaft workpiece is fixed rigidly in the
lathe chuck by the front end and by the end with the rear center (tailstock), which has less rigidity.
Therefore, the workpiece of the non-rigid shaft will be presented as a beam on two supports. In order to

P
determine the deflection of the workpiece, there were determined the reactive forces RA = Rs =~k =

=Z7Z1=22= t [2]. The values of the bending moment in the section Z1 M1(Z1) = Py 'z in the interval
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(0 < Z1 < -j and the bending moment in the section Z2M2(Z2) = Ra'Z2 —Py (z2 —-j in the interval

(- < 22 < Lj were found. Therefore, having carried out mathematical transformations, formulas were

derived for calculating the deflection in the intervals 0 < Z1 < - and - < Z2 < L [3].

Figure 1- Determination of the maximum deflection of a non-rigid shaft

The purpose of this work is to increase the accuracy of processing, the constancy of the shape and
geometric dimensions of non-rigid shafts. In order to achieve this goal, it is necessary to determine the
values of the cutting speed V so that the minimum deflection value remains constant along the entire
length of the workpiece during turning, programmatically to calculate and to create a graph the values of
cutting speed V and a graph of Py dependence on cutting speed V.

The radial cutting force can be considered as a function of several arguments [4, 5]:

@)

where Cpy - coefficient of material and processing conditions; tx - cutting depth (allowance); Sy - feed
(feed rate); Vn- cutting speed; Kp - total correction coefficient.
Using the above formula (1), we determine the cutting force:

Py = 243 m2°-* mG,21a6 w5 0 , 2 7 m2,48.

4-723-s(z-~f -3-Lz-Z (2)
Pv
Y= e x [4-23-3 -L2-Z] (3)
. . . ) 0<Zzx< <7?2<L
According to expressions (2) and (3), in the intervals — 1~ 2 and r~ "2~ there were

determined points with the maximum deflection of the non-rigid shaft y=0.06878 and the minimum
deflection y=0.010281885.
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Let carry out the permutation of the variables in the formula (1) and by the inverse task we obtain the
formula (4) by which the values of the cutting speed V along the entire length of the workpiece of a non-
rigid shaft will be calculated.

—t
yn SV —
_prtx& Kj, V= (\eWtXSYH pf 4

Transforming expression (2) and expression (3) we obtain formulas (5) and (6), by which it will be
possible to determine how the cutting force changes from the cutting speed at the points of contact along
the entire length of the workpiece of a non-rigid shaft.

Y->XKN-b

Py Y- 3-&2Z ®)

(6)

To determine the values of the cutting speed V along the entire length L of the workpiece, there is
developed a step-by-step calculation algorithm according to State standard 19.701-90, which is presented
on figure 2 [6].

Figure 2 - A block diagram ofthe calculations [6]

As a basis, we select the value of the minimum deflection y=0.010281885, then we change the
cutting speed V along the entire length of the work piece by a step of 20 mm, but so that the specified
amount of deflection always remains constant. According to the above formulas, we carry out the
calculations.

Atthe point Zj=400. Atthe starting point Zj the cutting force Pyi=136.12, then Vi=50.25.
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73360 78260 - 71860
P\3=68.75 Py8=23.16 13255 Py18=46.62
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\V/5=4292.08 V10-26852.26 V1513002.5 V250.25

Z6=300 Z1:200 216100 2210
PY6=29.60 Py11-20.35 Py16=29.60 Py21-136.12
\V/6=8098 V11-28232.43 V168098 V21=50.25

The processing of a work piece of a non-rigid shaft will be draft, since the cutting depth is t=2 mm,
without auxiliary equipment (lunette), since the length ofthe work piece is L-400 mm, d=40 mm.

On the basis of calculations, there was developed a software module in the object-oriented
programming language Delphi XE8 [7,8] for an automatic control system along the secondary circuit
(V cutting speed control). The figure 3 shows the software implementation interface and a graph of the
cutting speed V for stable values of bends along the entire length of the work piece, as well as a graph of
the cutting force Pyvalues from the cutting force V for stable values of bends along the entire length ofthe
work piece.
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Figure 3- Determination ofthe cutting speed V for a constant shaft deflection
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Obtained results:

1. By mathematical transformations, there was obtained the formula V — K ' f°r the

necessary changes in the values of the cutting speed and the necessary values of the cutting force Py in
order to maintain a constant value ofthe deflection ofthe work piece.

2. Developed a step-by-step calculation algorithm and software application. The software application
does not require special skills for the user (designer-technologist, turner-processor), thereby significantly
reducing the time required for calculations, it also allows to vary the data in choosing the length of the
work piece, its diameter, cutting depth, tool feed, cutting speed, determining the cutting force.

3. Received graphs of the values of the cutting speed and a graphical dependence of the change in
cutting force on the values ofthe cutting speed.

4. Increased productivity due to processing in one pass without reinstallation.

5. The ability to process work pieces of a non-rigid shaft without readjustment by changing data in
the developed software module.

Therefore, all this will reduce the cost of manufacturing and engineering products, such as non-rigid
shafts.

XK. H. WWakeHoBa
J1. B. T'oHuYapoB aTbiHAarsl Kaszak aBTOMOOWU/Ib-XX0N MHCTUTYTbl, AnMatbl, KasaxctaH
XKX¥MCAL B1N1KT1 BHAEYAEN1 KECY XbITOAMAbITbIHbLW, MOH1H AHBLWTAY

AHHOTauMa. MalluHa >kacay ewmw, A3NA4W MeH canacbl KOHCTPYKUMA MeH MaTepuan KacueTLLy
(kaTaHAbIK, TO3yra TesiMfAik, 6epXTX, gipinre Te3iMAiK >X3He Tarbl 6acka Lamanap) >XWbIHTbITbIHA Tayengr
Xymcak 6inikTi eHgey YPLici KYPgeni aHe Ken eHO6eKN KaxeT eTefi, eMTKEHi XXOHY apKbinbl eHAey KesiHfe
TeXHONOTMANbIK KYWeHiH KaTaudbirbiHa Tayenai Aedopmauusra 6aiinaHbicTbl TYPAi KaTe/mk aHblKTanagpl.
Ocbl Makanafa aliHanmanbl feHe TypBfAen >KyMcak TeTIKTepAi )XOHY apKblibl eHAey Kesllfe CbIpTKbl KeffeHeH
KYLITepALW, TeXHOMOrMAMbIK >Kyliere 3cepiHiH WKeMainiri kapacTbipbliadbl. TeTikke paguangbl Kecy KYLU
Py acep eTkeH ke3gen pedopmauusiHibl a3ainTy YuwiH GekiTydiH TYpni cynbanapbl KongaHblnagbl X3HE OHTasbl
TaHfJay acayra Kaxetn ecentey xYprisegi. Xymcak 6inikti eHgeyae 6ekiTygiH TepT 3AiCiH KonfaHblnagpl:
1 - Xymcak paliblHgaMaHbl MaTPOHra Hemece KOHCOMAbl >XUeKTemere 6ekiTy; 2 - >Xymcak AaliblHAamaHbl
naTpoHra Hemece O6LIKTL, 60C YLWbIH J/IIOHETKE KbICY apKblibl XuWekTemere 6eiTy; 3 - >XXymcak TeTikTepai
NIOHETTIH KeMeriHCci3 opTanbikka OeiTy; 4 - >Kymcak paliblHhamaHbl NHOHeTneH 6ipre apanblK opTacbliHa
6ekiTy. KaTe/nw wamacbiH aHbIKTay MeH a3aiTy YLUiH KocaKbl XabAbIKCbl3 (/II0HET) «3» 6eiTy cynbackl TaHgan

anblHraH. AHauTMKanbly, T3CLWIMeEH (3Mp  aiimakTapbl) X3He /> kumanapbiHgarel w0 MOMeHTTepi
M-ICZ-l) = ~ wZt >xsHe M2(Zz) = Ra-Zz—Py[z2—" =" wZz—Py [z2- aHblTanabl. Paguangpl
kecy Kynii Py (1) epHekneH aHbWTanbin, 0 —  —~ apanbirbiHa (2) epHeK, an - < Z2< L apanbirbiHa (3)

anblHabl. Kon XeTKi3reH HaTvkenep 60ibIHLWA XXYMCcaK BiniKTiH eH Y/IKEH XX3He €H KL UK HYKTenepi aHbIKTangbl.
(1), (2) xasHe (3) epHckTcpal Typnceapy apkbinbl (4), (5) (6) epHekTep anbiHAbl. (4) BpHeK Zi aeH Z2 fewHn

apanbwtarbl 9p6ip npkenreH Hyktege 6enrw kKecy Kynii apkbinbl 1\ (5 X3He 6 epHek) 0 < Z" < - X3He

- < Z; <L apanbirblHga 6GepwreH afbIMMeH ( XYMcaK GLIKTL, Y3blHAbITbI |, GOMbIMEH Kecy XbliAaMAbIrbiH

V aHblKTayra MYMKIiHAIK 6epai. AnblHraH ecentey epHen Kecy Ypaici KesiHAe XXyMcak 6inikTepai ToKapiblK eHAey
[ANgiriH apTTbipagbl. EcenTey yaKbiTbiH KbICKapTy >X3He H3TMXKEre Te3 KON eTKidy YuwiH «AXOK-TexHonor»
6argapnamanbly KelweHHW, «ll KOHTyp 60MblHIWIA KeCy >XblIAaMAbiblH peTTey» 6arjapnamanbly MoAyni
narigananoingbl. byn « AXXX-TexHonor» 6argapnamansuy, KemeHi Embarcadero  RAD Studio Delplii XE8 HbicaHbl-
barbITTanraH opraja »kacanraH 6ipHewe 6argapnamanbik MOLYNbAEH Typafbl XaHe 16K20 > oHy-6ypama Keckill
OinfeKTe Xymcak 6inikTepai eHAey Ke3iHAe XYMbIC PeXUMiH aBTOMATTbI peTTey XyieciHiH (APXX) nnaTdopmacbiHa
6ewmpaenreH. >XacanraH anroputMm (610K-cyn6a) 6oilibiHWwa «ll KOHTYp 60WbIHWA Kecy >XblNAaMAbITbIH PETTEY»
6argapnamanblk  MOAYMi Kecy  KblngampbirbiHbiH V' 3cepweH TI15K6 Keckiw acnabblHblH Xymcak 6L K
[aliblH4aMacblHbIH Y3blHAbITbI 60MbIMEH OPbIH aybICTbIpbIM, 6GenrineHreH HYkKTege Zt paliblHgamara TYCIpeTiH
KbICbIMbIH ecenTeligi. CoHpali-ak «Il KOHTyp 6OWbIHLLA Kecy XblIAaMAbITbIH PeTTey» bargapnaManbiK MOAynbe
Kenea aybiCnanbl LWamanapAbl TypneHgipyre 6onagpl: 6inik  AaiblHAaMacbiHbIH - y3bIHAbITbIH - L;  6inik
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faiblHaamacbiHbIH AnameTpi d; agbiM Q; 34W t (kecy TepeHAR); eHAeneTw matepuan KacueTTepll eCKepeTiH
KoaththmumeHT Cpy; Kecklw acnan 6epiniciH S; kecklw acnanTbiH Heri3ri 6ypbIbIHBIH 3CEPiH eckepeTw TY3eTy
KoahuumeHTa K : Keclwl acnanTbil, angbllrbl OYpbilWbiHbIL, 3CEpLU eCKepeTw Ty3eTy KoadduumeHTa K : KecluLw
acmanTbil, HEM3N Kecy >XMerwill eukelo OypbIlbIHbIL 3CEPLI eCKepeTwl Ty3eTy koaduumeHTa K : eugeneti
MaTepuan canacbiHbIL, Kyl Tayenguirwe occpiH eckepeTw Ty3eTy koauumeHTa K >K3He >Xannbl Ty3eTy
KO3(h(mumneHTW aHblkTay Kp; Kecy ~ W TH Py X3He Kecy >XbingamAbIrbiHbIH V 6acTankbl M3aHAepiH 6epy.
Aysbicnanbl M3HAI TYpAeHaipy KOMNbIOTePAiK TaK1pnoe Xy3iHAe KaTaH 6L KTL Y3blHAbITbI 60/ibIMEH TYPaKThl Ulore
apHanraH Kecy XblngamabIrbIHbIH M3HIH rpadMk TypiHAe AMHaMMKa e3repiciH X3He pagvangbl Kecy ~ W TH
Py XblngaMmabikka TayenawnH 6eliHeneyre, COHbIMEH KaTap XXyMmcak TeTiKTepAi MexaHuKanblK eHfey YpaiciHae
naiiga 6onybl MYMKIH TYpAi KaTeHiH angbiH anyra MY MKiHAIK 6epegi.

TYWiH cesgep: Kecy Xbinamfbirbl, Kecy KYLLi, MeXaHWKanblk eHAey, GLIKTa M0, TancbipMa anroputMi,
6argapnamanbik MOAy b, eKiHLi KOHTYP.

XK. H. WWakeHoBa
Kasaxckunin aBTOMO6UNbHO-L0POXHbIA UHCTUTYT UM. J1. b. ToH4YapoBa, Anmartbl, KasaxcTaH
OMPEMAENEHWE 3HAYEHWNW CKOPOCTW PE3AHUNA ANA OBPABOTKW HEXECTKUX BATOB

AHHOTauma. OT COBOKYMHOCTW CBOWCTB KOHCTPYKLUMIA U MaTepuana ()KECTKOCTb, WU3HOCOCTOMKOCTb, MpPOY-
HOCTb, BUOPOYCTOWUYMBOCTL M Apyrve napameTpbl) 3aBUCUT KauyecTBO U TOUHOCTb MALLUMHOCTPOUTENbHbIX U3LENUNA.
CuuTaeTcs, YTO npouecc 06paboTKN HEXECTKMX BasioB - BeCbMa CMIOXHBIA WM TPYA0EMKWIA, TaK Kak Mpu TOKapHOi
06paboTke BLISBASKOTCA pa3NUYHble MOFPELUHOCTH, BO3HMKAKOLWME 3a CUET fedhopMalnii, 3aBUCALLUX OT XECTKOCTU
TEXHOMOMMYECKO cucTeMbl. B npuBefeHHON CTaTbe paccMaTpuBaeTCcs NOAAT/IMBOCTb TEXHOOTMYECKO CUCTEMbI
BC/IEACTBME B/NSHUA HA He€ BHELUHWX MOMEepeyHbIX CUA MPU TOKApHOW 06paboTKe HEXECTKUX aeTaneil Tuma Ten
BpaLleHus. [ns Toro, 4Tobbl yMeHbLNTb AehopMaLmio feTany npu BO3AeACTBAM Ha Heé pafnanbHON CUMbl pe3aHns
Py, ncnonb3yloT pasfiMyHble CXeMbl KpenaeHWs M COOTBETCTBEHHO MPOM3BOAAT pacyéTbl Ha pauMoHanbHOCTb eé
Bbl6opa. B 60nbWIMHCTBE NP 06paboTKe HEXECTKUX BafoB MCMOMb3YIOT YeTbipe cnocoba kKpenneHus: 1 - 3ak-
penneHne HEXECTKOWM 3aroTOBKM B NMAaTPOHE WM Ha OMpaBKe KOHCOMbHO; 2 - 3aKpenfieHne HeXECTKOW 3aroToBKM B
MaTpoHe WM Ha OMNpaBke C MOAXaTMeM CBOOOAHOIO KOHLa HEXECTKOro Bafa Ha JIOHET; 3 - 3aKpenseHue
HeXECTKOM feTann B LeHTpax 6e3 nioHeTa; 4 - 3aKpenjeHne HEeXeCTKON 3aroToBKW B LIEHTpax C JIOHETOM B
cepefuHe nponeta. [ns CHWKeHWS 1 onpefeneHns BeMUYNHbI MOTPELIHOCTY Obina BbibpaHa CXeMa KpenaeHns «3»
6e3 BcrnomoraTe/ibHOro 06opyfoBaHUs (NOHeTa). AHaIMTUYECKUM CNOCO60M (y4YacTKu 3Mntop) onpefenieHbl U3ru-

6atowme momeHTbl M [(Z])) = wZ-l M2(Z22) = Ram2~ B (z2— ="-w2—Py (z2—"] B ceYeHuax
Z] v Z2. PagmanbHas cuna pesaHus 1\ paccuutaHa no ¢opmyne (1) v COOTBETCTBEHHO Yepe3 MOACTaHOBKY
MepeMeHHbIX OblNM MOMYYeHbl BblpaXeHne (2) ana uHTepBana 0 < Z4 < - u BbipaxeHue (3) 4ns uHTepBana

-<Z2<L Tlo NONTy4eHHbIM pe3ynbTaTaM onpeaesieHbl TOYKN MaKCUMa/lbHOro U MUHWUMasIbHOro I'IpOFVI6a

HeXECTKOro Bana. Nytem matematuyeckoro npeobpasosaHus opmyn (1), (2) n (3) 6biin BbiBeeHbI (hopMynbl (4),
(5) n (6). ®opmyna (4) no3BonnNa BbIYNCANTb HEOBXOANMBIE 3HAYEHWSA CKOPOCTM pe3aHms 7 no ganHe HeXECTKOro

Bana L c 3afjaHHbIM wwarom g B uHTepBane 0 < Z~ < - U B MHTepBane ~ < Z2 < L ¢ onpefeneHHol cuoi pesaHus

Py (dopmynbl 5 1 6) B Kaxaolh (HMKCMPOBaHHOW Touke ¢ Z1 no Z2L lMony4yeHHble opMynbl pacyéTa Mo3BONAT
MOBLICUTL TOYHOCTb TOKAapHOW 06paboTKM HEXECTKMX BafoB B mpolecce pe3aHus. [ns COKpalleHUsi BPEMEHU 1
MoslyyeHnst GbICTPLIX Pe3ynbTaToB pacuyéTa Obin MCMOMb30BaH NPOrPaMMHbIA MOAY/b «PerynnpoBaHne CKOPOCTH
pesaHma no Il KOHTypy» nporpaMMHoro kommnnekca «CAIP-TexHonor». [aHHbli MPOrpamMmMHbIA  KOMMAEKC
«CAIMP-TexHonor» paspabotaH B 06bLEKTHO-OpUEHTMpPOBaHHOW cpefe Embarcadcro RAD Studio Delphi XE8 u
COCTOWUT W3 HECKONbKUX MPOrpammHbIX MOLyneid, aganTMpoBaH Mo4 NAaTPoOpMy aBTOMATMYECKON CUCTEMBI
perynupoBaHus (ACP) pexxumoB paboT npy 06paboTKe HEXECTKMX Ba/IOB HA TOKAPHO-BMHTOPE3HOM CTaHKe 16K20.
Mo paspaboTaHHOMY anropuTmy (610K-Cxema) MPOrpaMMHbIi MOAYNb «PerynmpoBaHMe CKOpPOCTW pe3aHusi no
Il KOHTYpY» NPOCYUTLIBAET, KaK pPexyLnii MHCTpyMeHT T15K6 nof AelcTBMEM CKOPOCTU pe3aHus V nepemeLlaeTcs
BAOMb [/MHbI 3aroTOBKM HEXECTKOro Basa M B KaXAOW (DUKCMPOBAHHON TOuKe Zi OKa3blBaeT fAaBfieHWe Ha
3aroToBky. Takxe B MNporpaMMHOM Mofyne «PerynupoBaHue CKOpPOCTU pe3aHus no Il KOHTypy» MOXHO
BapbUpOBaTb CMeAyLWUMY NepeMeHHbIMU: ANVHON 3aroToBKM Bana L; AuaMeTpoM 3aroTOBKW Bana d; warom d;
npunyckom t (rny6buHa pesaHus); Ko3a@puLMEHTOM Y4YMTbIBAIOLLErO CBOCTBAa 06pabaTbiBaeMoro matepuana CPy,
nojayen pexKyLLero NHCTpyMeHTa S; KO3(h(pULMEHTOM NONPaBOYHbLIM, KOTOPLIA YYUTLIBAET BAMSHWE TNTABHOMO yria
B MNaHe pexyLiero MHcTpymeHTta K : KO3((MUMEHTOM MOMNPaBOYHbLIM, KOTOPbIA YUUTbIBAET BAMUSHUE NepesHEro
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yrna pexyuiero MHctpymeHta Kn', koadi(puLMeHTOM MOMnpaBoYHbIM, KOTOPbI/A YUMTbIBAET BAWSIHME Yrfia HakKMoHa
TNaBHOTO /NE3BMS PEXYLLEro MHCTpyMeHTa KJ; KO3((WULUMEHTOM MONpPaBOYHbIM, KOTOPbI/A YUUTbIBAET BAWUSHUE
KayecTBa 06pabaTbiBaeMOro MaTepuana Ha CWUIOBble 3aBUCMMOCTM K W onpeaenuTb O6LIMIA MOMNpaBOYHbIiA
KoathpnumeHT Kp; 3a4aBaTb Hada/lbHble 3HAUEHUs CUMbl pe3aHnst Py M HadanbHOe 3HaueHWe CKOpoCTU pesaHus V.
BapbupoBaHMe MepeMeHHbIMU MO03BOMSET Ha CTafuM KOMMbIOTEPHOrO 3KCMeprMeHTa 0To6pasuTb W3MeHeHWe
AVHAMUKKM B BUAe Tpaduka 3HaueHUiA CKOPOCTY pe3aHns Ans cTabubHbIX M3rM60B Mo BCeli ANMHE HEXECTKOro Bala
1 3aBWCUMOCTb pafuanbHoi cunbl pesaHns Py oT V, a Takke BM3yalbHO 0TOBPasuTh, KaK M36eXaTb PasfMuHbIX
OLUMGOK, KOTOpble MOFYT BO3HWKHYTb B TMPOLECCE MeXaHW4eckoi 06PaGOTKU HEXECTKUX AeTaneil Tuna Ten
BpaLLieHMs Ha TOKapPHO-BMHTOPE3HOM CTaHKe 3a O4WH NMPOXOA,.

KntoueBble CMoOBa: CKOPOCTb pe3aHMs, CUMa pesaHusi, MexaHuyeckas 06paboTka, Nporu6 Bana, anroputm
3a[)aumn, CXema, NPorpaMMHbIi MOAY/b, BTOPOI KOHTYP.
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