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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 P, 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, and M2 in sections Z; and Z, are 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 Z; to Z,; 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
— Workpiece» is essentially very malleable to the influence of cutting forces (external shear forces) and
thereby complicates the processing of the 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 & by

10-12 times, that is, the conditioné > 10 + 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 of the deflection of the workpiece are found. The Figure 1 shows 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
determine the deflection of the workpiece, there were determined the reactive forces Ry = Rp = Pz—y =

=7,1=2, = g [2]. The values of the bending moment in the section Z; M;(Z;) = P, % in the interval
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(0 <Z < %) and the bending moment in the section Z, M,(Z,) = Ry - Z, — P, (Zz - g) in the interval
(% <Z, < L) were found. Therefore, having carried out mathematical transformations, formulas were

derived for calculating the deflection in the intervals 0 < Z; < %and% <Z,<LJ[3]

Py

Ry Ry

2 2

o LTI

o mmmﬂmeﬂﬂWWmﬂmm
i —

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 P, dependence on cutting speed V.

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

1-':‘}_ = Cp}.'tx'.ﬁ'}"'[-"” .f.{p, (1)
where C,, — coefficient of material and processing conditions; t* — cutting depth (allowance); S* — feed

(feed rate); V" — cutting speed; K, — total correction coefficient.
Using the above formula (1), we determine the cutting force:

B, =243~ 209.0,21%%.50,27%3. 2,48,

AL P i .:.]
Y= mrn [4 72-8(z-3) -3-1*Z )
Y ra.m3_a.g2.
= e [4-23 —3-17-Z] ) (3)
0<z,=- fez <«
According to expressions (2) and (3), in the intervals 172 and 2~ Zy=1 there were

determined points with the maximum deflection of the non-rigid shaft y=0.06878 and the minimum
deflection y=0.010281885.

— 28 ——
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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. )

AT S SR ( = )H
-;,‘I fp}--ﬁ'j'}'-}fp l'__p}rtx'_‘-'}'-ffp (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 shatft.

y-48E Jy

E‘r‘ = nE
4-35—3;—;} —3I%-Z (5)

_ y4BE ]y
¥ T sze-31Az (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].
1

Z[il. VI[il. Pv[il. a.
v.L.d. E. J=. 5%,
t*. Cpy. Ku. Ky.
Kl. Km, V~_F

10 15
. Z[].
Zhl =t Py[l. Vi
~ 11 _4’—
P lil=(y-48ET=x)[
4L33.M2.L]
- 12 _4’—
VI=(Py/Cyyt=-57
'Kp 106
-3 —
L=L—qg
Pi]=(y-48ETx)[
4T.5-8(L-M/2)- 14 +
3.M2L]
I=T+1
3
o _ ¥
VHIE(PY/ C 1557
_Kp)l 0.6 @
g ¥
L=L-aq.
I=T+1

©

Figure 2 — A block diagram of the 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.

At the point Z,=400. At the starting point Z, the cutting force Py;=136.12, then V,=50.25.
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7,=380
P,,=136.12
V,=50.25

Z:=360
P,;=68.75
V,=489.68

7,=340
P,4=46.62
V,=1785.18

75=320
P,s=35.83
V5=4292.08

Z4=300
P,6=29.60
V=8098

7,-280
P,;=25.69
V,=13002.5

Zg=260
Py=23.16
V¢=18437.80

Z5=240
P=21.56
V=23204.73

210:220
Py10:20.65
V10=26852.26

Z,,=200
Py1 1:2035
V1,1=28232.43

212:1 80
P,1,=20.65
V,,=26852.26

Zl3=160
Py13:2 1.56
V15=23204.73

214:140
P,14=23.16
V,=18437.80

215:120
Py15:25.69
V15:130025

216:100
Py]6:29'60
Vl(,=8098

Z]7:80
P,1,=35.83
V,7=4292.08

218:60
Py13:46.62
Vlg:1785. 18

Z,o=40
Py19:68.75
V19=489.68

220:20
Py20:1 36.12
V20:50.25

221:0
P,,=136.12
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 of the 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 P, values from the cutting force V for stable values of bends along the entire length of the

work piece.
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Figure 3 — Determination of the cutting speed V for a constant shaft deflection
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Obtained results:

—_— )n for the
Cpyrt*-5¥F-Kp

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 of the deflection of the 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 of the 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.

. . . Py
1. By mathematical transformations, there was obtained the formula ¥ = ( .

K. H. lllakenoBa
JI. B. T'onuapoB ateiHgarel Kasak aBTOMOOMITB-K0T HHCTHTYTHI, AnMaThl, Ka3akcTan
K¥YMCAK BUIIKTI OHJEYJAEI'T KECY XKblIJIIAMAbIF BIHBIH MOHIH AHBIKTAY

AHHOTanusi. MammHa »acay OHIMIHIH JQJIJIri MEH canachl KOHCTPYKIHMS MEH Marepuall KacHeTiHIH
(KaTtaHabIK, TO3yFa TO3IMAIK, OEpIKTIK, AIpUre TO3IMAIK JKOHE Tarbl 0Oacka MIaManiap) KHUbIHTBIFbIHA TOYEJJI.
Kymcak OimikTi ©HAey ypaici KypJeli jkoHe Kell €HOEKTI KaKeT eTell, OWTKeHI >KOHY apKbUIbl OHIey Ke3iHe
TEXHOJIOTHSUIBIK JKYHEHIH KaTaHJAblFbIHA Toyesai nedopmaumsra OaiaaHBICTBI TYPJi KaTeNliK aHBIKTAJIA/IbL.
Ochl Makanaja aiHajIMasbl JIEHE TYPIHAEr! XKYMCaK TETIKTEp/i JKOHY apKbUIBI OHJCY KE3iHJE CBIPTKBI KOJICHEH
KYIITEPIiH TEXHOJIOTHSJIBIK JKYHere ocepiHiH HWKeMJIUIrT KapacThlpbuiaibl. TeTikke paaualiabl Kecy Kyl
P, acep erxeH ke3zeri JedopMmalusaHbl a3aiiTy yuriH OekiTyAiH Typini cynGanapbl KOJJIaHbIIA/Abl JKOHE OHTaKIbI
TaHJay jkacayra KaKeTTi ecenrey xyprisemi. JKymcak OuTikTi eHzmeyne OeKiTyliH TOpT SHiciH KOJJaHbBLIaJbl:

1 — Xymcak AaliplHAaMaHBl IIATPOHFA HEMECEe KOHCOJABI JKHMEeKTeMere OekiTy; 2 — JKyMcaK JaiblHIaMaHbl
MmaTpoHFa HeMmece OUTIKTIH OOC YINBIH IIFOHETKE KBICY apKbBUIBI JKHEKTeMere OeKkiTy; 3 — JKyYMcakK TeTiKTepIi
JMIOHETTIH KOMETIHCI3 OpTalblKKka OekiTy, 4 — >KyMcakK [OaiplHIaMaHBl IIFOHETIIEH Oipre apaiblK OpTachlHA

OekiTy. KaTemnik maMacslH aHBIKTay MEH a3alTy VIIiH KOCAJKBI KaOIBIKCHI3 (T0HET) «3» OekiTy cyiibachl TaHIam
aNblHFaH. AHAIUTHKAIBIK TOCUIMEH (3MIOp aiiMakrapbl) Z; JKOHe Z, KdUMAalapblHIAFbl HI0 MOMEHTTEpI

7 7
L

Dy e ;

M (Z,) = T} -Zy wome M,(Z,)=R_-Z,— B, (Z: — :) = T} -Z,— P, (Z: - ::] aHBIKTAIABI. Panuanmel
= L = & A

kecy kywi P, (1) epueknen anpikransi, 0 = Zy = - apanbirbina (2) epuek, an - = Z3 = L apansirbina (3)

anbeiHAbl. Kout jKeTKi3reH HoTvkenep OOMbIHIIA KYMCaK OUTIKTIH €H YJIKEH XoHE €H Killll MI0 HYKTeJIepi aHBIKTaJJIbI.
(1), (2) xone (3) epHekTepai TypieHaipy apkbuisl (4), (5) (6) epHekrep anbHIbL. (4) OpHek Z; neH Z,; AeliHri

L . . L
apalbIKTarsl OpOip TipKeareH Hykrene Oenrini kecy Kywi apkpuibl P, (5 xoHe 6 epuex) 0 = Z; = - xone

L . S .
== Z, = L apanereiana GepiireH ajbIMMEH ¢ XKYMCAK OUTIKTIH Y3bIHIBIFBI L GOWBIMEH KECy KBULIAMIBIFBIH

V' aHbIKTayFa MYMKIHIIK Oep/i. AJIbIHFAH €CENTey OpHEeri Kecy Ypaici Ke3iHae KyMcakK OUTIKTEp/i TOKAPJIbIK OHJICY
JIOIAIriH apTThipansl. EcenTey yakbITBIH KBICKApTy JKOHE HOTHIKEre Te3 Ko jkeTkidy yuriH «AXK-rexHomor»
Oarmapmamanblk  kemieHHIH «II kOoHTyp OOWBIHINA KeCy IKBUINAMABIFBIH PETTEY» OaFaapiiaMallblK MOyl
naiinananeuabel. byr «AXKOK-texnomor» 6armapimamansik kemeHi Embarcadero RAD Studio Delphi XE8 apicanbI-
OarpITTalIFaH OpTaja KacairaH OipHelle OargapiaMaiblK MOAYJBICH Typaisl skoHe 16K20 sxoHy-Oypama keckimn
OlmexTe xyMcak OUTIKTepi eHIey Ke3iH/Ie )KYMBIC peXKUMIiH aBTOMATTHI perTey xyieciHiy (APX) miardhopmaceiaa
oeitimaenrer. JKacanran anroputMm (O1ok-cynba) Ooiiprama «II KOHTYp OOMBIHIIA KeCy KBUINAMABIFBIH PETTEY»
OarmapraManblK MOIYJTI Kecy >KbUIHaMIBIFBIHBIH J ocepineH T15K6 keckimm acmaObIHBIH JKyYMcak OiTik
JTABIHIaMaCBIHBIH Y3bIHIBIFBl OOMBIMEH OpBIH AayBICTBIPHIN, OENTUICHIeH HYKTeAe Z; JalbIHAaMara TYCIpeTiH
KbIcbiMbIH ecenteiii. Conpaii-ak «II KoHTyp GOMbIHIIA KeCy KbUIAAMABIFBIH PETTEY» OaraapiaMaliblK MOIYJIbE
KeJlecl aypIClalibl  Iamajapisl TypiieHaipyre Oonajpl: OUTiK  JailblHOAMACBIHBIH  Y3BIHIBIFBIH  L;  OLlIiK
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JABIHIaMAaChIHBIH TUaMeTpi d; ambM ¢; omim ¢ (Kecy TepeHMiri); eHJAEeNeTiH MaTephall KaCHeTTepiH eCKepeTiH
ko3 punuent Cp,; KecKill acman Oepinicid S; KECKilll acmamnTblH HETisri OyphINIBIHBIH 9CEPiH €CKEPETIH TY3eTy
Kod(pummeHTi K|j; KECKIII acHanThIH alIbIHFBI OYPHIIIBIHBIH 9CEPiH eCKepeTiH Ty3eTy KoddpdummeHTi K ; KecKim
acManTblH HEri3ri Kecy J>KMeriHIH €HKEI OYpBINIBIHBIH OCEepiH eckepeTiH Ty3eTy koddduuueHti K ; eHIeneTiH
MaTepuall CamachlHbIH KYII TOYEJIUIriHE ocepiH eckepeTiH Ty3ery koadduimenti K, xoHE Kajmbl TY3eTy
ko3 uuuenTin aHpIKTay K,; Kecy KyIIiHIH P, jKoHEe Kecy >KbUINaMIBIFBIHBIH } 0GacTamkpl MOHAEPiH Oepy.
AypbIcTialibl MOHAI TYPJIIEHIIPY KOMIBIOTEPIIK TOKIpUOE *Ky3iHAe KaTaH OUTIKTIH Y3bIHbIFbI OOMBIMEH TYpaKThl HIOTE
apHaJIFaH Kecy J>KbULIaMJIBIFBIHBIH MOHIH rpad¥K TYpiHIAEe IMHAMHKa ©3repiCiH JKoHE pajualiAbl Kecy KYLIIHIH
P, XKbITJaMIIBIKKAa TOYENMiNiriH OeifHeneyre, COHbIMEH KaTap >KYMCakK TETIKTepIi MeXaHHKalbIK OHJeY YpIiciHae
naiiga 60yl MYMKIH TYpPJIi KaTE€HIH aJIIbIH allyFa MYMKIHIIK Oeperi.

Tyiiin ce3mep: Kecy >KbUITaMIBIFBI, Kecy KyIli, MEXaHUKAIIBIK OHJEY, OUTIKTI M0, TallChlpMa alrOpHUTMI,
OarapiaMalbik MOYJIb, EKIHII KOHTYP.

K. H. llakenosa
Kazaxckuit aBToMOOMIIbHO-10pOXKHBIH HHCTUTYT UM. JI. Bb. 'onuapoBa, Anmarsl, Kasaxcran
OINPEJEJEHUE 3HAYEHU CKOPOCTHU PE3AHUA JIUIsI OFPABOTKU HEXKECTKHX BAJIOB

AnHoranusi. OT COBOKYITHOCTH CBOWCTB KOHCTPYKIMH M MaTephana (3KECTKOCTh, H3HOCOCTOWKOCTB, MPOU-
HOCTB, BHOPOYCTOWYHMBOCTh U IPyTHe IMapaMeTphl) 3aBUCUT Ka4eCTBO W TOYHOCTh MAITMHOCTPOHUTENBHBIX H3JEIHH.
Cunraercs, 9To mporecc 06paboTKi HEXECTKUX BaJIOB — BEChMa CIOXKHBIM M TPYJOEMKHH, TaK KaK MPH TOKAPHOH
00paboTKe BBISBIISIOTCS pa3iMvHble MOIPEIIHOCTH, BO3HUKAIOIIKE 32 c4éT nedopmaiuii, 3aBUCAIINX OT KECTKOCTH
TEXHOJIOTHYECKOH CHCTEMEL. B HpHBe}IeHHOf/lI CTaTb€ pacCMaTpuBACTCA MOAATIMBOCTDH TEXHOJIOTHYECKOH CHUCTEMBI
BCJICICTBHE BIIMSHUS Ha He€ BHEIIHHMX INONEPEYHBIX CHJI MPH TOKapHOH 00paboTke HEeMECTKHX AeTajeld THIa Tel
BparteHus. [l Toro, 4To0bl YMEHBIIUTH Ae(hOPMAIIHMIO ISTATH MPH BO3ICHCTBUN Ha HEE pajraabHON CHIIbI Pe3aHuUs
P,, NCHIONB3yIOT Pa3IMYHBIE CXEMBI KPEIJIEHHS M COOTBETCTBEHHO IPOM3BOIAT PAcyYEThl HA PALMOHANBEHOCThL €€
BbIOOpa. B OonpmmHCTBE TIpH 00pabOTKE HEKECTKMX BAJIOB HCIIOJB3YIOT YETHIpE crocoba KperureHws: | — 3ak-
pemieHre HexECTKOM 3aroTOBKU B MATPOHE WM Ha ONpPaBKe KOHCOJIBHO; 2 — 3aKPEIICHUE HEXXECTKOM 3arOTOBKH B
MaTpOHE WM Ha OINpaBKe C IOMKATHEM CBOOOJHOTO KOHIA HEXECTKOTO Bala Ha IIIOHET, 3 — 3aKpeIuIeHHe
HEKECTKOW JeTaln B IEHTpax Oe3 IoHeTa; 4 — 3aKpeIUIeHHEe HEeKeCTKOW 3aroTOBKH B ILIEHTpaX C JIFOHETOM B
cepenuHe Tpojera. [ CHIKEHHUS ¥ ONpeNeICHUs BETMYNHBI TIOTPEITHOCTH OBbIIa BRIOpaHA cXeMa KPeTUIeHUs «3»
6e3 BCIIOMOTATENFHOTO 000pyAOBaHMS (JIIOHETa). AHATUTHYECKHUM CIOCOOOM (YYacTKH AIIOp) OMpPENeNeHBl H3THU-

By, I o, i
Gatorme MomenTsr My (Z,) = T} -Zyu M, (Z,)=R,-Z,— By (ZZ o ::] = T} "Ep— B (ZZ - :) B CCUCHMSIX
Z; u Z,. PannaneHas cuna pesanus P, paccuurtaHa no ¢opmyse (1) M COOTBETCTBEHHO uepe3 IOJCTaHOBKY

NIEPEMEHHBIX OBLIM TIONY4EHbI BbIpaxkeHue (2) misn mutepBana U = 23 = - u Beipaxkenue (3) 11s MHTEpBAIA
-

L

- =Z3=L. Tlo monydyeHHBIM pe3y/ibTaTaM ONpEIEICHBI TOYKH MAKCHMATBHOTO M MHHHMAJIBHOTO MpPOruéa

&

Hexx€ctkoro Bana. [Tyrem maTemarnueckoro npeodpazosanus Gopmy (1), (2) u (3) Obum BeiBeneHbl GopMyItbl (4),
(5) u (6). ®opmyna (4) O3BONIHIA BEIYUCIUTH HEOOXOAUMBIC 3HAYCHHS CKOPOCTH pe3aHus V 10 JITUHE HeXECTKOTO

L L
Bana L ¢ 3a1anHbIM marom g B uaTepBane 0 = Z; = - u B unrepsane = = Z7 = L ¢ onpenenennoi cuioit pesanus
- =

P, (popmyner 5 u 6) B xaxaoi GUKCHPOBaHHOH Touke ¢ Z; MO Z,;. IlomyuyeHHsle dopMyibl pacuéra MO3BOJST
MOBBICUTh TOYHOCTh TOKapHOW 0OpaOOTKM HEKECTKMX BAJIOB B Ipoliecce pezaHus. st cokpalleHus: BpeMEHH U
NOJy4eHHs1 OBICTPBIX PEe3yJbTaTOB pacdyéra ObUI MCHOJIB30BaH IPOrpaMMHBIN MOaylb «PerynmpoBaHue CKOpPOCTH
pezanus no II xoHTypy» mnporpammuHoro komiuiekca «CAIIP-texnonor». [laHHBIA HOpOrpaMMHBIA KOMILIEKC
«CAIIP-texHOMmOT» pazpaboTraH B 00BEKTHO-OpHEHTHpoBaHHOW cpene Embarcadero RAD Studio Delphi XE8 u
COCTOMT W3 HECKOJBbKHX MPOTPAMMHBIX MOAYJEH, aganTHpOBaH IIOJ IUIATOPMYy aBTOMATHUECKOW CHCTEMBI
perymupoBanus (ACP) pexxumoB padoT npu 00paboTKe HEXKECTKUX BaJIOB Ha TOKApHO-BUHTOPE3HOM cTtaHke 16K20.
ITo paspaGoTaHHOMY anroput™my (OJIOK-CXeMa) IPOrpaMMHBIH Momyib «PerynupoBaHHe CKOPOCTH pe3aHMs II0
II KOHTYpY» IIPOCUUTHIBAET, KaK pexymuil mHCTpyMeHT T15K6 mon neficTBreM CKOpOCTH pe3aHus V mepeMeriaercs
BIOJb JUIMHBI 3arOTOBKM HEXECTKOTO Baja W B KaXKAOH (DUKCHPOBAHHON TOUYKe Z; OKa3bIBaeT NaBIICHHE Ha
3aroToBky. Takxke B mnporpamMmHOM Mopyie «PerynupoBanue ckopoctd pesaHus 1o Il KOHTypy» MOXKHO
BapbUPOBAThH CIEAYIOIMMHU MEPEMEHHBIMU: JUIMHOW 3arOTOBKM Bajia L; AMaMETpOM 3aroTOBKH Baja d; IIaroM ¢;
npummyckoMm ¢ (rmybuHa pesaHus); Kod3QGdHIMEHTOM yUHTHIBAIOLIEro CBOicTBa oOpabaThiBaeMoro marepuana Cp,;
nojiayell pexyIero HHCTpyMenra S; Ko3((UIMeHTOM MONpaBOYHBIM, KOTOPBIH YYUTHIBACT BIMSHUE TJIABHOTO yIiia
B IUIaHE PEXYILEro MHCTpyMeHTa K- ; K03()(UINEHTOM IONPaBOYHBIM, KOTOPHIH YUHTBHIBAECT BIMSHUE IEPEIHETO
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yIila pexymiero HHCTpyMeHTa K-; K03(h(HUIHMEHTOM NONPaBOYHBIM, KOTOPHIH YUYHTHIBAECT BIMSHUE yIJia HAKJIOHA
TJIABHOTO JIE3BHS PEXYIIEro MHCTpyMeHTa K; KO3(QHUIMEHTOM IMONPABOYHBIM, KOTOPBI YUYHTHIBACT BIHSHHE
KagecTBa 00pabaThIBAEMOro Marepuajla Ha CHJIIOBBIE 3aBHCUMOCTH K- W OIpPEAEINTh OOLIMH MOIPaBOYHBIN
ko3 dunuent K,; 3a1aBaTh HayanbHbIE 3HAUEHMsS CHIIBI pe3aHHUsA P, M HaualdbHOE 3HAYEHHE CKOPOCTH pe3aHus V.
BapbupoBaHue mNepeMEHHBIMHM MO3BOJIIET HAa CTaJWM KOMIBIOTEPHOTO SKCHEPHMEHTa OTOOpasHTh H3MEHEHHE
JUHAMHUKH B BUJE Tpadyika 3HAYEHUH CKOPOCTH pe3aHus A CTAaOMIIBHBIX H3rHOO0B M0 Beeil JIMHE HEXECTKOTO Bala
U 3aBUCHUMOCTh PafualbHON CHIBI pe3aHus P, oT V, a Takke BH3yalbHO OTOOPa3UTh, KaK M30€XaTh Pa3IUUHBIX
omKOOK, KOTOpblE MOTYT BO3HHKHYTH B IPOLIECCE MEXaHHUYECKOH 00pabOTKM HEXECTKHX JeTallell THIa Tel
BpalleH!s Ha TOKaPHO-BUHTOPE3HOM CTaHKE 3a OJUH IPOXO/.

KioueBblie ciioBa: CKOpOCTh pe3aHMs, CHJla pe3aHMsl, MEXaHW4Yeckas oOpaboTKa, Mporud Baia, alrOpUTM
3a[a4u, CXeMa, IPOrpaMMHBII MOAYJIb, BTOPOIl KOHTYP.
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