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Abstract: The paper deals with the analytic models
to calculate the matrixes elements of total errors
taking place as a result of both work piece
deformation displacements in the clamping device
and deformation displacements of cutting tool blocks
of the self adjusting tool equipment for turning.

The evaluation impact of these errors on the output
accuracy of the machined cylindrical surfaces of the
console fixed parts is developed. The variation
simulation method of machines precision calculation
is used.
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INTRODUCTION

The turning work is of considerable proportion in the
machine parts production manufacturing content. The
process of turning edge cutting comes with the elastic
deformations and vibrations infecting the negative
influence on the surface roughness, dimensional
accuracy, tool life and machine tool service durability.
In comparison with single edge tool machining the multi
edge cutting is among the most effective and high
production techniques to decrease the macro- and
micro machining errors and over tolerance vibrations in
the process of cutting [1]. One of the methods to
minimize the basic errors taking place at different
stages of manufacturing process is to use the
integrated self adjusting equipment. Self adjusting multi
edge accessories and adequate clamping devices are
the elements of this equipment [2]. The mentioned
components are the sub members of the important
shape forming elements of the machining
manufacturing system for turning such as spindle unit
as well as slide-machine one. These units are direct
acting to have a share in surface shape forming. Thus
their position errors are to be taken into consideration in
the total accuracy balance of the given machining
manufacturing system.

PROBLEM STATEMENT

The calculation problems of the machining
manufacturing system accuracy are of the most actual
tasks in solving the problem of accuracy control as well
as machine tool precision evaluation in the design
process and deriving the concrete parameters defining
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AHoOmauist. 3anporioHoeaHo aHanimuyHi modesni Ons
8U3HaYeHHs1  efleMeHmie  Mampuub  y3a2aslbHeHUX
noxubok, sIKi BUHUKaomMb 8 pe3yrbmami deghopmauitiHux
3MilyeHb 3a20mMOBKU Yy 3amucKHOMY [pucmpoi, ma
dechopmauitiHux 3MilEeHb pisuesux 6nokis
caMOoHarnazo0xy8asbH020 iHCmpyMeHmarnbHo20
OCHaWwleHHs1 O mokapHoi 06po6Ku.

lposedeHo OUiHKY ennugy yux y3asanbHeHUX Moxubok
Ha B8uxiOHy mo4Hicmb 06pobneaHuUx YuniHOPUYHUX
[MOBEPXOHb  KOHCONBbHO  3aKpinneHux Oemanel 3
8UKOpUCMaHHsIM  8apiauiliHoeo Memoldy pPo3paxyHKy
MOYHOCMI MalUH.

Knto4voei cnoea: moyHicmb, camoHana2o0xysarbHe
OCHaWeHHS1, 3amUucKHUU npucmpili, aHanimu4yHa Mooerib,
OechopmauitiHi 3MiLLeHHST

BCTYN

3HayHa nMToMa Bara y TPYAOMICTKOCTi BUrOTOBMEHHS
JeTanen MallvH npunagae Ha TokapHy obpobky. MNpouec
ne30BOi TOKapHOI 06pObKM CYNPOBOMKYETHCA MPYXHUMU
nedopmauismm Ta Bibpauis MK, SKi YMHSATL LIKIANMBUIA
BMMMB Ha LWOPCTKICTb MOBEPXHi, PO3MIPHY TOYHICTb,
CTIMKICTb IHCTPYMEHTY | [OBroBiYHiCTb BepcTaTty. Y
nopiBHAHHI 3 oaHone3oBolo 00pobkoto GaraTtonesoBe
pi3aHHs € OgHUM i3 e(PEKTUBHMX i BUCOKOMPOOYKTUBHUX
MeTOZiB 3MEHLLEHHSI MaKpo- i Mikpo Nnoxmbok obpobku Ta
HenpuMnycTUMMX KOnMMBaHb Npu pisaHHi [1]. OgHum i3
METOAIB MiHiMi3aLUii OCHOBHMX MOXMOOK, SKi MOXYTb
BMHWKHYTW Ha Pi3HUX CTadigx peanisauii TEXHOMOrYHOro
npouecy, € 3aCTOCYBaHHS KOMMNIIEKCHOro
CaMOHarnaro[kyBanbHOrO  OCHALLEHHs,  CKNaJoBUMU
SIKOro € caMoHarnarofxyBarnbHe GaraTonesoBe
OCHallleHH Ta BIiAnNoBigHI 3aTuckHi npucTtpoi [2]. Ui
CKnagoBi € nignaHkamu TaKmx BaXXITUBUX
HhOPMOYTBOPHOYNX naHok TEXHOMOTiYHOT
06pobnioBanbHOI cucTeMu Ons TokapHOi 00pobku, sk
WNMHAENbHUA  By30on Ta  CynopTHa rpyna, Lo
6e3nocepeaHLO MpUMalTb yvacTb Y (POPMOYTBOPEHHI
NoBEepPXOHb. TOMY iX MOXUOKU MOBWMHHI BpaxoByBaTuCH B

3aranbHoMy 6anaHci  TOYHOCTi  uiel  TexHomoriYHol
06pobnioBanbHOI CUCTEMM.
NMOCTAHOBKA NMPOBJIEMU

3agaui pO3paxyHKy TOYHOCTI TEXHOJOTYHOI

06pob6ntoBanbHOi cUCTEMU, SIK OAHIN i3 akTyanbHUX npu

BUpPILLEHHI NpoOneMn KepyBaHHS TOYHICTHO, OLHKK
TOYHOCTI BepcTaTa Ha  cTagii  MpOeKTyBaHHS,
BCTAHOBJIEHHI OKpPeMMX NapaMeTpiB, WO BU3HAKOTb
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the machining accuracy etc. So a lot of scientific papers
deal with this problem proposing different scientific
approaches. The variation simulation method of
machines precision calculation [3] can be separated
among them as the most effective to develop the
machine tool accuracy balance with account of
numerous errors sources. The method is to use the
errors fundamental characteristic that is their extremely
small value in comparison with nominal dimension. So
it allows obtaining the analytic expressions that share in
an explicit form the input and output characteristics of
the machining manufacturing system accuracy. This
method allows even at the design stage to evaluate the
work piece machining surface error and demands to
derive the matrixes of the total errors of the shape
forming motions of the machine tool units and
members.

MAIN ARTICLE

To evaluate the effect of the clamping device and
multi edge self adjusting equipment cutting tools blocks
errors on the machining work part errors let us use the
developed analytic model [4]. This model was derived
from the vector accuracy balance of the turning lathe
[3]. Let us consider that the errors of the shape forming
system members and sub members (that are not
connected with the clamping device and cutting tool
blocks) as well as their relative displacements are of
perfect value. In this way we can obtain the expression
to derive the position error of the machined surface
points in the following form of the vector:

— 6 A3 a1, A6A3Al.
Arg =ggAT A Agrz + AP Ay Ageal

where gg,e3 - matrixes of the total position error of the

clamping device and the cutting tools blocks
correspondingly as the shape forming sub members of

the lathe machine; AngA% - matrixes that describe the
spindle rotation and the motion of the slide-machine
group correspondingly; E:\o 00 Jﬂ- radius-vector of

the cutting tool point.
The matrixes’ elements of the position total error

[3 - 4] can be described as:

8x3,8y3,8,3 - small displacements (linear position errors)

€0:€3 8><0!6y01620 '

of the system Sgy,S; along the Xg.Yq,Zqg, X3.Y3,Z3

axes correspondingly; small

%0,P0:v0,  ©3.B3.73
rotational displacements (angular position errors) of the
same system about the Xg,Yg,Zg, X3,Y3,Z3 axes

correspondingly.

We can evaluate the output accuracy of the
cylindrical work piece surface determined by position
error components of the self adjusting equipment as
the cylinder radius deviation from the nominal
dimension in the given point [3]. The two values of the
diameter variation in the given cross-section and in
any cross-section can serve as the limiting
evaluations.

The accuracy vector balance for the work piece
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TOYHiCTb 0OpO6GKM Ta iH., NpUCBAYEHO GaraTto HayKoBMX
pobiT, B SKMX BMKOPWUCTaHi pi3Hi HaykoBi nmiaxogu. Cepen
HUX MOXHa BWAINWTW BapiauiiHUA MEeTOA PO3PaxyHKy
TOYHOCTI MaLuuH [3], skni gossonse nobyaysatn 6anaHc
TOYHOCTi BepcTata 3 BpaxyBaHHAM OaraTtoumcenbHUX
moKepen noxnbok. BukopucTtaHHs B HbOMY
dyHOamMeHTanbHoi BNacTMBOCTi NOXMBOK — ix Ayxe manoi
BEMMMYMHM Y MOPIBHAHHI i3 HOMIHanbHUM pPO3MIpOM —
[03BOJISIE OTPMMATU aHaniTUYHI BUpa3w, siki MOB’A3yI0Th B
SABHOMY BUIMAAi BXiAHi | BUXiAHI XapakTepUCTUKN TOYHOCTI
TexHonoriyHoi obpobrntoBansbHoi cuctemn. Lein meton
[O3BOMSE We Ha CTafil NpoeKTyBaHHA OLIHWUTU MOXMOKY
noesepxHi 06pobntoBaHOI AeTani Ta BMMarae BU3HAYEHHS
MaTpuub y3aranbHeHUX Moxubok OopPMOYTBOPIOKUNX
pyxiB By3niB BepcTaTy Ta iX flaHOK.

OCHOBHMWW/ TEKCT CTATTI

[nsa ouiHkn BNNMBY NoxnbBOK 3aTUCKHOIO MPUCTPOLO i3
3aroToBKOW Ta pisueBux 6GnokiB 6HaratonesoBoro
CaMOHarnaro[pkyBanbHOrO  OCHAaLLEHHA Ha  MOoXubku
obpobnioBaHoi  geTtani CkopucTaemocsi po3pobneHoto
aHaniTM4yHo Mopenno [4], OTpMMaHOW i3 BEKTOPHOro
H6anaHcy TO4HOCTI TokapHoro BepctaTa [3]. MpunHaBLK
NoxmbKM NaHokK i NignaHok OPMOYTBOPIOKOYOI CUCTEMM,
SKi He 3B’A3HI i3 3aTUCKHUM MNPUCTPOEM Ta pi3LeBUMU

Onokamm i X BigHOCHI nepeMiweHHss abconTHO
TOYHMMMU, BEKTOP  MOXMOKM  MONMOXEHHS  TOYOK
obpobntoBaHoi noBepxHi byae matv BUrnsAA:

(1)

ne &gg,e3 — Martpuui MOBHOI MNOXUBKN MOMOXEHHS
3aTUCKHOrO NMPUCTPOLD Ta pi3LeBux GrokiB BigNOBIAHO, AK
nianaHok POPMOYTBOPOHUNX naHoK TOKapHoOro
BepcraTa; Af,A%,A% — MaTtpuui, WO OnuUCyThb,

o6epTaHHA WNUHAENS Ta NepPeEMILLEHHS CYNOPTHOI rpynu
Bi4MOBIAHO; a=‘o 00 ;qT — pagiyC BEeKTOp BEepLUMHM
pi3us.

EnemeHTamMmn mMaTtpuub MNOBHOI MOXMOKN MOMOXEHHS
€0,€3 [3 - 4] € 840,8y0,8,0, 8x3,8y3,8,3 — Mani NiHIAHI
nepemillleHHs (MiHiHi NOXMOKM MNOMOXEHHHA) CUCTEMM
Sy, Sz B3goBx ocen Xq,Yg,Zg, X3,Y3,Z3 BiAMNOBIAHO;
00,B0:Y0, 03,B3,Y3 — Mani noBopoTn (KyTOBi NOXWUOKK
MOJIOXeHHs1) Tiei XX cuctemu BigHOCHO ocen Xg,Yq,Zg,
X3,Y3,Z3 BignosigHo.

OuiHky BMXiOHOT TOYHOCTI UMMIHAPWUYHOI MNOBEPXHi
aetani, 06yMoBneHy noxmbkamy MOJIOXKEHHS CKNagoBUX
KOMMIEKCHOrO CaMOHanaro[kyBanbHOrO OCHALLEHHS,
MOXHa NPOBOAUTM MO BiOXWMNEHHKO pagiyca uuniHgpa B
AaHin Toyui Big HOMiHanbHoro [3]. B sKkoCTi rpaHWYHMX
OLHOK MOXYTb CMYXWUTW [Bi BEMNWYMHU KONMBAHHSI
JdiameTpa: B 3ajaHoMy nepepisi i B Oyab-akoMy nepepisi.

BekTtopHuii GanaHCc TOYHOCTI ANs  UMNiHOPWUYHOT
NOBEPXHi AeTarni B HOPMarnbHOMY HanpsMKy BU3HAYUTLCS
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cylindrical surface in the normal direction can be
expressed by the equation [4]:

Aty = (Boz + 840 +Bx3 COS 9)C0S @ — (ctgZ + By + B3 COS @) SiNg .

From the expression (2) it follows that the accuracy
in the given cross-section and in any cross-section is
being affected only by the displacements along the
Xand Y axes and rotational displacements about
these axes.

Basic types of errors that take place in the
clamping devices and in the multi edge tool
accessories are listed at the fig. 1. The basic causes
of the appearance of small displacements and small
dimensional displacements in the clamping device
under the effect of the cutting force in the process of
work piece machining using the self adjusting
equipment can be classified as: displacements both in
the connecting areas of the work piece and the
clamping elements and clamping device parts joints
because of contact flexibility as a result of clamping
force; work piece setting error in the fixing device
caused by the cross-over and longitudinal seizure in
the clamping elements during the clamping. The small
linear displacements of the cutting tools blocks in the
radial direction are caused by the contact
deformations in the joints of the multi edge
accessories cutting tools blocks under the affect of the
cutting forces components.

3a 3anexHicTio [4]:

@

I3 3anexHocTi (2) BuNNMBaE, WO Ha TOYHICTb
LUUNiHAPUYHOT NOBEPXHi B 3agaHoMy nepepisi abo B 6yab-
SAKOMY Mepepi3i BNNMBaKTb TiNbKM 3MILEHHS B300BX
ocen X iY Ta KyTV NOBOPOTY HABKOMO LNX OCEN.

OCHOBHi UMK NOXMOOK, SIKi BUHWKAKOTL B 3aTUCKHUX
npucTposix Ta GaraTone3oBoMy iHCTPYMEHTanbHOMY
OCHalleHi, npuBeaeHi Ha puc. 1. OCHOBHUMW NPUYMHAMN
NnosiBU Manux 3MillleHb i Manux NnoBOPOTIB B 3aTUCKHOMY
npucTpoi npu Ail cun pisaHHa, 9Ki BUHWKaKOTb Mpu
0bpobui 3aroToBKu SaraTonesoBum
camMoHanarogXyBarbH/M OCHALLEHHAM €. 3MillleHHa B
MiCLISIX CMIPSXKEHb 3aroTOBKW | 3aTUCKHUX EMEMEHTIB Ta y
CTUKax pJeTanerW 3aTUCKHOTO MPUCTPOID  BHACMIOOK
KOHTaKTHOI nogaTnuBOCTi B pe3ynbTaTi Ail cun 3aTucky;
noxmbka BCTAHOBMEHHS 3arOTOBKM Yy  3aTUCKHOMY
NPUCTPOI, BWKNUKaHa ii NONEpPeYHnM i MNO3[0BXKHIM
3aKNNHIOBAHHAM B 3aTUCKHUX  enemMeHTax  npwu
3aTuckaHHi. Mani niHiiHIi 3MilWeHHs pisueBnx GnokiB y
pagianbHOMY  HampsiMKy — BUKIWKaHi  KOHTaKTHUMM
aedopmauismm B CTMKax pisueBumx onokis
OaraTone3oBOro OCHAaLEeHHs nig Aieto CKnagoBuxX Cun
pi3aHHs.

ERRORS OF SELF ADJUSTING EQUIPMENT COMPONENTS /
NMOXUBKU CKINAQOBUX KOMIMJIIEKCHOINO CAMOHAJAITOXKYBAJIbHOIO

CLAMPING DEVICE /
3ATUCKHUW MPUCTPIN

-

= geometric errors / reoMeTpuyHi NOX1bKuK;

= errors taking place as a result of contact
deformations in the joints areas / noxmbku,
SKi BUHMKAKOTb B pe3yrbTaTi KOHTaKTHUX
nechopmalii B MicLsIX CTUKIB;

= errors taking place as a result of
deformations of the clamping devices
elements / NOXnbkK, AKi BUHUKAIOTb B

\pesyanaTi nedopmalivi eneMmeHTiB
3

aTUCKHWUX NPUCTPOIB

OCHALLEHHA

MULTI EDGE EQUIPMENT /
BArATOJIE3OBE OCHALLUEHHSA

= geometric errors / reoMmeTpu4Hi NOXmMoKu;

= errors of cutting tools adjustment / noxmbkm
HanaroXeHHs pisLieBux GrOKiB;

= errors taking place as a result of contact
deformations in the joints areas / noxmbku, siki
BMHUKaIOTb B pe3ynbTaTi KOHTAKTHUX
nedopmalini B MiCLUsIX CTUKIB;

= errors taking place as a result of deformations
of the accessories elements / NoxmMoku, AKi

BMHWKaOTb B pe3ynbTati gedopmadiin J

€NeMeHTIB OCHAaLLIEHHS

Fig. 1 - Errors of complex self adjusting equipment components / [Toxubku cknadosux KOMMIIEKCHO20
camMoHanazo0KysanbHo20 OCHaWeHHs

The work piece clammed in the jaws can be
considered as the rigid cylindrical body resting on the
discrete elastic single sided supports that simulate the
radial unit stiffness of the clamping elements joints
(fig. 2,a). At the determining position total error matrix
of the work piece system in the clamping device let us
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[eTanb, 3aliemneHy B Kynadkax, MoOXHa paxyBaTtu sik
KOPCTKE  UWMiHOPUYHE TiNo, siKe ONUpaeTbCcsl Ha
OVCKPETHI MPYXXHi OAHOCTOPOHHI OMopU, LLO MOAENOKTb
npuBefdeHy papgianbHy >XOPCTKICTb CTUKIB  3aTUCKHUX
enemeHTiB (puc. 2,a). MNMpu BU3HAYEHHI MaTpuULi MOBHOI
NMOXMBKM MOMOXKEHHS CUCTEMM 3aroTOBKM B 3aTUCKHOMY
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assume the following assumptions: displacements and
rotational displacements of the system elements are
small; natural stiffness of the clamping device
elements is vastly larger than the joints contact
stiffness; displacements dependence on the loading in
the acting forces range is linear.

The equilibrium condition of the system is the
following (fig. 2,a) [3, 5]:

C
where C- symmetrical stiffness matrix of 6 x6 order;
A= (Sxo,Syo,Szo,ao,Bo,yo)T - vector of work piece system

of axes total
deformations; E=(FX,F),,FZ,MX,My,MZ)T - vector of the

error as a result of joints contact

generalized loading.

T3
120°

C2
R Ts

120°

Y
Yo 2

A-F,

NPUCTPOI NMPUAMAEMO HaCTYMHI NPUNYLLEHHS: 3MILLEHHS i
KyTM MOBOPOTY €feMeHTiB CucTeMu Marni; BrnacHa
XOPCTKICTb €MNeMeHTIB 3aTUCKHOro npucTpol Habarato
Ginblia Bi4 KOHTAKTHOI >KOPCTKOCTI CTUKIB; niHiNHa
3amnexHiCTb 3MilleHb BiJ HaBaHTaXEHHS B Jiana3oHi
AiI04nNX 3ycunb.

YMoBa piBHoBaru cuctemm (puc.2,a) [3, 5]:

®3)
Ae C — cumeTpuyHa nopsaky 6x 6 maTpuus XKOpPCTKOCTI;
A :(Sxo,Syo,Szo,ao,Bo,yo)T — BEeKTop ysarafibHeHol

noxmbkn cucTemn KoopauHaT pgeTtani B pe3ynbraTi

KOHTaKTHUX aedopmadin CTUKIB;
F:(FX,F),,FZ,MX,M),,MZ)T — BEKTOp YysararnbHeHoro
HaBaHTaXXeHHS.
I3
nPy
X3 Px
< 7y 7y <
CS —Qm O3W
Y i
o]

A

l>

A\ AR 4

v Y3 b)

Fig. 2 - Loading diagram for determining the total error matrix of the clamping device (a) and cutting tool block (b) /
Po3spaxyHkosa cxema 01151 BU3HAYEeHHST Mampuub MOBHOI MOXUBKU 3amUCKHO20 fpucmporo (a) ma pisuesoeo bsioky (6)

The elements of the stiffness matrix C are
calculated by formula:

N
Cij = >_CckRikRj
i-1

where ¢, — stiffness of the k support, k =12,...,N;

Rk = (axk,ayk,azk,mxk,myk,mzk)T - vector of the
generalized coordinates and displacement directions of

the point of the k support; a,.ay.8, - unitary vector

components of the ak axis direction of the k support;

My, My, M - UNitary vector mx components.

F elements take the
My=0;  M;=0;

The
values:

loads vector
M, =0;

resulted
F, =0;

Fy = -T,c0s¢ T, cos(p+120°) - T3 cos(p + 240°);

Fy = -Tysing T, sin(p+120°)-Tysin(p+240°) ; , where

T1, T,, T3 — the clamping forces of the clamping

elements.
The initial data for the calculation of the stiffness C
matrix is listed in the table 1.

EnemeHTn maTpuui xopctkocTi C obuncniolotbes 3a
dopmyrio:

4

Ae ¢, — oxopcTkicte k-i omopn, k=12..,N;

Rk=(axk,ayk,azk,mxk,myk,mzk)T — BeKTop Yy3ararnb-

HEHMX KOOPAMHAT i HaNPSIMKIB 3MilLleHb ToYkK K -i onopu;

KOMMNOHEHTN  OOMHUYHOIO  BEKTOopa

Ayk layk »azk

HanpaMky oci kK -i  onopu  ak; My My My —

KOMMNOHEHTN OAUHNYHOIO BEKTOpPA Ek .

EnemeHTn BEKTOpa y3araribHeHOro HaBaHTaXXeHHA E
F,=0; My=0; My=0;
Fy = —T;c0s¢ T, cos(p+120°)~T; cos(p + 240°);

F, = -Tysing T, sin(p +120°)- Ty sin(p + 240°) ;

OyayTe MaTu 3HaYeHHs:

M, =0, ge Ty, Ty, T3 — 3ycunnsa 3aTtucKky 3aTUCKHUMU
ereMeHTamu.

BuxigHi gaHi ons pospaxyHky matpuui xxopctkocTti C
npvBeneHi B Tabn. 1.

101
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Table 1
Initial data for calculation of stiffness matrix C / BuxiOHi daHi dnsi po3paxyHKy mampuyi xxopcmkocmi C
3 The point of application / Touka a Moment of axial
5~ 8 P P Vector direction / Bekmop Hanpamky | & & support / MomeHm
s £ K npuknadaHHsi 2.9 .
SRS o F 0cb08oi onopu
o o I S 0
E3¢ £ g
z 0 Q Xk Yk Z Ak ayk Ak | O x| My My | Mgk
1 R cos ¢ Rsing 0 cos¢ sing 0 Cy 0 0 0
2 | Reos(p+120°)| Rsinfp+120°) | 0 | cos(p+120°) | sin(e+120°) | 0 | ¢, | © 0 0
3 Rcos(p+240°) | Rsinp+240°) | 0 | cos(p+240°) sing 0 | c3| O 0 0

After calculation the stiffness matrix C elements the
equation system of determining of small linear and
angular displacements as a result of work piece cross
over seizure in the clamping device takes a form:

Cy18x0 +C128y0 = —T1€OS @ — T, cos(p +120°) T3 cos(p + 240°)
Ca1Bx0 +Ca20yo = —Ty SiNG Ty sin(e +120°)- Tz sin(p +240°) *

From the given system of equations the small
linear displacements 8,4, 3y are to be calculated. For

the cross over seizure variant the angular displacements
values are: ag =0, By =0.

Cutting forces equalization and compensation in
multi edge cutting using adaptive inter tool links in
machining allows to impact intensively on
manufacturing system deformations. Thus in two edge
machining after the feed partition method the cutting
tools found themselves in the same cross section of
cut, the cutting forces comes to equalization and work
piece deformations reduce to zero.

The cutting tools block can be considered as the
rigid body resting on the discrete single sided rests
that simulate the radial unit stiffness of joints in the
guides as well as the joints radial unit stiffness of the
drive of their preliminary adjusting displacements
(fig.2,b). In calculating total position errors matrix of
this system let us assume the following assumptions:
displacements and angular movements of the system
elements are small; natural stiffness of the cutting
tools block is vastly larger than the joints contact
stiffness; displacements dependence on the loading in
the acting forces range is linear. In this way the
equilibrium condition of the system is the following
(fig.2,b) [3, 5] is:

Cs
where Cj- the symmetrical stiffness matrix of the 6x6
order; Az- generalized errors vector of the coordinate
system of the cutting tools block as a result of joints
contact deformations; Es - resulted forces vector.

The initial data for the calculation of the stiffness C,

matrix is listed in the table 2.
Having found after the dependence (4) the stiffness

matrix C;elements we obtain the equation to determine

'Z3 :E3a
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Micna Bu3Ha4YeHHA enemeHTiB maTpuui xxopcTkocTi C
cucTemMa piBHAHb ONA BU3HAYEHHS Manux MiHIMHUX i
KyTOBMX 3MiLLleHb BHACNIQOK NOMEePEeYHOro 3aKMHIOBaHHS
3aroToBKW B 3aTUCKHOMY NPUCTPOI:

®)

I3 gaHoi cMcTemMu piBHAHb BM3HAYalOTbCA Mani MiHiliHi

3MilLleHHa  geTani ) Mpn nonepeyHoMy

Bxo. By, -

3aKMUHIOBaHHI KYTOBI 3MiLlLleHHst ag =0, By =0.

BupiBHIOBaHHS | KOMNeHcauis 3ycunb pi3aHHa npu
OaraTonesosin 06pobuUi Ha OCHOBI  BWKOPWUCTAHHS
afanTMBHOIO MiXKIHCTPYMEHTanNbHOro 3B’A3Ky 3acobamu
KepyBaHHs OO3BONAE€ CyTTEBO BNNMHYTU Ha Aedopmalii
TEXHOMOr4YHOI  CUCTEMMW. Tak, npu  OBOSE30BIN
napanenbHin TokapHii 00pobui 3a metogom noginy
nogadi pisui 3Haxo4sTbCA B OAHOMY CidMeHHi 3pisy,
3yCcunnsa pisaHHA BUpiBHSHI i gedopmalii  BnacHe
3aroTOBKM YCYHYTI.

PisueBunii 6rok MOXXHa paxyBaTy SIK )KOPCTKE Tino, ke
ONMpaETbCA Ha AMCKPETHI MPYXHi OAHOCTOPOHHI onopw,
LLIO MOZENIOTbL NpUBEAEHY pajianbHy XOPCTKICTb CTUKIB
Yy HanpsIMHWX Ta NpvBeAeHy paianbHy XOPCTKICTb CTUKIB
npuBoAy iX NONepeyYHnx HanaroKyBarnbHUX nepemilleHb
(puc. 2,6). Mpu BU3HAYeHHI MaTpuvLi NOBHOI MOXWMOKM
NOMOXEHHA  LiEil  cuCTeMn  MNpUAMAaeMoO  HacTyMHi
NPUNYLLEHHS: 3MIlLEeHHs | KyTW MOBOPOTY eNleMeHTIB
CUCTEMW Mani; BracHa >XOPCTKICTb pi3ueBoro 6mnoky
Habarato Oinbla Big KOHTAKTHOI >XOPCTKOCTI CTUKIB;
MNiHIMHa 3anexHiCTb 3MileHb Bid HaBaHTaAXEHHS B
JianasoHi fitoumx 3ycunb. YMoBa piBHOBarM cuctemu
(pnc.2,0) [3, 51:

(6)

ne Cz; — cuMmeTpuyHa nopagky 6x6  matpuua

YKOPCTKOCTI; A3 — BEKTOP Yy3arasnibHEHOI NOXMOKM cucTemMm
KoopauHaT pi3ueBoro 6rnoky B pesynbTaTi KOHTAKTHUX
aedopmauin - CTuKiB,; F3 BEKTOp y3aranbHeHoro
HaBaHTaXeHHs. BuxigHi gaHi ana pospaxyHKy maTpuui
xopcTkocTi C3 npuseaeHi B Tabn. 2.

3HaNLWOoBLUX 3a 3anexHicTio (4) enemMeHTU MaTpuLi
xopcTkocTi C3 OTPMMAEMO PIBHAHHSA ANSA BU3HAYEHHS
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the small linear displacement 5., value.

Marnoro nNiHiNHOro 3MiLLEeHHS §, 5 .

Table 2
Initial data for calculation of stiffness matrix C; / BuxidHi OaHi Onsi po3paxyHKy Mampuui xopcmkocmi C;

5 - 3 The point of application / Touka Vector direction / Bekmop ~ 9 Moment of axial support /
55 % rpuknadaHHs HarnpsmKy $# -9 Mowmerm ocboeoi oropu
2 2 qg g 5
53¢ =3
2?9 Xk Yk Zx Ak ayk Azk 2 My Myl | Mgz

1 Iy b, 0 0 1 0 | o 0 Iy

2 Iy by 0 0 1 0 S| o 0 Iy

3 I3 by 0 1 0 0 | o 0 bs

After computing the stiffness matrix C; elements

the equation system of determining the small linear and
angular displacements of the cutting tool block takes a
form

MMicna BW3HAYeHHA enemMeHTIB MaTpuui >KOPCTKOCTI
C3 cucTema piBHAHbL AMA BUSHAYEHHS Manux MiHINHUX i

KYyTOBMX 3MilLleHb pi3LeBoro 6mnoky:

C118x3 +C16Y3 = P

C228y3 +CoY3 = —Py )

(6)

C160x3 +C260y3 +Cee¥3 =0

From the given system of equations the small

linear work piece displacement 3,3 is to be

determined. This displacement enters the evaluation
dependence (2) of output accuracy of the work part
cylindrical surface.

The impact of total errors of complex self adjusting
equipment on the cylindrical surface accuracy was
computed according to the deviation of the cylinder
radius along the moving line at different angular
positions of the clamping elements. In this way the
cutting force radial component was varying in a 100 —
400 N range. Two variants were tested: 1) radial
clamping forces of clamping elements equal:
T, =T, =T3 =10 kN; 2) radial clamping forces of

clamping elements not equal that is T; =10 KN,

T, =9kN, T3=95 kN (the cross over work piece

seizure). The results of simulation modelling for these
conditions are illustrated at the figure 3.

As a result of modelling it is discovered that the
maximum radius deviation increases as the cutting
force radial component value rises (fig. 3). This can be
explained by the small linear displacements increasing
caused by deformations of the cutting tools blocks.

Thus as P, value rises from 100 N to 400N at equal

clamping forces the maximum Ar, value have
increased from 1,9 to 7,6 mkm. In another way - when

the clamping forces were not equal — this value have
increased from 6,4 to 9,7 mkm. So the Ar, dispersion

decrease is present as the Py rises at the equal clamp

conditions and clamping with different clamping forces
(cross-over seizure).

As it can be observed from the fig. 3 the clamping
device clamping forces of jaws inequality brings to
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I3 paHoi
niHiNHe 3MilLeHHA aeTani dy3 , AKe BXOOAUTb Y 3anexHicTb

CUCTEMM PpIiBHSHb BW3HA4YaeTbCA Marne

(2) ouiHKM BUXIOHOI TOYHOCTI UWMMIHAPUYHOI MOBEPXHI
neTtani.

Bnnus y3aranbHeHUX noxmnbok CKnagoBux
KOMMMEKCHOrO CaMOHanaro4KyBarlbHOro OCHAaLLEHHs1 Ha
TOYHICTb  UMNIHOPWMYHOT  NOBEPXHi npoBogwunacs no
BiOXVMEHHIO pagiyca uuniHapa B3OOBX TBIPHOI Npu
Pi3HNX KYTOBUX MOMOXEHHSIX 3aTUCKHUX ENleMEHTIB 3a
ponomoroto EOM. MNpu ubomy pagianeHa cknagosa cuna
pisaHHa BapitoBanacs B Agianasodi Big 100 go 400 H.
Posrnsganuca gBa BapiaHTW: pafianbHi 3ycunng 3aTtucky
3aTUCKHUMU ernemMeHTamu Oynu piBHUMM
T,=T, =T3 =10 «H; pagianbHi

3ycunna  3aTucky

3aTUCKHUMKN enlemeHTamu Bynu pisHumun, 10610 T4 =10

kH, T, =9 kH, T3 =95 kH (nonepeyHe 3aknMHIOBaHHS

3aroToBkW). Pe3ynbTaTy MOAEntoBaHHA ANs LUX YMOB
npveeaeHi Ha puc. 3.
B pesynbTaTti MmogentoBaHHA BCTAHOBMEHO, WO Npu

36inblleHHI pagianbHOi CcknagoBOi  CUNKM  pi3aHHs
MakcumanbHe BiOXWNEHHA pagiyca 36inbwyeTbes
(pnc.3), WO nosAcHWETbCA  3BiNbLIEHHSM  Manux

NiHINHUX 3MiWeHb, BUKMUKaHWUX AedopmaLismu pisLeBux
6nokie. Tak npu 36inbwenHi P, Big 100 H go 400H npu
PiBHMX cuUNax 3aTUCKy MaKkcumasbHe 3HayeHHs Ary,

36inbwmnocs i3 1,9 go 7, 6 MKM, a npyu HepiBHUX cunax
3aTUCKY Bin 6,4 po 97 wmkm. Tllpu ubomy
CrnocTepiraeTbCs poskuagy Ar, i3

3MEHLUEeHHA

36inblieHHaM P, Ans piBHOMIPHOro 3aTUCKY i 3aTUCKY

i3 pi3HUMU cunamm 3aTucky (nonepeuHe
3aKNUHIOBaHHS). Ak BMAHO i3 puc. 3 HepiBHOMIPHICTb
CUM  3aTUCKy Kyravykamu  3aTUCKHOrO  MPUCTPOIO

Npu3BoanTb AK A0 36iNblUeHHS Tak | OO 3MEHLUEHHs
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both increasing and decreasing of the nominal
machined radius by Ar, value at certain angular

positions. In this way the angular range of the positive
and negative Ar, values reaches n/2 when cutting force
is off. Under the cutting force P, action the increase or
decrease of the machined radius by Ar, should depend

on the difference of all jaws cutting forces that is defined
by the clamping system position in relation to the initial
position.
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HOMiHanbHoro pagiyca obpobku Ha BenuuuHy Ar, B
NMEBHMX KYTOBMX MOMOXEHHSAX. [lpn ubOoMy BenuumHa
[AOAATHUX i BiM'EMHMX 3Ha4eHb Ar, cknagae m/2 npu
BiOCyTHOCTI cunn pisaHHsA. Tpu ai cunu pisaHHa Py
3MeHLUeHHa 4u 36inblueHHs pagiyca obpobku Ha Ar,

Oyne 3anexaTtu Big pi3HWLI CWMN 3aTUCKY KOXHUM
KynaykoMm, L0 BM3HAYaTUMETLCH MOJIOXKEHHAM CUCTEMM
3aTUCKY BiAHOCHO BUXiOHOIMO NMOMOXEHHS.
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Fig. 3 - Cylinder radius deviation along the moving line at different angular positions of the clamping elements:
1.1, 2.1, 3.1, 4.1 — the radial component of the cutting force is correspondingly 100N, 200N, 300N, 400N the jaws clamping
forces are equal T;=T,=T3=10 kN; 1.2, 2.2, 3.2, 4.2 — the radial component of the cutting force is correspondingly 100N, 200N,
300N, 400N; the jaws clamping forces are not equal T; = 10kN; T, = 9kN; T3 = 9,5kN; 5 — caused by the clamping device only at
the jaws clamping forces T, = 10kN; T, = 9kN; T3 = 9,5kN / BidxuneHHsi padiyca yuniHopa 83008 M8ipHOI pu pi3HUX Kymosux
rosI0XKeHHsIX 3amuckHux enemenmieg: 1.1, 2.1, 3.1, 4.1 — npu padianbHit cknadosit cunu pizaHHs 8idrnosioHo 100H, 200H,
300H, 400H ma pieHux cunax 3amucky Kynadykamu T, = T, = T3=10 kH; 1.2, 2.2, 3.2, 4.2 — npu padianbHil cknadosil cunu
pi3aHHs1 8idrnosidHo 100H, 200H, 300H, 400H ma cunax 3amucky kynadykamu T, = 10kH; T, = 9kH; T3 = 9,5kH; 5 — suknukaHe
MinbKU 3amMUCKHUM MPUCMPOEM Mpu cunax 3amucky Kynadkamu T,= 10kH; T,= 9kH; T3= 9,5kH

CONCLUSIONS

Dependences for determining the small linear
displacements and angular movements caused by the
cross over work piece seizure in the clamping chuck, as
well as the small linear displacements caused by the
cutting tool blocks deformations under the cutting forces
components action are developed. Basing on the
mentioned dependences the cylindrical work part surface
radius deviations in regard to the rotational angle were
obtained. As a result of modelling it is established the
uniformity of the cylindrical work part surface radius
deviations all along its length at the certain angular
positions of the clamping device. It all goes to show the
positive effect of using of the multi edge self adjusting
equipment in the process of machining.
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BUCHOBKU
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