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306@5JBol TgO@oagddo; x,; oo X, —bsdboswol @g@dol gommdOobs@gdo
Ky s K gmbdoddol (ga@oangddo; y,, ©o ., —3b939mEomobo@gdols
dO99bg30L 3960 gdol 3mm@obs@gdo; R — 36g3dmEomobo@dols @osdg@®o

o x,, o x, s®ol Kubiogdo

X =f00) wo x,=1(x)

s mogobmogo  7(x,)—aobolobwg@gds  bodbowol  gggmol  @opoylo,
amdgemoi O Todgm-goslmbydo  bgosdodmgdol  dgdmbgggedo  s@ols
GgEoP  YOMogOmygsgdoddo  jmbRsd@ol  [gdBoggdol K, s K,
gAY 3 do®gmdgomsb

0obobdo@ (2) s (3)

0,c0sy, =(x, — X, )|sin (p| +Rcosy, +7,(x,) = Vs 4)
—06,cos8y, =(x,, _xp)|5in(0| —Rcosy, +7,(X;,) = Voo )
935601 3bgemo@sb
1 )
0, = [(xj,1 -x, )|sm (p| -y, +Rcosy, +r,(x,, )]; (6)
cosy,
0, = [_ (x,, —x )|Sm §0| + Vo T RCOSY, +7,(x, )] (7
COS Y,
1 , 1 )
IT; =11, + 11, =5C5§1 +EC552 > 3)
oIl
o —_ [(xjl —Xx )|sm(z)|+Rcos;/1 +r,(x,) - yml] 9)
W (COS 71)
oIl Cy
22 — [ (x,, —x )|sm(p|+Rcos;/2 +7 (xk2)+ymz] (10)
ayuAZ (COS}/Z)
oIl
o — [(xs1 x )|sm(p|+Rcos;/l +r,(x,) - ymlk |sm¢)), (11)
ox (cosy1

P
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oll,, Cs

- -Gy —x, Jsing+ Reosy, +1,(x) — v [singls (12)
ox,  (cosy,)
1 >
I, =EC1 YVt = V)75 (13)
1 2
e, :Ecl(yu,ﬂ = V)7 (14)
1 . 2
IT, =5C1(yk|81n¢|_xp) 5 (15)
oIl ) )
2 = Cz(yk|s1n¢)|—xp)|s1n(p ; (16)
ﬁxp
oIl . ) )
<2 :—Cz(yk|sm(p|—xp)|smgo ; (17)
6xp
oIl
= =C (Y = V)3 (18)
a‘yml
oIl
= =Ci (V2= Vi) (19)
ayud
oIl
= ==C (V1 = )5 (20)
a)hc
oIl
= ==Ci(Vuz = 1) (21)
8yk

oo  Cs—3bg3dmaomobpdgdols  Loboldyg, C; —bsddodgdols  Loboldy,
Godagdog  ©oggbgdgmos Jmmgammgamry Gymmbs ©s  3bggdmEomobe-
@900l dbOgyagdl  dmdol;  C, — boddo@gdol  Lobolidg, Gmdggdoi
dJomoglbgdgeos  dop@sgmogg®o  godobofoagdeols  d3ggmodsls @
dJomgogmgogg  Gamenls  do@ol; I, IIg,, I, I, o> II,-
3mBgbzoyg®o  gbgdyools  dgdagbgdo,  aoblobmgdymo  dglsdsdolo
0OYgor0 e gdgbHdoom.

Eoa®abgol  dgmeg  ggomol  gobBmagdol  dgdggmdom,  bmgswo
Rm®dom Gymeol ©obsdogzol gobGmengds (bgdmddge dmfymdogmdgdbmasb
9JOmo©) oo gmgos sby:

d|(oT oT, ol oo
3 vl it O R O (22)
dt a)}K 6-)/1( a)/K 6yi€
1 . 2 1 . 2 1 . 2 1 . 2
TK =5mp(xp) +Emk(yk) +Emm(yml) +Emm2(ym2) s (23)

13



b =

1 [d, . S PP L
K EbK[E(XP|Sln¢|_ykjl +§bml(yml _yk)2+_mu12(ym2_yx)2‘ (24)

2

T., II, > @, —Tgbododoboe 3gobgBogydo s 3mGgbizoydo
9690305 ©s sbsgmobgdswo LolEgdol wobods@oydo gubiios.
>

dfer,) or, ol o0, 25
dt ay K ay K 8y K ay K ’
d|(oT oT, ol od
—( .KJ— =40, (26)
dt ayx ayml ayml &yml
d| oT oT, oIl oD
—[ Kj— et R @7
dt ayuﬂ ayuﬂ ayuAZ ayuﬂ

boam 25bbmgsmgdyano dogngdol godmbsbyagds:

0, = pr551 sin y1|sin (p| ; (28)

0,,=1,Cs6, siny2|sin(0 , (29)

V= arctg(%|sin gpj s
0z,

V)= arctg[éfikin (o] ,
0z,
bowox  f,; @5  f,=30mxzomydo  dOgogools  3odmdomo  osmbodgbgdo

30635Jd @0 (90@oamgdol K, o K, @godgmgddo; z, —bodbowols

dod®omdols a@dogo jomOEObsEo; fp—‘?{«)(ﬁols dogools 30g580(30960)0.

d930de005 20300 gm  A5bBm@gdgdol  aoTdgoa  gm®@dsby,
Omdgeoi yodmobobgds dgdwgao LoliGgdom:

m, Vo, +b,.—=y.,)+Cs ﬁ[@gl -x, )|sin(0| +Rcosy, +r(x,) -y ]+
+C, (v, —v)=0,; (30)

MV, +b,,(V—v.)+Cs @[(xg2 —xp)|sin (p| + Rcosy, +r(xK2)—ym2]+
+Ch(y , =»)=0,: (3D

ij}K +bu¢1(j}f< _.)./ml)+bm2(.)./;< _ym2)+cll(y;< _ym1)+C12(yK _ym2)+

14



+C,(y, Ising|—x,)[sing|=0. (32)

od gobRmangdgddo m, , m,, —3IsLgdo, OmIgagboi 2oblsbwg@ymos

wl
Lobgbo 3b93dm@Eogobo@gdols doligdom ©S doonby oygobogo
JONMEED035© 2500 gds©o dgobogyg®o Gamengdols dsligdoom.

odmlsjgerggo dmmgsgmgogng odd@sgol do@sgmogydo bafoaols
©0b5d0g0l gob@Gmangds dgodangds sofgdml dgdwgabsodsw:

ae vl

d : 1 . o
EFZ“ +k . x=k k \/1_—F(F2” + B,X + B, X)signe - ¢, (33)

n

Lbosi  p, — bombol  (bggs, @mdgeoi  dmygobognos oG mggeno
oobos®osh  333gmo@sbmsb,  k,,  ©o  k,—dglodsdobow,  Loboli@ols

3098030963 gd0 s do@sgamogzy®o Lob@Ggdol ©oggsbogro sd@og@gdols
309980309630  Lobjo@ol  dobggom; B, — 3mgn03ogbdo,  Gmdgeoi
s®oibogl  dansbBo  bobybol  ©@obsgodal  bgmlowgbgddo, @mdgrgdo
59Mmgdls d3390 509 3odobsfoagdgenls 3030 0bEAOMSL;
B, — 309950309630, GmMdgemoi se®oibogl @obsisdal 0bgdGools dognowsb,
2odmF 399l 53 bgolbowgbgddo  dmmoglgdygmo  Lombologob; x  —
do@oiomobe@ols  ©agdol  gowsseomgbols  jmm@Eobsgo;  F, —
d0®@m30obedoll 3mdbg dmegdygeo dogos.
mnogols dbGog:

. . dly, 00 .
qu=kr[mpxp+bpx0+—+f+Qmpr+F signx (34)

mpx
ox » ox »

booi k, —OmEMO0L @g@dbg o dogry@do 36g3dmEogobpd by dmwgdbyao

dogngdols aygabols 3mgxno0gbdo:

O = Sy Cs (8, + 8, )|cos plsignit 5 (35)
a;[cjc =2C, sin’ gx, —2C,[sing|y, +2C, sin* gx, —

-2C, sin’ ¢|sin(oy,< =2(C, sin” ¢+ C, sin* P)x, —

—2(C,[sing|+ C, sin® plsin @)y, , (36)

Sop —33G5@o  bobgboli  dognols  jmggno30gbdo;  m, —hs@bol  GMEHM@OL

©g®dbyg 5ygobogo OSSO0 GOS0 bofoangdols dsbo; bp -
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©933g50Agdol 30gn030gbHo; F,, —bobgboli dsans do@mEomobo®do o

m,

hodbol 39obobdgddo, oggsbogo x, j0m@EbsGDY @ — wolodszoyg®o

396J300.
Ao dgroao gm@dom 39J6g9ds:

y che
J+kebpxp + =

ox »

k.(m i+b i )+ﬂx +k My +—6H52
S T

e P

ac" vl

=k, k X/I—LF(FM + B,X + B,x)sign(y, —xp|sin(p|sin¢)><

n

x(y, = x, |sin g])[sin g, (37)
boga
F, =k[(m3, +b,x,)2C sin’ x, +2C2‘sin3 (p‘xp +b,[sing|x, +
+ £,,C5 (8, +6,)|cos g| - signi, — 2C,[sing|y, 2C, sin” gy, —b, 7, | =
=k[(m,%, +b,%,)2(C, sin x+¢,[sin’ glx, +b,[sin [, -
=—2(C[sing| - C, sin® )y, —b, 3, + f,,C5(S, +,)|cos |- signi, +
+m %, +b %k, (38)

F —393L& e gdgeno do®mEomobo@ols oaqdols go@mnmdbo;
kvl = kplkv;
k,; —33gg0oG5bg dmdJdgoo, dgm3900b goes3gdol Mogbgo; k, — godmog®gools
30980309630 dow@sgmogy®o LolGgdol LobJs@om.
oMo Jdbogno Loboom §39]69ds:

2

v k. 1 .
k,m,x,+k,b,X, +k—+k2{COS ” [(x,, —xp)|sm(p|+Rcos;/1 +

. 1 )
+15(%0) = Vi ](_ |sm (”D‘*‘ m[(%1 -X, )|sm ¢| +

+Rcosy, +r,(x,)+ V., ]|sin (p| +k,b,x,—c, (yK |sin gousin go| =

=k k, \/1 —LF(FL,M + B,X + B, x)sign(y, — xp|sin go| sin @) x
P,

X (y]( —xp|sin g0|)|sin g0|. (39)

16



odgg  owgbodbogm,  Omd  dowgdyeo  Jmpgemo  s@SF@R0g0
SOSLES(30MbsG Y0 Lob@gdoLomgols ©05d5® 9090 9bgs 0g4mb

AObL(3gbgb@ YO0 S goG g0 As5bEman gdgdom:
Zg =Z,0 H(R—6))siny,; (40)

xl
Zey = Zy T (R=0,)siny,, (41

‘dgag0denos hogfg@mo:

k.m,X,+k,b,x, +k, x, +kb,x, +C,x, |sm(p|+

. 1 1 .
+k, |sin’ (p‘ —t——— |x, tkAx, + kZAR7|sm ¢)| +
cos”y, c€os”y,
. . |sin (p| |sin (p|
+rAx, + rZAR7|sm (o| + k2A73K|sm (p| —k,—— Y tk.——Vuin =
cos” 7, cos” 7,

=k k, \/1 —LF(FL,M + B,X + B, x)sign(y, — xp|sin go| sin @) x
P,

x(y, - X, [sin go|)|sin 9, (42)

‘sin2 go‘ ‘sin2 (p‘
2 x31 - 2 x32 5 (43)
cos” 7, cos” ¥,

ARy=R( b1 j; (44)

COSy, COSY,

r,(X) _ r,(x,)

Ar, (x,)= 5 =,
cos“y, cos”y,

(45)

Jowgdygmo  ©sdM3ogdbyagdgdols  asdmygbgbom  gobm@ 09 gdbm
©0b5d0gol gobsdgoggdam ©s aof®x03909e@ Jmegagdby aosbgmsl,
@53 [oddmopagbls dmge s@o{®g0g0 sOSLEASG0MbsdYeo Loligdgdols
989d0 %0 Bgbfagerob bogydgyel.

9300399l gmgeools  gobognsgom  asdmbs3geggo Loli@dgdol
do@sgeog®o bsfomol o@sf@x030 ©s s@SLESEGoMbsg @0 ©obsdogols

obGMagdols 3of®x03900L sdm356sL.

2oV M9503980lL 30mEg0go0l hs@omgdol dgdwgy domgdymo ogbs
‘d99©9a0 2obGmegboms Lol gds:

My Vr + bV + (C; +C )V = C; (x, _xp)|5in(ﬂ| + C; cosy, R+

+r(xkl)+cllyx +butl.)>)< +Qp1; (46)

17



boogs

=k,.k,|sing|y +b, )y +C ()y, —C

mmZ.j}uJZ + bmz.).}mZ + (C;Z + Clz)ymZ = C;Z (x32 _xp )|Sin ¢| - C;Z COS]/ZR -

- r(xKZ) + CIZyK +bm2y;< - QpZ > (47)
m.y,+0b,, +b,,)y, +(C,+C,)y, +C,y, sin” Oy, =
=C1 Y —CiVun + szp|5in§0 5 (43)

k.m,X,+kb,X, +%5cp +b,()x,+C (t)x, +b,. ()X, +b, (H)x, +

r

o Vvl

+C,.()x, +k, k,sin> ¢ x, +[k [, Cyslcosp|+F, ]%(Signxp):

(D)signx, +C ()y, +b.y, +

mpe

+k,Ax, +kAr,(x,)|sing|+k AR |sing], (49)

b.(t)=2C,sin’ o+ 2C2‘sin3 q)‘ + bK|cos o

®;

C_(¢)=2C, sin” ¢ + 6C2‘sin3 o

78
C, (1) =2(C, sin> p+ C [sin g}
b (1) = 4,,6(1):

b, (1) = A4,&();

C,. ()= 4,(C sin o+ C Jsin® gl
b, (1) = K,e(t);

C,, (1) =2K,b,(Csin® ¢ + C[sin® gl Je(0);

k.k., k
Cmps (t) = ﬁ [f;an(S (51 + 52 )|COS ¢| + Fmpx ]S(t) 5

n

A4,;= Kb(mp +B,);
Ay =K, (B +bp);

K =Kk,

2p F
e(t)= (y |sin (p| —sin? goxp);

C,(1)=2(C,sin’ ¢+ C,Jsing

);

C,(t)= £,C;(5,, siny, + 3, siny, Jsing| = £,C;3,, |sin ¢
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s30b Yoo domgdam  ofbs  boggemggo  bobEgdolb  wobsdogols
3oV 090390 900 5GLESG0MbsGYE dmwgano, OMIgEro3 SOSLEH(30MbsOYE0
BobEgdgdol sbagobols (36mdogmo Jgmmwgdol Msbabls omgsmolifobydls
3oL o gEgdge ©obsdogg® dnwgmgdby powsbgmsb.
3obodgomgrgogm  dnegmgoby  doesbabgmgmon  sdmyggbgogao

0d6s d9dwga0 ©sIm 0w dyengdgdo.

cos’ =0,5+0,5c0s2¢;

|sin g0| XA, —d, COS2¢;

|cosqo| ~da, +a, cos2p;

sin’ g ~ a,,, —a,,, cos2¢pa,,, —cos4p;

sin’ (p|sin g0| =0,375-0,5cos2¢p+0,125cos 4¢;

2

sin’ glsin® g = (0,542, +0,5a,,, )~ (0,5a,, +0.5a,,, +0,25a,,, )cos 2¢ —

—(0,5a,,, —0,5a_,,) cos4p+0,25a,,, cos 6¢,

o
boogs
Oawo = O,Saw + O,ZSawl;
A, =0,5(a, +a,);
a,, =0,5a,,.
bgdmm  Jowgdgmo  Jomgds@ogydo  dmpgengdo,  dggbododgds
Lbodygdom  @ggodl 3d@Ybsgo @mMGMEA0m. IYdosmdols Ggg0ddo, OmEgbsg

AmEAMO0 ©oxkoJlo@gdygmos boddg 335J3L Ggageodgdols LEsEombo® e
LobEgdobmsb. slgmo  LobEgdol domgdo@ogy®o  dmpgeols  sygdolomgols
5930 gdgaos  asdmygbgdygmo  odbgl  dgdpgao  LoFyolo  Fobosdm@dgwe
>dm(35695m b ‘Ygomgdbom 200 33950 Voo Lbobggeroao
aodemlbsbyagdgdo:

oIl 1
ay = COS2 y [('xs _xp)+RCOS]/1 - _yml]C5; (50)
wl 1
oIl 1
ay :COSZJ/ [_(xz_xp)—i_RCOS}/Z_r3_yml]C5; (51)
w?2 2
e G ( ) (32)
= X, —X, )5
v, w :
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oIl

Gx: =—C,(x, —x,); (53)
ch“
P =C, (Vs =) (54)
yml
aHClZ
=C V2 =W0)- (55)
aywl
LobEgdol aobBmegdgddo (s®dmoddbgdosh §g3d9do
2(C + G, )xp —2(C+C)yys (56)
2b, %, = 2b,3,; (57)
k k k k
ﬁg(cl+cz)xp; ﬁ(cl"'cz)g Vi
k")lc kV e k.?l(' kV v
Fn};(mp+32)gxp © le@xp- (58)

Fobs aodmzgdymmol gomgogolifobgdom LEsEombs®ygmo Loli@gdol
©0bsdogol gobBmagdgdbo oo g@gds dgdwgabsodog:
My Vs 0,030+ Con Vi = C:;zxs - C;lxp +Cs+Cy,+b,y, +pr§§1* 5 (59)
mij}mZ + bm2.)>m2 + Czym2 = C;2x3 - C:;»pr + (CK - r32)C(5 +

+C1yx+bmyx+pr551*; (60)

m, X, + (b, +2b)%, +[k

aHCX

.k k .
+2(C, +C)), +;€—Fvl(mp +B,)&k, +

n

+—k-w’;f Bk, +k,k,x,+ k""’l;i‘ (C+C))x, +k”"—];?(cl *G)yex,
P, p P

n n

Fmpx aevvl .

Slgnxp = ko«.'kvlyx + km—];:l(cl + C12 )xpyk +

n n

mpx

d .
+F —(si +
% (signx,)

+"L"FV}(CI FCY2+2C, +Cy)p, +2b,5,. 61)

aobbognaao asb@magdgdol gofMmRx0ggdgm Rm@dsl ofgl dgdwgyo
Lobg:

My Vur ¥ 0,301 + C Yy = C;xgl _C;Xp +(Cpy +71,)C5 =Cy, =b, 0, (62)
mmZ.j}mZ + bmymZ + C*lyutZ = C;xj' - C:;xp + (CRZ + rsZ)Cé' - C3yK _bm3yx > (63)

ij}K +beK +C}<y1< :Cmyml _ClunZ _C2xp _CZyK; (64)

20



m, ¥, + (b, +2b)%, + [k, +2(C,+C, +k, k,x, =k, kv +
+2(C,+C,)y . +2b y, . (65)
935b5L3bgemo  aobBmagds  godlbgoagdyemo  gm@doon  dgodargds
Fomdmeagboano 0dbgl obg:
m,x,+b, %X, +k,x, +kk,x, =kk,y +C,y +2by,, (66)

arc" Vvl
boos
C,=(02C +C);
b, =b, +2b,;
kpx =k, +2(C,+C,).

3oV M90390 90 LEs@ombs®yeo LolBgdol LE®YJB g6 bjgds
dmygobogoos bob. 5.

c |
Cs |
me -t
j}—»@—» WK - Wyl - Wzn
L > C2 -t
me -
C |
C5
bob. 5

F.= C;xﬂ +(Cp +7,))Cs5

FBXZ = C;x32 _(CRI +r32)C5 5

1
W..(s)= > 5
m,s”+b,s+C,
W (5) = 1 -
w2 mmzs2 +b,,5+C, ’
Wmu (S) = bmS + Cl *

21



C
W (s)= “ ;
() m.s*>+b,s+C,

W,(s)=k,k,+C,s+ 2b.s°;

o vl
1

/& (s)= 5
c 3 3 ’
m,.s” + prs + kpxs +k, .k,

W,(s)=K +Cp +2b.s;

K =k k +2"m—’;g‘9<)(cl+cz).

act vl
n

©0bsdogols  domgdo@ogyg®o  dmpgegdol  LAOYJH YO0 ©s
35@5d9BO o dgeosdgdom  a35hggbgdl, @mI  obsdogydo Ipy@swmdols
ngo@bsb@olbon  LEsgombosdgeo  LobEgds  aolodygsagdyamoliogsb
3oblbgoggdoom s®ols 9uO®m ©sdsdyao.

sdolmob o33 doMgdomn  dowgdygmo  dmwgagdol  2sdmygbgdom
dgodegds  dgdmmsgobgdygemo 0dbgl  dgdwamdo  3gengzgools OGRS,
OmIganoE YoM gdygmos  30M5dgBH®yYo  Lobmgbols 3O Y@l
@go@oboiooby  LHsgombsdymo  dmpgagdol  godmygbgdom  Lobmgbols
d90mEols msbobdse Jmgdygmo go@Esdsgso 30m3glgdol Jobgogomn ©o
g3 mdo sbYLEgdom s@s{Mg0g dmegen gdby.

Fobsdwgdomy 2odm 3gen 93960l a9bye@Go@gdols sbogrobo,
bodgogmgdsls  odanggs  dgxodgoomo  Lobom  ao3gmegl  woligghs, @md

domgdyao dmwgegdol aodmygbgdom dgodengds hodmyserodgdyemo odbgls

©0b530399M0 25dm 3393950l m5bd0dEggamds, MMIgmoi oy gdemos:

L. 3oF®%5039d9@0 LbEosEombsdymmo Loli@gdol 3o®edgd®yeo Lobmgdo,
Amdgeoi omgoeolifobgdl o3 LolbEgdol 0bFga®@ommy® dosbermggdol
»bobyg@ggao 30mEglol Loli@gdol® dmwgamasb;

2. 30m39Lgdols 063 9O Y@0 dosbanmggdoby NONORIR] ©d
2oV 0x03909 LEsEombs@ye Lol gdgddo;

3. godmboggeggo s@sb@oEombodygamo Loli@gdol doa®aomdols sbogobby.

aodmlsgganggo  LobEgdol  35@039B®geo  Lobmgboli  sdmzsbols

Agogobsioolomgols  dobo  LHsEombs@ymmo  gof@x039d 90 dmpgenols

dododm  Lobmgbols 3bmdogno  Imzgdymo  go@sdsgogmo  3MMm3gLgdobs

dgonmeols godmygbgdol Logydgge by, dgdmmogobgdygmos godmbsjganggo

Jomgommngsemg  LolFgdol dgbogoemby  Loggbydmgd@ogo  bgdmddgogdols
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306935303900 LJgds, @mIgemoi  Ggomobgdygmos  bodbopol  a®dogo
©g®dols Lbogggby®gd®ogo OS50 gdols dgdggmdom aobogo
dJodo@myegdom,  go.  x-@gadol  aslfgMog.  goboboargds  Lofyobo
d0gb5M9mM9d0l d0doM0 BoMEOME0M0 oSS0 gdJd0. 539 Swgbodbsogm,
@M 3G0bi030oeydo dJowymdom dgodengds ©sdggoygeo 0dbsls:

AF,

6X]

:‘AF

6X)

od  dgdmbgggodo  LolRgdol LEOYIBHOgeo ULjgds o0wgdl Laobgl,
Omdgeoi dmygsbognos bob. 6.

F VVKW -t VVK -t
Wml
Ao 4 /4 -
—>®— »@_» W, x - yl - en -
A
w, w2
‘ G |-
me -t W K g
CK -
Cé‘

65b. 6

dgdamdo  asdmygergggdols  ho@do®gdobomgols  3oMgger  Goydo
353809600 25053930l 99630960l LoFyol domgds@ogy® godmlobyan gdgdl,
amdemgdoiz  3odmoygbgds  aof@xgog9dgmo  LobEgdgdol  Lobmgbols
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Abstract

The engineering processes that are characterized by significant difficulties in
terms of improving the degree of mechanization and automation, belongs to applied in
modern technology, particularly in the furniture industry, processing of details having
complex profile surfaces.

Trend to mechanization and automation of having complex profile surfaces
details of modern furniture leads to the necessity of development of specialized direct
action copy-milling and copy-planning machines for mechanical copying direct action
and full external load templet on surface of templet.

The analysis of developed and being under development copy machines shows
that:

— Despite the some variety of developed nowadays follow-up mechanisms and
machine tools system’s structural layouts and designs, they would be added by
more effective new schemes and constructive solutions;

— Applied in the machine tools follow-up mechanisms are belonging to complex
nonlinear dynamical non-stationary systems.

The review of considered follow-up mechanisms development and research
work shows on actuality of scientific and technical objectives of improving the
efficiency of analysis and synthesis methods and methodologies of ongoing in them
dynamic processes.

The objective of work is presented in terms of functional capabilities of
machine tools devices for processing of complex profile details to develop the new

31



structurally more perfect multidimensional hydro-mechanical follow-up mechanisms

schemes and models, development of dynamic research methods and methodologies

aimed at increasing the effectiveness of the considered equipment design and
operational parameters.

For the achievement of objective in the research tasks are including:

— existing and modified schemes of intended for complex profile details grinding
machine tools equipment, the analysis of their construction and dynamic research
methods and methodologies;

— comparative analysis of having direct copying modified schemes machine tools
equipment of containing an automatic pneumatic and hydraulic elements and
systems and formulationof research objectives;

— analysis of issues of functional and structural construction of application of hydro-
mechanical follow-up system in aimed for processing of complex profile details
on two-coordinate copying rotor - grinding machine tools;

— development of structural model of two-coordinate copying machine tool system\s
elements movements;

— definition of main kinematic regularities of pneumatic cylinder’s axes and contact
points at the processes surface, control link and machine tool’s rotor relative
movements in hydraulic rotor-grinding machine tools in interaction with link at
rotor circular motion and processed work-piece longitudinal movements;

— in the dynamics model of full system the consideration of structural issue of
involving of mathematical model of hydraulic part and construction of dynamics
mathematical model of follow-up systems;

— development of research methodologies for fixed as well as for rotational rotary
follow-up systems;

— the development of applied theory of considered nonlinear nonstationary hydro-
mechanical follow-up systems parametric synthesis, practical approbation of this
theory on initial uncontrolled systems and possibility of developed theory analysis.

The scientific novelty of work includes:

—  development of original scheme of equipped with follow-up hydro-mechanical
system two coordinate copying machine tool intended for grinding processing of
furniture wood details;

—  the original regularities of construction and the proposed machine tools hydro-
mechanical follow-up system dynamics in developed models;

—  Application of original methodological approaches in the dynamical studies and
obtained results of researches.

The practical value of work includes:

The offered original schemes of copying machine tool, the mathematical
models of considered nonlinear non-stationary control systems, research methods and
methodology, aimed for researched system’s parameters optimization selection.

In the introductory part are grounded the actuality of dissertational work, is
carried out the analysis of recent state of construction and research of machine tools
and machining lines for processing of multi-profile surface.

Are analyzed the applied mechanical processing methods for various purposes
complex profile details shape formation.

It is shown that in the terms of machine-tools and machining lines structure
widely are applied rotor - grinding copying machine tools and machining lines.
Applied in the existing machining systems working bodies the schemes of relative
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movements in the terms of further functional improvement have been developed the
structural scheme of relative movements of two coordinate copying and grounded on
it equipped with hydro-mechanical follow-up system aimed for processing of
curvilinear - shaped surfaces copying rotor - grinding machine. The work-piece,
grinding pneumatic cylinders, follow-up link and copying machine rotor’s relative
movements kinematical analysis are accepted grinding pneumatic cylinders axes
positions non-linear functions, related to the machine rotor angular movement and the
supply in longitudinal direction of work-piece follow-up link and rotor’s relative
movement kinematical regularities.

Grounded on the analysis of relative movements of copying follow-up and
dynamical processes are revealed required for dynamic description generalized
coordinates. Are constructed the expressions of kinetic, potential energies, dissipative
function and the generalized forces. Is accepted the follow-up link’s dynamics
mathematical model.

For the description of considered system’s follow-up drive’s hydraulic part
dynamics are applied the known equations of balance of forces and fluid consumption
and was constructed the mathematical model of dynamics of follow-up system.

As the result of qualitative analysis of the developed mathematical models
dynamics is proposed the applied theory of synthesis of researched two-mode follow-
up hydro-mechanical system, is constructed a based on parametric synthesis of
stationary system in accordance with transition process and the introduction of
dynamic stability conditions in nonlinear non-stationary system.

In turn the basic procedures for the stationary system synthesis are the
following: “desired process linearized model” parametric synthesis and transition
processes approximation for nonlinear and linear systems.

In accordance with transition processes in researched systems for the
realization of synthesis method’s procedures have been developed the following
methodologies: introduction of desired processes, selection of desired parameters and
condition of stability.

The conducted reporting study shows the practical effectiveness of
researched system’s engineering synthesis developed theory.
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