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DYNAMIC SIMULATION OF NOSE LANDING GEAR ASSEMBLY IN
AUTODESK INVENTOR ENVIRONMENT

Konstantin METODIEV
Department of Aerospace Control Systems, Space Research and Technology Institute, Bulgarian Academy of Sciences
e-mail: komet@space.bas.bg

Abstract: In the study hereby, a model of aircraft nose landing gear with shock absorber has been assembled and put to the
test in Autodesk® Inventor® Dynamic Simulation module. The aim is carrying out simulation of the mechanism work
while tyre is rolling along the ground. The assembly includes a dampened spring element which resembles real shock
absorbing properties of the strut. An additional force is applied to the assembly so as to simulate the external load stemming
from the airframe weight. Power dissipation due to sliding (kinetic) friction between tyre and path is simulated through
introducing mechanical efficiency coefficient. The tyre stiffness is neglected. All parts in the model are considered ideally
rigid. Having adjusted all quantities above, the developer may carry out a virtual experiment to design optimal shock

absorbing characteristics of the assembly.

Key words: Autodesk Inventor, Nose Landing Gear

1. INTRODUCTION

The aircraft landing gear purpose is to provide a
suspension during taxi, take-off, and landing. It is
designed to absorb and dissipate the kinetic energy of
landing impact load, thereby reducing the forces
transmitted to the airframe. The landing gear also aids
terminating the aircraft motion along the ground
using a wheel braking system. It also provides
directional control of the aircraft rolling on ground by
means of a wheel steering system. It is rather
frequently made retractable to minimize the
aerodynamic drag on the aircraft airborne.

Inventor Dynamic Simulation and Inventor
Simulation Player can simulate and analyze the
dynamic characteristics of an assembly in motion
under various load conditions. The simulation reveals
how parts respond to dynamic loads at any point in
the range of motion of the assembly. Developer can
then export load conditions at any motion state to
Stress Analysis within Inventor or to Microsoft®
Excel®.

By defining external forces and moments user can
create motion simulations based on position, velocity,
acceleration, and torque as functions of time. When
defining the behavior of the assembly joints, one can
take into account friction, damping, stiffness, and
elasticity. The 3D motion using traces might be also
visualized.

A major advantage of building an assembly
within Inventor environment is reliability of the

obtained design. Not only does Inventor provide
ways of visualizing the final product it three
dimensions, but it also restricts all parts degrees of
freedom accordingly so as to simulate the assembly
dynamics correctly. What is more, a contact solver
works out a solution if a poor relationship between
parts is potentially possible.

The current study examines rigid body dynamics
of a prototype of nose landing gear. The obtained
results are indicative, i.e. they do not repeal carrying
out real experiment nor any test method currently
available.

2. THEORY

Considering one — dimensional problem of spring
mass dampened system, the governing ODE is, [1]

X+ 2mi + k2x = hsin(pt + ) (1)
where following replacements were made:
c H
k=S a=F oy )
m 2m m

The equation (1) is linear nonhomogeneous with
constant coefficients. The general solution is a sum of
homogenous ODE integral, describing a damped
harmonic oscillator motion, and a particular integral,
describing forced oscillations. Depending upon n / k
ratio, three distinct solution cases exist.

The amplitude of the forced motion A and phase
shift angle € between forced oscillations and external
load might be computed by following formulae:
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1= 1
\/<1 -z )2 +472°
2
arctan ZVZ , 0<z<«l1 ®)
&= —Z
arctan —+m, z>1
1-z
In eq. (3) following replacements were made:
h A
Z=£ V:E A0=—2 A=— @
k k k 4,

where notation is adopted as follows: dynamic
coefficient, A [-], and distortion coefficient, z [-]. In
addition, frequency and phase response plots might
be drawn further by means of quantities above.

Thorough description of eq. (1) solution is beyond
scope of the present study. Further details may be
found in [1]. For the current research needs,
frequency and phase response plots are solely
essential.

Forward

Y

3. MODEL DEVELOPMENT

3.1. Assembly description.

The assembly outline is depicted in Fig. 1. It
contains an adjustable damped spring accommodated
in the main cylindrical body. The cardan joint
provides link between the fork and the piston placed
right beneath the spring. The rim and tyre
sub-assembly is mounted within certain distance to
the strut axis. In this way, the so-called trailing link
scheme is formed. This assembly is said to be more
secure against Shimmy phenomenon. The leading
part of the fork is connected to the strut by an arm. It,
in turn, provides a way of transferring torque between
the tyre and the strut. A vibration extinguisher is
mounted in front of the strut connecting both
stationary and movable halves of it. It is an additional
instrument that prevents Shimmy from happening.

An exemplary aircraft utilizing similar scheme is
Aero Vodochody L-29 Delfin, [2].

Fig. 1. Outline of the tested assembly
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3.2. Adjusting Dynamic Simulation parameters.

The three dimensional model contains about 20
parts. Full description of individual sketches, parts,
and joints development is beyond the article scope.
The reader may look into the workflow by visiting
web page [3] and downloading the model for free.
Furthermore, the End User License Agreement must
be obeyed.

What appears to be a particular interest is setting
up the dynamic simulation. This involves taking three
main steps: getting the tyre to roll along a path,
introducing the dampened spring, and finally
applying the external load. The first step is depicted
in Fig. 2. In order to implement rolling motion, two
additional sketches must be drawn, i.e. a circle at the
tyre side, and a straight line along the path. In the
assembly file, both sketches are related to each other
by tangent and rotation/translation constraints.
Having opened the Dynamic Simulation module, the
user must add a rolling joint between two sketches
additionally. It should be edited further in the context
menu so as to introduce the efficiency factor. Finally,
both sketches should be switched off by clicking on
the Visibility check box.

An adjustable dampened spring joint is readily
available in Dynamic Simulation module. It is
important to note that no sub-assembly development
is necessary. Autodesk Inventor draws the dampened
spring itself following adjustments assigned by the
developer. The relevant dialog box lets the user fill in
spring stiffness, damping factor, and many other
values. It is available by clicking on the Insert Joint
icon in the Ribbon and choosing the
Spring/Damper/Jack from the dropdown menu. The
spring orientation adjustment is straightforward.

The third step, i.e. applying the external load,
affords an opportunity to assign a harmonic
oscillation for the force pattern. The force load icon is
available in the Ribbon. Having clicked on it, the user
must choose the Input Grapher option from the
Magnitude checkbox. A graphical dialog appears
providing a user friendly way to assign the load
values in the course of time.

A final important note should be made. In the
presented model, it is the path that moves right below
the tyre, not the strut assembly. The latter is restricted
in space. It is solely capable of performing vertical
motion which does not deteriorate the simulation
fidelity. In order to implement this, an additional

Spatial joint must be applied to the path. The relevant
degree of freedom should be edited by assigning
constant velocity value.

The described approach toward setting up the
dynamic simulation process lets the developer get an
alternative numerical solution of eq. (1). The
algorithm is developed by author of the paper.
Presumably, other ways of implementing the
simulation are also possible.
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Fig. 2. Applying tangent and rotation/translation

constraints.

3.3. Initial case study.

Aluminum 6061 alloy with density of 2.7 g/cm®
has been assigned to all parts in the assembly except
for the rubber tyre and the spring itself. In this way,
the mass affecting the spring amounts to 12 kg. The
spring stiffness is 20E+03 N/m whilst the damping
factor is 200 N.s/m. The external load is parallel to
the strut axis and varies in time according to the
periodic law:

P =Hsin(pt +5)=63,2sin(50t) (5
The nose gear is moving along the path at constant
speed of 2,5 m/s. The efficiency factor in Rolling
Joint dialog box is set to 0,9.

The damped spring settings are subject to further
refinement should initial values above produce
unsatisfactory results.
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4. RESULTS
Considering the described initial case study and

formulae (3), both frequency and phase plots are
drawn firstly. These plots are depicted in Fig. 3.

Frequency Response

ML)
1
0 \
0 2 4 6 8 10
Z
Phase Response
3
T
«(Z) /
1
0
0 2 4 6 8 10
Z

Fig. 3. Frequency and phase response plots

In Fig. 4. results are plotted after tracing out the
system behavior. These plots are derived by means of
the Output Grapher module. The upper half shows
summation of forced and natural oscillations. The
lower half shows the applied external force. The
distortion coefficient z in this case equals 1,224
which is slightly above the resonance value.
According to Fig. 3, bottom half, the phase shift is
(2,355 — m) rad. The amplitude of pure forced part of
the motion, according to eq. (4), is 4,48 mm.

Position, Y, mm
10506403

ggggggg /
ssoescz

50008402

8
Time (5)

63,2Sin(50t), N

l5ig. 4. Total vertical motion of the assembly (top) and
applied external load

In addition, an alternative settings of damped
spring were made so as to attenuate the oscillatory
motion as quick as possible. A common approach is
to heighten the damping factor, i.e. f = 1000 N.s/m.
The results obtained after carrying out the new
simulation are depicted below. In this case, the
coefficient v =1,021.

Position, Y, mm

aaaaaaa

85008402
o

8
Time (5)

Fig. 5. Total vertical motion of the assembly
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5. DISCUSSION

The presented study demonstrates an exemplary
algorithm of preliminary design of nose landing gear
prior to production stage. It also reveals the abilities
of Autodesk Inventor to save up resources and time.

The pattern of frequency and phase response plots
is dependent of damping factor and spring stiffness.
This is why the plots are unique for current spring
settings. Regarding curves depicted in Fig. 3, the
parameter v = 0,2 which is well below the critical
value of v =V2/2, [1]. The higher the value of
parameter v, the lower the forced amplitudes are.
Special attention should be given to distortion
coefficient z = 1. At this point, the forced oscillations
of the system reach maximum. The phase shift might
be computed by means of atan2 function. Its value is
always € = /2, i.e. it does not depend upon v.

A natural extension of the present study is
exporting results to Finite Element Analysis module.
In this way, the stress distribution within each part

6. NOMENCLATURE

x — generalized coordinate, m
m — mass, kg

p — angular frequency, s
t—time, s

¢ — spring stiffness, N/m

B — damping factor, N.s/m

A, H —amplitude, m, resp. N
0, € — phase shift, rad

Literature

1. bpuBapos, C., A. /l:kona:xopoB, b. Yemankos, H.
MamunoB, MeTou9YHO PBHKOBOACTBO 3a pelIaBaHe Ha
3a/a4d 10 TeopeTuuHa MmexaHuka, dact II, Jlunamuka,
Coous, Texnuka, 1991, cp. 105

2. https://en.wikipedia.org/wiki/Aero_L-29 Delfin, visited
on 1% of March, 2017

3. https://grabcad.convlibrary/nose-landing-gear-7, visited
on 1% of March, 2017

4. https://www.youtube.com/watch?v=d0F5xhuQv3Y,
visited on 1% of March, 2017

5. https://www.youtube.com/watch?vV=AGWnn_LRRqA,

due to motion dynamics could be investigated. -
visited on 1%t of March, 2017

Short videos of dynamic simulation process may
be watched on links [4, 5].

CUMVYJIAIIUA HA JUHAMHUKATA HA HOCOB KOJIECHHUK B CPEJIA
AUTODESK INVENTOR

Koncrantun METOJIUEB
Cex1us ,,AepOKOCMHYECKU CUCTEMHU 3a ylpasieHue™, IHCTUTYT 3a KOCMUYECKH U3clieiBaHus U TexHojoruu — BAH
e-mail: komet@space.bas.bg

Pe3tome: B Hacrosmoro m3cnenBaHe € ChCTaBEH MOJEN HAa HOCOBa aMOPTH3AIlMOHHA CTOWKA THI JIOCTOBA CXeMa C
BBTpPELICH aMOPTU3aTOp U B MOCIEACTBHE M3MHUTaH B Moayiaa Dynamic Simulation na npoaykra Autodesk® Inventor®.
Ilenta e mpoBexaaHe Ha CHMyJlalMs Ha padoTara Ha MEXaHM3Ma B Cllydail Ha ThpKaJIsIHE Ha KOJIEJIOTO MO IPyHAA.
CriobeHara eMHMIIA BKIIOYBA €JACTHYCH €JIEMEHT ¢ AeMidep, KOUTO MMHUTHPAT BHOPONOITBIIAIINTE CBOMCTBA Ha
peanHa croiika. JlombJIHMTENIHA CHJIa € NMPWIOKEHa KbM KOHCTPYKIHMSATA, 32 Jla c€ MMHUTHpA BBHIIHO HAaTOBapBaHe,
MIPOM3XO’KAAII0 OT TETJIOTO Ha IuaHepa. Pa3ceiiBaHeTo Ha MOIIHOCT OT TpPHEHE IPH ThpKaJIsSHE HA ryMaTa o IpyH/a ce
orunta nocpenacrsom MmexanndeH KIIJ[. KopaBnnara Ha rymara ce mpeHeOperBa. Beuuky yacTw Ha KOHCTPYKIHMSITA Ce
cuuTaT 3a uearHo TBbpau. Ciiel] Taka HallpaBeHUTE JOITyCKaHUs, TOTPEOUTENIAT NMa Bh3MOXKHOCT Ja TPOBEIEe BUPTYaJleH
EKCTIepUMEHT U IIPOSKTHPA ONTUMAIIHN XapaKTePHCTHKN HA MEXaHN3Ma.

KrouoBu xymm: Autodesk Inventor, HOCOB KOIECHUK
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AHAJIN3 KBASBUCTATHYECKOI'O IBUKEHUSA KOJIECHOI'O AITITAPATA B
IMPOLHECCE NPEOJOJIEHUSA ITPEIIATCTBUSA TUIIA YCTYIIA

4.0.T YMEHHUI' A.B.YKAJIOB? M.M. TKAY® H.P. IAPXOMEWM*
L34kadenpa ,,Texuuueckoil KuGepHETUKH,
Hanmonanbsueiit Texundeckuii yausepeuteT Ykpanasl «KITU nm. Urops Cukxopckoro», Ykpanna
e-mail: d.gumennuy@kpi.ua
kadenpa ,,CHCTEMHOIO IPOEKTUPOBAHUS”,
Hanuonansnelii Texunueckuil yausepcurer Ykpaunsl «KITH um. Urops Cukopckoro», YkpanHa
e-mail: tchkalov@gmail.com

Pe3rome: B myGnukanumu paccMaTpuBaeTcsl IBMKEHHE MOOMIBHOTO KOJECHOTO poOoTa B MPOIecce MPEOAOIEHHS HUM
npenaTcTBus. KunemaTndeckas cxema MpeACTaBIEHHOTO poO0Ta BKIIIOUAET KOPIYC U JIBE JBYXOCHBIE TEIEKKH — Ie-
PETHIOIO U 3a/IHION0, N300paXkeHHbIE B INIOCKOCTH. IIpeoioneHre NpensaTCTBUS OCYIIECTBISAETCS IMyTeM KaueH s epeTHUX
KOJIEC TIEPEAHEH TEIEeKKH MO BEPTUKAIBHON CTEHKE yCTYIa, B TO BPEMsI KaK OCTaJIbHBIE KOJIeca, COXPaHss KOHTAKT C To-
PU30HTAILHOI IOBEPXHOCTBIO JOPOTH, CO3AI0T YCHUIIME JAaBJICHUs NIEPEAHEro Kojeca Ha creHKy. IlomydeHo aHamuTude-
CKO€ BEIpaXKeHHe JUIsl BeJIMYNHBI KOd(HINEHTa TPEHHsI, JOCTATOYHOTO IS YCIIEITHOTO BBIIOJIHEHHS OIMCAHHOTO Ma-
HeBpa. IlpencraBieHsl pe3ynbTaThl YHCIEHHOIO MOJECIUPOBAHUS JBIKCHUS alllapara B IPOLecce IIPeoJoNeHHs Ipe-
naTcTBHs. Taroke B MyOJIHMKAIWy ITOKa3aHO pa3pabOTKy KOMITBIOTEPHOH MOJENH KOJIeCHOro pobota. B koMmbroTepHOM
MOJIENU PAcCMaTPUBAIOTCS IUHAMHUYECKHE CBOMCTBA poOOTa U €ro B3auMOAeicTBHE CO Cpefoi. AHATUTHUECKUE H KOM-
MBIOTEPHBIE MOJIETN MOTYT OBITH IIPUMEHEHBI ISl ABTOMATU3alUH IPOEKTUPOBAHUS POOOTOTEXHUUECKUX CHCTEM, H3JIe-
JIUH ¥ MOJEIMPOBAHUS UX IPOXOIUMOCTH.

KuawvoBn AyMu: KOJICCHBIN pO6OT, KHHEMATUYECKas CXxeMa, [peoa0JICHUE NPEISATCTBUSA.

1. HIOCTAHOBKA 3AJJAYHN

[IpoexTHpoBaHne CaMOXOTHBIX POOOTOB IIOBHI-
IIEHHOW TPOXOAMMOCTH SIBISIETCA aKTyaJIbHOU 3a-
Jladyell, MpUBJIEKalolle BHUMAaHME MHOXKECTBAa HC-
cinegoBareneil. OMHUM 13 HanOoee CIOKHBIX U B TO
e BpeMs JOCTATOYHO PACHpPOCTPAHEHHBIX MPEIsT-
CTBHUIl Ui YHUBEPCAJbHBIX CAMOXOJHBIX MEXaHM3-
MOB SIBJSIFOTCS CTYIICHHM WJIM YCTYIBL Y CICIIHOE
MIPEOJIOJICHUE YCTYMOB BO3MOXKHO TMPH BBIMOJHCHUU
OIIPEACICHHBIX yCﬂOBHﬁ, KOTOPLIC OIIPCACIAIOTCA
WHAWBUAYAJIbHO B 3aBUCUMOCTU OT KOHCTPYKIUU
X0JI0BOM yacTu pobora [1-4].

B manHo#t paboTe paccmaTpuBaeTcs ammapar co-
CTOSAMIMNA W3 Ky30Ba M JIBYXKOJIECHBIX TEJCKEK, KO-
TOpBIE COCTMHEHBI C Ky30BOM ITOCPEICTBOM IIMIINH-
nIpudeckux mapHupoB (dur. 1). K kaxxmomy u3 xosec
mepeHeld TeNEeKKH NPWIOKEH OTHOCHTEIBHO ee
KOpITyca BpamarOIInii MOMEHT, OJUHAKOBBIA IUIS
BceX KoJieC. AHAJOTHYHBIH MOMEHT MNPHIOKEH K
KOJIECaM 3a/IHEN TEJICHKKU.

Omnpenenum, Ipy KaKuX yCIOBUAX amImapar CIHo-
co0eH Mpeo0IeTh MPEMATCTBUE TUIIA YCTYIA IIyTeM
KadyeHHs] MEepPeJHUX KOJIEC BBEPX IO HIEPOXOBATOM
BepTUKAJBbHOI cTeHke mpemsTcTBus. Koadduiment

KyJIOHOBA TpCHUA Ha FOpHSOHTaﬂLHOﬁ U BCPTHU-
KaJIbHOM TMMOBEPXHOCTAX 6yz[eM CUHUTATh OJJUHAKOBBIM
10 HAIpaBJICHUIO W paBHBIM I10 3HAYCHHIO. Byz[eM
paccMaTpuBaTh JIMIOb KBa3UCTATUYCCKHUE PCKUMBI
ABMKEHHUA, TO €CTb TaKWE, IPU KOTOPBIX Kaxaas
MI'HOBCHHAas KOH(I)I/IpraHI/IH CHUCTEMBI YIOBJICTBO-
PAET YCIOBUAM CTAaTUYECKOTO PaBHOBECHS.

2. AHAJIN3 PABHOBECHS ATITIIAPATA B
IMPOLECCE IOABEMA

PacuerHast cxema ammapara MpEICTaBICHA Ha
¢wur. 1.

CocraBiM ypaBHEHHSI CTATUYECKOTO PABHOBECHS
JJIEMEHTOB CHCTEMEI.

3amHsas TeexKa:

ZFi:_RB§+FT3+ T4=0;
ZFi :_RB§+FT3+FT4 =0;

LMp; = (N3 ‘N4)“+(FT3 +FT4)(}’+F) =0,
rae f— COCTABJIAKOLINEC CUJIbI peaKHI/II/I B HIapHI/Ipe B

CO CTOPOHBI TENEKKU Ha Ky30B; N3, N4 — HOpMaib-
HBIE COCTABJISIIOLIME CUJI PEAKLIMK B TOYKaX KOHTaKTa
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KOJIeC C OTMOPHOW MOBEepXHOCThIO; Fr3, Fra — cumbl
TpeHus (CUCIUICHHS) B TOYKaX KOHTAKTA.

¢ur.1 Pacuernas cxema anmapara

Kpome toro, B cityyae kadeHust Kosec 0e3 Impo-
CKaJb3bIBaHUsI, BBIIOJIHSAIOTCS YCIOBUS:

_ _ -1 (i (2)
Fp=Fpp=r Tp <N, (i=34)
Kyszos:

ZF@' :RA§+RB§ =0;
ZFm-:RAnJrRBn—G:O; 3)

ZMPi :RAnl_RBnl_GeZO'

3[[601: € — MpOoAO0JbHOC CMCIICHUC IICHTpPA TAXKC-
CTH KYy30Ba OTHOCUTECJIBHO €TI0 TI'€OMETPUYCCKOIO
LHCHTpaA. HpeHe6pera${ HC3HAYUTCJIBbHBIM HaKJIOHOM
KYy30Ba IO OTHOIIEHHUIO K IIJIOCKOCTH TOPU30HTA IS
nepem—xeﬁ TEJICKKU ITOTTYIUM:

LEg=Fpy =N -R,-=0;

AE
S By = Fpy+Ny =Ry, =0;

M, =-N, (acosx// - hsinz//) -N (hcosy/ - asinq/) +
+FT2 (hcosl// +asiny + r) + FT2 (hsim// +acosy + y) =0.

3mech y — TeKyIIW yroj HaKJIOHA MPOJOIbHOM
OCH TIepeJHEN TEeNeX KU K IUIOCKOCTU ropu3oHTa. B
MOMEHT Hadajia MpeooIeHus mpensaTcTBust i = 0.

TaK)KC, HpI/I OTCyTCTBI/II/I HpOCKaHBSBIBaHI/IH KO-
JI€C, UMCCT MCCTO COOTHOUICHUC:
F,.=F :r_lTASfNZ.; (i=1.2)

Ti TA 4

Ucknrouass u3 cucrem ypashenwii (1), (3), (4)
COCTaBIISIIONINE CHJ PEaKUuu B mapHupax A, B u
nonaras y =0 , MOTyYUM CIEIYIONIUC YPABHCHHUS:

Fry byt hpy =N =0 ©)
[—e
=% 7
Ny+N, 5 G; (7
FT3 +FT4 +FT2 —N1 =0; ®)
e _ ©)
N277G—FT1,
hN, +aN, =(a+r)F +(h+r)F (10)
1 2 Tl T2
U3 (6), (9) c yaetom (2), (5) momyarm
N, =2Fpp +Fp (Imn
I+e
= _ 12
N2 TZG FTA' (12)
Ioxcrasisas 3tu BeipaskeHus B (10), moxyanm
CAE WF _l+e G (13)
(a+r) T4~ TBfT[a s
B wactHocTH, ipu =0 nmeeMm:
_lte a (14)

FT A4 a+r

Taxoit noypkHa OBITH cuia TpeHUs A obecrie-
YeHUs Hayasla 1oJJbeMa NepeHel TelnexKH Ha mpe-
nsaTcTBUE. Bomnpoc o HeoOXoauMoil cuiie JaBieHHs
Ha BEPTHKAJIbHYIO CTEHKY pacCMOTpHUM Huke. Takxke
3aMeTHM, 4To npu 4>() notpedyercs OoiplIas cuia.
Takum 00pa3oM, ¢ pOCTOM BBICOTHI /i TIOABEM Te-
JIEXKKH Ha MPEISITCTBHE 3aTPYAHACTCS.

13 (8), (9) naxomaum:

l—e

2aN2:7aG—2(h+r)FTB, (15)

[

4uN, =2;leaG+2(h+r)FTB. (16)

OueBuano, yto Ny > N;. Torma, MakcumaiabHast
cuna Tpenus Frg orpaHu4MBaeTcs BEIMUYUHON N3:
Frp < /N3

C yuerom BeIpakeHus (15)

—e a a7
FTB <f TRy - G.
ath+r

Takum oOpaszoM, nipu />() yxyamiaercsi mpoxo-
TUMOCTh ammapara, TaK KaK OTPaHWYHBAeTCS Mak-
cuManbHas cuia cuemieHus. Iloatromy B nanbHeM-
nIeM aHanuse moyaraem i=0.

Ilycte cuna Frp makcumaneha. Torma w3 (11)
MOJTyYUM
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L l-e a
Nl_'fT.a+h+rG+FTA' (18)

ITo ycnoBHIO HE MPOCKAIb3bIBAHHS
Fry</Npom Fry <Ny
C yuertom Beipaxkenuit (18), (12) momyunm cie-
JIYIOIIYIO CHCTEMY HEPaBEHCTB!
2
Foo< e l-e a
TA7Z1-f 21 a+r
I+
Fp, < S Ireg
1+f 21
OueBHAHO, YTO MEPBOE U3 ITHUX HEPABECHCTB SIB-
nsieTcst 6ojiee CTPOruM, TO €CTh MMEHHO OHO Ompe-
JeTIeT MaKCUMAIIbHO BO3MOXHYIO cuny Fra. Cpas-

HEHUE 3TOW BENMYMHBI ¢ HeoOXxonumoi cuioii (14)
MIPUBOJIUT K HEPABEHCTBY

Ite a < f2 l—e a
4 a+r 1-f 2l a+r
KOTOPOE TOCJIE YIPOIICHHUS IPUBOIUTCS K BHIY
I+a _ 2f?
=T (19)
l-a 1-f

e o :el_1 — Oe3pa3MepHBIid TapaMeTp, OIpee-
JISIFOLIMH OTHOCUTEIBHOE CMEICHUE LIEHTPa TSHKECTH
amnrmapara BJOJb €ro MpoJIoJIbHOW ocw; Tpu o —> 1
LEHTP TSHKECTH CMEIAeTCsl B CTOPOHY IepenHen
TEJISKKH, IIpU o0 — —1 — B CTOPOHY 3aJHEH.

Ha ¢ur.2 mnpencraBieHa 3aBUCHMOCTH IIpe-
JIEIbHO JOIYCTUMOTO TapaMeTpa a - OT Koaddu-
nuenTa tpeHus. OTKyzaa BUJHO, YTO IIPEOJOJICHHE
yCTyna anmnapaToM C HECMEIIEHHBIM LEHTPOM Tsi-
xectu (a=0) Bo3moxuo npu f > 0.5. [Ipu Goxee
HU3KUX KOI(QQPHUIMEHTaX TPEHUs MPEoJoJIeHHE Tpe-
IATCTBUS TpeOyeT CMELIeHUs] LEHTpa TSDKECTH B
CTOpOHY 3aJHed Tenexku. B dwacTHOCcTH, TIpU a
6mm3KoM K 1 (TouTH Bech Bec anmapaTa MpUXOAnuTCs
Ha 3aJHIOI0 TEJEKKY) MPEOJONICHHE MPEISITCTBHS
BO3MOJKHO JTakKe TIPH MUHHMaJIbHOM K03 dunnenrte
Tpenust. HanpoTus, npu cMeIIeHHH EHTPa TSHKECTH
anmapata B CTOPOHY MEpeAHEeH TeNeKH Heo0Xo-
JIAMBIN JJIs1 TIPEOIONICHUsT PENTCTBUs Kod(hduiu-
€HT TPEHUsI BO3PaCTaeT.

d5 8

1 I I I I L ] I I
04 02 03 04 05 08 07 08 08 1
Caaftiiant of fefion

¢ur. 2 I'paduk 3aBUCUMOCTH JOMYCTUMOTO CMEIIECHHS
LIEHTpPA TSDKECTH anmapaTa oT Ko3hGpuiuneHTa TpeHus

3. KOMIIBIOTEPHOE MOJAEJINPOBAHUE
MHNPEOJOJIEHUSA ITPENNATCTBUA

KomMmmerorepHoe mMonenupoBaHue Ipoliiecca mpe-
OJIOJICHHS ammapaToM TMPEMNSTCTBUS BBIIIOJHEHO B
cpene MATLAB, Simulink ¢ WcTonb30BaHHEM MO-
nieliell MEXaHNMYECKMX KOMIIOHEHTOB M3 OMOIMOTEKH
SimMechanics. Brok-cxema MoIeNnu, MPeICTaBICH-
Has Ha puC. 3, BKIIIOYAET MOJIENb KOpITyca amrmapara
(Vechicle body), mepemneit wm 3amHEH TeIEKEK

(Cart A, Cart B), YeThIpex KoJIeC
(Wheel A/B head/back) u CBSI3BIBAaIONIMX KX IIap-
HHPOB.

Mogenp Kojeca BKIIOYAET ONHMCAHME KOHTAKT-
HOTO B3aUMOJEHCTBUSL MEXY KOJECOM U ONOPHOM
MIOBEPXHOCTBIO. [l omnucaHuss HOpMajbHOU CO-
CTaBJISIIOLIECH CHUJIBI PEAKLUU ONIOPHOM MOBEPXHOCTH
UCTIONb30BaHA MOZENb aOCOJIOTHO —HEYNpyroro
KOHTaKTa:

k*z*v, —ecu _z<0,v, <0;

Ry, =

0 — 6ocmanvubix _ cryuasnx

rae Rn — HOpMaJIbHas COCTaBJidrOIas CUJIbl peak-

mun  (TIONIOKHTENbHAsT B HANpPaBICHUHM BHEITHEH
HOpPMalll K TIOBEPXHOCTH); kK — BEIWYHMHA 3a30pa
MEXAY KOHTAaKTHOH TOUYKOHM KoOJjeca M OIOPHOH Io-
BEPXHOCTBIO (OmpenenseTcs TIyOMHOW MPOHUKHO-
BEHUS KoJieca B MOBEPXHOCTH);

Vz — HOpMaJIbHasA COCTaBJIAOIIAaA CKOPOCTH TOYKH

KOHTAaKTa; z — KO3((PUIUCHT peaKkuu MOBEPXHOCTH.
Jlisg omucaHus TaHTEHIIMAJILHOM COCTaBJIAIONIEH
CWIIBI PEaKIUH, KOTopas (hU3UUECKU MPEICTaBISICT
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€000l CrITy TPEHHS, HCIIOIb30BaHA ANMPOKCUMALIHS,
KOTOpasi 00ecreynBaeT HEMPephIBHOCTh MPH Hepe-
XOJle BEJHUYMHBI CKOPOCTH CKOJBXKEHHS B TOUKE
KOHTAaKTa uepe3 HyJIeBOe 3HAYCHHE:
- in - >V
fRn sin nv, eczm‘v, \ 0’

R =
t —Bv — 60CMAJIbHBIX _ CIYUAAX
¢ —

rac VO — TaHrCHOUAJIbHAA COCTaBJIAIOINAA CHUJIBI PC-

aKuu; R — cuna TpeHus; B — ko3 GULIUECHT TpeHUs
CKOJIB)KEHUSI; V, — «JIOIYCK HA CKOPOCTHY», KOTOPBIH

BBIOMpAETCs JOCTATOYHO MaJbIM, YTOOBI OTHOCH-
TEJIBHOE CKOJIBXKEHUE C TaKOHl CKOPOCTBIO MOXKHO
OBUIO YCIIOBHO OTOXJECTBUTH C COTOSIHUEM OTHO-
CUTEIIBHOT'O NMOKOSI B TOUKE KOHTAKTa.

Kak noxka3zaHo B [3, 5], npu OTCYTCTBUM yIapHBIX
B3aUMOJICHCTBUIl B TAHTCHLIMAIBHOM HAalpaBlICHUH,
PE3yJIBTAaTHI MOACIUPOBAHUS MaJI0 YyBCTBUTEIIBHBI K
BeIMYMHE Oomycka. TakuM o00pa3oM, BBIOOp €ero
BEJIMYMHBI JIUKTYETCSI HMCKIIOUUTEIBHO COOOpaske-
HUSIMH YCTOMYMBOCTH BBIYUCIIMTEIIFHOTO MIPOIIECcCa.

PesynpraTel  IIPOBEJEHHOTO  MOJECIHPOBAHUSA
TIOTBEPKAAIOT M3JI0KEHHbIC BBINIE aHATUTHYECKUC
3aBHCUMOCTH, & IMEHHO, NIPH BBIIIOJHEHUHU YCIIOBUS

(19) HabmoaeTcst OTPHIB NEPETHETO KoJieca mepe-
HEl TENEKKU OT FOPU30HTAIbHOU IIOBEPXHOCTH H
€ro YCTOMUYMBOE KAauy€HUE II0 BEPTUKAIBHOM IIO-
BEPXHOCTH YCTYIa, YTO U 00ECHEeYMBAET YCIICIIHOE
MPEO0I0JICHHUE MPENATCTBHUS.
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ANALYSIS OF THE QUASI-STATIC MOVEMENTS OF THE WHEEL DE-
VICE IN THE PROCESS OF OVERCOMING OBSTACLES SUCH AS SHOULDER
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Abstract: The motion of wheeled-mobile robot in the process of barrier overcoming is considered. A kinematic diagram of
the robot includes a body and two two-axle carts, front and back. Barrier overcoming is carried out by rolling of the front
wheels of the front cart on the vertical wall of the step, while other wheels, keeping contact with the horizontal surface of
the road, creating a pressure force of the front wheel on the wall. An analytical expression for the coefficient of friction
sufficient to successfully perform the maneuver is obtained. Numerical simulation results of motion of the apparatus in the

process of barrier overcoming are represented.

Keywords: wheeled robot, kinematic scheme, overcoming obstacles.
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CUCTEMA TEOMETPUYHU UHTEP®ENCH 3A UHTETPUPAHE HA
KOHIENITYAJIHOTO OIIMCAHHUE B CAD MO/JIEJIA
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Pe3tome: CAD cuctemure ca ocHOBEH coTyepeH MHCTPYMEHT 3a KOHCTpyHpaHe Ha TexHudecku m3nenus. Ot npyra
CTpaHa Te ca IpeJHa3HAuYeH! OCHOBHO 3a paboTa ¢ reoMeTpHyHa MHGOPMAIMS W He MOJIBPXKAT B JOCTATHYHA CTEIICH
NEWHOCTUTE, CBBP3aHM C aOCTPaKTHO IpeACTaBsHE Ha M3JelIHeTo. B HacTosmata paboTa HHTETPHPAHETO Ha
KOHIIETITYaJTHOTO ¥ TEOMETPUYHOTO OMHCaHUE Ce 00CHAK/Ia OT INIeIHa TOYKa aBTOMAaTUYHO MPEHACSHE Ha PEIICHHUTa, B3€TH
Ha eTan KOHIENTYalHO KOHCTPyHMpaHe, B MO-KbCHUTE €TalmM OT TMpolieca Ha KOHCTPyHMpaHe, MO-TOYHO eTarna Ha
reoMeTpu4HO odopMsHe. 3a LedrTa ce Ipeaiara cucreMa uHrepdericu, KouTo o0XBalaT BCHYKM €Taly OT Hpoleca Ha
KOHCTpyHpaHe. Te ce pa3riexaaT Ha pa3IMyHM HUBA HA aOCTPaKIHs, KOUTO ChOTBETCTBAT Ha HMBATa HA KOHKPETH3AIHS
Ha reoMerpuyHara nadopmarus. [Ipemiara ce moaxox, KOHTO MO3BONISIBA Bh3 OCHOBA HAa MH(OPMAIMATA OT pas3lIMpeHaTa
CTPYKTYpHa cXeMa aBTOMaTtndHo na ce renepupa CAD MonensT Ha criioOeHaTa eJUHHIA, CKEICTHTE Ha JEeTalinTe 1
(hyHKIMOHATHATE MOBBPXHHUHU. [lo3ara e HenpeKbCHATOCT Ha MH(OPMAIIMOHHHMS [TOTOK U 3HAUUTENIHO HaMaJlsIBaHEe Ha
obeMa Ha TeXHHUYECcKaTa paboTa, IIOpoJieHa OT MHOTOKPAaTHO BBBEX/IAHE Ha €/{Ha ¥ ChIa HHPOPMAIHSL.

KaouoBu nymu: CAD, pasmmpeHa cTpyKTypHa cxeMa, KOHLIENTYyaJleH MO, TEOMETPUYHH HHTepdelicn

1. YBOJ

CAD cucremute npecTaBisBaT BUCOKO Pa3BUTH
copTyepHH HUHCTPYMEHTH 3a MOJICIIMPAaHE Ha
TpuMepHa reomerpusa. OT napyra cTpaHa TAXHaTa
(YHKIIMOHATHOCT HE € OOBBp3aHa B JOCTaThYHA
CTeTIeH C NICHHOCTHTE, KONTO CHCTABIABAT IIPOIEca
Ha KOHCTPYHpPAHE U ChITBTCTBAIIOTO TOKYMEHTHPAHE
HA TIOJTyYeHHUTE Pe3yNTaTH.

OOWKHOBEHO TPOIECHT Ha KOHCTPyHpaHE
3armoyBa ¢ pa3paboTBaHe  KOHIENIHWATA Ha
H3JENINEeTO, MPEICTaBeHa Mmoja ¢opMaTra Ha CXEMH,
CKHIIM, CIUCHIM U 3amucku. C pa3BUTHETO Ha
MpoekTa nHpOpPMAIUATa Ce KOHKPETH3HPa TOKATO Ce
MIOCTUTHE TBIHO U 3aBBPUIEHO T€OMETPUYHO
omucanne Ha wm3genanero. CAD cucremure ca
epUKaCHA Ha MO-KbCHHUTE €Tallid OT Mpolleca Ha
KOHCTpYHpaHe, MO BpeMe Ha KOHTO ce Ch3IaBa
aktyanHa reoMeTpus. OCHOBHA TpHYMHA 32
HenpuwioxxuMmocTtra Ha CAD cucrtemute Ha paHHUTE
eTami  OT Tpomeca Ha  KOHCTPyHpaHE €
00CTOSATEICTBOTO, Y€ T€ HE MOIABPKAT aOCTPaKTHU
TCOMETPUYHHU OOCKTH.

ITo mpunmun Bcuukun CAD cuctemu mpemniarat
T.H. CIpaBoYHA reoMeTpHusl. OCHOBHOTO

MpeIHA3HAYCHUE HA Ta3W T'€OMETPHS ¢ YIICCHIBAHE
H3rPaXIAHETO HA  AKTYaJIHOTO  T'€OMETPHYHO
omucanue. OT gpyra CcTpaHa CHPABOYHHTE
TCOMETPUYHU CIIEMECHTHU MPCACTABIIABAT BCBHIIHOCT
aOCTpaKTHH MAaTeMaTHYECKH €JNEeMEHTH — TOYKH,
mpaBd W paBHUHH. HeszaBucumo ot ToBa CAD
cucTeMaTa TH TPETHpa IO ChIIMA HAYMH, KAKTO
TCOMETPUYHUTE  CIEMEHTH  OT  aKTyallHOTO
FCOMETPUYHO OIMUCAHWMEC — HANp. TE MOXKE Oa Ce
CBBP3BAT C TCOMETPUYHM  OTPAHWYCHHS 32
Mo3UIMOHKMpaHe. ToBa TMO3BOJsIBA CHPABOYHHUTE
FCOMETPUYHU EJIEMEHTH Ja C€ W3M0I3BaT 3a
Ch3AaBaHe Ha aOCTPAKTHO OMHCAHHE Ha H3EIHETO.

ChImecTBYBaT pelula W3CIeIBaHUSA, B KOUTO CE€
00CHKIAT pas3IMdHN BB3MOXKHOCTH 3a aOCTpaKTHO
mpencraBgHe Ha uzgenuero. OCHOBHaTa wWIes €
Cbh3JaBaHe Ha T.H. ,,CKeJIET Ha Criao0eHaTa eIuHuIa,
KOMTO ce CbhCTOM OT aOCTpakTHU (CHpPaBOYHM)
T€OMETPHUYIHU CJICMCHTHU. Ilo TO3M HauuH ce
peanu3upa METOIBT HAa KOHCTPyHpaHE ,,0Trope-
HaJony”’, KOWTO CBOTBETCTBA HA ECTECTBEHOTO
pPa3BUTHE HA KOHCTPYKTOPCKHUS MPOEKT. OCHOBHUTE
3ala4i, KOWTO Ce€ pemaBaT CbC ,,CKeleTa“ Ha
crmoOeHaTa eIMHUWIIA  BKIIOYBAT aHANIM3  Ha
KHHEMATHKAaTa, Pa3lpeleiTHe Ha MPOCTPAHCTBOTO H
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Lle(l)I/IHI/IpaHe Ha TIpaHyAlX, [OO3ULIAOHHUPAHE Ha

JeTalJINTE.
B Hactosmiata paboTa ce neduHHpa cUCTeMa OT
TCOMETPUYHU  HHTep(delcH, KOATO  MO3BOJISIBA

ABTOMATUYHO Ja C€ I'CHCpUpa aKTyajlHa reoOMETpuUsd
Bb3 OCHOBa Ha a6CTpaKTHOTO OIIMCAaHHUEC Ha
HU3IOCINUETO.

2. JUTEPATYPEH OB30P

B [4] ce pasrmexxgat mpoOieMu, CBBP3aHU ChC
CTENeHTa Ha MOJVIPFXKKAa Ha KOHCTPYKTOpCKara
unpopmanus or PLM/CAD cucremute. [locoueHo e,
ye nHdopmanusTa, CBbp3aHa ¢ KOHLENTYaIHUs eTarl
OT Tpoleca Ha KOHCTpyHpaHe, € OrpaHHuYeHa
OCHOBHO J0 CHeI_II/I(l)I/IKaL[I/IH Ha HW3UCKBaHUsITA H
JOKYMCHTH, ONIMCBAIIN apXUTCKTYypaTa Ha IPOAYKTa.
ToBa cb3gaBa mnpoOIEeMH KaTo MNPEKbCBaHE Ha
WHOOPMAIIMOHHUS  MOTOK,  3aTPYAHEHUs  IpPH
NPOCIeIsiBAHE PA3BUTHETO HA MPOEKTa, CIOXKHO
MOAIBPKAHE Ha CBBbP3aHU IaHHH U MHOTOKPATHO
BBbBEXKIAaHE Ha elHa U cblia uHpopmauus. [lopaau
TOBa € HEOOXOIUMO J1a C€ pa3pabdOTH METOJOJIOTHUS 1
copTyepHH HWHCTPYMEHTH, KOUTO Ja TOA0OpAT

Pazmupena ctpykrypHa cxema
(cxemu Ha Ga3upane)

Cxemu Ha Oa3upaHe

KOMYHHUKAIUATa MCEXKAY OTACIHUTE €Tamnu oT
[IpoLeca Ha KOHCTPYUPAHeE.
BxitouBaneTo Ha pe3ynrarure oT

KOHIETITYaJIHUI €Tall OT Ipolieca Ha KOHCTPYHpaHe B
O0IIOTO TEOMETPUYHO ONFCAHHE Ha W3IEIUETO
OOMKHOBEHO CE¢ CBBp3Ba C NMpUIIaraHEe Ha METOJ Ha
KOHCTPYUpPAHE ,,0TTOpPe-HAaJ0Ny” W Ch3JaBaHEe Ha
ckeneTta Ha criiobeHara enuHuna. B [5] ce o0ckxma
METO/I0JIOTHsl, HapeueHa ,,KoHCTpyupaHe, HacO4eHO
KbM  crmiobenata eamHuna”’.  Coopen  Tasm
METOJIOJIOTHSI KOHICTITYaTHUAT MOJICN C€ UHTETpUpa
B CTPYKTypaTa Ha W3JEINETO M CIYXH Karo o0mia
0a3a kKakTo 3a CH3TABAHETO Ha JIETAlINTE, TaKa M 3a
criio0eHaTa eqUHHUIIA.

B [3] 3a ynpaBieHne Ha nHpOpPMAIHATA IO BpeMe
Ha TEnus TIpolec Ha KOHCTPYHpaHE C€ H3IOJI3Ba
METOJ] Ha KOHCTPYHpPAHE ,,0TTOpe-Haloy”’ HapedyeH
SKL-ACD (nedunupane Ha  KOHTEKCTa Ha
criaobeHaTa €AMHUIA TOCPEICTBOM MOJENUpPaHe Ha
HelHus ckenet). CKeNeThT CIIyXKH 3a Je(UHUPAHE Ha
(YHKIMOHAJIHUTE TIOBBPXHUHU U paslpelelisiHe Ha
MPOCTPaHCTBOTO. BB3 OCHOBa Ha Te3W IaHHU ce
WM3BBHPIIBA MHOTOKPHUTEPHAIHA ONTHMH3ALHUS, KOCTO
TTO3BOJIsIBA JIa C€ HAMEPH Hail-ToOPOTO perieHue.

Monen Ha geTann

A 4

| CrpaBo4Ha reoMeTpus

(ckener)

Cxema Ha
OazupaHe

3a NO3MIUOHUPAHE

I'eomeTpraHN OrpaHUICHUS

A 4

| Mozen Ha crinobeHa
eMHMIIA

Y

®ur.1 ABTOMaTHYHO I'eHEpUpPaHe Ha CKEJIEeTHTE Ha AeTalINTe U MOZesa Ha CriobeHaTa equHuIa
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B [2] pasmmpenata CTpyKTypHa cXxema ce
pasriaexiga  KaTo  KOHIENTyaJleH MoAeld  Ha
criaobenara enuuuna. B cxemara ce  no00aBs
nHdopmanusi 3a CHBMECTHOTO OpHEHTHpaHE Ha
JeTaiinurte chriaacHo Teopuss Ha  Oa3upaHeTo.
JobGaBsHETO  Ha  JONBIHWTENHA  HMH)XXEGHEpPHA
naHdopmanus B CTPyKTypHaTa cXeMa M HEWHOTO
naterpupane ¢ CAD  Momema  mo3BoIsiBa
aBTOMAaTHYHO Jla C€ TEHEepHpaT CKEJIEeTUTE Ha
JIeTaliJINTe 1 MOZENBT Ha CIII00eHaTa eANHHIA.

TscHOTO MHTETpHpPaHEe HAa KOHIENTYAJIHUS MOJIEI
u CAD mojena, KOeTo MO3BOJISIBA BUCOKA CTEIICH Ha
aBTOMaTH3allMd W HaMajsBaHE Ha TeXHHUYecKara
paboTa, e mpuUuMHAa B HacTosmaTta paboTa ma ce
W3MOJI3Ba TMOAXOABT, TpemoxkeH B [2]. B [2] ce
pasraexaar npobiemure, CBBP3aHU c
MO3UIIMOHUPAHETO Ha JeTaliaure B Mojena Ha
crnobenara eamHunma. Tyk To3W Tmoxxonx ce
pasmmpsiBa ¢ JeUHUpPaHE Ha T'€OMETPUYHH
unrepdeiicy, CHIbPIKAIIN (bYHKIIMOHATHUTE
MIOBBPXHUHHU Ha IE€TalINTE.

3. CHCTEMA TEOMETPUYHHU
UHTEP®ENCU

3.1. AGcTpakuusi Ha reOMeTPUYHHUTE HHTepdeiicu

Cermacao [1] rTeoMmerpuyHHAT HWHTEp(EcC
0000maBa BB3MOKHOCTTA HAa KOMIIOHEHTHTE Ja
oOpazyBaT chemuHeHns. Haii-oOmo Moxke nma ce
neduHUpar clieTHUTE HUBa Ha a0CTPaKIH:

® HajgM4yKMe HAa FeOMETPUYHA BPb3Ka MEXKIY /Ba
KOMITOHEHTA — CTPYKTypHa CXEMa;

® T[IO3WIMOHHWpaHE Ha KOMIIOHEHTa — Habop
CIpPaBOYHU T'€OMETPUYHHU EJIEMEHTH (CKeJeT Ha
KOMITOHEHTA), KOUTO CIIy’XKaT Ja MO3UIHOHUpPAHE Ha
KOMIIOHEHTa B CIJIOOCGHAaTa €IWHHUIA, KaKTo W 3a
MO3UIIMOHUPAHE Ha CBBP3aHU KOMIOHEHTH;

¢ (YHKIMOHATHA MOBBPXHUHH — AKTYaITHUTE
NOBBPXHUHM HAa JeTaiiliuTe, KOWTO YydYacTBaT B
ChEJJMHEHHE.

3.2. UuTerpupate Ha KOHUENTYAJHOTO ONMUCAHHUE
B CAD moaena

Tyk WHTErpUpaHETO Ha KOHUENTYaTHOTO |
TCOMETPHUYHOTO OIKCAHHE Ce OOCHKIAa OT IIIeJHA
TOYKa aBTOMAaTUYHO TIPEHACSHE Ha PEIICHHATA, B3ETH
HAa eTall KOHIENTYAIHO KOHCTPYHPAHE, B TO-KbCHUTE
€TaIu OT IpoIieca Ha KOHCTPYHpPaHe, MO-TOYHO eTara
Ha reoMeTpudHO odopmsHe. OCHOBHHUAT MpodiIeM B

Ta3su BPB3Ka € OOCTOSATENCTBOTO, Ye IO BpeMe Ha
KOHIIENITyaJJHOTO ~KOHCTpyHWpaHe ce paboTu ¢
a0CTpaKTHA MMPEACTaBa 3a H3JCINETO — TCOMETPHYHO
OIMCAaHWE JIMIICBA HANBIHO WIM HWMa OTICIHH
YAaCTUYHM PELICHUS, NMPEICTaBeHH MoJ Gopmara Ha
KOHIIENTYalTH! CKUIU. To3u mpobjeMm ce periaBa
MOCPEACTBOM JiepUHIpaHEe Ha ChOTBETCTBHE MEXKIY
a0CTpaKTHOTO O3HAa4YeHUe Ha uHTep(eiicute u

Coenu- I'paduuno I'eomerpuunu
HEHUE n300pakeHue uHTepdeiicu
o ,

R
\m 14-0
YI1C-1 3 | 1I-B
< d >
o
i
: P 41l-B
qIic-2 & ;
. 110
A
o
A 1 o jie}
4IIc-3
H NN 1i-0
« d L
o
qric-4 4 °® 1-0
N N L-0
< d >

¢ur.2 YenHO-UMIMHAPUYHU ChEIUHEHUS U
ChOTBETHHTE T€OMETPUYHU HHTEepdeHcH
(p — 6a3oBa paBHHHA; 0 — 6a30Ba 0C)
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Pasmupena ctpykTypHa cxema
(cpemuHEeHMST)

CoeauHeHus

I'eomeTprunn uHTEpdEiicn

i
i Cheannenne |:>

IMapametpu

e T ]

—>
1 (ckener U GyHKITMOHATTHY MOBHPXHUHH)
1 4
_'—
Mogen Ha crio0eHa eIMHUIA
it s 0

Mopnen Ha geTann
(ckener)

Mopen Ha neTain

(mapamerpn)

¢ur.3 ABromarnyHO reHepupaHe Ha QYHKIHOHAIHI HOBbPXHUHH

TAXHOTO  TCOMETPUYHO  KOHKPETHU3UpPAHE
cpencrBata Ha CAD cucremure.

Kakro Oeme mocodeHo mo-rope, pas3mIpeHara
CTPYKTYpHa CXeMa ce pasriiexza Kato abCTpaKkTHO
ONMCaHWe Ha W3IeNueTo. T ce HaTtoBapBa cC
JOIIBITHUTEITHA nHpOpManus, ChIbpIKaIIa
pelIeHUsTa, B3CTH HAa eTama Ha KOHICHTYATHO
KOHCTpyUpaHe. AOCTPaKTHOTO IIpPEJCTaBIHE Ha
reoMeTpuuHUTe WHTep(deiicn BKIIOYBA €1HA WM
HSIKOJIKO OT CJICTHUTE XapPAKTCPUCTHKU:

® HAaMMCHOBAHUC,

® HAJINWYXUC Ha r€OMETpHUYHA BPb3Ka MCKAY JBa
KOMIIOHEHTA;

¢ (yHKIHOHATHI
TeOMETpUYHATA BPB3Ka,

® IMapaMeTpH.

I'eomerpruHOTO TIpencTaBsHe Ha HHTep(eicHTe,
choOpaseHo ¢  ¢yukuuonannocrra Ha CAD
CHCTEMHUTE, MOXKE JIa ChIIbPIKa CICJHOTO:

CbC

XapaKTCPpHUCTHUKH Ha

e a0CTpakTHU MOBBPXHUHH U OCH, IPEACTABEHU
KaTo CIpaBOYHA FEOMETPUS;

® HAJOXEHW TIEOMETPUYHHM OrPAHUYEHHUS 32
MO3ULMOHHUPAHE, Hal-4ecTo CBBIIaJIaHE Ha
TIOBBPXHUHH U OCH;

e aKTyajgHa TIeOMETpus, NpeJAcTaBeHa KaTo
TEOMETPUYHM €JIEMEHTH, KOUTO C€ MOJIIBpPKAT OT
CAD cucremara;

® YUCIICHU CTOMHOCTH,
T€OMETPUYHHU MMaApaMETPH.

ImpeacTaBjidBalld

3.3. UuTerpupaHe Ha HUBO MO3UIIMOHUPAHE

Uurterpupaneto HA KOHIIETITYaTHUS u
TEOMETPUYHHSI MOJET € WIOCTpHpaHo Ha ¢ur.l.
CrpykTypHaTta cxema ChIbpka wHHboOpMAIHS 3a
Oazmpanero Ha nerainure. CxemaTa Ha Oa3upaHe Ha
BCEKH JETallll ce CBBpP3Ba C HAOOp CIPABOYHHU
TCOMETPUYHU €JIEMEHTH u TCOMETPUYHHU
OrpaHMYeHUs 3a MNO3UIMOHMpaHe. Ta3u Bpb3Ka €
obcwaeHa B [2]. PesynratsT e:
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® ABTOMATU4YHO TCHCPUPAHC
HeTaﬁJ’IHTe, MNpeaACTaBCHU KaTto
TreOMETPUIHU CIICMCHTU.

® AaBTOMAaTHU4YHO BMBKBAHC Ha HeTaﬁJ’IHTe B
MozacCIa Ha criobeHara CAVHHUIIA W IIOCTaBJAHC Ha
TEOMETPUYIHU OTPAaHUICHUA 32 TIO3ULTNOHUPAHE.

CKCJICTUTC Ha
ClIpaBOYHUA

3.4.AnTerpupane Ha HUBO (PYHKIMOHATHH
NOBbPXHUHHI

BuasT 1 XapakTepHCTHKHUTE HA ChEIUHEHUATA CE
OmpefensT IO BpeME€ Ha  KOHIENTYaJIHOTO

KOHCTpyHpaHe. PesynratuTe ce 3amucBar B
pasuipeHara CTPYKTYpHa cxema KaTo
HAaNMMCHOBAHUEC Ha CbCIUHCHUATA n TCXHUTEC
napameTpu.

ABTOMAaTHYHOTO TEHEPUPAHE HA aKTyaJHUTE
(YHKIIMOHATHA TMOBBPXHUHH € BB3MOXKHO aKO ce
neUHUpPa CHOTBETCTBUETO MEXIY aOCTPaKTHOTO
O3HaUCHWE Ha TEOMETPUYHHUTE uHTepdeicn u
TaxHoTO TmpeactaBsHe B CAD wmopgena. Ha
Pa3TIeKIaHOTO HUBO HA a0CTPAKIIHS TEOMETPHYHUTE
uHTepdeiich TMpencTaBiIsIBaT TOBBPXHHHUTE Ha
JeTaliiuTe, KOUTO ydacTBaT B cCheauHEHHE. ToBa
CHOTBETCTBHE 33 YCIHO-IMINHAPUIHN ChEIUHECHIS,
€ WIIOCTPUpPaHo Ha ¢ur.2.

Ha ¢wur.3 e wmocTtpupan anropurbMbT 3a
aBTOMATWYHO TeHepupaHe Ha  (QYHKIMOHATHH
MOBBbPXHUHHU. DYHKIIMOHATHUTE TIOBEPXHUHNA MOXE
Jla ce pasriiexaaT KaTo MOBbPXHUHU Ha TEOMETPUUYEH
eneMeHT. 3a na moxke CAD cuctemara na cw3gae

3.5.AHTerpupane Ha HUBO (PYHKIMOHATTHH
TMOBbPXHUHHA

BuasT 1 XapakTepuCTHKHUTE Ha CheIMHEHUSTA Cce
ompemensAT [0 BpeMe Ha  KOHLENTYaJIHOTO

KOHCTpyHpaHe. Pesynratute ce 3amucBaT B
pasimmpeHara CTPYKTYpHa cxema KaTo
HaUMCHOBaHHE Ha CBEIUHCHUATA W TEXHHTE
napameTpu.

ABTOMAaTHYHOTO TEHEpPHUpaHE Ha AaKTyaJlHHUTE
(YHKIIMOHAIHU TOBBPXHMHU € BB3MOXHO aKo ce
neduHEpa CHOTBETCTBHUETO MEXAY aOCTPaKTHOTO
O3Ha4YeHHEe Ha TeoMeTpuYHHTEe uHTepdeiicn u
TaxHoTO 1mpeactaBsHe B CAD wmogema. Ha
pa3riexJaHOTO HUBO Ha aOCTPaKLUs TEOMETPUIHNUTE
UHTep(EeiicH MpeACTaBIABAT IMOBBPXHUHUTE Ha
JeTalinTe, KOUTO ydacTBaT B cheauHeHHe. Tosa
CHOTBETCTBUE 32 YCTHO-IWIMHIPHIHU ChEAUHEHHUS,
€ WIICTPpUPaHO Ha ¢ur.2.

Ha ¢ur.3 e wmocTtpupan anropurbMbBT 3a
aBTOMaTHYHO TEHepUpaHe Ha (YHKINOHATHU
MOBHPXHUHA. DYHKIIMOHATHUTE TOBBPXHUHU MOXKE
Jla Ce pasTIIekIaT KaTo IIOBbPXHUHHU Ha TEOMETPHUYCH
eneMeHT. 3a ga Moxxke CAD cucremara na cwu3mane
TeOMETPUYHHUSL €JIEMEHT TpsOBa Ja ce Imocodar
PaBHUHUTE U OCUTE KOUTO T'O PUKCUPAT B pAMKHUTE HA
mozena. ToBa ca CHpaBOYHM TI'€OMETPUYHH
eJIeMeHTH, TepuHUpaHu B CKeJleTa Ha JieTaia. 3a ga
ObIaT TeHepupaHu (QYHKIMOHAUTHUTE MOBBPXHHHH
TpsiOBa MpeABApUTENTHO J1a € Ch3IAACH CKEJIEeThT Ha
JeTanna.

[MapameTpute Ou TpssOBaNO Ha ce ChXpaHIBAT B
MoOJIeia Ha CTII00eHaTa eIMHUIA. B TO3H ciydJaii, ako
SIIMH W CBI JICTAJ yJacTBa B Pa3IMYHU CTIOO0CHU
CAMHUIM,  pa3MepuTe Ha  (QYHKIIMOHAITHHUTE
MOBBPXHUHHU L€ C€ KOPUTHUPAT aBTOMATHUUHO.

4. OTHOCHO ITPAKTHYECKATA
PEAJIN3ALINA

[MpakTndeckara peanm3amus Ha TPEIIIOKECHATa
crcTeMa reoMeTpUYHH HHTep(elich 3a MHTerprUpaHe
Ha KOHIIENTYaJHOTO U T'€OMETPUYHOTO OMHCAHUE €
CBbp3aHa C pellaBaHe Ha JBa OCHOBHH Ipoliema.
[IbpBusAT oOT TAX ¢ wu300pbT Ha codTyepeH
HHCTPYMEHT, KOMTO IIe CIyXH 3a BBBEXKIaHE U
MaHUITYJIUPaHEe Ha pPa3lINpeHaTa CTPYKTypHa cXeMa.
3a menra MOXe Ja ce W3IMON3Ba CIEHHANH3UPaHa
mporpama 3a pabora ¢ rpa¢u. Taka ce wu3moN3Ba
TOTOBO pEMICHHE, KOSTO OIMPOCTSIBA pean3alusiTa,
HO uHTerpupanero ¢ CAD mozena € mMmo-CioKHO.
Jpyrata BB3MOXKHOCT € Jla c€ HAllpaBH CIIECIHAITHO
pasmmpenne kbM CAD cucremarta 3a paboTa ChbC
cxemu. CoBpemennute 3D CAD mpeanarat TBbpae
OTpaHMYEHU BB3MOKHOCTH 3a paboTa ¢ JByMepHa
rpaduka, HO € BB3MOXHA peanuzauusaTa karo 2D
ckuna. B To3u cnyuail pasmmpeHaTta CTpyKTypHa
cxeMa (KOHIENITyaTHMAT MOJEN) MOXe Ja ce
pasriexaa karo yact oT CAD Moena Ha u3IenueTo.

Bropusar mpobiem e cBbp3aH ¢ aBTOMaTU4HOTO
reHepupaHe Ha HHTepdelicuTe Karo reoMeTpUYHH
€JIEMEHTH. CeriacHo ¢wur.2 32 4YeIHOo-
IWIMHAPUYHUTE CBhEIMHEHHUS ce JeQUHUpa €IuH
napaMeTsp, J0KaTo 3a Ch3[aBaHe Ha T€OMETPHYHMS
enemedTr B CAD Mozaena e HeoOXomouMMoO 1Oa ce
BBBE/IAT BCHUKH pa3Mepr. To3u mpobieM Moxe /1a ce
pelmM ¢ M3YHCIsBaHEe Ha ,,IATHU CTOWHOCTH Ha
HEM3BECTHUTE pa3MepH, KOUTO B MOCIEICTBHE Ce
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MNPOMCHAT OT KOHCTPYKTOpA, KOIraTo TOM Cbh3JaBa
OKOHYaTeJIHaTa reoOMeTpuUs Ha z(eTaﬁﬂa.

5. A3BOJIU U 3AK/IIOYEHUE

[pennoxena e cHcTeEMa reOMETPUYHH
uHTepdeiicu 3a UHTErpUpaHe HA KOHUENTYATHOTO H
FE€OMETPUYHOTO OIIMCaHHUE. I'eomeTpuuHHuTE
untepdeiicn ca pasrieJaHd Ha pa3jMYHA HHUBA HA
abctpakmusi W € OOOCHOBaHAa BB3MOXKHOCTTa 3a
UHTETPUpPAaHE HA PpE3yATaTHUTE Ha BCSIKO OT
MOCJEIOBATEIHUTE  €Talmk  OT  Mpoleca  Ha
KoHcTpyupane. Ilom3aTta € HENPEeKbCHATOCT Ha
I/IH(i)OpMaHI/IOHHI/IH IIOTOK U 3HAYHUTCIIHO HaMaJIsIBAHC
Ha obeMa Ha TeXHHYECKara pabora, MOpPOJCHA OT
MHOTOKPaTHO BBBEXKIAHEC Ha €IHa H ChIla
uHdopmanus.

OOchJieHH ca OCHOBHH TMPOOJieMH, KOHWTO ca
CBBp3aHM C MpaKTHYecKaTta peanu3alus Ha
pa3paboTeHaTa CUCTEMa U Ca MPEUIOKESHU Bb3MOKHH
pelIeHusL.
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Abstract: CAD systems are the main software tool for designing technical products. On the other hand, they are primarily
designed to work with geometric information and do not support adequately the activities related to abstract representation
of the product. In this work the integration of conceptual and geometrical representation is discussed from the perspective
automatically transferring the decisions taken at the conceptual design stage in the later stages of the design process, namely
the stage of embodiment design. For this purpose a system of interfaces is proposed that covers all stages of the design
process. They are considered at different levels of abstraction that correspond to the levels of concretization of geometric
information. It is offered an approach that, based on the information of extended structural scheme, allows to automatically
generating the CAD model of the assembly, the parts skeletons and the functional surfaces. The usefulness is continuity of
information flow and significantly reducing the volume of drudgery work caused by the repeatedly entering one and the

same information.

Keywords: CAD, extended structural scheme, conceptual model, geometrical interfaces
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MACRO FOR AUTOMATING THE DESIGN PROCESS OF MECHANICAL
GRIPPERS FOR INDUSTRIAL ROBOTS IN CAD SYSTEM SOLIDWORKS

Georgi KOZLEV
department ,,Automation of Discrete Production Engineering”, Technical University — Sofia, Bulgaria
e-mail: gkozlev@mail.bg

Abstract: In this article the main stages of a macro file, which automates the creation of a base 3D model of a mechanical
gripper for industrial robots in the CAD system SolidWorks, will be presented. It works in a dialog mode, in which the
designer follows predetermined steps and enters the required information. As a result, in SolidWorks a 3D model of the new
mechanical gripper is created. This base 3D model can be further modified according to specific design requirements.

Key words: CAD, 3D model, macro file, SolidWorks, gripper, industrial robot

I. INTRODUCTION

Contemporary CAD systems have open
architecture, which allows designers, through the use
of API (Application Programming Interface), to
create additional applications, working in the specific
environment, through which it is possible to automate
most of the tasks, performed by the system.

SolidWorks, as a CAD system, supports the use of
the following programming languages: VBA,
VB.NET, Visual C#, Visual C++ 6.0 and Visual
C++/CLI, when working with APIs [4]. Through the
use of macro files in SolidWorks it is possible to
record and then recreate in exactly the same way any
task, performed by the system [3]. Once macros are
created, they can be used by any other designer or
user.

In this article, the creation of a macro file for the
automation of the design process of mechanical
grippers for industrial robots in SolidWorks is
described and the main operating steps are presented.

The macro file is developed using VBA (Visual
Basic for Applications), which is accepted as one of
the most stable programming languages, when the
execution of complex tasks is concerned.

The created macro file is based on previous work
this direction, published in [1] and [2].

In this article the specific steps for the creation of
a new mechanical gripper will be presented, starting
with the choice of robot manufacturer and model, all
the way to the weight of the work piece, which will be
handled by the industrial robot.

II. EXECUTION OF THE MACRO FILE

After receiving the information from the user,
using already predetermined functions and
commands, the 3D model is created in SolidWorks.
These functions and commands are created using
programming language VBA in the macro file.

The information, required for the work of the
macro file, is provided to it and saved using dialog
windows in SolidWorks. In them, the designer either
has to use a certain button to make his choice, or enter
a value for a parameter.

Primarily, dialog windows are used to collect
information. In addition to this, some of them also
provide information back the designer, including the
choices made, information for sizes, etc.

The macro file is started from a customized
shortcut, which is located in the command ribbon in
SolidWorks, which has a pointer to the macro’s main
function.

After the start of the macro file, on the first step is
the choice for industrial robot manufacturer. After
that the designer has to choose a robot model from the
previously chosen manufacturer, for which the new
gripper will be created. In the bottom part of the
dialog window the maximum load, which can be
manipulated by each model is displayed, when it is
selected - Fig.1.

For every industrial robot manufacturer, it is
necessary for a 3D model of the connecting surfaces
to be created beforehand, while also every robot
model must be represented by a separate
configuration in SolidWorks. When a choice for a
model is made, in SolidWorks, the configuration,
assigned to the specific model, is activated.

On the next step the designed has to choose the
type of end-effector, which will be created with the
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macro. For the purpose of this article, a gripper is
chosen.

After that the designer has to complete the choice
for the gripper type — method of interaction with the
part and gripper configuration. For this article a new
parallel mechanical gripper will be created - Fig.2.

Select end-effector type =
Select Gepper Type @
Select mechanscal gripper type ._._
Grgper p
* Mechancal
* Paralel
(" Wecam € Thveepont
Tool
) € Rad
Electro magretc
Arpuar

" Bectrostatc

Please dick the button below
you wish 1o Create & New greper

fig.2 Selecting gripper type

After confirmation of the above choices, in
SolidWorks the following steps are executed:

e A new file for an assembly is created and the 3D
model, modified until now, is added to it;

e In the file for the assembly, alongside the 3D
model of the connecting surfaces of the chosen
model industrial robot, another 3D model of an
attachment is added, to which new end-effectors
will be connected, according to the chosen
manufacturer;

e Connections (or Mates in SolidWorks) are created
between the two 3D models.

The connections, mentioned in the last point, are
created between previously assigned faces and holes
in the 3D models. For their creation two functions are
executed in order. The first goes through all of the
surfaces on each of the 3D models and when a surface
with a specific, pre-defined name is chosen, that
particular choice is saved. When the 3D models are
created correctly and the macro works without an
issue, the result of this function will be exactly two
selected surfaces. Once this is complete, the second
function is started, which is responsible for creating
the connection between the two selected surfaces.
This process is repeated until both of the 3D models

are completely fixed to each other. Parts of the macro
file, executing the described above, are shown on
Fig.3.

fig.3 Creation of the assembl};if;l-le, containing the Base and
Attachment 3D models

In the next window, a summary of the parameters
chosen up to now, is presented, e.g. industrial robot
manufacturer, chosen robot model and maximum
allowed size of the part, which can be manipulated
with the chosen robot model, as well as the maximum
load, for which the robot is designed. The choice here
is for a cross-section of the part for which the gripper
will be used.

When a cross-section is chosen, the macro file
provides options for additional configuration. When a
circular cross-section is selected, a choice between
two separate configurations of the gripper fingers is
possible.

On the next step the values for the cross-section
and mass of the work piece have to be entered.
According to them, the new gripper will be created.
On this step the choice for a cross-section, made on
the last step, is shown. After entering and confirming
these parameters, a pop-up window is shown, which
again provides a summary of the choices made since
the start of the macro, such as industrial robot
manufacturer, robot model, chosen gripper type, etc.,
shown in Fig.4.

After confirmation of the shown data, the macro
file begins the process of addition of the 3D models
of the gripper base and fingers, as well as updating
them according to the entered values for work piece
size and weight.
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Once the data is confirmed, connections are made
between the already existing 3D models in the
assembly file and the newly added ones. This is
carried out in several stages, which are similar to the
ones, where the 3D models of the attachment were
fixed to the one of the chosen model industrial robot's
connecting surfaces.

P

"
Sedect workpiece cross-section § Enter workpiece dimensions.
You have selected AB8 Robotics model
IRB 2400 robot and will create 3 new
Mechanical Paraiel gripper for R.
Max robot model WP sze is: 14 mm.
Max robot model payload s: 20 kg.
Select workpiece cross-section:
o | |
« >
Enter dameter in mm: s
€ Rectangie
Enter workpiece mass in kg: 1
Next Bxit Next Bxit I
-
—— Final confirmation =

Are you sure you want to creste a new Paralel gripper for ABB Robotics model IRB
2400 robot with workpiece diameter 16 mm and weight 1 kg?

o

fig.4 Entering work piece parameters

Once all of the steps, creating the connections
between the separate elements in the final assembly,
are finished the macro file compares the values
entered for work piece size to the chosen industrial
robot model. This is carried out as to avoid covering
of the mounting holes of the attachment plate to the
robot.

In case the above issue is present, a warning
window is shown, which warns the designer and
suggests a recalculation of the 3D models in the
assembly - Fig.5.

If the recalculation of the model is accepted, the
macro file begins to open each of the part files of the
final assembly one by one and to update their
dimensions according to the maximum allowed work
piece size for the selected robot model. Once all of
the components are updated the final 3D model of the
assembly is presented on the screen and the macro
file stops its execution.

=

Covering of the
attachment holes

Problems detected. Update the sssembly? £

Suggested workpiece size for this robot model is : 14 mm.
Do yeu wish to update the assembly?

Ves No

fig.5 Covering of the attachment holes
III. FINAL RESULTS

The result from the execution of the macro file is
displayed on Fig.6. The generated assembly file has
three main components:

e A model of the work end of the chosen industrial
robot, including all of the required information for
the shape and sizes of the connecting surfaces;

e Model of an attachment plate, providing the
possibility for the attachment of the created
gripper to the selected industrial robot;

e Base model of the created gripper.

The macro file executes automated checks of the
sizes and positioning of all of the components and
assures their connecting surfaces are aligned
correctly, ensuring that assembly errors are minimal.
The new gripper base model is created in accordance
with the data entered by the designer for the shape
and size of the work piece.

The designer can continue to work on the newly
created gripper, by editing its internal volume (design
a driving mechanism) or the suggested shape for its
fingers, while making sure to take into account the
surfaces, serving as connecting between the gripper
and the industrial robot, while maintaining the correct
dimensions and relations within the assembly.

IV.CONCLUSIONS

e A macro file has been created to automate the
design process of mechanical grippers for
industrial robots, which operates in the CAD
system SolidWorks;
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the gripper

End of the arm of
the robot

Attachment

Generated 3D model of

Connection
between
attachment

nd robot

Connection

between
ripper internal gripper and
volume attachment

Fig.6 Final result from the execution of the macro

The created macro file generates a base model of
the designed gripper by collecting data from the
user for the chosen industrial robot and work
piece;

The 3D model, generated by the macro file,
provides the possibility of connecting to the
chosen industrial robot and the continuation of the
design process within certain boundaries;

The created macro file can be used by all
SolidWorks users, and the range of the supported
industrial robot models can be increased by the
addition of 3D models for their respective models.
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OBb30P BbPXY BUCOKOMOMEHTHMU 3AIBUKBAHUS B
MAHUITYJATOPUTE U POBOTUTE

Jlykan HEPBEHKOB

KaTeznpa ,, Teopust Ha MexaHH3MUTe U MamuauTe”, TexHmueckn yausepcureT - Codust, bparapus

e-mail: lukan.chervenkov@gmail.com

Pe3tome: HecbMHEHO MaHMITylTaTOpUTE M poOOTUTE MPUAOOHMBAT BCE MO-TOJIAMA MOMYJSIPHOCT M 3HAUUMOCT BBB BCE
noBeue MHAycCTpuH. Tasu eKclaH3Ms ce IbKM Hail-Beue Ha CIETHHUTE MM NPEAUMCTBA - HAJEKHOCT, OE30TKa3HOCT,
KOMITAKTHOCT, 100pa KpaifHa IieHa M OTJIMYHM AWHAMHUYHH TNokaszaTenu. IlocnenHuTte B Half-ronsMa CTEMEH OMPENeNsT
BCHYKH OCTAaHAJIM MOPAJH TOBA, Y€ 33/IBIDKBAHETO B PAaOOTU3MPAHUTE CUCTEMH € Hali-Ba)KHUAT 1oBb3eN. ChBpEeMEHHUTE
M3UCKBAaHMS KBM IIOKa3aTeNMTe Ha pPOOOTHTE (PECHEKTHMBHO 3aJBIDKBAIIMS BB3€I) Ca BHCOK BBPTSI] MOMEHT,
OBbp30/eiicTBHe, MUHIMAQIHMA HWIN HYJIEBH XJaOMHU, TOJIsIMa BIrIIOBa KOPaBHHA, OTJIMUCH KOS(QHUIMEHT Ha IOJE3HO
JIeicTBUe, MAJIKU rabapuTH M Maca, JIIICa Ha 3aMbpCsSBaHe Ha Cpejara Io BpeMe Ha paboTa, ce0eCTOMHOCT B pa3yMHH
TpaHUIY, JeCHA MOJAPHKKA. B To3m Marepman e HampaBeH 0030p Ha ChINECTBYBAILIMTE PEIICHUs Ha IMa3apa, KOUTO
M3M0JI3BAT ENEKTPUIECcKa eHeprusl (XUAPaBIMIHATE 1 MTHEBMATHIHUTE 3aJBHKBAHUS Ca ChC CHELU(PUIHO IPHIIOKEHNE) U
Hakpas IPUCHCTBA CHIIOCTABKA C MPOEKTHPAaHA HOBA KOHCTPYKIIHS.

KiawuoBn AYMH: MaHUITYJIaTOPH, pO6OTI/I, BHUCOKOMOMEHTHO 3a/IBUXKBaHE, CEPBOMOTOPHU

1.YBOJ 3aBJKBaHUSL € K/IOYOB MOMEHT IIPU H3y4YaBaHe,
IIPOEKTUPaHe ¥ padoTa C MAaHUITYJIATOPH U POOOTH.

CLBpeMeHHI/ITC UHAYCTpHUAJIHU  CCKTOpHU  CC
pa3BuBaT B IIoCOoKa YBEJIMYaBaHC
MPOU3BOAUTCIIHOCTTA IIPHU 3alla3BaHC HA Ka4€CTBOTO,
HO U IpHU HaMajlIBaHE Ha pPas3sxXoAauTe. OcHOBeEH
HWHCTPYMEHT 32 OCBIICCTBABAHE Ha TO3HU HAIIPEABK Ca

MaHUIYIaTOpUTe ¥ pPOOOTHUTE, KOWTO ca ce &
NPEeBbPHAIN B HE3aMEHHMH B HSIKOHM OTpACIH. 51
Haii-xapakrtepaure  uyepTu Ha  IIOCJIEIHOTO “{;-\‘&‘\
TIOKOJICHNSI pOOOTH3MPAaHN MalIMHU OT ¢urypa 1 ca Y

HAaJIe)KHOCT, 0e30TKa3HOCT, TOYHOCT Ha 4 ‘A
MMO3UIIMOHKUPAHE, KOMIIAKTHOCT, T00pa KpaiiHa IieHa
U OTJIMYHM JUWHAMHUYHUA mnapameTpu. TpyaHo e
BUHAru aa 6'I),HaT CpaBHsABaHH! 1O BAXXHOCT IMOJABB3JINU
Ha JaaceHa MalllInHHAa KOHCTPYKIUA, HO IIpH pO6OTI/ITC
€IHO3HAYHO MOJXKE J1a CE 3aK/II0YH, Y€ 3a/IBUKBAHETO
ompenenss B HaW-roasiMa  CTENEH  TEXHUTE
nokasartenu. M3uckBaHusTa 32 MOKPUBAHE Ca BUCOK
BBPTSI]  MOMEHT  [pH  JaJiegHa  CKOPOCT,
Obp30/ieiicTBIEe, MUHUMAIHU WIA HYJICBH XJIaOWUHU
(pecreKTHBHO MaKCHMAaJTHa TOYHOCT Ha
MO3UI[HOHKUPAHE), TOJsIMa  ‘BIJIOBA  KOpPaBHHA,
OTJIINYCH KOG(bI/IHI/IeHT Ha I10JIC3HO I[eflCTBPIe, MaJIKu
rabaputd M Maca, JMICA Ha 3aMbpCiBaHE B
OTIpeJIeTICH! TPaHUIIM [0 BpeMe Ha paboTa, pazyMHa
cebectoiiHocT M JecHa moanpbxkka [1]. JoGpoto ¢ur.1 Coepemenen po6oT
TIO3HaBaHE Ha CBBPEMEHHUTEC BHCOKOMOMCHTHH

¢
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2.IPETVIE]l HA 3AJIBU’KBAHUSA HA
POBOTHU

Haii-o6110 3aaBrxBanusTa B poOOTHTE MOTAT Jia
ce KiacupUIMparT CHOPEA BHIA CHEPrHs, KOSTO
npeoOpasyBaT B MexanndHa. Ha ¢wur. 2 e mokaszana
MpUMEpHa CXEeMa C YdJacTBAaIlUTEe TOABB3NH [4].
IIepBOTO HAN-CHIIECTBEHO pAa3AEICHUE HUABA OT
n30opa Ha BHOAa CHEpPrus, KosATO me Obae
KOHCyMHpaHa OT CBOTBETHHUST IBHrartesl. bioka
»3axpaHBaHe" TPsOBa Ja MOXKE J]a TOCTaBs TO3U BHUI
eHeprueH norok. CneasamusT 6J0K MOATOTBS, Upe3
KOHCyMalusaTa Ha CJICKTpUYCCTBO, CHEPrudTra B
HeoOXxo/uMara rojieMHHa 32 padOTHUTE PEXKUMH Ha
cepBomoTtopa [2, 3]. [locnennust moaBB3EN HApEUCH
,MexaHn4yHa  TpaHCMHUCHUS“ HE €  BHUHATHU
3abJDKUTENEH. B HAKOM peaku Ciiydau BbPTALIUIT
MOMEHT IIpH KOHKpPETHa CKOPOCT T€HEpPHpaH OT
JBUTATEJII MOXE Ja € HalbJIHO JIOCTaThUCH 3a
Hyxaure. [ledenn ce mo-manka Maca m rabapur,
oTHocHuTeNHO 1o-Brucoko KII/I n mo-manku XmaOuHu.

B ngpyrure cimydam ce wH3mon3BaT Hal-Bede
CIIMIMUKIONAHN TUIAHETHU WJIW BBJIIHOBU IPCIAABKH.
[IpenaBaTenHuTe 4Kcia Bapupar B AMAala3oHa i =
30-100. Tepcu ce 6amaHc Mexny KoepuIMeHTa Ha
MOJIE3HO JIEHCTBHE HAa TPAHCMHCHUSTA, BBPTALIMS
MOMCHT Ha HU3XO0Ja W TOJICMHHATa Ha xnabunute. B
HSKOW Ciy4dau ce Jo0aBsi oOpaTHa BpB3Ka Ciel
M3X0/1a Ha TIpeJlaBKaTa 3a Jia ce OTYUTAT IPEIIKUTE OT

XWIpaBIMYHUTE W TTHEBMATUYHHUTE 3aIBHXK-
BaHWA ca BEYEe C I10-OTPAHWYEHO M CIEIHAIHO
npwioxkenue. IIbpBUTE ce W3MON3BAT TIJABHO B
IUKJIOBH yIpaBJIeHUs ¢ ToBapoHOocuMocT Hax 20-30
kg cbc cBomTe mpenruMcTBAa KaTo IUIABHOCT |
NPELM3HO PEryJiMpaHe Ha JBIDKCHUATA, CTAOMITHOCT
IIpU TIPOMEHJIMBO HaToBapBaHe. HemocTarsiure ca
3a0aBsHe B MpeJaBaHETO Ha XHUAPABIMYHUTE
HMIYJICH, CIOXKHOCTTA Ha KOHCTPYKIHUATa U
BB3MOXKHOCTTa OT 3aMbpCsiBaHe Ha paboTHATa 30Ha.
[THeBMaTH4HUTE 3aJABMXKBAaHUS HMMar MOAOOHO
MIPUJIOKEHNE, HO ¢ ToBapoHocuMocT mox 20-30 kg.
IIpeanmcTBaTa Cca  BHCOKAara  CKOPOCT  Ha
W3IBIHATETHOTO 3BEHO, NMPOCTAaTa KOHCTPYKIMS H
HaJIeKHOCTTA, HO OT JApyra CTpaHa ca Ha JHIE
HETIJIABHOCT HA JIBMD)KCHHE, TPYIHO MO3HUIMOHUPAHE
C TOYHOCT IIPU BHUCOKAa CKOPOCT M 3aMbpCSIBaHE Ha
paborHarta 30oHa c pabotHus Quyua. I[lopamu
TOPHUTE TPUYHMHHU Ie OBJaT pasriieflaHd eJIeKTPO
3aBI)KBAHUATa, KOHTO HMMaT ©  Hail-rojsma
MOIYJISIPHOCT B ChbBPEMEHHUTE cucTeMH [ 1].

3. KIACU®UKALINA HA
BUCOKOMOMEHTHMU 3AJIBUXKBAHUA

OCHOBHUSAT KOMIIOHEHT Ha BHUCOKOMOMEHTHUTE
€JIeKTPO 3aJBUKBAHUATA € BUAA eleKTpoMoTop. OT
HETOBHSAT W300p 3aBHCAT BHJA 3axpaHBail OJOK,
HAIMYAETO WIM HE Ha peaylnupania NpelaBKa U

JIMIicaTa Ha bIJIOBa CTa6PIJ'IHOCT U CyMUPAHETO Ha o6paTHa BpPB3Ka. Hopazm TE3U IpUINHA (§
Xﬂaﬁl/IHI/ITe MCKIY KOHTAKTHUTEC IOABHUKHHU HalpaBC€HaTa CJI€aHaTa KJIaCI/I(i)I/IKa].[I/UI CIIOpE ABaTa
MOBBbPXHUHH. OCHOBHHU BHUJA CICKTPOMOTOPH, KOUTO CC M3IOJI3BAT
B MaHHITYJIATOPHUTE B POOOTHTE.
3axpaHBaHe
eNerTpudecka, xmapaesiuyiHa
A I wnw nnesMatiaHa T eanmana ;
PC i I:’a I:’m
- MexaHu4Ha
=)  Ycunsaten CepsomoTop
TPaHCMMCUA

e/IeKTpu4eCKa

3ary6u Ha eHeprua nopaam AMCUNATHBHU edeKTH

¢ur.2 Cxema Ha 3aBIKBaHE Ha poOOT
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1.1 CepBo enekTpomMoTopn

CepBOMOTOpUTE Ca CPaBHHUTEIHO  CIIOKHH
YCTPOWCTBA, KOUTO MMaT NPELU3eH KOHTPOJ BBPXY
MO3MIMATA Ha IBWKEHHE, CKOPOCTTA U YCKOPEHHUETO.
ToBa ce ABIDKM Ha HaJMYMETO Ha T.H. 3aTBOpPEHA
obpatHa BpB3Ka (closed-loop control system), kosiTo
ce OCBHLIECTBABA YPE3 SHKOJEP 3a MOJIOKESHHETO Ha

W3XOIHOTO 3BEHO. bBHBAT MOCTOSHHOTOKOBH H
MIPOMEHJIMBOTOKOBH  (CHOTBETHO CHHXPOHHH H
ACHHXPOHHH). Haii-pasnpoctpanenu ca

cuaxpoHHUTe DC/TOCTOSHHOTOKOBU BBEB BapHaHT C
win 6e3 uetku. Ha durypa 3 e nasen npumep ¢ TakbB
cepeomorop Kollmorgen MonTHpaH Ha poOOT Ha
enHa ot Hai-u3BecTHuTe pupmu Kuka [S].

¢ur.3 Kuka po6oT cbc cepBo MoTOp

® IIJIFOCOBE — OTJIUYCHO yiipaBJICHUEC,
BB3MOKHOCT 3a HATOBApBAaHE 0e3 O0macHOCT OT
rpeliky, JHUICa Ha KOHCyMallid Ha CHEprus mnpu
CTaTU4YHO IIOJIOKCHHUC,

® MHUHYCH — BHUCOKa CJIO)KHOCT U II€HA.

1.2 CTbIKOBH €JIEKTPOMOTOPH

CTBIIKOBHUTE €IEKTPOMOTOPH Ca Pa3HOBUIHOCT
Ha DC cepBomoropute Oe3 ueTkn (Ha ¢ur. 4 e
MOKa3aH IPUMEp Ha TaKbB EJIEKTPOJBHUraTen), HO
JIBIDKEHUETO Ha POTOpA C€ OCHILICCTBSIBA HA MAJIKU
JUCKpeTHU cTboku. Ilopaam  Hanumuuero Ha
BBIPOCHUTE CTHIKH B OOILIUS CIy4ail HE € HYKHO
nobaBsHETO  Ha  oOpaTHa  Bpb3Ka,  IOpaau
BB3MOXKHOCTTA JIa ce ,,0posT™ MpeMecTBaHusATa U Ja
ce 3Hae BbB BCEKH MOMEHT ITOJIOKEHHETO Ha POTOpa.
ToBa CBOWCTBO € U3KIIOYHTETHO TIIOJE3HO 3a
TOYHOCTTa Ha poborure. [Ipobiem ce mosBsBa npu
BBPXOBH HATOBapBaHMsA, KbBIETO MOXe Ja Obie
IpoITycHaTa CTBIIKA 3apaan ToBapa. Hemocrtarpka

MoXke Ja Obae wusberHar kato ce paboTH B
ONTHMAJIHUTE PEXUMU WIN ce J00aBu oOparHa
BpB3Ka B CHCTEMATA.

e IUIIOCOBE —  ONPOCTEHA  KOHCTPYKIIHS,
YJIECHEHO YINpaBICHUE, TOSIMO YCKOPEHHE IMOpaau
M3MO0JI3BAHETO HA MAKCUMATHUSI MOMEHT OT MaJIKHUTE
CTBIIKH;

e wmunycu — Hucko KITJI, 3agbmkurenna padora
B ONTUMAJHUTE PEKUMH, OABHO CTapTHpaHe 3apaiu
HyXJlaTa OT pecTapTHpaHe B KPaHUTE IOJIOKEHUS
[6,7].

¢ur.4 CThIKOB €IEKPOMOTOD

1.3 [IpoexkTHPaHO OPUTMHAJIHO 32 {BUKBAHE

Ot HampaBeHHAT 0030p Ha BHCOKOMOMEHTHUTE
3aJBIKBAHUS, € KOHCTPYHPAHO OpPUTHHAIHOTO
WHTETPUPAHO CTaBHO 3aJBIDKBaHE Ha (urypa 5.
N36pan e DC 6e3 getkn/BLDC enekTpoMoTOp THII
»Pancake” Ha ¢upmara Kollmorgen. dopmara nHa
€JIEKTPOMOTOpA Hamoz00sBa JIaJadmHKa’,
OTKBJETO HABA M AaHMIMICKOTO HaNMEHOBAaHHE,
NOpajJy ToJIeMHsl TUaMeThp Ha KOpIyca M MaJikaTa
My nebenuna. ToBa ro mpaBu MNOAXOISN] 3a
HUHTETrpUpPAHUTE CTaBHHU 3aBUXKXBaHUsI, KBJCTO
MECTOTO € CHJHO OrpPaHM4YeHO U Crenu(pUIHO
Hopaju HeoOXOJUMOCTTA OT KyX Bajl. BbmpocHusT
CJICKTPOMOTOP ~ MMa  ONIMYHH  JUHAMHYHH
MIOKA3aTeNH, KaTo 3a MOCTUTAaHE Ha BHCOK BBPTSAIL
MOMEHT € KOHCTpYHMpaHa ENUIMKINYHA NpPEeIaBKa C
eKBUIMCTAHTEH HA CKbCEHA EMMIMKIONAa npodui
Ha 3B0OWTE C TMpemaBaTedHO 4YHciIo 1 = 48.
Wznon3Banata KoMOMHAIMS JIOBEXJa JO J0OpO
KITJl, MUHMMaIHK WK HYJECBH XJIaOMHH, OTJIMYHA
BIJIOBAa CTAOMJIHOCT, @ B KOMOMHAIMATA ¢ 00paTHa
BpB3Ka u HeoOxoaumara TOYHOCT Ha
MO3UIMOHUPAHE.
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HAa HHTETPHPAHO CTABHO 3aJBUXKBaHE, KOSTO
HOKpI/IBa BCUYKH C’LBpCMCHHI/I N3UCKBAHUA 3a TO3U
THII crVI00€Ha eUHHALIA.
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h-type-of-actuator-will-be-suitable-for-a-very-strong-r
3anBrkBaHUATa. Kimacuumupanu n chIIOCTaBeHH ca obot-arm. Mocerex Ha 06.02.2017r.
ABara OCHOBHM THIA €IIEKPOMOTOPA, KOUTO CE€ 7 wyw robots.com/education/actuators. [loceten Ha
U3NON3BaT  aKTMBHO B poOoTukata.  3a  (8.02.2017r.
3aTBBP)KIAaBaHE Ha IOJNYyYEHUTE PE3yNTaTd €
pasriegaHa MHOBAaTHBHA OPUTMHAJIIHA KOHCTPYKLIUS

OVERVIEW ON HIGH TORQUE ACTUATORS IN THE MANIPULATORS AND
ROBOTS

Lukan CHERVENKOV

Theory of mechanisms and machines department, Technical University-Sofia, Bulgaria

e-mail: lukan.chervenkov@gmail.com

Abstract: Undoubtedly manipulators and robots are becoming more popular and important in more and more industries.
This expansion is mainly due to the following advantages - reliability, fault tolerance, compactness, good final price and
excellent dynamic performance. The last advantage to the fullest extent determine all others because actuator of the robots
is the most important subassembly. The modern requirements of the robots (respectively the drive unit) are high torque,
speed, minimum or zero backlash, a large angular stiffness, excellent coefficient of efficiency, small size and weight, lack
of contamination of the environment during operation, reasonable cost and easy maintenance. This paper gives an overview
of existing solutions on the market that use electricity (the hydraulic and pneumatic actuators are for a specific application)
and of the end there is a comparison with original construction.

Keywords: manipulators, robots, high torque actuator, servomotor
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ABTOMATHU3UPAHO ITPOEKTHPAHE HA IIPEJJIOKEHHUE 3A HOBA
KOHCTPYKIMUSA HA E3BUYKOBA HUI'JIA 3A IVIOCKOIIVIETAYEH ABTOMAT

Pocuna MAHOJIOBA

kaTeznpa ,,OCHOBH 1 TEXHUUYECKU CPeZCTBa 3a KoHCTpyupane”, Texunuecku yHusepeutet - Codust, Benrapus
e-mail: rositza_manolova@tu-sofia.bg

Pe3tome: B myGnukamusaTa € mpeACTaBEeHO MPEIIOKEHNE 3a HOBA KOHCTPYKIMS Ha €3MYKOBA WIJIa MpeAHa3HaueHa 3a
CBHBPEMEHHHU IUIOCKOILIETa4HU aBToMaTH. [IpeanoskeHara KOHCTPYKIMS € Ch3/afieHa C TPU BUJA 3aJBMKBAILH METH 32
paboTa ¢ TOYHO OIIpe/ieNieH BU| N3ILUTUTAIIY cicTeMH. HoBaTa KOHCTPYKIMS IIeNU Bh3MOXKHO Hali-TOJISIMO ONIPOCTSIBAHE U
IpeMaxBaHe Ha BCUYKHU JOITBIHUTEHHU eJIEMEHTH, KOMTO MOTaT Ja JIOBeJaT [0 yBEINUeHa aMOPTH3AIUsATa HAa MAIINHATA 1
PECHEKTHBHO JI0 MO-BHCOKH Pa3XxoH 3a Mojjaphikkara . KoHcTpykumsiTa e pazpaborena B cpena Ha Solidworks, xoeto
JlaBa OTJINYHH BE3MOXKHOCTH, KaKTO 33 JHHAMUYHA BU3yaJIU3alisl, TaKa U 3a TOCJIe[BAIIN N3CIIEIBAHMUS Ha HATOBAPBAHETO
MEXy WITHTE U U3IUIMTAILIUTE CUCTEMHU B IIpolieca Ha paboTa.

KirouoBu xymm: mockoneraunu, 3D, Solidworks, e3nukoBu, urinu

1.BbBEJEHHE

B chBpeMEHHOTO MPOM3BOJCTBO HA TPUKOTAXKHA
TEXHHWKa OCHOBHHUTE TEHJICHINH, KOUTO CE pa3BUBAT
ca yBEJIIMYaBaHE Ha MOCTPEHHTE BB3MOXKHOCTH Ha
MAaIllHUTe, HaMaJIIBaHEe Ha BPEMETO 3a M3IUIUTAHE
Ha JeTaiuimTe ¥  BB3MOXHOCTH 3a  OBp30
IMpeMUHaBaHEe OT €OWH Moaen Ha npyr. Tosa
HEpa3pUBHO BOJAHM cliel ceOe CH 0 YCIOXKHIBaHE Ha
OCHOBHHTE KOHCTPYKLIMH, upe3 npobaBsHe Ha
JIOTTBITHUTEITHU eJIeMeHTH. [1,2]

JlombJIHUTETHUTE €JICMEHTH CaMH 1o cebe cu ca
MOJUIOKEHU Ha TIOCTOSHHM HATOBApBaHUS, KOETO
BOAM JO IO-BUCOKAaTa KM aMOpTH3alMsi U
PECIIEKTUBHO JI0 MO-TOJIEMHU Pa3X0JIH 3a MOAIPHKKA
Ha Mammuute. [lpuMepu 3a MOMOOHHM EJIEMEHTH
MOXE Ja ce JajgaT C T.Hap. ,,CEJIeKTOPHU U
CTOTTUpATIH TUTATHHA H3IONI3BaHU npu
3aIBU’KBaHETO Ha uriure Ha MamuHute CSM Ha
¢upma “Stoll” [1]. IlpakThuecku € mOKa3aHO, 4e
€JIEMEHTHTE PA3IOJIOKECHA BBPXY HIJIICHOTO JIETIIO
moJUIe’kaT Ha MHOTO TIO-TONIsIMAa  aMOPTH3AIUsA
OTKOJIKOTO TE3W HaMHUpAalld C€ B W3ILTUTALINTE
CHCTEMH, KOETO BOIU J0 TMPEIIOKECHHETO 32
OMpOCTSABAaHE W  NpeMaxBaHe Ha  4YacT  OT
CIIOMAraTeIHUTE CIICMEHTH.

Bb3eabT UIJICHO JIETJ0, HIIM W W3ILUIATAIU
CHCTEMH ca HEpa3pHBHO CBBP3aHH M B IMpsKa
3aBHCUMOCT, MOPaJy Ta3H MPUYUHA, MPEUIOKEHATA
KOHCTPYKIUS 32 €3MYKOBH HWIVIH € pa3padoTcHa
HMCHHO 3a WIJICHOTO JIETJIO TMPEICTaBEHO B
MpeIX0IHATA IMyOINKAaIys, KaTO C HeiHa TOMOIIL IIIe

yd4acTBaT C€aMO I[UIETAYHU WM 0e3 HHUKAKBU
JOIBIHUTEIHN CIIOMATATEIHY EIEMEHTH, KaTo TOBa
pa3bupa ce e 3a CMeTKa Ha YCJIOXKHSIBaHE Ha
KOHCTPYKIHUSATA Ha U3ILTUTAIUTE CUCTEMH.

2. I3I'BJIHEHUE

2.1 CnomaraTteJIHM U3TOYHMIIU 32 U3TPaKAaHe HA
KOHCTPYKIMSATA,

EnHa ot Haii-ronemute GpUPMH TPOU3BOIUTEIKU
HA pPa3MYHU BHUJIIOBE IUICTAYHA WIJH B CBETOBCH
mamab e Groz-Beckert. Tomssma wact oT
MPOU3BOUTEIKATE HA IUIOCKOIUICTAYHU MAIIHHH
M3II0JI3BAT WMIVIK MpousBeneHn ot Tax. Groz-Beckert
©KEroJHO pa3paboTBaT HOBU TEXHOJOTHU 32
noJ00psiBaHe Ha KOHCTPYKIMUTE Ha IUICTAYHUTE
UIJIM B TOBA YUCIO U Ha e3uukoBute. [lopaau Tazu
NpUYMHA 3a W3rpakJaHe Ha OCHOBHATA YacT Ha

KOHCTPYKIHMSTa Ha  HWIIaTa €  H3II0J3BaHA
koHCcTpyKuus Ha Groz-Beckert. [3,4]
KbpM Tasm KOHCTPYKLHS ca  HAIPaBeHU

n3MeHeHHs BbB (hopmara U 3aKperBaHETO Ha €3HYETO
u opMaTa U pa3MoNIOKEHUETO HA [IETUTE HA UIJIATA,
KOSITO TIPaBU KOHCTPYKIIUATA YHUKAIIHA.

2.2 llpensio:kenne 3a HOBA KOHCTPYKIMSA HA
€3UYKOBA HIJIA.

Kakto Beue Oe crmoMeHaTo B HACTOsIIATA
MyOJIMKAIKsA Ce ThPCH HOBO PEIICHHUE, MPH KOETO C
ONPOCTEHAa KOHCTPYKIHMSI 3a CeJISKTHpaHe, Ja ce
3ana3sT MOCTPEHHTE Bb3MOXHOCTH HAa MaIlIMHATA.
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¢ur.1 Jleraitinno n300paxkeHHe Ha KOHCTPYKIMATA HA IPOCKTHPAaHAaTa €3MIKOBATA UIJIa.

Kakro Bewue Oe cmoMeHaTo MpOEKTHpaHaTa
KOHCTPYKIHMS € pa3paboTeHa 3a TOYHO OIpeleNeH
THI UTJICHO JIETJIO ¥ TOYHO ONPeACTICHN M3ILINTAIIH
cucremu. [lopaan Ta3um mpUYMHA BBIPEKH, Y€ €
M3I0JI3BaHa OCHOBHATA KOHCTPYKIHS Ha €3MYKOBUTE
urmn Ha Groz-Beckert T4 € cpBMecTmMa camo
€MHCTBCHO C KOHKPETHO CIIOMEHATHAT IUIeTAa4eH
BB3€J1 OT UTJICHO JIETJIO ¥ UBILTUTAIIN CUCTEMU, KOETO
MPAaKTUYECKH 51 OTIMYaBa OT CHIIECTBYBAIIUTE IO
MOMEHTA Ha Ta3apa.

Ha ¢ur.l e mpencraBeH riiaBHaTa HPOCKIMS B
paspe3 Ha criobeHaTa €3WMYKOBA WIJIa, Karo
OTIIEHUTE YYacThLM U EJNEMEHTH OT HWIjaTra ca
HOMEpHpaHu C TO3WIMOHHU HOMepa, a Ha ¢ur.2.
AKCOHOMETPHYHO TPHMEPHO HW300pakeHHe Ha
KoHCTpyupaHata wurima. C mepBa TO3WOUSA €
NpeICTaBeHO KyKaTa Ha Wrjara, T € eIWH OT
Half-Ba)KHHUTE YYaCTHIM OT OCHOBHATa KOHCTPYKIIUS
Ha Wrjiara, Thi KaTO T TNPAKTHYECKH OCHUTypsBa
YIIaBSHETO HA HUIIKATa, MPEBPBIIAHETO i B MPUMKa
U B TOCJICJCTBHC B OpUMKa CIie MPEMUHABAHETO U
mnpe3 crapata npumka. C MO3UIMOHEH HOMEp 2 €
03HAYEHO €3MYETO, KOETO € C He MO-MajKa BaKHOCT
OT KyKaTa MpH Mpoleca Ha U3IUIMTaHe, TYK Ce
¢ur. 2 AKCOHOMETPHIHO TPUMEPHO H300PaXKCHHE Ha HaMHUpa M II6PBATa PasinKa MEKIY , KOHCTPYKIIUATA

KOHCTpyHpaHata uria. Ha Groz-Beckert m nacrosmiara. Ts ce cbcron B
npoduna Ha Kamadero Ha €3W4YeTO, W B JOJHHAT
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y4acThK CIIy)Xell 3a MPUKPEIBAaHETO My KbM
OCHOBHaTa KOHCTpYKIHMs Ha uriara. Ha ¢ur3 e
IIOKa3aHO TPUMEPHO H306pa)KeHPIe €3U4CTO U pas3JInKaTa B
CpaBHEHHE C KOHCTPYKIusTa Ha e3uuero Ha Groz-Beckert
Ha ¢ur.4.

¢ur. 3 TpumepHO M300pakeHNE HA KOHCTPYUPAHOTO
e3uye.

o g

¢ur. 4 Urna Groz-Beckert. [3]

C mo3utus 3 Ha ¢ur.l e 03HAYCHO ChEAMHEHHUETO
Ha OCHOBHATA KOHCTPYKIIHS C €3UYETO ITOCPEICTBOM
HUT, KaTo Ha (GHUr.5 MOXKE Ja C€ BHAMW HETOBOTO
TPUMEPHO M300paKeHNE.

¢ur. 5 3akpensani HUT.

C mo3mmms 5 e o3HaueHa MpY)KHHATa
pasmoyioKeHa TOJ €3WYeTO W HM3IIBJIHSIBAIA
M3XBBPIANIA (DYHKIUS, KAaTo TS TIPEIOTBPATSABa
BB3MOKHOCTTa OT 3aK/IMHBaHE Ha €3WYCTO BBHB
BOJICHIUAT KaHAal W ChHIIO Taka OCBIICCTBIBA
BB3MOXXKHOCT 33 TO-IOOpPOTO My  JBIDKEHHE.

KoHcTpykumsta Ha npyXXuHaTa € 1MojJo0Ha Ha Ta3u
npezacTaBeHa ot uraute Ha Groz-Beckert, ¢ u3BecTHH
pas3yuKy B qbi1004YMHaTa U mupHHaTa i. ToBa e Taka
Mopaau pas3jiuKkaTa B KOHCTPYKLUSATa Ha €3UYETO.
KoHcTpyKuus Ha py’>KuHATa € noKa3aHa Ha Qur.6.

¢ur. 6 [Ipyxunka.

Ha mosumust 4 otHOBO OT ¢ur.l ¢ 00603HAUEH
MOYMCTBALIMAT KaHaJ, KOHTO JlaBa BB3MOXKHOCT 3a
HEHHOTO MOYKMCTBAaHE, KaKTO Ha €3MYETO Taka M Ha
NpY’KMHKaTa, Ype3 BB3AyIIHA cTpys. T03M KaHal B
MpeUIo’KeHaTa KOHCTPYKINS € C JISKO HamalleH B
CpaBHEHHE C W3ION3BAHUAT NPH KOHCTPYKIMUTE Ha
nrimmre Ha Groz-Beckert. C  6-ta mosunus e
MapKHpaH CaMOIOYHCTBAIl c€ KaHaJd KOWTO JaBa
BB3MOKHOCT 3a M3XBBPIIHE HA HATPYyMald C€ MBX
BBPXY HIJICHOTO JIeTJI0. J[pyra OCHOBHA pa3iiiKa Ha
MpeI0KEHaTa KOHCTPYKIIUA OT ChILIECTBYBAIIUTE HA
rasapa 0 MOMEHTa € NPOQMIBT Ha 3a/IBUKBAILUTE
neru. Kakro craBa sicho ot ¢ur.1 Besika uria uma 3
Opost 3aJBHIKBALIM [TETH C TO3UIIUOHHN HOMepa 7, 8 1
9, KaTo MBbPBUTE JABE IMNETH HMAT YBCJIUMYCHO
3aKpBITIICHHE OT CTpaHaTa coyema KbM KyKHJIKaTa.
ToBa e HCOOXOMMO 3aIIOTO T B3aMMOICHCTBAT CHC
crenn(UIeH CEeICKTOp ¢ HOBa KOHCTPYKIHUS KOHTO
neiicTBa uYpe3 BEpPTHUKAJICH HATHUCK BBPXY IIETaTa,
KaTo TO TO3M HAYMH CKOCeHaTa MW dYacT
B3aMMOJICHICTBa C KaHajla Ha CelleKTopa M OwBa
H3TJIacKaHa B IIOCOKa OOpaTHa Ha CKOCSBAaHETO Ha
merara. Tperara meTa C IO3MIIMOHEH HOMep 9 e
CKOCEHa U OT JBeTe CTpaHu TbHU KaTo T4
B3aMMOJIEIICTBA C [IBA CEJIEKTOPAa M PECIEKTUBHO B
pa3IMYHM MOMEHTH OT TIpoIleca Ha CEJeKTHpaHe
MOJKe /Ja ObJie HaCOYeHa B JBETE MPOTHBOIOIOXKHU
nocoku. [IpoduirbT Ha eHA OT MIETHTE € IToKa3aHa Ha
¢wur. 7.
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¢ur. 7 IIpodun Ha nerara.

Kakro ctana scHo OT mpezicraBeHara Ha ¢wur. 1
WT7a, TS € KOHCTPYHpPaHa C TPH IETH, KaTo JBE OT TAX
ca ¢ Mo-rojsiMa BUCOYMHA OT TpeTaTta. HuckaTa meta
€ TperHa3HaueHa 3a M3IUIMTaHe Ha OpuMmka (¢ur.1
103.7), MbpBaTa BHCOKA MeETa CIEJ Hesl 3a MpUMKa
(¢wur.1 mo3.8) u Tperara 3a moaOOp Ha paboTeluTe
urmi B moneto 3a IwieteHe (dur.l 1mo3.9).
PascTosiHMeTO MEXIy TpHTE BHIA NETH € CTPOTro
Ccb0OOpa3eHO C M3IUIMTALIUTE CUCTEMH M HWIJIEHOTO
JIeryo Taka, 4e Jla Moxe Ja ObJie OChIIECTBEH 3aKOHA
3a IUIETeHEe HE3aBHUCHUMO KOS OT JBETE METH PadoTH
Jlalii Ta3u KOSATO CE JBIDKM 110 TPAaEeKTOpHATA 3a
M3IUINTaHE Ha OpMMKa, WIM Ta3W JBIDKENAa ce II0
TpaeKTOpHsATa 3a W3IUIHTaHEe Ha MpuMKa. Ha ¢ur.8 e
MPEICTaBeHO TPUMEPHO N300pakeHNe Ha poduia u
Pa3MoJIOKEHNETO Ha  3a[BIDKBAIUTE II€TH Ha
MIPOEKTUpAHATA UIJIA.

¢ur. 8 PasnonoxeHue Ha 3aIBIKBAILUTE IIETH.

3a IpoeKTMpaHe HAa KyKHYKaTa Ha HIJIaTa €
u3noiI3BaHa KoHCTpykuuara Ha Groz-Beckert 3a
KOHMYHAa Kyka. ToBa pjaBa BB3MOXXHOCT 32
HaMmaJsgBaHE Ha HATOBAPBAHETO OT BbTPELIHATA
CTpaHa Ha Kykara II0 BpeMe Ha Ipoleca Ha
u3nuraxe. [1]

Ha ¢wur.9 e nokasano ysennueHo nzo0OpaxkeHHe
Ha Kykata ®u e3udero Ha wummata. OT ToBa
n300pakeHNEe MOXKE J]a Ce BHIM 4€ B ydacThKa Ha
CHhEAMHEHNETO Ha €3WYeTO M OCHOBHATa 4YacT Ha
KOHCTPYKIHUATA Ype3 HUTA € 3HAYUTEIHO M0-MaJIKo
W3JIUTHATa OTKOJIKOTO TPH KOHCTPYKLUATA Ha
Groz-Beckert, ToBa e Taka nopaaM H3MEHEHUSITa
BBbBEJCHU B JOJIHATA YacT Ha KOHCTPYKIMATa Ha
€3UUETO Ype3 KOATO TO CE MPHUKPENs KbM TIIOTO Ha
urnata. Ha Tasu ¢durypa cwimo taka geraiiiHo ce
BIXKAA M KaHAIBT NMpPEJHA3HAUCH 33 HaBIM3aHE Ha
HacpellHaTa WIrJa [0 BpeMe Ha Tpoleca Ha
MIPEXBBPIISIHE HA OPUMKH, KOHTO Ha dur.l e o3HaueH
¢ mo3uius 10.

¢ur. 9 Yeenuieno n3o0paxkeHne Ha KyKaTa ¥ €3U4eTO Ha
urnaTa.

Ha ¢ur. 10 e npencraBenoro nzoOpaxkeHne Ha
ChEJMHEHNWETO Ha TSUIOTO Ha WIJIaTa, €3U4eTo M

NpuabpKaHaTa B JONHATa W 9acT mpyxwuHa. [laBa
BB3MOXKHOCT J]a C€ BHIM B3aHMHOTO PAa3IIOJIOKCHHE

Ha  OTAGJHUTE €JIEMEHTH TIpH  crioOeHara
KOHCTPYKIMSI Ha WIJaTa, KakTo M Mo-mobpa
IpeAcTaBa 3a KaHala B KOWTO ce Hamupa

H3XBbpJIALIaTa NpyKUHKA.
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¢ur. 10 Yeenuueno nzodpaxeHue Ha CbEJUHEHHETO Ha
TSUIOTO Ha MIJIaTa, €3M4eTO U NPHAbpKaHATA B AOJIHATA if
9acT NpYKUHA.

Pa3zpaboTeHaTa KOHCTPYKIHS € TIpeAHa3HAUYeHa
3a MamuHa ¢ Kjac Ha ¢uHocT 3 gauge (3 mrm Ha 1
WHY), HO MOJe J1a Objie PUIIOXKEHa, 3a IsJ1aTa rama
KJIacoBe Ha (PMHOCT MAIIMHU KAaKTO 32 HUCKH 5 WM
7-MH gauge, Taka M 3a BHCOKU JIOPH U 3a KJIACOBE
kato 14 w 16 gauge, KoeTo JaBa IUUPOKU
BB3MOYKHOCTH 3a IPWIOKEHHE Ha MpeIoKeHaTa
KOHCTPYKIIHSL.

3. 3AKVIIOYEHHUE

[MpennoxkeHara KOHCTPYKLUSI B HacTosIaTa
myOuKaIus e MIPOEKTHpaHa cb00Opa3Ho
M3UCKBAHUSTA Ha CHBPEMEHHUTE 32 IUIOCKOJIETAYHU
aBTOMAaTH, Karo Ca BBBEICHH ONPOCTCHHS B
KOHCTPYKLMSTA M € MpeMaxHaTa rojsiMa 4acT OT
CIIOMAraTeJIHATe MEXaHU3MH, C LIeJl HaMaJsiBaHe Ha
aMOpTH3alMsATa W BOACIIUTE C Hes pa3xoau 3a
NOAJpEXKKAa  Ha  MammHuTe.  IIpencraBeHara
KOHCTPYKIUS € pazpaboreHa B cpena Ha Solidworks
MO3BOJISBAlllA ABTOMATH3MPAHO IPOEKTHpaHe Ha
KOHCTPYKLUSATA 4pe3 HM3rPa)kJaHETO Ha TPUMEpEH
MOJeNl M TEHEepHpaHe Ha JABYMEPHH YEPTEKH 3a
KOHCTPYKTOPCKATa TOKYMEHTALIHSL.
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AUTOMATED DESIGN OF PROPOSAL FOR NEW CONSTRUCTION LATCH
NEEDLE FOR FLAT KNITTING AUTOMATIC MACHIN

Rositza MANOLOVA

Fundamentals and technical means for design department, Technical University-Sofia, Bulgaria
e-mail: rositza_manolova@tu-sofia.bg

Abstract: The publication presents a proposal for a new latch needle designed for modern flat knitting automats. The
proposed construction has been designed with three types of drivet butt for working with a specific type of cam systems.
The new design aims at simplifying and removing all additional elements that can lead to increased machine depreciation
and higher maintenance costs, respectively. The design has been developed in Solidworks environments, providing
excellent performance for both dynamic visualization as well as subsequent studies of the load between the needles and the
cam systems in the process of operation.

Keywords: flat, knitting, 3D, Solidworks, needle
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ABTOMATHU3UPAHO ITPOEKTHPAHE HA IIPEJJIOKEHHUE 3A HOBA
KOHCTPYKIMUSA HA UTJIEHO JIEI'JIO 3A IIVIOCKOIIVIETAYEH ABTOMAT
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kaTeznpa ,,OCHOBH 1 TEXHUUYECKU CPeZCTBa 3a KoHCTpyupane”, Texunuecku yHusepeutet - Codust, Benrapus
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Pesrome: B nyOimkanusaTa € nmpeicTaBeHO NMPEUIOKEHNE 33 HOBA KOHCTPYKIHMS HA WIVICHO JIEIJIO HpeaHa3Ha4YeHo 3a
CHBPEMEHHH IUIOCKOIUIETauHH aBTOMATH, mpoektupano ¢ nomoinra Ha CAD cucremata Solidworks. IIpeanoxenata
KOHCTPYKIMS € Ch3JajieHa 3a paboTa ¢ TOYHO OIpejelieH BUJ IIETaYHH WIIM ¢ TP BUJA 3a[BIKBAIIM reTH. Hosata
KOHCTPYKIMS LIEJI BB3MOXKHO HAal-TOISIMO OIPOCTSBaHE W NPEMaxBaHe HA BCHUYKH JOIBIHHTEIHH €IEMEHTH, KOHTO
MOraT aa JoBelaT 0 yBeIWYaBaHE Ha aMOpTH3amusTa Ha m3jennero. KoHcTpykmmsara e paspaboTeHa B cpema Ha
Solidworks, koeTo 1aBa OTIMYHN BE3MOXHOCTH KAaKTO 33 JMHAMUYHA BU3YaIN3allys, Taka ¥ 32 MTOCIIEIBAIIN H3CIICIBAaHUS
Ha HaTOBapBaHETO MEX/y UIJICHOTO JIETJIO U UIJINTE B Ipolieca Ha padoTa.

KurouoBu xymu: miockonerauny, 3D, Solidworks, uriieno, jiernio, uriau

1.BbBEJEHHE

B cBbBpeMEHHUST CBIT HapeJ] C Pa3BUTUETO HA
TEXHWKAaTa W TEXHOJIOTUUTE BBB BCUYKH chepH,
TPUKOTA)KHATA TEXHWKA HE OcCTaBa I0-Ha3ajl.
OCHOBHUTE TIPOM3BOAMTENKH Ha TaKaBa TEXHHKa
©KErOAHO W3IHM3aT C HOBH KOHCTPYKIMOHHU U
TEXHOJIOTHYHU pelIeHUs 3a ONTUMH3alusi Ha
TEXHOJIOTHYHHUST TIpoIiec BKJIFOUUTETHO n
cnemmammupain  CAD/CAM  cucremu  naBamu
BB3MOXKHOCT 32 M3pa0OTBAaHETO HA BCE IIO-CIOKHH
MozelH. B jkemaHueTo cu Ja IMOCTUTHAT IIO-BHCOKHU
MOCTPEHH Bb3MOXXHOCTH Ha MallTUHUTE U MO-TOJISIMa
MOOMJTHOCT B  MpOMsiHATA  Ha  MOJETUTE,
MPOU3BOJIUTENINTE HA IUIOCKOIUIETaYHA TEXHUKA
YCIIO)KHSABAT  OCHOBHUTE  KOHCTPYKIIMM,  4Ype3
J00aBsiHE Ha JAOIBJIHUTENHY eneMeHTH. [1,2,3] Te3u
€JIEMEHTH BOIAT CHC cebe CH KOJIKOTO IO3UTHBU U
TOJIKOBA HeraTuBH. IIO[JIOKEHM HA IIOCTOSHHH
YIapHH  HATOBapBaHUS  TE3W  JOIIBJIHUTEIHH
eJIEMEHTH ca €JHU OT KOHUTO ITOJUIeKaT Ha BHCOKa
aMOPTH3alUsl W PECIEKTHBHO BONAT JO TOJEMHU
pa3xoad 3a MOIJIpBXKKa Ha MamuHuTe. [IprMep 3a
MOIO0HM €JIEMEHTH MOXKE Ja ce Jaje ¢ T.Hap. ,,lIpec
JKakoBe” W3MOJI3BAaHW TIPW TPOU3BOACTBOTO Ha
uriaeHnte Jjeriao Ha ¢upma “Stoll” [2], kakTo H
pa3IUYHA TOTBIHUTEHN €IEMEHTH MPHIAraHd KbM
CHCTEMHUTE 3a HM300p HAa HWIVIM KaTO CEJICKTOPHH
IUTATUHY, CTOIHUpAIIM IDIATHHU U T.H. [IpakThkara
MOKa3Ba, 4Ye EJNEMEHTUTE pAa3MoJIOKEHU BBPXY
WIJICHOTO JIETJI0 ITOJJICKAT Ha MHOTO IIO-TojIsIMa
aMopTu3alusl OTKOJKOTO Te3W HaMmHpald ce B

U3INIATAIIUTEC CHCTEMU, KOC€TO BOOHU a0
NPEAJIOKCHUCTO 3a ONPOCTABAHC U IMPEMAXBAHEC Ha
JacT OT cnoMaratrCJIHUTE CJICMCHTH OT HIJICHOTO
JICTII0, 3a CMCTKa Ha YCIOXXHABAHE Ha
KOHCTPYKOHATA HA NU3IUIUTAIIUTE CUCTEMH.

2. PEAJIN3ALINA

2.1 ABTOMATH3MPAHO MPOEKTHPaHe

Kaxkro e W3BECTHO ABTOMATH3HPAHOTO
MpOeKTHpaHe ¢ Tmomoira Ha chBpemMeHHHTe CAD
CHCTEMH JIaBa Bb3MOXKHOCT, HE CaMO 33 peasCTHYHA
BU3yalIM3alusl Ha W3pabOTEHUTE MOJEIH, HO M 3a
MPOTHO3HO HU3CJICJIBAHEC HA TCXHHUTE HATOBAPBAHUSL.
ToyHO moOpaaM Ta3W MNPUYMHA € MOJOpPAaHO U
KOHCTPYKIIUATA Jla CE MPOSKTUpa B cpena Ha
Solidworks, k0oeTo 1aBa BE3MOXKHOCT B ITOCIEACTBUE
ma  ObmaT  W3BBPIICHW  UW3CJICABAHUS  Ha
HATOBAPBAHETO HA OTJCIHUTE U Y4ACThIIH.

2.2 Ilpenioskenne 3a HOBA KOHCTPYKLMSA Ha
UTJICHO JIeTJI0

Ot MpeACTaBCHOTO BbB BLBEACHUECTO CTaBa sICHO,
4e C yBeJIH4YaBaHE CJIOKHOCTTAa Ha KOHCTPYKIIUATA U
Opost Ha yJacTBAIIUTE CICMEHTH B Hesl, CE yBEINYaBa
PECIICKTHBHO M CTCIIEHTAa HA aMOPTU3alus Ha TE3H
enemenTH. [lopamy Taswm HpUYMHA c€ THPCH HOBO
pEIIeHHE NP KOETO C ONPOCTEHAa KOHCTPYKIUS, Ja
Cce 3ama3sT MOCTPEHUTE Bb3MOKHOCTH HA MaIlIMHATA.
ITpoektpanata KOHCTPYKLHUS, € Ch3JafeHa 3a
paboTa ChC TOYHO OMpEENeH BHJ TUIETAYHU WTIH
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CHa0JeHM C TPM BHMIA H3JWramM netu. ToBa e
00MYaiHO TP U3TPAXKIAHETO Ha IUIETAYHMAT Bb3EI
WTIJICHO JIETJIO, MTJIH ¥ U3ILIMTAIM CUCTEMH, ThH KaTo
TE ca B3aMMHO CBBbP3aHH M UMa NpsKa BPb3Ka MEKILY
W3rpaXAAaHETO Ha TEXHUTE KOHCTPYKIMHU. 3a
mo-rosiMa sICHOTa Ha ¢ur.- 1 e npeacraBeHa
KOHCTPYKIMSATa HAa HUIJIMTEe, C KOMTO  IIE
B3aMOJICHCTBA UIJICHOTO JICTJIO.

¢ur. 1 Wrna ¢ Tpu BUAa U3AUTalIM HETH.

Kakro ce Bmkaa OT mpejacTaBeHara Ha (uUrypa
W4, TS € KOHCTPYUpPaHa C TPH TEeTH, KaTo JIBE OT TAX
ca ¢ no-rojsiMa BUCOUMHA OT TperaTta. Huckara nera
€ TpeJHa3HauYeHa 3a U3IUIMTaHe Ha OpUMKa, MbpBaTa
BHCOKa TeTa Clie] Hes 3a (aHr (mprMKa) u TpeTara 3a
mo0op Ha pabOTEUINTe UTIH B IOJIETO 3a IDICTEHE.
IMopaay Ta3u NpuYMHA KOHCTPYKIMATA HA UTIICHOTO
JIeTJI0 TIOKa3a 00pa3Ho Ha (ur.2 e m3rpajeHa Ha JiBe
HUBA, IBPBOTO MPEIHA3HAYCHO 3a HHCKATA MeTa U
BTOPO TpEIHA3HAYeHO 3a JIBETE BHCOKH [ETH.
[IpennaTta yact Ha WIJIEHOTO JIErJIO B 00JjlacTTa Ha
30HaTa Ha M3IUIMTaHA Ha OpUMKara € MpelBHJICHA C
rosIMO  3aKPBIJICHHE, KOETO  IPEIOTBpATsIBa
HapaHSIBAaHETO HAa HHUIIKaTa B TMpolleca Ha
OpHMKOOOpa3yBaHe, KOETO € U3KIIIOUUTEITHO BaXKHO

0cobOeHo Tpu U3paboTBaHe HA IUIETUBA C MO-TOJIEMU
bCTHHH.

¢ur. 2 Cermenr ot urieno aerso B 3D akcoHOMETpUIHO
H300paKeHNE.

Ha ¢wur.3 e npencraBeHo neraitnHo n3o0paxenue
Ha npodwiHaTa MPOEKUMS Ha KOHCTPYKIMATa Ha
WIJIGHOTO JIErJ0, KaTo BCEKH €IUH OT OCHOBHHUTE
ygacTelu € HoMmepupaH. C mo3unnoneH Homep | e
O3HayeHa CIIOMEHATaTa Beue 30Ha, KOSTO MPUIBPKa
HUIIKAaTa B Tporeca Ha OpumkooOpasyBane. C
MO3UIMOHEH HOMEp 2 € O3HaueH ITbPBHUAT KaHal B
peOpara Ha WIVICHOTO JIEIJIO, YHATO 1T €
nonoOpsiBaHE Ha JOCTBIIA W BB3MOXKHOCT 32
HaOJIO[ICHNEe Ha WTJIMTE 10 BpeME Ha Ipolieca Ha
rieteHe. C No3uIMOHEH HoMep 3 € 03Ha4YeH KaHall Ha
UIJIEHOTO JIETJI0 B KOETO C€ ONMpar I'bpOoBeTe Ha
urnmute. TyK TpPakTHYeCKH C€ OCBLIECTBSIBA U
TPUEHETO B HaW-BHCOKa CTENEH MEXAy HWriara u
uriaeHoTo yerio. C 4-ta Mo3uIys € 03Ha4eH IIbPBUAT

KaHaJI 3a TOBPBUAT TPUTUCKATCICH HOX H
YILTBTHUTEISL ~ Pa3IOJIOKEH  IIOA  HEro, KOHUTO
TIPaKTUICCKA ocurypssat TIPUTHUCKAHETO u

CTaOMIM3MPAHETO Ha UTJIaTa KbM UIJICHOTO JIETJI0, Ha
¢ur.4 ca IIpeACTaBEeHN TPUANMEHCUOHHN
U300paKEHUATa Ha IIPUTHCKATCIHUAT HOX H
YIITBTHEHHETO HAMHUPAIIO CE MO HETO.
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¢ur.3 [leraitnno uzobpaxenue Ha nmpoduiiHaTa IPOSKIHS B pa3pe3 Ha KOHCTPYKIUATA Ha UIVICHOTO JICTIIO.

¢ur.4 [Ipukpensiy HOX U YIUTBTHUTET OT TeKCTHUIL.

C mnosumus 6 € O3HAueHa MpPOMsSIHATA BbB
BUCOYMHATa Ha npoduia 7Ha peOpaTa Ha HMIJICHHS
KaHaJl cb00pa3eHu ¢ paboTara Ha UrjiaTa, KOITo uMma
pa3iIMYHa BUCOYMHA MEXY IbPBA M BTOPA M3AUTaIIa
nera. Ha 7-ma mo3unust € pasmosioKeH BTOPUST
KaHall ~ TpefHa3sHa4eH 3a BTOPH  KOMIUIEKT
NPUTHCKAIIM HOXOBe M ymupTHHTENH. C  8-ma
TIO3HITHS e O3HaYCH
CKOCSIBAHETO B Kpas Ha WITICHUTE KaHallk, KOETO
TI03BOJISIBA MIOCTaBSHE Ha JOIBIHUTEIICH
OTpaHMYMTEJ, KOWTO NpeMHHaBa Ipe3 OTBopa 9 u
npuabpka HIJIMTE B UIVICHUAT KaHall, KaTo HE
MO3BOJISIBAT HA WIJIaTa Aa M3Je3€¢ U3BBbH MIVICHUST
KaHall.

B
N N
[ e - A —
N W\ N\ SEEARN NN NS
A B

(l)nr.S Wrneno nermo 3ap€/ICHO C UIJIU, ITPUKPEIICHU C IIPUTHUCKAIIU HOXKOBE U YINITbTHUTCIIN.

TBii KaTO UIVICHUTE JIETJIa ca Pa3NOI0KEHH IO BI'bJI
oT 45 rpagyca B KOHCTPYKLHMSITa ca HpEIBUICHH
KaHalli O3Ha4eHH Ha (QUr.3 ¢ NO3WUIIMOHEH HOMeEp 5
KOHUTO ca INpPEABUICHH 3a 3aJbp)KaHe Ha 4YacT OT
CMa304YHUTE MaTepHall, KOCTO JaBa BB3MOMKHOCT
cliel TIOYMCTBaHe U CMa3BaHe Ha MallWHATA, 9acT OT
MacJoTo Ja e 3aAbPKU B KaHala U B PAaOOTHHSA X0
Ha WIrjara Ja OTHeNsS JMONBIHUTENHO MAJKH
KOJIMYECTBA MAacllo, WIJICHOTO JICTJIO, KOWUTO Ja
cnoMaraTr IUIaBHOTO M MNpUABUXBAHEC B HIJICHUA
KaHaJl Ha JIeTJIOTO.

Pa3paboTeHaTa KOHCTPYKLIHMS € NpeAHAa3HAuUCHA
3a MalIMHa ¢ Kiac Ha ¢uHocT 3 gauge (3 urim Ha 1
HHY), HO MOJKe Jla Obe MPUIIOKEHa, 3a [djaTa raMa
KJIacoBe Ha (MHOCT MAIIMHU JOPH M 332 BHCOKH
KkiacoBe kato 12 m 14 gauge, K0eTo AaBa TONEeMH
BB3MOXKHOCTH 33 TPHJIOXKEHHE Ha IPeJIOKECHATa
KoHCTpykuus. Ha ¢ur.5 e mokasaHo WIJeHO Jerio
3apelieH0 C WIJIM, TNPHUKPENEeHH C IPHUTHUCKAIIN
HOXOBE U YILUTbTHHUTEINH. 1300pa3en ca ChIIo Taka 1
YBEJIMYEHHUS HA YIACTBIIUTE B KOUTO Ca MPUKPETICHH
HOXKOBETE M YIIBTHUTEINTE U € KOHTaKTa UM C
M3IUTMTAIINTE UTITH.
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¢ur.6 ABromMaTH3upaHO reHepUpaHe Ha AByMEpeH uepTex B cpena Ha Solidworks.
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2.3. llpequmcTBa IpU NPOEKTHPAaHe B Cpela Ha
Solidworks.

ABTOMaTH3UPAHOTO MIPOEKTHpaHe Ha
KOHCTpYKIMM B cpema Ha Solidworks, kakto e
M3BECTHO, /1aBa BB3MOXKHOCT OCBEH 3a IMO-700pa
BU3yaNM3aIlisl, d9pe3 MOJENMpaHe Ha TPHUMEpHU
00CKTH, HO W 3a aBTOMAaTHYHO TCHEpPHpAHE Ha
JIBYMEPHHU YEPTEXKHU OT TPUMEpPHHUS Mojen. TaxbB
TeHepupaH JBYMEpPEeH 4YepTelk € IpPeACTaBeH Ha
¢ur.6. Kakro ce Bwkaa 0T H300pakEeHHETO
Iporpamara JaBa BB3MOXHOCT 32 aBTOMAaTH3UPAHO
BBBEXKJAHE Ha pa3Mepu, U3rpakAaHe Ha pa3MepHU
BEpHTH, TOCTaBsSHE HAa CHMBOJHM 3a TPamaBOCT U
BCHYKH HEOOXOJWMH JaHHH 3a CH3AaBaHETO Ha
aJeH YepTeXXK WM IOPH IBIHA KOHCTPYKTOPCKA
MOKyMEHTalus. TpuMepHOTO MOJeNmupaHe B cpena
Ha Solidworks Ha KOHCTpYKIHATA JaBa BE3MOKHOCT
CBII0O Taka 3a W3CICABAaHE Ha IPOTHO3HU
HAaTOBapBaHUSA B OTAENHM YaCTH Ha MOJACIHPaHHUS
JeTaill Win B Is1ata KoHcTpykuus. IIporpamara
mpeylara ¥ BB3MOXKHOCTH 3a aHMMHpaHE Ha
JIBIDKGHHETO  HAa  OTACTHHUTE  E€JIEeMEHTH  OT
KOHCTpyKLHUATa. ENHO OT Hali-rojieMuTe NpeauMCcTBa
Ha mporpaMara ¢ 4e J1aBa Bb3MOXKHOCT 32 3alla3BaHe
U KOHBepTHpaHe Ha (Qaiia B pa3nuyau (opMaTH
KOETO JaBa Bh3MOXKHOCT 32 CbBMECTSIBaHE C IIHPOKA
raMa OT MPOTPpaMHH TPOIYKTH, B TOBAa YHCIO H
pasmmuan ot CAD/CAM cucremu. IlocpenctBom
Solidworks MOJIEJIATE Morar na ObaaT
KOHBepTHpaHHU BBB (aitnosure ¢popmatn VRML n
3D XML, KOMTO MpaKTUYECKH TIO3BOJIABAT Ha
3amazeHus ¢ain BbB BuUpTyanHus XML dopmar
BB3MOKHOCT 32 BHPTYAJTHO IIPECTaBIHE Ha JeTaiiia

-le orawine

¢ur.7 Ipunoxenue e-drauwings.

B uHTepHeT. ChINO Taka, 4Ype3 JOIBIHUTEIHOTO
npwioxenue Ha Solidworks — e-drawings daiinost
Moxe na Obse 3anameren B HTML dopmar.
[MTpunoxxennero e-drawings JaBa Bb3MOXKHOCT 32
W3KJIIOYUTEIHO ~ ONPOCTEHO  MpEACTaBSHE  Ha
KOHCTPYKIHUATA B  CTI0O0CHO WIH pasriio0eHo
CBCTOSIHHE, 3aBbpTaHe, aHHNMHUPAHO 3aBbPTaHE Ha
netaiiina Ha 360 rpamyca, KOETO TO3BOJIsIBA Ja OB
JETalIHO pa3riielaH M He Ha IMOCIIEIHO MSCTO JaBa
BB3MOXKHOCT IIOCTaBSHE Ha CEKylla paBHUHA |
NPENCTaBsHETO Ha JeTailTbT WM  criio0eHara
eIMHMIA B pa3pe3. Bcuuky Te3u mpeanMcTBa npaBsT
cucremata Solidworks wu3KIO4YHMTENTHO ynOOHA H
NpakTUYHAa TpPH  TPOEKTHpaHe,  MOZEIHpaHe,
CUMYJIUpaHE U MPE3CHTHPaHE HAa HOBU KOHCTPYKIINH.

3.3AK/IIOYEHUE

[pemnoxeHnata KOHCTPYKIHS B HACTOSIIATA
myOnuKanus e MIPOEKTHpaHa choOpa3Ho
M3MCKBAHUATA 32 CHBPEMEHHHTE 3a IUIOCKOJIECTaYHU
aBTOMAaTH, Karo Ca BBBEICHH ONPOCTCHHUS B
KOHCTPYKUMSATA M Ca NpPEeMaxHaTH rojiiMa 4acT OT
CIIOMAraTeJIHITe MEXaHM3MH LEeJII0 HaMallsiBaHe
Ha aMOpTH3aUMsATa M BOACIIUTE C Hes PasXoId 3a
NOAJpBKKAa  Ha  MammHuTe.  IIpencraBeHara
KOHCTpyKIUs € pa3paboreHa B cpena Ha Solidworks
MO3BOJIABAlllA ABTOMATH3UPAHO MPOCKTHPAHE Ha
KOHCTPYKIIMSITA KOETO 00XBaIlla [EUAT MPOIeC OT
M3TPKIAHUTO HA TPHMEPCH MOJICT U CUMYJTUPAHETO
My, Ipe3 TeHepUpaHe Ha ABYMEPHH YEPTSKH 3a
KOHCTPYKTOpCKaTa JOKYMEHTAIHS, hi (4}
npe3eHTHpaHeTo . ToBa ngaBa BB3MOXKHOCT 3a
3aTBapsHE Ha IBJIHHUAT KPBI OT MACCH HPOCKT Ipe3
KOHCTpyHpaHe U npe3eHTanus. TOYHO MOpaau Tasu
npuYMHa € [oAdpaH TOYHO TO3UW COTyepeH
MIPOAYKT.
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AUTOMATED DESIGN OF PROPOSAL FOR NEW CONSTRUCTION NEEDLE
BED FLAT KNITTING AUTOMATIC MACHIN

Rositza MANOLOVA

Fundamentals and technical means for design department, Technical University-Sofia, Bulgaria
e-mail: rositza_manolova@tu-sofia.bg

Abstract: The publication presents a proposal for a new needle bed construction designed for modern flat knitting
automatic machines designed using the Solidworks CAD system. The proposed construction is designed to work with a
precisely defined type of knitting needles with three types of drivet butt. The new design aims to simplify as much as
possible and eliminate any additional elements that can lead to increased product damping. The design has been developed
in a Solidworks environment, which provides excellent opportunities for both dynamic visualization and post-load study
between the needle bed and needles in the workflow.

Keywords: flat, knitting, 3D, Solidworks, needle, bed, needles
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N3CJIEABAHE BJIIUAHUETO HA MOJAYJIA HA THJIE BbBPXY AMIIEPO-
METPUYEH BUOCEH3OP IIPU IIMHI'-ITOHI' EH3UMHA KHHETHUKA

Huxonaii CTOAHOB Auntonusi IAHAEJOBA Bboxuaap JUKYIXKEB
Karenpa ,,EnekrponsmepBarenna texnuka“, Texanuecku yausepcuter — Codus, beiarapus
e-mail: n_stoyanov(@tu-sofia.bg,

Pe3tome: B HacTosiiara pa60Ta € IPOBEACH CUMYJIALIMOHECH aHaJIU3

Ha BJIMSIMETO Ha MOJZlyJia Ha Tune BBPXY IIPOLECUTE

B aMIlepOMeTpHUYeH OHOCEH30p 3a IHMHT-TIOHT €H3MMHA KWHETHKa. V3cienBaHM ca €IHOEH3MMEH MPOIYKT- U KOCyOCT-
paT-uyBCTBHUTEINICH BapHaHT 32 YCTAHOBSH PEXUM Ha m3MepBaHe. OOMKHOBEHNTE AU(EpEeHINATHN YPaBHEHUS OT BTOPH
pen 3a cybcTpata, kocyOcTpara 1 IIpoayKTa ca pelIeH: ¢ MOMOIITa Ha MeTo/[a Ha KpaifHUTE eJIEMEHTH B IPOTPaMHUS TaKeT
MATLAB. [lony4eH e KOHUEHTPAaUHMOHHMS Mpodui Ha cyOcTpaTa B €H3MMHATa MeMOpaHa, KaKTO M M3XOJHHS TOK OT
aMIepOMETPUYHUS OMOCEH30p 3a MPOAYKT- U KOCYOCTpaT YyBCTBHTENICH BapHaHT 3a PA3jIMYHU CTOMHOCTH Ha MOJyJa
Tune. AHaNU3UPAHO € BIMSHUETO Ha MOAYJIa Ha Tuile BBPXY METPOJIOTHYHUTE XapaKTePUCTUKK Ha OHOCEH30pa.

KiarouoBu AYMHU: aMIICPOMETPHUYCH 6I/IOCCH30p, TAHT-TIOHT €H3MMHA KUHETHKA, CUMYJIalTUOHECH MOJIEIT

1. YBOJ

Buocensopure ca ycTpolCTBa IIpeIHA3HAUEHH 32
KOJIMYECTBEH aHAJIN3 Ha a3 INYHH BHIOBE BEIIECTBA.
CHJIHOTO WM pa3BUTHE IIpe3 IOCICTHUTE HAKOJIKO
JIECETENUTHS c€ TBJDKH Ha peIulla TeXHU IPEeIuMC-
TBa, KaTO HHCKA IICHA, BUCOKA CEJIEKTHBHOCT M TO-
Mo Obp3ozelicTBie Ha aHamu3ute [1]. B mHOTrO
ciydad OMOCEH30pPUTE MPUTEIKABAT CPABHUMH MET-
POJIOTUYHHM XapaKTEPUCTH IO OTHOIIEHHWE Ha TOY-
HOCT, YyBCTBUTEJIHOCT ¥ TPAaHUIIA HA OTKPUBAEMOCT C
KOHBEHIIMOHAJHUTE aHATUTUUHU TEXHUKH.

B koHCTpyKIUATa Cl OMOCEH30pHUTE OOCAMHSBAT
MaTepHal ¢ OHOJOTHYCH IMPOU3XO0] B KOMOMHALIUS C
¢u3nKOXUMITYCH TpeoOpa3yBaTell. Y CIeXbT Ha TE3U
YCTpPOWCTBA Ce IBIDKW Ha CBOICTBaTa, KOUTO IIPE.-
yaraT OMOJIOTMYHUTE MaTepHali, U3IOI3BaHU B Ka-
YECTBOTO Ha paslo3HaBareseH enemeHT [2]. Buco-
Kara CHCIU(PUYHOCT HA B3aUMOJCHCTBUS OT BHA
€H3UM-CyOCTpaT, AaHTUI'eH-aHTUTSAJIO WINW pelen-
TOP-XOPMOH € B OCHOBaTa Ha BHCOKOCEJIEKTHBHOTO
OTpe/IeNIsTHE Ha Pa3InYHU BEIleCTBa.

CohIIecTBEH BBIPOC, CBBP3aH C HAACKIHATA pe-
anu3anus Ha OMOCEH30pHUTE B MPAKTHKATa € KOPEeK-
THOTO TCOPETUYHO ONHCAHHE Ha IMPOIECHUTE, MPO-
THYAIIXM B 30HUTE C OWOJOrMYHM Matepuamu [3].
Cb3/1aBaHETO Ha a/IeKBaTHU MaTeMaTUYECKU MOJIEIH
Ha OMOCEH30pUTE B AMHAMHYCH M YCTAHOBEH PEXKUM
Ha M3MEpBaHE IMO3BOJISIBA TOYHO MPOTHO3UpAHE HA
AHATUTUYHUTE U METPOJIOTMYHUTE UM XapaKTepuc-

THKH, KaKTO ¥ OBP30 M JIECHO KOHCTpYyHpaHe Ha Ou-
OCEH30pHHUTE Ipeodpa3yBaTey.

W3KiIr0umnTeIHO CIIO’KHATA OpraHu3anusi Ha Ou-
OJIOTMYHUTE KJIETKH, 110 OTHOILIEHHUE Ha CTPYKTYypa 1
MEXaHHU3MH MOPaXKa CEPUO3HU POOJIEMH, CBBP3aHU
C TOYHOTO ONMCAHUE Ha NpoliecuTe B OMomarepuarna.
Haii-pasnpocTpaHeHusT BU OMOCEH30PH M3IIOJ3BAT
€H3UMH, KaTo pa3lO3HAaBaTEIIHU eJeMEHTH. Mate-
MaTHYECKOTO MOJENUpaHe Ha TO3W BUA OMOCEH30pH
3aBHCH OCHOBHO OT BB3IIpHETaTa €H3UMHA KHHETHKA
[4,5].

[oBenennero Ha GMOCEH30pa B OOIINS CIIydaii ce
OMHCBA C YaCTHH HENWHEHHHW [u(epeHIHaTHA
ypaBHEHHsI OT BTOPH pell 32 AMHAMHUYEH PEXUM Ha
n3MepBaHe. B ycTaHOBEH pexHM ypaBHEHHATA ce
3aMEHST ¢ OOMKHOBEHU HEJMHEIHN Anu(epeHInaIHn
ypaBHeHHst OT BTopu pen. Korato wnsmepBaHusT
cyOcTpaT € B MaJIKi KOJIMYECTBa B CHJIa € CH3UMHA
KHHETHKa OT IBPBU peld. B oOnactra Ha Maikurte
KOHIICHTPAllMN C€ TOJy4aBaT TOYHU AaHATUTHIHH
pemreHus Ha auepeHIUATHUTE ypaBHEHMS. Pere-
HUSTA UMAT JIMHECH BHJ W HE IO3BOJIABAT Jla ce
aHAM3UpPaT W3MEpBaTEIHUTe O0XBATH W 30HHUTE Ha
HACHIaHE Ha CH3UMHHTE pPEakIuHu. 3a MO-BUCOKH
KOHIIEHTpAIlMN Ha CyOCTpaT ce M3MOJI3Ba KMHETHKA
Ha Muxaemuc-MenreH. IIpu Hes nurcear aHanu-
TUYHU PEIIeHHs, TOpagi KOeTO Ce M3IOJI3BAT YHC-
JIEHU METOJM 32 MHTerpupane [6,7].

Koraro eH3uMHara peakiyst € JUMUTHPaHa U MO
OTHOIIEHWE Ha KOCyOCTpaT € HeoOXOoauMmo aa ce
BB3MpUEME NMUHT-TIOHT €eH3UMHa KuHeTuka [4]. Tosa
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€ Hall CJIOXHUS Ciy4ail, Ipu KOWTO MoJena 3Ha4u-
TEJIHO C€ YCJOXHSBA, a PEUICHHETO € Bb3MOXKHO
OTHOBO CaMO C METOJHTE 33 YUCIIEHO UHTETpUpaHe.

Ilenta Ha HacTosIIaTa paboTa ¢ Ja ce M3BBPIIU
TEOPETUYEH aHaJM3 Ha BIMSHHETO Ha MOJIyJja Ha
Tunme BBpXy amrmepoMeTpuueH OnoceH30p 3a
NHUHT-TIOHT eH3MMHa KuHeTnka. C rmoMolnra Ha Me-
TOIUTE 3a YHCICHO MHTETPHpAHE Ja Ce pealn3upa
CUMYJIallMOHEH MOJeN 3a MPOAYKT- H KOCyOCT-
paT-4yBCTBHUTENICH BapHUaHT.

2. OCHOBHU ITAPAMETPH B MA-
TEMATHYECKUSA MOJEJ 3A ITUHT-ITIOHT
EH3UMHA KHHETHUKA

AMIepoMeTpUYHUAT OHOCEH30p C€ CBHCTOM OT
€H3MMEH CJIOH, JMaiu3Ha MeMOpaHa U amIepoOMeT-
puden enekrtpoxa [8]. M3mepBaHoTo BewiecTBo S
(cybcrpar) mudyHampa mpe3 Tuanu3HaTa MeMOpaHa
1 HaBJIN3a B €H3MMHUS clIoi. B Hero oceH mporiec
Ha JuQy3ust MPOTHYA U CH3UMHO-KaTallM3UpaHa pe-
akms [4], ¢ yuactuero Ha kocyberpat C, BeieacT-
BHUE Ha KoeTo ce (hopmupa npoaykra P.

Cucrtemara OT HEJIMHEHHH JAU(EpEeHIHATHN
ypaBHEHHS OT BTOPH peji B 6e3pa3zMepHH KOOPIUHATH
3a cyOcTpaTa, KocydcTpara U MPOAYKTa OT €H3UM-
HaTa peakius ca npeacTaBeHu B [4]. B Hes nspasa 3a
CKOPOCTTa Ha €H3UMHATa PEakiis ChIVIACHO BB3II-
puerara nBycyOCTpaTHa NMUHI-TIOHI €H3MMHa KUHe-
THKa UMa CIICTHUSI BU:

"/ Do)V, 1 Kyy) _ @’
1+1/8+1/C 1+1/8+1/C

Tyk o3HaueHusATa ca ciegHurte: 1 - nebenuHa Ha
aKkTHBHaTa MeMOpaHa; Ds — nuy3uoHeH KoeuIm-
eHT 3a cyOctpara; V,, — MakcUMaJHa CKOpPOCT Ha
eH3MMHaTa peakuus; Ky — KoHcTtaHTa Ha Muxaenuc
3a cyberpat; @’ — moxyn Ha Tue.

W3xomHUAT TOK 3a NPOAYKT- M KOCYOCT-
paT-4yBCTBHUTENEH BapUaHT HA aMIIEPOMETPUYHUS
OnoceH30p, KOHTO OOMKHOBEHO CE J1aBa B pa3MEpHU
KOOPAWHATH UMa cieqHus Buf [4]:

V(S,C)=

dipe]

. IC = I/IF‘ADC W

=0 §=0

O3HaueHusiTa B ypaBHEHUATA ca CJIEJHUTE: N -
Opoif Ha eNeKTPOHHUTE, YJYacTBAIIA B EJICKTPOXH-

MUYHaTa peakuus; F - koHcTaHTara Ha Papajneit; 4 -
TUIOIITA HA KaTo/a; J - pa3MepHa KOOPIUHATA.
IIponecute mpoTHyaT MPH CIETHUTE TPAHUIHHU
ycrmoBHA 3a x=/ Ha TpaHWIATa W3CIEIABaH pPasT-
BOp-aKTHBHAa MeMOpaHa M x=() Ha TpaHWIATa CH3H-
MEH CJIOH-eTIeKTPOIHA TIOBBPXHOCT:
- TlponykT-uyBCTBHUTEIICH BApUAHT:

x=0, d—S:O, d—C:O, P0)=0
dx dx

x=1,80)=S,, C)=C,, PH=0
- KocyOcTpar-uyBcTBHUTEIEH BapHaHT:

x=0, d—S:O, C0)=0, P(0)=0
dx

x=1,80)=S,, CH=C,, PH)=0

OCHOBHHUTE MapaMeTpy B MATEMTHUCCKHS MOJIEI
3a JIBaTa BapuaHTa OMOCEH30pH IIPEJCTaBIISIBAT Jie-
OenuHata Ha OnoakTHBHaTa MeOpaHara 1, audysno-
HUA 1 KoedurueHT Ds 1 MakcuManHaTa CKOpOCT Ha
eH3MMHaTa peakuus Vm, GOpMHUpAIIY KOMIUICKCHUS
napameTsp - MojyJia Ha Tuse @2,

3. CHUMYJIAIMOHEH AHAJIN3

CuMynanoOHHUTE M3CIEIBaHMS Ca IPOBEACHH B
nporpamuaTta cpegqa MATLAB 7.1. Iudepenunan-
HUTE ypaBHEHHS OT BTOPH pEJ, ONMHMCBAIM KOHIICH-
TpanuoHHUTE Npoduim Ha cyOcTpar, KocyocTpaT u
NPOJYKT Ca pEeLIeHH C IOMOINTa Ha MeToja Ha
Kpaitaute enementu [9]. M3mon3Bana ¢ ¢yHKImsATA
3a uncaeHo unaterpupane BVPAC, ¢ xosto e pemre-
HEHa JIByTOYKOBaTa I'paHMYHA 3aja4ya 3a JjBara Kpas
Ha aKkTUBHaTa MeMOpaHa, ChIbpiKalla OHOJIOTHYEH
matepuan [10]. Cnex nuckpeTusauusi Ha ypaBHEHH-
ATa W BBBEXKJAHE Ha MOIXOIAIIN CyOCTHTYIMH ca
CB3JIaJICHN [IBa CUMYJIAIIMOHHU MOJEJa, ChOTBETHO
3a MPOAYKT- M KOCYOCTpaT-4yBCTBUTEICH aMIIEpO-
MeTpuieH Ounocensop. Paspaborenure Momenu ce
M3M03/1BAaT 3a aHAJIM3 Ha IIPOLECHTE B YCTAaHOBEH
PEeXKHM Ha U3MEpBaHe.

3a mpoBexAaHe Ha CHMYJIAlMOHHHUTE H3CIie/Ba-
HHS Ca W3MOJI3BAHU CIIEJAHUTE CTOMHOCTH Ha MOCTO-
SHHUTE KOS(QHUIMEHTH W NapamMeTpyd Ha MaTeMaTH-
yeckure mogenu: Ds =Dp =7.10-10 m?/s — mudy-
3MOHHHM KOe(MIIMEeHTH Ha cyOcTpara M NpPOJYKTa B
aktuBHaTa MeMOpana; Dc= 5.10'" m%/s - mudysuo-
HeH Koe(UIUEHT 3a KocyocTpara; Ky =2.10* M/m? -
KOHCTaHTa Ha Muxaemuc 3a cyberpara; Kc= 5.10%
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M/m? - koncTanTa Ha Muxaenuc 3a kocyocrpara; Vi,
=6.10° M/s MakcuMaaHa CKOPOCT Ha EH3MMHATA
peaknust; /=50 um - neGenruHa Ha eH3UMHATa MeMO-
pana; n=2; F=96485 C/mol - xoncranra na ®apa-
neit; A=7,85.107 m? - o Ha KaTojga HA aMIIEpo-
METPHUYHHUS EIEKTPOLI.

CuMynanoHHOTO W3CJIEBAHE € PEATU3UPaHO,
ype3 KpaliHa IPOMsIHA HAa CTOMHOCTUTE Ha MOJyJla Ha
Tune, 6e3 Ja ca KOHKPETH3HPAHU OTACIHHUTE 3Ha-
YEHHsI Ha MapaMmeTpuTe, OT KOUTO ToW 3aBucu. Ilo-
pany KOMIUIEKCHOCTTa Ha TO3H IIapaMeThp, HETOBUTE
CTOIHOCTH OWXa MOIJIM Jja Cce IOJy4aT 4pe3 pas-
JMYHA KOMOWHALIMKM OT YETUPUTE Mapamerbpa — Jie-
OenuHa Ha OmoakTHBHaTa MeMmOpaHa, IUQy3HOHEH
koeduimeHT Ha cyOcTpara, MacKMMalHa CKOPOCT Ha
€H3MMHATa peaknusi M KOHCTaHTa Ha Muxaenuc.
Bnusauero Ha monyna Ha Tuse BbpXy KOHUEHTpa-
mUMOHHNS mnpodun  Ha  cyOcrpata 3a  IIpo-
JyKT-4yBCTBHUTEJICH BapHaHT € TOoKa3aHo Ha ¢wur. 1.
[MpodmrsT 3a KOCYOCTpaT-4yBCTBUTEIHNUS BApUAHT €
aHAJOTHUYCH.

dimensionless concentration S

1 . 1 . 1
0.1 0.2 03 04 05 06 07 08 09 1

0.19 L L
0
dimensionless distance x

¢ur.1. Konnentpannonen npogui Ha cyOCcTpaT B ak-
THBHAaTa MeMOpaHa B 3aBHCHMOCT OT MOAya Ha THie

W36panu 3a XapakTepHH CTOWHOCTH Ha MOJYIIA,
CHOTBECTBAIIN Ha KWHETHYEH PEXXUM Ha paboTa - P=
0,1, cmecen pexum — @°=0,8 u 1,5 u gudy3uonen
pexxnMm - @=2,2. CbBceM SICHO Ce€ BWKIA OIpenessi-
IIOTO BJIMSHUE HA CTOMHOCTHUTE Ha TO3W MapaMeThp
BBPXY PA3NPEICICHUETO HAa aHAM3UPAHOTO BEIEC-
TBO. Haii-Huckara croiimocr Ha Momyna $?=0,1
OOMKHOBEHO C€ HM3IBJIHSABA [P MHOTO THHKU MEM-
Opanu. B TO3u cityuaii MHOTO MajKa 4acT OT CyOCT-
paTa BIHM3a B peakmus ¢ KocyOcTpara, mpH KOETO
MOYTH ISUIOTO aHAJIH3HPAHO BEIIECTBO JOCTHTA IO

MOBBPXHOCTTA HA aMICPOMETPUYHHUS EIEKTPOJI.
ToBa mpeau3BUKBa B OOIIMS CIy4aidl CHUIIHO BIIOIIA-
BaHC HAa MCTPOJIOTMYHHUTE XAPAKTCPUCTUKH Ha OU-
0CEH30pa, KaTo HEroBaTa 4yBCTBUTEIHOCT € OJM3Ka
10 Hyna. 3a ciepamute croiinoctu @2 = 0,8 u 1,5 ce
BIDK/IAa 3HAYMTETHO MTOBHUIIICHNE HA KOHCYMAITHSTA Ha
cyOCTpaT Mo MpOTEXeHHe Ha OMOaKTHBHATa MeMO-
pana. Tyk e HamWIe YacTUYHO OPHUCHTHUpPAHE KBM
mudy3nOHEH peXNM Ha paboTa Ha OGmocen3opa. Te3u
CTOWHOCTH Ha MOJyJIa MOTaT JIa Ce pealln3u3upar mo
HSKOJIKO Ha4WHA, Ype3 IPOMsSHA Ha IapaMeTpuTe,
y4YacTBAIM B ypaBHCHHETO Ha Moyna Ha Tuie. Tosa
ca: yBeJM4YeHHEe Ha ae0envHaTa Ha OWMOAKTHBHATA
MeMOpana |, HamansBaHe Ha aAu()y3UOHHHUTE OTpa-
HUYCHUS Ha MeMOpaHaTa T.c HaMmajasBaHE Ha JIH-
Gby3uoHHMS KoepuiueHT Ds ¥ yBEIUYCHUE HA MaK-
cuManHaTa CKOPOCT Ha GH3MMHATa Peakius V.
HapactBaneTo Ha Mopayna @’ Npenu3BHKBA YBEJH-
YeHre Ha TyBCTBUTEIHOCTTA Ha OMOCEH30pa.

IMocnenHaTa cToHOCT Ha $°=2,2, CHTBECTBA HA
mudy3MOHeH KOHTPOJ, 3a KOHTO ce HaOmogaBa
Hali-CHJTHO W3YeplBaHe Ha cyOcTpaT B 30HaTa Ha
akTuBHaTa MeMmOpana. To3u pexuM ce XapakTepH-
3Wpa C Ha-BUCOKA YYBCTBUTCIHOCT M MUHHMAaJHA
KOHIICHTpAIlUs Ha CyOCTpaT Ha EJICKTPOJHATa IO-
BBPXHOCT. [lo-rolemMu MOAynH OOHKHOBCHO Cc€
MOCTUTAT C yBEJIMYCHHE HA JcOCTMHATA HA CH3HMM-
Hata MeMOpaHa. [IpakTnuecku GmoceH30pH MoraT aa
Ce peanm3Mpar 0 CTOMHOCTH Ha @°=25, HO B Te3n
ciIydad MeMOpaHUTE ca MHOTO J1e0eiH 1 CHITHO Ha-
CHUTEHH ¢ KocyOcTpaT. 3a TAX TPYIHO MOXKE JIa MPH-
JIOKH TUHT-TIOHT €H3UMHA KWHETWKa, T.€. JIMMHTH-
paHe Ha peaknusTa 1Mo KocyocTpar.

W3X0gHHUAT TOK 32 MPOAYKT-UyBCTBUTEIHHUS Ba-
pHAHT Ha aMIIepOMEeTpUYeH OMOCEH30p 3a KOHIICHT-
pammu Ha cyOctpar B guamasonHa 4 - 150 uM e
NPEACTBEH Ha (ur. 2.

CI/IMyJIaLIl/IOHHI/ITe KpUBHU Ca NTOJIYUYCHH 3a CHIIUTE
croiiHocTH Ha Moayna Ha Tune. Tyk oTHOBO € 3ana-
BaHa KpaiiHa mpomsHa Ha @’ Oe3 Ja ca OTYUTAHU
KOHKPETHH CTOWHOCTH Ha OTIEIHUTE MHapaMeTpH,
yJacTBaIIy B YpaBHEHHETO.

Ot ¢durypara sCHO ce€ BIDKIA ONIPEACIAIIOTO
BIISIHAE HA MOJYJNA BBPXY METPOJIIOTHYHUTE XapaK-
TEPHUCTUKHU HA OnoceH30pa.

43



Hukonait CTOSIHOB Awntonus [TAHAEJIOBA Boxunap JUKYIJKEB

AAAKKKEL
ALA
AA

A
1.2 F2o55 K

F’=15

08 oy
0.6 (OLOACLCAS; 00 OO0
A OOOOO
000 F2=0,8
0O
(@]
AO F2=0,1

0.4

0.2

SDDDDDDDDDDDDDDDDDDDD
0 L L

0 05 1 15
SM x10*

¢ur. 2. M3xoneH TOK OT IPOAYKT-9yBCTBATEIIECH OH-
OCEH30p 3a pa3IuuHu Mogynu Ha Tune

dyHKumATa, NOMydeHa 3a CToMHOCT Ha P°=0,1
ChOTBECTBA Ha Hal-J0HATA KprBa oT rpadukara. Ts
ce XapaKTepH3Hpa ¢ Hail-Obp30 HaBJIM3aHE B 30HA HA
HacHIllaHe Ha eH3UMHaTa peakuus. Kpusara mnpure-
JKaBa TBBpPAE KbCa JIMHEHHA 30Ha M CHOTBETHO
Hali-HUCKa YyBCTBHUTEJIHOCT, XapaKTepHa 3a KHHe-
THYCH PEXHUM Ha U3MEpBaHe.

Crnenpamure JaBE KpPHBHM, CHOTBECTBAIM HA
@’=0,8 u @&’=1,5 BomAT 10 PA3KO MOBUIIECHHE HA
METPOJIOTUYHHUTE XapaKTePUCTHKU. 3a TIX ce Hal-
JF0/IaBa pa3lIMpeHne Ha JIMHEeiHaTa 30Ha Ha (YHK-
OUsATa W TIOBUIIEHHE HA UYBCTBUTEIHOCTTa [0
CTOHHOCTH O0KOJIO 3,24 nA/mM.

dyHKmATa, OMpemecHa 3a Momyn d’=22 ce
XapakTepuszupa ¢ Hal-IoOpu  XapaKTepUCTHKH.
YyBCTBUTEIHOCTTA IIPU HEsl JIOCTHIra JI0 CTOWHOCT
4,4 pA/mM.

CumynaloHHUTE KpPHUBHU 32 KocyOcrt-
paT-4yBCTBHUTENIEH BapHaHT ca NPEACTaBEeHH Ha (QUr.
3.

OYHKIIUATE ca HaMalsgBallld, BCIEACTBHE Ha
0coOeHOCTTa Ha TO3W OMOCEH30p, IPU KOWTO CIen
ITHPBOHAYATHO HACHUINAaHE Ha MeMOpaHarta ¢ KOocyoO-
CTpaT, 3alloyBa HaMalliBaHE Ha HErOBaTa KOHIICHT-
panus, BCIEICTBHE Ha NpOTHYANIATa CH3WMHA pe-
aKIus.

W3zcnenBanusTa ca MpoBEJCHN OTHOBO 32 CHIIUTE
CTOMHOCTH Ha MopyJyia. XapaKTepUCTUKUTE ca aHa-
JIOTHYHU Ha TE3U IIPU MPOAYKT-4yBCTBHUTEIEH Ba-
pHaHT.

OTHOBO HapacTBaHETO Ha CTOHHOCTUTE Ha MO-
JIyJia BOJH JI0 TIOAOOpEHNE HA XapaKTePUCTUKUATE Ha
amMrepoMeTpudHus Oucen3op. UyBCTBUTETHOCTTA 3a

TO3M ciydail npu @?=2,2 nocrura o croiinoct 0,9
HA/mM.
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¢ur.3. zxoneH Tok 0T KOCyOCTpaT-4yBCTBUTEIICH
6uoceH30p 3a pa3anuHu Moayiu Ha Tuie

4. I3BOIHN

B Hacrosmata paboTa e peaM3UpaHo CUMYJia-
IMOHHO M3CJIeIBAHE HAa €JHOCH3UMEH aMIIepoMeT-
pudeH OMOCEH30p NPH NMUHT-TIOHT €H3MMHA KHHETH-
Ka. AHaJM3UpaHM ca CIydyauTe Ha TPOAYKT- H
KOCYOCTpaT-uyBCTBUTENIEH BapuWaHT B YCTAHOBCH
pexxuM Ha m3MepBaHe. C momorira Ha IporpaMHaTa
cpena MATLAB e cuHTe3upaH CUMYJAallIOHEH MO-
JIeTI, KOMTO pelraBa YUCICHO MaTeMaTHIeCKUTE MO-
JieNy, ONMCBAIM NpollecUTe B OMOAKTHBHATa MEM-
Opana. IlomyueHu ca pe3ynaTaTd 3a BIMSHHUETO Ha
OCHOBHHUJ MMapaMeTbp, ydacTBalll B MaTCMaTUYCCKU-
TE MOJICTIM Ha JIBaTa BapuaHTa OMOCEH30PH — MOJIyJIa
Ha Tue.

CumynanuuTe MoKa3BaT ONPEeNAI0TO BIUSHUE
Ha MOJyJIa BbPXY METPOTHYHHTE XapaKTEPUCTUKHU Ha
amIrepoMeTpudHus OnoceHsop. Pasmuunure CcTOM-
HOCTH 3aJlaBaHU B CHUMYJIALIMOHHHUS MOJEJ IpeIu3-
BHKBAT 3HAYNTEIHA POMEHU B UyBCTBUTEIHOCTTA H
JMHEHATa 30Ha Ha XapaKTepUCTHKaTa BXOA-u3xo1. B
3aBUCHMOCT OT BB3IpHETaTa Ipellka OT HEeNHEH-
HOCT, C€ BIK/Ia, Y€ JIMHEHHUST 00XBaT HA U3MEPBaHE
¥ 3a IBaTa BApHaHTa MOJKE J]a Ce TIOBUIIIN JI0 HAKOJIKO
IBTH, BCJICACTBHE Ha TMOAXOJAMI MOAOOP OT CTOM-
HOCTH Ha MOAYJA.

CaiiecTBeHa 0COOCHOCT MPU TO3U BUJ KMHETHKA
ca mo-MankuTe croliHoctu Ha @’, B cpaBHEHHE C
KrHeTHKaTa Ha Mmuxaenuc-MenreH. ToBa e o0yc-
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JIOBCHO OT q)aKTa, 4c IMpu Mno-rojiceMuTe MOAYJIH Ha
Tune nma U O-TOJIAMO HaCHUIIlaHC Ha MeM6paHaTa C
KOCY6CTpaT, IIpHU KOETO HE MOXKE Aa C€ NOCTUTHE 10
JIMMUTHUPAHE Ha peaKludaTa 1Mo OTHOIICHUE Ha HETO-
BaTa KOHLCHTpAILXA.
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INFLUENCE OF TILE MODULE TO AMPEROMETRIC BIOSENSOR IN
PING-POONG ENZYME KINETICS

Nikolay STOYANOYV, Antonia PANDELOVA, Bozhidar DZHUDZHEV
Electrical measurement department, Technical university — Sofia, Bulgaria
e-mail: n_stoyanov@tu-sofia.bg

Abstract: In the present work simulation analysis of Tile module to amperometric biosensor in ping-pong enzyme kinetics
is developed. The investigation for one-enzyme product-sensitive and cosubstrat-sensitive variant in steady-state condition
is made. The ordinary differential equations from second order of substrate, co-substrate and product are solved using final
elements method in MATLAB. Concentration profiles of the substrate in the enzyme membrane and output signal of
amperometric biosensor for different values of Tile module is obtained. The analysis about influence of Tile module to
metrological characteristics of biosensor is made.

Key words: amperometric biosensor, ping-pong enzyme kinetics, simulation model
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IHOATI'OTOBKA, IPEOBPA3OBAHUE U NCITOJIb30BAHUE JTAHHbIX B
IMPOLHECCE NIPOU3BOACTBA 3JIEKTPOHHOTI'O AIITTAPATA

Buxtopus CMOJIAM
kadenpa ,,Dnexrponnsie anmnaparsl”’, BHY um. B.Jlanst - CeBepononenk, Ykpanna

e-mail: vmsmolij@ukr.net

Pe3rome: HpezmonceHa JABYXKOHTYpHasi CUCTEMa aBTOMATH3UPOBAHHOI'O YIPABJICHHUA IPOLECCOM IMPOU3BOJACTBA JJICK-
TPOHHBIX aImnapaToB. Cq)OpMPIpOBaHa 1 000CHOBaHA TEXHOJIOTHS IIOATOTOBKH, HpeO6pa30BaHI/I${ Y UCII0JIB30BAHUS JJaHHBIX
JJIA IIponecca Npous3BOACTBA SJIEKTPOHHLBIX alapaToB. AHpO6I/Ip0BaHa METO/IUKa PEHICHUS 3aJa4u NOCTIPOLECCUpPOBa-
HUS YIIPABJIAIOIIUX MTPOTPaMM TEXHOJIOTMYECKOTO 060py,HOBaHI/Iﬂ.

KnroueBble c10Ba: IpoOU3BOACTBO MEKTPOHHBIX aMapaToB, MOATOTOBKA, MPEOOPa30BaHNE U UCTIOIb30BAHUE JAHHBIX,
MOCTIIPOLIECCHPOBAHUE YIPABISIONIMX MPOTPaMM, TEXHOJIOTHUECKOE 000pyA0BaHHE

1. BBEJJEHUE

OpraHu3anusi ynpaBiIeHUs MPOLECCOM IPOH3-
BOJICTBA 3JICKTPOHHBIX ammnaparoB (DA) TpebyeT u
o0yciaBIuBaeT BBHINOJHEHUE psfa TpeOOBaHMH MO
(dbopmam3anuu NpoIeccoB cOOpa, MPEICTABICHHUS,
00paboTKM M BU3yaiIHu3aluyu MHGOPMAIMH O XOJIE U
COCTOSTHIM TE€XHOJIOT'MYECKOTr0 Mpolecca IPOnu3BOI-
cTBa [2, 4-6]. [1epBbie mpeoOpazoBaHus HHHOPMAIHH
3a9acTyl0 NPOCUMPYIOT HEMOCPEICTBEHHO Ha CTa-
JIMIO TIpOIlecca KOMIIOHOBKM THIIOBOTO 3JIEMEHTa
3aMensl (TO3) aekTpoHHOTO anmmapara, a MosBICHHIE
MOCJIEAYIONINX MpeoOpa3oBaHMUl CBA3aHBI C BKIIO-
YeHHeM OoJiee MENKHX CTagui B €IWHBIA UKJI WH-
TErpUPOBAHHOTO aBTOMATU3UPOBAHHOTO MPOU3BOJI-
cTBa. B mpeapiaymunx padborax Mo STOMy Hampaslie-
Huto [1, 3] OblTa 1aHa METOJOJIOTHS aHAJIN3a Kade-
ctBa TexHosorndeckoro mpouecca (TII) mpousBoa-
CTBa M CHHTe3a DA Ha OCHOBE MPEJIOKEHHBIX KpH-
TEpUEB, MUHUMHU3UPYIOLIUX MaT€pUaJIbHbIE 3aTPAThI
Ha MIPOM3BOJICTBO M IOBBIMIAIOMINX HAJEKHOCTh H3-
TOTaBIMBAEMOTO U3/IEIIHI.

2. IOCTAHOBKA 1 PEIIEHUE 3AJAYH

Perrenue 3agaun nHTETpanuy GYHKIIUH KOHTPOIISL
KadecTBa B MPOLECC IMPOU3BOJICTBA AIICKTPOHHBIX
ammaparoB 3aKJIFOYaeTCs B TOM, YTO MOCIIE CO3JaHHUS
obOpaza (MHQOPMAIIMOHHO-TPAQUIECKOTO TOXOOHS
[10-12]) oOwekTa B cpelme MOAETHUPOBAHUS IPOUC-
XOIUT aHAJU3 BIMSHUS BHEIIHUX ()aKTOpPOB Ha Ka-
YEeCTBO TEXIIPOIECcCca U KaK CIEICTBHE Ha CBOWCTBA H
mapaMeTpsl u3roraBiauBaemoro m3nenws [3,8-11]. B
MpoIecce MOIENMPOBAHHUA HMeEETCs psAx mHpopMa-

LIMM CIIPABOYHOTO COJIEPKaHHUs U OCHOBHOW MH(OP-
Maluy HENOCPEACTBEHHO HO MPOLECCY HM3rOTOBIIE-
HUSI, KOTOPYIO HYXXHO JIMOO W3MEHHTH, OO OcCTa-
BUTH, TIEPEAAB HA TOCICTYIONINE CTaAUHN MPOU3BO-
CTBEHHOTO IUKIa. B ommmumu ot pador [7, 13] 3mech
TOYKAa PAaCCMOTPEHHUsI CMEIICHAa K aHaJu3y Hpen-
CTaBIleHUsI, 00paboTKH, MpeoOpa3oBaHUSI U COBMeE-
CTHMOCTH MH(OPMAIMN a TAKKE IPEIJIaracTcsi Me-
TOZ TOCTIIPOLIECCOPHOH 0OpPabOTKH yNpPAaBISIONIMX
BO3JECHCTBHUN /ISl TEXHOJIIOIMYECKOTO 000PYIOBaHHS
paccMaTpUBaeMOro Mmporecca NpoOU3BOACTRA.
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puc.1. Penakrop xomnoHnoBku 610ka DA
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CucteMbl TNPOCKTUPOBAHUS, MOJCIUPOBAHUS H
NpOM3BOJICTBA NevaTHbIX Iuiar Tuma Electronics
Workbench, PCAD, Micro-Cap u ap. omin4aroTcs
BBICOKOW CTEINEHBIO 3alUThl BHYTPEHHEro Koja, He
BOCIIPUSITHEM KHPHWJUIUIBL, OTCYTCTBHEM BO3MOXK-
HOCTH pEIIaTh 3aJa49i aHaJIu3a BIMSHUSA KaKUX-TH00
BHEITHNX (DakTOpOB Ha MpOLECC NMPOU3BOACTBA U
(yHKOIMOHWpOBaHUA w3fenus. llpemmaraeMerii pe-
JAKTOP KOMIIOHOBKH OJIOKA 3JIEKTPOHHBIX allapaToB
CBOOOJICH OT 3THX HEJOCTATKOB M, KPOME TOTO,
OPHEHTHPOBAaH HA BBINIOJIHEHUE HCCIEIOBAHUI Ka-
4yecTBa Mpolecca NPou3BoACTBa DA.

Ha puc. 1 npuBeneHbl OKHa KOMIIOHOBKH 3JICK-
TPOHHOTO ammapara, IpuyeM puc. 1, a WUTIOCTPUPYET
(dbopMy 3anaHusl TEOMETPUUECKHX pPa3MEpoB IedaT-
Ho# matel (I1I1), a puc. 1, 6 moxa3bIBaeT MOPSAOK
paboThl C NPHIOKEHHUSIMH, KaK TO: KOMIOHOBKY
omoxa DA u3 I1I1 u MoenupoBaHUe BIHUSIHUS YCIIO-
BUI1 3KCIUTyaTaluy, B YACTHOCTH BIIMSIHAE BUOPALIUHL.

Crenyer OTMETHTh, 4YTO HMH(GOPMAIMOHHOE
NIpecTaBiIeHNE BEIOPAHHOTO 00BEKTa HCCIICIOBAHMS
OYCHB CIIOXKHOE, TaK KaK BKIIIOYACT MEPAPXHIO dle-
MEHTOB KOHCTPYKLH, pa3HooOpa3zue camux olie-
MEHTOB, UX COCTaBJSIFOLIMX M mapamerpoB. Hanpu-
Mep, Ha pUC. 2, a mpHuBeneH nepedens JPD, ycra-
HaBnuBaembIx Ha I1I1, a Ha puc. 2, 6 — rpaduyeckoe
NPE/ICTABJICHUE U TeOMETPUYECKUE MapameTpbl Of-
HOTO M3 HUX.

CocraB 6a3bl JaHHBIX 3THX JJIEMEHTOB BapbUpY-
€TCsl B 3aBUCHMOCTH OT CIICIMAIN3AINN TpeIIpHs-
THSL M €ro TeXHHYEeCcKoil ocHameHHocTH. [loaTomy
NOoCTaBiIsieMble  (pUpPMaMH-TIPOU3BOJUTEIIIME  OHO-
JMOTEKU PaJUOdJIEMEHTOB 3a4acTyl0 HE COOTBET-
CTBYIOT NPOW3BOJICTBEHHBIM TpPEOOBAaHUAM, M KO-
HEYHBIE MOTPEOMTENN JMOO0 MOKYHalT TOTOBYIO
OMONMMOTEKY PagMOd’IEMEHTOB, MO0 CO3MAIOT COO-
CTBEHHYI0. B 000MX cly4asx BO3HHKAIOT HEyHo0-
cTBa. B mepBoM ciydae OMOMMOTEKa paguolIeMeH-
TOB (PU3MUECKH BCTPOCHA B TEXHOJOTMYECKHUII Mpo-
[iecc MPOM3BOACTBA U B MPEIEIax OJHOTO IPEINpH-
ATHS 3a4aCTyl0 MCHOJIB3YETCsl JIBE WM Oojiee Tex-
HoJloTUH mpous3BoAcTBa DA. Bo BTOpoM ciyuae
BO3HUKAIOT NMPOOJIEMBI M3-32 HEMOJIHOTHI 3aHECEHMUs
nHdopManuy B OMOIMOTEUHBIH AJIEMEHT, NaXke IUIs
ABTOMATHYECKUX CHCTEM CHHTE3a OHOJIMOTEYHBIX
3JIEMEHTOB [4].

Jnst pelieHusl MOCTaBJIEHHOM 3ajauyd MEpBbII
MOJX0J HEIpHEeMIIEM, a BTOPOW HMeEeT IpaBO Ha
CyIIECTBOBaHHE IPH YCIOBHH, YTO HAaOHpaTh OWO-

JIUOTEeKy  OyZeT  BBICOKOKBAJIM(HUIIMPOBAHHBIH
OTIBITHBIN CIIENUANIUCT, KOTOPBII KpOME TTapaMeTpoB
«THUIIOBOI» OMOIMOTEKH 3JIEMEHTOB JJOJDKEH BHECTH
napaMeTpsl ISl MOCIEAYIOIIETO OINpeleTIeHusl U
aHaIM3a TEXHHKO-’KOHOMUYCKUX CBOWCTB IIPOM3-
BOJIUMOTO U3/CTIHSL.
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puc.2. MapopManmoHHO-rpadUuecKoe OMHCaHUE e~
MEHTOB DA

TenanevenTa

B gacTHOCTH K Takoro poja JOMOJHUTEIbHBIM
mapameTpaM OTHECEHBI cliexyromue [3]: ®KecTKOCTh
MaTepHuaia 1uatel, kodpounuent Ilyaccona, koad-
(UIMEHT MeXaHWUYECKUX IOTEeph, Macca Kopiyca
OPD, macca BbIB0J1I0B OP3, UX )KECTKOCTh U BI3KOCTh
U T.0. JleTampHO METOMOJIOTHUS, HHCTPYMCHTapHi
OTPENICIICHUS] U MaTeMAaTHYCCKUI ammapaT WX Mpe-
oOpasoBanus npuseneH B padore [3]. Kpome moje-
JUPOBAHUS TaM W3JIOKEHO OIHCaHHWE IIPOrPaMM-
HO-TEXHIMYECKUX KOMIUIEKCOB M KPHUTEPHEB KOMIIO-
HOBKHM DA U UX COCTaBJISIIOLIUX.

Ha puc. 3 npuBeneHsr GpopMBI peqaKTOpOB, BBI-
MONHSOMUEe (QYHKINH WHCTPYMEHTOB CO3IAaHUS
OMOTUOTEK dSJEMEHTOB. bBHOIHOTEKH 3JIEMEHTOB
BKITIOYAIOT TpadUuecKoe MPeACTaBICHUE 00BhEKTa U
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ero mapameTpsl. s co3JaBaeMbIX JIEMEHTOB
O6ubnroTekn rpaduueckoe M300paXKeHHEe KOMIIOHY-
eTcs B rpaduyeckoM penakrope (puc. 3, a), a daiin
ONHWCaHUsl, TPWIMHKOBAHHBIH K HM300pa)KeHUIO,
(dbopmMupyercss B TEKCTOBOM penakTope (puc. 3, 0).
I'padpmueckuit pemakTop moamepKUBaeT (GopMaThl
*bmp, *.gif, *.jpg ... rpadpuveckux U300paKeHUH,
YTO JaeT BO3MOXKHOCTH COBMECTHMOCTH C Pa3jny-
HBIMH IIPOM3BOJICTBCHHBIMH KOMIUIEKCAMH HHTE-
TPUPOBAaHHOTO MPOM3BOACTBA. [ daiina ommcanus
9JIEMEHTOB BBIOpPaHO baz-mpencraBieHHe, OTIHYa-
1omieecss 0T 0OBIKHOBEHHBIX TEKCTOBBIX (hailyioB, HO
nojiepkuBatoniee  00pabOTKy M3BECTHBIMH  TEK-
CTOBBIMH PEIaKTOpaMHu.
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puc.3. ®opMbl pe1aKTOpoB

MHOTroI0OKYMEHTHBIH HHTepderc paboTsl 0060-
JIOYKH TO3BOJISIET OOBEIUHUTH BCE KOMIIOHEHTHI
NPUIOKECHUS B €MHOE LIeJIoe, YIPOCTHB MPOIECce
oOMeHa TaHHBIMUA MEXIYy KOMIIOHCHTAMH U YIPaB-
JICHHE KOMIIOHCHTAMH MIPHIOKEHISL.

Tak Kak pedb MAET 00 WHTEIPUPOBAHHOM aBTO-
MAaTH3MPOBAHHOM IIPOU3BOACTBE, TO IOCTIDKCHHUE
Henu o0eCleueHUsT HAWTYYIINX [OKa3aTesiell Tex-

HOJIOTHYECKOTO IpoIlecca MPH BBIMYCKE M3IETHS C
MPEBOCXOASAIIMM aHAJIOTH Ka4eCTBOM BO3MOXKHO
TOJIBKO 3@ €JUHBII LUK NPOU3BOJICTBA HAa COOT-
BETCTBYIOILEM Psily 00OPYIOBaHUS U ITPHU PELICHUH
€IMHOM CTpaTermueckod MHOTOKPUTEpUAIbHOM 3a-
JaqH.

Ha puc. 4 npuBenena cTpyKTypHas cxema JIByX-
KOHTYPHOH CHUCTEMBI aBTOMAaTH3MPOBAaHHOTO
YIpaBiICHUS. NPOIECCOM IPOM3BOACTBA JIICKTPOH-
HBIX amnmapaToB M MX cocraBisifomux. Ha puc. 4
n300pakeHo crexyromee: 010k 1 — 00BEKT Hmcce-
JIOBaHUM - TEXHOJIOTHYECKUM MPOLECC MPOU3BOICTBA
6noka DA, 6nok 2- kpurtepuii kauectBa TII mpous-
BoJICTBa OJ10Ka DA, 610K 3 - KpUTEpHH KOMIIOHOBKH
T33 DA, 610k 4 - KpUTEpHl KOMIIOHOBKH O110Ka DA,
610k 5 - moxenuposanue DPD, ITIT u T3, 6ok 6 -
MozenupoBanue 6yoka DA, 6mok 7 — JIIIP, 6mok § -
CBEpIIMIIBHBIE CTaHKHU, OJIOK 9 - (pe3epHbIe CTaHKH,
610k 10 — horoxoopaunaTorpad.

ITo xomy BBIMOJHEHUS! TEXHOJOTMYECKOTO MpO-
recca UMEIOT MECTO CHTYalllH, KOTa HeoOX0aAnMO
OLICHUTh KAauyeCTBO M3TOTAaBIMBAEMOT0O H3JENNs,
MpUYeM JUIi MUHHMHU3AIUN TIOTepPh BpeMeHH U (u-
HAHCOBBIX 3aTPaT 3TO HY)KHO C/ENaTh B TAKTE BCETO
TEXHOJIOTHYECKOT0 mpouecca. g 3Toro B CTpyk-
TYpHOU CXeMe CUCTEMBI TIPETyCMOTPEHBI OJI0KH 2- 6,
pelIamue 3a1a4u MOACINPOBAHUS U 00ecTIeueHNs
ONTHMAIBHOCTH BHOCHMBIX H3MEHEHHH B CyIIe-
CTBYIOIIMM TexHojorudeckuil mpouecc. OxoHYa-
TEJIFHOE TPAaBO MPHHATHS PEIICHHs BO3JIOXKEHO Ha
JIIIP, kKOTOpOE MPOIYyCKAaeT TO WU IPEJIOKEHHOE
pemieHne Wi u3MeHseT ero. KoHTyp «aHaiamza»
BBI3BIBAET M3MEHEHUSI B KOHTYPE «HM3TOTOBJICHHS,
YTO MPOELUpPYyeTCd Ha TEXHOJIOTHYECKHH Ipolecc
OTIOCPEJOBAaHHO Ye€pe3 M3MEHEHHsI YCTaBOK TEXHO-
Jorndeckoro obopynoBanusa. Tak Kak Bce 3a1adul
aHanM3a PEeIIaloTCs 32 OAWH UK OTBETBICHHSA, TO
Hay4YHas HOBU3HA M 3KOHOMHYeCKHi 3¢ ekt 00y-
CJIOBJICHBI CHCTEMHBIM DEIICHHEM BOIPOCA IOBBI-
IIEHUS KauecTBA M HAAEKHOCTH M3AEIHS ITyTEeM HC-
KJIFOUEHUS! «IIETEIIb)» U «CKaYKOB)» B CYIIECTBYIOLIEM
TEXHOJIOTHYECKOM Tmporecce. CrneayeT OTMETHUTH,
YTO B TEXHHYECKYIO peaM3allfio MpPeI0KEeHHON
ACY He BHOCHTCS W3JIMIIHUX BBIYMCIHTEIbHBIX
pecypcoB Tak Kak BO3MOXKHO COBMEIICHHE IPOWII-
JIIOCTPUPOBAHHBIX (DYHKIHUI HA OJHOM amNIapaTHOM
obecricucHNH.

B KoHTekcTe aHanM3a KOMIBIOTEPHO - MHTETPH-
POBaHHOTO IIPOM3BOJICTBA, NpeIaraeMas CHCTeMa
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ABTOMATH3UPOBAHHOTO  YIPABJICHUSI pealru30BaHa
MOCPEJICTBOM CETEBOM TEXHOJIOTHH, TIOATOMY 3a7ady
MOCTIPOIECCUPOBAHUS  YNPABJISIONIMX POrpPaMM
CJIeZlyeT MOHUMATh B OTJIMYUHM OT PaboTel [4], He
TOJIBKO KaK aJIalTallii0 K CYIICCTBYIOMIEMY 000py-
JIOBaHUIO KOHKPETHOTO TEXHOJIOTHYECKOTO IIPOIIeC-
ca, HO W KaK aJanTanuio K TpeOyeMoMy KadecTBY
BBIITYCKaeMOTO H3ICITHSI.

|
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H H
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Ceepnunb- dpesepHble doTokoop-
Hble CTaHKu CTaHKn avHaTorpad

puc.4. CTpykTypHas cxeMa aBTOMATU3UPOBAHHOMN CU-
CTEMBI yIIPABICHUS

K BxomHBIM (popMaTaM JaHHBIX JJIS paccMaTpH-
BAaEMOT'0 TEXHOJIOTHIECKOTO 00opynoBaHus ( Ooku 8
— 10 nHa puc. 4) otHecem cienyromme *.gbr, *.drl u
*hp. @aiinpl yka3aHHBIX (OpPMATOB coAep)kaT B
ASCII KomupOoBKe Ha >KECTKOM HOCHTEJEe WIM Ha
JICHTOYHOM HAKOIIMTEJIE YIPABILIONINE BO3ACHCTBHS
JUIS TEXHOJIOTHYECKOW OCHACTKH, MpPUYEM Iepena-
BaeMble ¢ Onoka 1 (puc. 4) ycTaBKM Ha TEXHOJIOTH-
4eckoe 00OpyJoBaHHE OyIyT OTIMYATHCS JJIS CIIy-
YaeB BKJIFOUCHHA-BBIKIIIOUECHUS KOHTYpa «aHalH3a
npeaaraeMoil  aBTOMAaTH3UPOBAHHOW  CHCTEMBI
YIpaBIICHUSL.

BriBoner: mpemmaraemas B paboTe IBYXKOHTYpP-
Hasi CHCTeMa aBTOMAaTHU3UPOBAHHOTO YIIPABICHUS
TEXHOJIOTHYECKUAM IIPOIIECCOM IIPOU3BOJICTBA DJICK-
TPOHHBIX armnapaToB YUYUTHLIBACT BCC aCIICKTHI MPEI-
CTaBJIeHUs, 0OpabOTKM U HUCHOJb30BaHHUs HHGOP-
Manuu 00 00beKTe UCCIeNOBaHUN U MHTErPUPYETCs
B TEXHOJIOTMYECKHH IPOIECC IMOCPEACTBOM IOCT-
MPOLIECCUPOBAHUSI  COOTBETCTBYIOIIMX IIPOrpaMM

HCIOJHUTEILHBIX MEXaHU3MOB, YTO BJICYET 32 COOOM
TMOBBIIICHUE KaUY€CTBa U HAACKHOCTHU BBIITYCKaCMOI'O
W3JeNus.

PaccMaTpuBasi TEXHOJIOTHUECKHH MpoOLEcC Mpo-
M3BOJICTBA IEKTPOHHOTO ammapata (DA), ¢ yueTtom
BO3MOJXXHBIX 3()QEKTOB, BO3HUKAIOIIMX B Ipolecce
(YyHKIIMOHMPOBaHMSI ~ TOCJIEAHET0,  BO3MOXKHO
NPEIOKUTD JUIS €r0 OIMCaHWS MOJENb B BUIE
«4EpHBIN SIUK» (pHC. 5).

Bo3mymenus

8 Zl;

5 <{—>| IIpomsBoacTBo DA =3

g . p Lo Lo
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puc.5. Mozenb cuCTEMBI B BUJIE «UEPHBIN ALIMK»

Ha puc. 3 B kauecTBe BXOJOB pacCMaTPHUBAIOTCS
CJICIYIOIIHME COCTABISIOIINE: TapaMeTPhl, CBOMCTBA
M KOMIIOHOBKAa THIIOBOTO 3JICMEHTa 3aMEHBI, KOM-
MOHOBKA OJ10Ka DA, CTOUMOCTH TIPOEKTa, CTOUMOCTD
W3TOTOBJICHUS, IIAHHPYEMOE BpeMs MPOU3BOJICTBA.
Bo3MymeHnsAsMH BBICTYTAIOT: YCJIOBHSI JKCIDIyaTa-
i DA, KBanA(UKaIUs IIepcoHala, BEIIOIHAIOIE-
T0 KOMIIOHOBKY, TEXHHYECKasi OCHAIICHHOCTH TPO-
HU3BOACTBA, OpFaHI/l3aLII/lﬂ TEXHOJIOTHUYCCKOI'O HpO-
necca mpou3BoACTBa. K BBIXOJAM CHCTEMBI OTHE-
CCHBI: HAaJACXKHOCTb M3JCIHA, CTOUMOCTb HU3ACIINA,
CKOpPOCTh TPOU3BOJICTBA, YHUKAJIBHOCTH KOMILICK-
Tyomux. VMesl NWIIb OXHU BXOJHBIC JaHHBIC HE-
BO3MOJKHO 3apaHee CKa3aTh KaK OHH IOBIUSIOT Ha
rnapaMeTpsl ¥ CBOWMCTBa TOTOBOTO W3JeNusA. TOYHO
TaK JK€ HEM3BECTHBIMH SIBIISTIOTCS W PE3yJIbTATHI
BO3JCICTBUS BO3MYILEHUN Ha mapaMeTpbl IPOU3Be-
neHHoro DA. B3anMocCBsA3b M 3aBUCUMOCTE BBIXOJI-
HBIX MAPaMETPOB OT BXOIHBIX W BO3MYIICHHH, IS
paccMaTpUBaeMOro Cirydasi, BO3MOXHO OIPEICITNTh
JUIIb C TOYKH 3PCHHS CUCTEMHOro Mmojaxozaa. B
4acTHOCTH, B padore [1,8] OblIM npeaokeHsl Kpu-
Tepuu KOMIIOHOBKHU TD3 u Gi0ka DA, peanuzyroniue
aHaJIn3 B3aMMOCBSI3HU BXOIHBIX napaMeTpOB JJIS
mpolecca MPOU3BOJACTBA C BO3MYIIAIOUIMMH Tapa-
MeTpaMH. AHann3y B3aUMOCBS3M BXOJHBIX H BO3-
MYIIAIOIMAX MapaMeTPOB PAacCMaTPUBAEMOTO TIPO-
W3BOJCTBA C BBIXOJHBIMH XapaKTEPUCTHKAMU IIO-
cBsamieHa pabora [2, 6-9], rme It STUX wenel

50



brarapcko crnimcanue 3a WH>KEHEPHO MpoeKkTupane, opoi 32, anpwr 2017 T.

NPEATIOKEH KPUTEpUH KadyecTBa IpOLecca IPOM3-
BOJICTBA.

CrenyeT MOJYEPKHYTh, YTO TOJIBKO MPEACTaB-
JICHUE IIpoliecca IPOn3BOJICTBa DA B BUJIE CUCTEMBI,
MO3BOJISIET TIOJIyYHMTh, MIPOMOJEIUPOBATH U HCCIIe-
JIOBaTh SIBJICHHS JOXKHOTO CHTHasia B DA W ynbTpa-
TrapMOHHYECKOT0 pe3oHaHca At TO3 [3], uTo B cBOIO
ouepeb ABISETCS NPOSIBICHUEM CUCTEMON CBOICTBA
9MEPUKEHTHOCTH. OJTO CBOMCTBO 3aKIIOYacTCs B
TOM, YTO Ha HEKOTOPBIX YacTOTaX HaOIromaercs
3G (EKT Pe30HaHCHOTO B3aMMOJCHCTBHS JIEMEHTOB
CUCTEMBI, KOTOPOI'0 MPpHU HCCICAOBAHUN OTACIBHBIX
9JIEMEHTOB CHCTEMbl HE HaONI0JaJoch M TaKOTO
CBOHCTBa y 3JIeMEHTOB cucteMbl HeT. COBMECTHOE
(YHKIIMOHUPOBAHUE DIIEMEHTOB CHUCTEMBI U IPOSIB-
JICHWE B TIpollecce SKCIUTyaTalud 3THX 3(PPEKTOB
HEOOXO/JMMO HCCIIe/IOBaTh, MPEICKAa3bIBATh IOSIB-
JICHWe W YYUTHIBaTh B MAaTEeMaTHYECKOW MOJEIH
00beKTa nccieJOBaHHH.

CocraBiisisi MaTeMaTHYeCKOe OIMCaHUE pac-
CMaTpHUBacMON CHCTEMBI, CIEIyeT HMETb B BHIY
Hanugue OOJBIIOro KOJIMYECTBA IMapaMeTpoB, Xa-
paktepm3yrommx cucremy [8, 11]. Yacts u3 3THX
MapaMeTpoB CIIyXKaT JUIl MOACIUPOBAHUS, a IPyrue
JUIA OLICHKH IMPUHUMACMbIX KOMITOHOBOYHBIX,
CTPYKTYPHBIX M TEXHOJIOTMYECKUX PEUICHUH It
paccmarpuBaeMoro mnpoiiecca Mpou3BoJcTBa. BHa-
qaje HCO6XOZII/IMO BBIACIINTH BO3MOKHBIC KOHCYHBIC
CUTyallMM, XapaKTepH3YIOIIUE CHCTEMY, 3aTeM
YCTQaHOBUTH COOTBETCTBHE MEXAY CHUTyallued W
3HAYCHHMEM NapaMETPOB M MX KOMOWHALMEH, a 3aTeM
MOJYYUTh B3aUMOCBS3b C PAaCCUUTHIBAEMBIMH 3Ha-
YEHUSIMU NEPEMEHHBIX, TeHEPUPYsl NPU 3TOM Clie-
Hapuu (HaOop AeHCTBHWIl), HampaBieHHbIE Ha JI0-
CTHKCHHE JKENATENbHBIX BBIXOJHBIX IapaMeTpOB
mporecca mpon3BoacTBa. Ecimm mo Tumosomy -
MEHTY 3aMeHBI TAaKOT'O PO/ia aHAJIN3 BBITIONHEH [6], TO
st O10ka DA mogoOHOTO poja aHAK3a emle Ipea-
CTOUT BBITIOTHUTE.

B Tabn. 1 mpuBemeHa CTpyKTypa IEepeMEHHBIX,
XapakTepusyomux JA.

Ta0J1. 1 CTpyKTypa NEepeMEHHBIX

A |Z A JomycTtumas BenTM4uHa aMILIU-
I )| 2 o
! ! i Tyl KosteOanuid DA
A Y A OIyCTUMAs BEJIUYMHA yIja
[4,] 4] [4] | Ao y
II0BOPOTA BOKPYT OCH
iva Jnama3zoH pabouux 4acToT 1o

YCIIOBUSIM 3KCILTyaTalluU 3JIEK-
TPOHHOTO anmnapara

Vi Co0OcTBEHHBIE YACTOTEI KOJIE-
Oauuii O0j10ka DA

Boimensast ncxonpl, y4YUTBIBAEM HEOOXOAMMOCTH
PacCMOTPEHHS IIOJHOM TPYIIBI COOBITUIY M Yy4H-
ThIBA€M BEPOSTHOCTH MX COBMECTHOTO IOSBICHUS.

Bo3MoxHBIE HCXOABI MPUBC/ICHLI B Tabm. 2.

Ta0J1. 2 BO3MOXXHBIE HCXOIbI

0O6o3HaueHUe CeMmaHTHYECKOE JlunreucTHYecKue
Hcxona 3HAYCHUE 0003HaUCHHS

yi [IpousBeneHHsbIi BrinonnuTte mocTopo-
DA oTBeYaeT BceM LECCUPOBAHUE YIIPAB-
TEXHUYECKHUM, TeX- | JISIFOIIUX BO3JEHCTBUI
HOJIOTHYECKUM U JUIL  TeXHOJIOTHYECKO-
SKOHOMHYECKUM ro 000pyIOBaHU
TpeOOBaHUAM

y2 Hanuuue y roroBoro
HU3EJINS CBOMCTBA
BHOPOYCTOHYMBOCTH

y3 Hammawe nonomkun 3amycTUTh Ha BBITION-
(oTkaza) B xoe HEHUE MOJICIIUPOBAHKE
IKCILTyaTaIlUuu y C TocIenywouen Kop-
TOTOBOTO M3JICIHUS peKIUeil KOMIIOHOBKH

Va4 Hanuuwme cbost B U TapamMeTpoB MpPOU3-
paboTe y TOTOBOTO BOJICTBA 3JICKTPOHHBIX
U3JCIUS anmaparoB

O0o03Ha4yeHne CeMaHTHYECKOE 3HAYEHE
TIepEMEHHOMN

AMIuTyna KoJiebaHui 610Ka
DA

x 2 ’ z

.

®da3oBsIii yrou 6iioka DA

Jnst ucxonos,

ONHMCAaHHBIX B Ta0. 2,

COOTHOIIICHHUE BHUIA

P(y1) + P(ysl y2) +P(yd y2) + P(yd y3) = 1,

rre P(y1)) -

CIIpaBCAJINBO

(1)

BEPOSITHOCTh  TMOSIBJICHUSI HMCXOJa
y1.P(yi Yij) — BEPOSITHOCTD IIOSIBJICHUSI UCXOJa Y; NIPH
YCIOBUH HACTYIUICHHS Y,
Camu BEJIMYHMHBI YCJIOBHOW BEPOSITHOCTH JUIsl BbI-
pakenus (1) onpeaensoTcs COOTHOMEHUSMU:

P(y;liz)=—P(§z;)y3) )
P(MEF% 3)
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Bukropus CMOJIUIA

P(y3ﬁy4)

P(yy)

rae P(yiNyj) - BEpOSTHOCTH COBMECTHOIO OCY-
IIECTBIICHUSI COOBITHH Yi, Yj.

B cBoto odepenp monHast BEPOSITHOCTD AJISI HHBEP-
CHUU IIEPBOTO UCXO/A ONIPEENIETCS BEIPAXKEHUEM
P(3)=P(5|%) P(3,)+ P(3]3:) P(35) + (3] ys) P(32) 5
TZe Vi, yj “HECOBMECTHBIC TPYHIIBI COOBITHH M HX
00beAMHEHNE SIBJIAETCS JJOCTOBEPHBIM COOBITHEM.

3agaiuM cHCTEMe IMPUMEPBl COOTBETCTBUS Be-
POSITHOCTHBIX BXOJIOB BO3MOXKHBIM HCXOJaM II0
KaxJaoMy Bxony. baza 3HaHMII COOTBETCTBHUSI BEpo-
ATHOCTHBIX BXOJOB HCXOJaM, IOCTPOCHHAs Ha OC-
HOBE aHAJIN3a 3HAHUH U OTIBITA 3KCIIEPTOB B 00IACTH
pa3pabOTKH, KOMIIOHOBKH W MPOM3BOJCTBA JIICK-
TPOHHBIX aNNapaToB MpeJcTaBIeHa B Ta0. 3.

P(y4|y3): “)

Taba. 3 baza 3HaHUI COOTBETCTBUSI BEPOSITHOCTHBIX BXO-
JIOB UCXOJIaM

3Hauenue 3Hauenue 3Hauenue 3Hauenue

nep HOU I HOU I HOU I HOU

Hcexon

y2 ys Y6 I

Y3, y4 Y6 y7 yr JIC

B Ttabn. 3 ¢yHKuMM ys, Ye ..M UX UHBEPCUH IIpEl-
CTaBJIAIOT cO00I0 NPOYKIIMOHHBIE TIPaBHIIa.

WcXon y» HACTYIAeT B CIydae NPEBBIIICHUS aM-
Ty bl KosieOanuii Ooka DA u (a3oBBIX YITIOB
JOIYCTUMBIX 3HAUEHHMH, B Cilydae MomaJaHus coo-
CTBEHHBIX YaCTOT KOHCTPYKIHH B paboumii HHTEPBAI
YacTOT M B ClIy4ae YIbTParapMOHHYECKOTO pPe3o-
HaHca T.e.

V2=ysUys U VT (5)
rae ys =
(Zx>|zx|)U(Z},>|Zy|)U(ZZ>|ZZ|)U(Z¢>|Z¢|)u
U(ZW>|ZV|)U(ZH>|ZH|), (©6)
. 1, v,.e[f”...fg]. -

0, vel[f,...[.]

Jlisi YCTpaHEHHs HEXeJaTelbHOTO HCX0d Y2
npeoOpa3oBaHUs €r0 B HWCXOJA Y2 HEOOXOIMNMO BEI-
MOJIHUTH CIICAYIOIIUE ICHCTBUS

Ecm y> 10 KBl n (TCB2 U YA) n UIIL. (8)

Hcxonbl y3 ¥ y4 OTIIMYAKOTCS APYT OT Apyra odpa-
TUMOCTBIO MPOMCXOJSIIUX IPOIECCOB, T.€. IIOCIE
HACTYIUICHUSI HCXO/a Y4 TIO UCTCUCHUU BPEMCHH WIIH

10 OKOHYAaHWH BO3/CHCTBUS BO3MYyIIalomiero ¢ax-
Topa, DA MOXeT obecneynBaTh 3alaHHOE (DYyHKIH-
OHMpOBaHMe. B ciyuae HacTyruieHMs Hcxojaa ys,
HOCJIe TIPEKpAIeHNs] BO3MYLIAIOMINX BO3ACHCTBUH,
DA He BBINOJHSIET CBOH (DYHKIIHH.

Y3=Ye WUy U YT NIJIC, 9

me yr =(A>[A)) (4> [A]) (A=A 0 )
A (4,>]4,) (4, >[4, ) 4,>|4,] ). (10)

Jlist ycTpaHeHHsl HEXeNaTeNbHBIX HCXOAOB Y3, Y4
HEOOXONMO BBITIOJIHUTH CIIETYIOMINE IEHCTBHA

Ecmu y; To

BKMIINKBIN(TCB1UYA)N UT2 n UII1 (11)

IIpennosxeHHbIN MEXaHU3M IPUHATUS pelieHui (8)
— (11) HeoOX0aMMO WHTETrpUPOBAaTH B pa3padaThl-
BAaEMYyI0 CHCTEMY aBTOMAaTH3WPOBAHHOTO YIIpaBJie-
HUSI IPOU3BOJICTBOM DA, Hapsily ¢ HHCTPyMEHTaMH
MoJienupoBaHud DA, aHanuM3a U CpaBHEHUS Mapa-
METPOB C JOMYCTHMBIMH 3HAYCHUSIMHM, YITydIICHHS
CBOWMCTB W KOMHOHOBKH DA. Heobxommmo mpermy-
CMOTPETh TAaKXKE HHCTPYMEHTBI OLIEHKHU TOJTyIEHHBIX
Mo (UKAIMK ¢ TOYKN 3pEHHS ONTUMH3ALUH HEKO-
TOPBIX SKOHOMUYECKHX W TEXHOJOTHYECKHX Iapa-
METPOB TEXHOJIOTMYECKOT0 TpOoIiecca.

3. BBIBOJ]

[IpensnoxxeHa IBYXKOHTYypHas CHCTEMa aBTOMa-
THU3UPOBAHHOTO YIPABIICHUS MTPOLIECCOM IPOU3BOI-
CTBa 3JIEKTPOHHBIX anmapaToB. ChopmupoBaHa u
000CHOBaHa TEXHOJIOTHS MMOJATOTOBKH, IMpeodpa3o-
BaHUS W WCIONB30BAHWS NaHHBIX IS IIpolecca
MPOU3BOJICTBA JJIEKTPOHHBIX AammapaTtoB. AmnpoOu-
pOBaHa METOIMKA PEIICHHS 3aJadd MOCTIIPOICCCH-
pOBaHUS YIPABISIOMUX ITPOTPAMM TEXHOJOTHYE-
CKOTO 000pyIOBaHUSI.

CuCTEeMHO NpPOaHATM3UPOBAH MPOLECC IPOH3-
BOJCTBA DA, ONMHPAIOIIUICI HAa MPUMEHEHHE KOM-
OMHALIMK METOJIOB TEOPHH MHOXKECTB, TEOPUH Be-
POSITHOCTH, TEOpHH TPpadoB, MEXaHU3M IKCIIEPTHBIX
cucTeM, CHHEepreTHKy. CHCTEMHBIH aHaJIN3 TO3BOIIIIT
NPEJICTaBUTh OOHAPY)KCHHBIH AKCIEPHUMEHTAIBHO
3¢ ekt J0KHOTO cpabaThiBaHus DA, KaK CBOWCTBO
9MEP/KEHTHOCTH CHCTEMBI, CTEHEpUpPOBATH METO-
UKW aHajn3a KOMIIOHOBKM W THapamMeTpoB DA wu
CHHTE3MPOBAaTh YIPaBJIAIONINE BO3JCHCTBUS HA OC-
HOBAaHUU TPABWI MPOAYKIUU U TOKa3ajl HeOOXOu-
MOCTh TIPUMEHEHHS €IMHOTO METOJa aHalInW3a CH-
CTEMBEI.
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PREPARATION, TRANSFORMATION AND USE OF DATA IN THE PRO-
CESS OF PRODUCTION OF ELECTRONIC VEHICLE

Victoria SMOLIY
electronic vehicles department, Volodymyr Dahl East Ukrainian National University - Severodonetsk Ukraine

e-mail: vmsmolij@ukr.net

Abstract: In work the automated control system is offered with two contours for the technological process of production of
electronic vehicles. Formed and grounded technology of presentation, treatment and use of information. The new method
of decision of task is approved post of processor treatment of the controls programs of technological equipment.

Keywords: production of electronic vehicles, preparation, transformation and use of data, aftertreatment of control pro-

gram, technological equipment.
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