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One of the most scientific and complex purpose of engineering are the
objects of gas turbine construction. In fact, many of problems solving in this
brunch are the same as in the agricultural machinery, energy machines and
complexes in their formulation.

Traditionally, the development and manufacture of gas turbine engines
and compressors are the important directions for gas turbines. Due to the wide
variety of compressors and their indicators (principle of action, basic design
features, created pressure, performance, frequency of rotation, power
consumption) are used in the extensive majority of coal, metallurgical, oil and
gas, aviation, ship, transport and other industries and also in industrial
complexes.

However, at the same time, the requirements of customers are
increasingly rising to the quality of turbines production, their economic
indicators, reduction of mass-scale characteristics and metal capacity, rising
operational safety, environmental cleanliness in work, as well as repairability.

The reliability of gas turbine engines substantially depends on the
reliability of compressor blades and turbines. This is due to the fact that in
addition to stretching and bending from centrifugal forces, bending and torsion
from a gas flow, the blades experience alternating stresses from vibration loads,
the amplitude and frequency of which vary over a wide range. In addition,
turbine and compressor blades are the most widespread, since more than 2000
pieces are spent on the manufacture of one GTE. shoulder blades. Therefore,
improving their geometric shape is an important scientific and technical task,
the solution of which is to use the achievements of the Applied Geometry and
Computer Technology to model and visualize the bypasses of blade machines,
and then to manufacture them at the high-speed processing centers with CNC.
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Formulation of the problem. One of the most scientific and complex
purposes of mechanical engineering are the tasks of gas turbine construction
[1.3]. Actually, the relevance of the tasks in this brunch is confirmed by many
problems which solved in this industry are the same as in agricultural
machinery, energy machines and complexes.

The reliability of gas turbine engines depends to a large extent on the
reliability of the compressor blades (pic. 1) [2-3].

Due to the fact, that they are the most loaded details, in addition, because
of the stretching and bending from centrifugal forces, bending and twisting
from the gas flow, they experience variable voltages from the vibrational loads,
amplitude and the frequency of which varies in wide limits. Besides, turbine and
compressor blades are the most massive. Therefore, the improving of their
geometric shape is the important scientific and technical task.

1 - front edge; 2 - blade pen; 3 - rear edge; 4 — lock of the blade
Pic.1. Compressor blade

Analysis of recent research and publications. One of the largest
developers and manufacturer of the gas turbine engines for many sectors of the
national economy, not only in Ukraine, but also abroad, is the state enterprise
and scientific production of the gas turbine building complex "Zorya-
Mashproject”, which, since 2004, has been used for processing the blanks of
turbines blade and compressors by the Swiss firm Starraghert.

In this enterprise, the development of a geometrical model of the axial
compressor blade is used as a method of the profiling technique, which is based
on the distribution of the flowing part of a certain number of flat segments
(pic.2) [4]. The specially prepared electronic document is formed through the
consistent profiling of flat sections of the compressor blade, which contains the
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coordinates of the profile of the blade for the successive transfer to the
processing center. The processing center forms a geometrical model of the
treated compressor blade, based on the inputted data by its software.

When the flat sections of the airfoil of the compressor blade are profiling,
the initial data are [5] the coordinates of the theoretical profile of the blade,
describing the rear edge and trough, and setting by the discrete set of points, and
also the coordinates of the centers and the radius of the circle arcs, describing
the input and output edges of the profiles (pic. 3).
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Pic.2. Method of brofiling flat sections of the blade
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Pic.3. Section of the compressor blade profile
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It is known from the practice, that analyzing the initial data of the section
profiles of the blade, there are points which clearly fall out of the smooth strokes
of the rear edge or trough of the compressor blade (pic. 4). It is impossible to
identify these points using the damn graphic documentation. These points are
determined either by analyzing of the profiles of the blade (in the calculation of
differential-geometric characteristics), or as a result of the enlargement of the
geometrical model of the section of the blade on the PEC. In some cases, the
existence of such points stems from the fact, that information about the
coordinates of the bypass profiles of compressor blades is typed manually into
the drawing and graphic documentation, which does not exclude gross errors.

P

Pic.4. Profile of the blade with an incorrectly set point of the blade rear
edge

In order to ensure, that the control program does not produce undesirable
results in the process of making compressor blades on high-speed technological
equipment, it is necessary to correct them, rather than to allow the processing of
blades with such anomalies.

The main part. The main algorithm of the condensation method can be
applied, when the rear edge and trough of sections of the blade profile are
condensing; it is based on the variation formation of different schemes of
angular parameters [8]. According to this algorithm, the geometric
characteristics of the initial DRC (p. 1 of the main algorithm of the method) are
determined, based on which the geometric features of the initial DRC are
determined. As a result, the researching of differential-geometric characteristics
of the theoretical profile [6] the abnormal points of blades can be identified and
corrected. At the picture 5, there is a fragment of the trough of the theoretical
profile of the blade of the axial type compressor, which contains the point i,
clearly falling out of the smooth bypass of the profile trough. In order to correct
the ordinate of this point was used the following technique:

Algorithm of the correction of the point.

1. Replacing links (i —1,i) and (Z,i +1) conditional link (i —1,i+1).

2. We calculate the values of intermediate angles of the adjacent 7/:_1 and 7;+1
at appropriate points i —1 and i +1.

3. Taking into account the obtained angles 7, , and #,,, for conditional link
(i —1,i +1) define the clarified angle of the adjacent »;” in i point of the
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way 7o [7] out of condition
; {meipﬂ)7?<Q

1
yiym zaytc))pt’ where 70pt = . * * ) 0 (1)
(=1)min 7/i—1H7/i ‘ i >0,
4. We may receive a refined ordinate y;™ Expressions
— for the blade trough
m l m

;= (t9(7 = 7" ) (Yia + Visa )+ Xig = Xiwg ) +
29(z-y") @
1

\/(XI 1+X|+1) +A tg(” 7|ym)
2tg(7 —ri"
where the value of the coefficient 4; is determined by the formula
A =Yia (Vi 090w = 77" )= 2Yi0 9 = 77" )+ 2%y + 2%, — 4% )+
Vi (Vi 1907 = 77" ) = 20Xy + Xig ) +4% ) +4% - t9(z =" )-(Xiy + - (3)

Xiv1 = Xi )= 4%ig - Xipq 197 =" );
— for the rear edge of the blade

yi = (tg‘7 ‘ (y| 1+y|+1)+x| 1 |+1)+
& 9\7 |
(4)
\/(X|1+X|+1) +A tg‘y ‘l
2tg‘y ‘
where the value of the coefficient 4; is determined by the formula
4 =Yi1-(Yia 'tg‘Viym‘ —2Yinu 'tg‘?/i)”n‘+ 2Xig + 2%, —4% )+

()

+¥ia (Vi 'tg‘Viym‘_z( Xig + Xiyq ) +4X; ) +4X; 'tg‘7iym‘°(xi—l +

Xiy1 =X )_4Xi—l "X tg‘ylym‘ '
5. We accept the refined coordinates of the theoretical profile for the rear edge
and trough of the blade as the initial ordinates of these points

v =y";

0 _ _ym
Vi =i

After the correction of the ordinates of the similar points, which were
identified as a result of the determination of differential-geometric
characteristics of the rear edge and trough of the blade, we receive the refined
coordinates of the theoretical profile of the blade.

Processing consistently the theoretical profiles of the blade, preparing for
the process, the conclusion was made regarding the correctness of the task of the

(6)
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initial data. The obtained data is the initial information to set up the bypasses of
the flat section of blades and then with its subsequent elaboration at the
processing center.

In certain cases, during the processing of the detail, the tool can move
along the trajectory slightly different from the given one at the time of the
movement on elementary trajectories (straight, arcs, curves) between the
reference points. However, you can set up such amount of the reference points,
where the deviations from the actual trajectory will be less than the given value
and the detail will be processed within the specified accuracy. Thus, the initial
stage of the presentation of the trajectory of the detail is connected, moreover, in
the receipt of coordinates of the reference points of the trajectory. This design
phase is particularly important, because one of the important components of the
machine's error are usually the geometric errors.

y 0
J /z’+2

interval of selection of
the coordinate point i

Xi+2 Xit+r Xij Xii
Pic. 5. Fragment of the profile of the blade with an incorrectly set point on
the trough

In order to condensate the profiles contour of the flat sections of the
blade, it is possible to apply the Method of Condensation which was developed
by us and is based on the variative formation of different schemes of angular
parameters. [8-10]. To the end of that, the coordinates of four additional points
are added to the refined theoretical profile B;,B,,32.,32, the profile of the
compressor blade (pic. 6), determined by us additionally.

Xg, =Xo, —Ry; Xg, = Xo, T Ry;

Ys, = Yo,> Ys, = Yo,:

where  Xo ,Yo,:Xo,:Yo, — are coordinates of the input and output edges

(7)
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respectively in the global coordinate system OXxy.
R;,R, —radius of the input and output edges, respectively.
The coordinates of the point n rear edge and trough (n. and n, ) define
as tangents held from the last points of the backrest and trough profile ((n—1),
and (n—1),) to the circumference of the output edge. We will compare the

numerical values of coordinates, applying the well-known methods of the
Analytical Geometry, as a result of solving the system of equations (8) and (9)

ln1)—n = \/( Xne = X(n-1) )2 +( Yne = Y(n-1) )
R, :\/(ch — Xo, )? +(Yne — VYo, )
oty =g =Xn3 )+ Ve =Yy, )
R, :\/(XnK — Xo, )? +(Yn, — Yo, ),

where |1y _n.s ln-1),-n, —1S the length of links ((n—1);,nc) and

(8)

(9)

((n—1)c,nc ) accordingly
|(n-1)e—ne :\/|12 ~R; :\/( X0, = X(n-1) )2 +( Yo, = Y(n-1) ’-R7;  (10)
|t yeone = \/|22 -R; = \/( Xo, = X(n-1), )2 +( Yo, = Y(n-1), )? —R; _ (11)

The points of the raw are renumbered and form a single profile, which is
the initial data for condensation. After that, considering the peculiarities of the
Geometry of the compressor blade profile, the condensation process of the
obtained profile is under way, according to the main method of the algorithm.

Pic. 6. Fragments of the input and output edges of the profile of the
compressor blade
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There is the fragment of the comparative analysis of the profile of one of
the compressor blade segments near the output edge at the pic.7, which was
calculated according to the proposed and traditional method. As it can be clear
from the schemes, the difference between localized ordinates in the obtained
points of condensation and the contour is calculated according to the traditional
method, complies with the acceptable standards (no more (0.012mm)).

110 7

10,0 7
9.0 1
80 1

7.0 7
— TP Basic

Ik
60 method

. . . . . e —— OF Proposed
35 34 3 32 a1 -30 29 Mt methods

Pic 7. Comparative analysis

Table 1
Comparative analysis of basic and proposed methods

Ne point Basic method Proposed methods Difference

B X Y X Y A,MM %
1, -33,500436 | 7,426000 | -33,500000 | 7,426000 | -0,000436 0,0013%
1 -33,735490 | 7,787417 | -33,723476 | 7,787417 | -0,012014 0,0356%
2 -33,805278 | 7,966064 | -33,796698 | 7,966064 -0,008580 0,0253%
3 -33,856983 | 8,179360 | -33,850989 | 8,179360 -0,005995 0,0177%
B, -33,878000 | 8,432000 | -33,878000 | 8,432000 0,000000 0,0000%
4 -33,852518 | 8,709984 | -33,855181 | 8,709984 |  0,002663 -0,0079%
5 -33,801173 | 8,910575 | -33,809349 | 8,910575 | 0,008176 -0,0242%
6 -33,718263 | 9,112412 | -33,709701 | 9,112412 | -0,008561 0,0254%
1. -33,499562 | 9,439000 | -33,500000 | 9,439000 0,000438 -0,0013%
Conclusion.

Coming to conclusions, it can be said, that the advantages of the proposed
technique are following:

— It gives the ability step-by-step to carry out the condensation of the profile of
the blade.

— There is no oscillation in the nodes.

— It gives the ability to control the shape of the simulated curve.

— Excluding the procedure of the bypasses.
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— It has simple algorithmic implementation and, as a result, there is a reduction

in computational error.

— The final profile satisfies the given design requirements.

To sum up, the obtained coordinates of the profiles of the flat section of

the blades are initial information for the graphic editor of Unigraphics, in which
a solid-state model of the compressor blade is formed. After the control
examination of the blade in the system of Unigraphics, data is transferred
directly to the processing center's software complex NX-154 Starrage.
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3ACTOCYBAHHSA METOAY BAPIATUBHOI'O ®OPMYBAHHAA
PIBHULEBUX CXEM KYTOBUX ITAPAMETPIB JIJIAA
MOJAEJIOBAHHSA ITPOPLIIO IVIOCKUX ITEPEPI3IB ITIEPA
JIOITATKH KOMITPECCOPA

Cmipinnes /.B., Haitnguin A.B., JIebenes B.O., Kpasenp O.B.

Oonum 3  HaUubilbW  HAYKOEMHUX [  CKIAOHUX  NPUBHAYEHb
MaAwuHo0yoyeanHs € o00'ekmu eazomypoinnoco 6Oyoisnuymea. Hacnpagoi,
bacamo npobrem, wo GUPIWYIOMbCA 8 Yill 2any3i, NO C80ill NOCMAHOBYI
AHANOCIYHI 3A80AHHAM CEeNbXO3MAWUHOOYOIGHUYMEA, eHepPeeMmUYHUX MAWUH I
KOMNJIEKCI8.

Tpaouyitino  6axciIu6UM HANPAMKOM ON  2a30mypoOiHo0Y0yeanHs €
PO3poOKa i 8U20MOBNEHHS 2A30MYPOIHHUX OB8USYHIB | KOMNpecopis. 3a80saKu
UWUPOKOMY PO3MAImMmIo KOMNpecopié ma ix NOKA3HUKI@ (npunyun Oii, OCHOGHI
KOHCMPYKMUGHI ~ 0COOIUBOCMI,  CMBOPIOBAHULU — MUCK,  NPOOYKMUBHICY,
yacmoma 00OepmanHs, eHepP2OCNONCUBAHHS) BOHU BUKOPUCMOBYIOMbCA 8
nepesasicHill OLIbULOCMi 8Y2iIbHUX, MEMAYPIIUHUX, HApMOo2a308uxX, a8layiliHUX,
CYOHOBUX, MPAHCNOPMHIN MA [HWUX 2aNY38X, a MAKONC y NPOMUCTIOBUX
KOMNJIEKCAX.

OoHax, 600HOUAC BUMOU 3AMOBHUKIE Oedajli Oilbuie 3pocmaioms 00
sAKocmi eupobHUYmMea mypoin, ix eKOHOMIYHUX NOKA3HUKIB, 3MEHUIEHHS MACOBUX
Xapakxmepucmuk ma MemaioEMHOCMI, NiOBUWEHHs eKCNyamayitiHoi be3nexu,
eKOI02IYHOI yucmomu 8 pobomi, a MaxKoHc pemMoHmonpUOaAmHOCMA.

Haoitinicms  2azomypbinHux — 08ucyHie  icmomHo  3anexcums  8i0
HAOIUHOCMI IONAmMoK Komnpecopa ma mypoin. Ile nos’sazano 3 mum, wjo Kpim
PO3MAYBAHHA MA 32UHAHHS 810 BIOYEHMPOBUX CUJI, 32UHAHHA MA KPYYeHHS 8i0
NOMOKY 2a3y, Jonami Gi0uy8aromv 3MIHHI HANPYICEHHs 6i0 B8iOpayitiHux
HABAHMANCEHb, AMNAIMyOad ma Yacmoma SKUX 3MIHIOIOMbCSA 6 UWUPOKOMY
dianazouni. Kpim moeo, nonamku mypoOiHu ma Komnpecopa € HauOibu
PO3N0BCIOONCEHUMU, OCKITbKU HA 6uecomoenenus oonoco I'T/] eumpauacmovcs
nounao 2000 wmyx nonamok. Tomy 800CKOHANEHHS iX eeomempuunoi hopmu €
BAJCIUBUM — HAYKOBO-MEXHIYHUM — 3A60AHHAM,  GUDIUEHHAM  SIKO20 €
BUKOPUCMAHHSL ~ OOCSICHEHb  NPUKIAOHOI  2eomempii ma  KOMN 1OMepHUX
MexHON021U OJis1 MOOeN8AHHA Ma Gi3yanizayii 0660016 10NAMKOBUX anapamis,
a nomim ix 8U20MOBIEeHHs HA BUCOKOWBUOKICHUX 0O0poOHUX yenmpax 3 YI1V.

Knrouosi cnosa: ouckpemmua inmepnonayis, memoo 32VWeHHs, KYMOoi
napamempu, 10namKa KomMnpecopa.
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HNPUMEHEHUE METOJA BAPUATUBHOI'O ®OPMUPOBAHUA
PABHOCTHBIX CXEM YIJIOBBIX TAPAMETPOB I
MOJAEJIUPOBAHUA TPOPUJIA IVIOCKUX CEYEHUSA ITEPA
JIOITATKHN KOMITPECCOPA

Crupunnes /[.B., Haitaeimn A.B., JIebenes B.A., Kpager O.B.

Oonoii uz Haubonee HAYKOEMKUX U CIONCHLIX 3A0ay¥ MAWUHOCMPOEHUs.
aenaomes  3a0avu  2a3omypounocmpoenus. Muoeue 3adauu, peuiaemvie 8
OamHOU  ompaciu  no  ceoell  NOCMAHOBKE  AHANOSUYHLL  3A0a4aM
CeNbXO3MAUUHOCTNOPOCHUS, IHEP2eMUUEeCKUX MAUUH U KOMNLEKCO8.

Tpaouyuonno eadxcHblM HanpasieHuem O 2a30MYPOUHOCMPOEHUS
A671Aemcs  paspabomka U U320MOosleHUue 2a30MmypOuHHbIX Ogueameneti U
Komnpeccopos. bnazodapsa wupokomy pasHooOpazur0 KOMHPeccopos U Ux
nokazamensm (NpUHYun Oeticmeus, OCHO8Hble KOHCMPYKMUBHble 0COOEeHHOCMU,
cozoasaemoe  OaeleHue,  NPOU3BOOUMENbHOCMb,  4ACMOma  6pPAeHuUs,
nompeonaemas MOWHOCMb) KOMHPECCOpbl HAXO00AmM C80e NpuMeHeHue Hda
nooasasiowem OONbWUHCIGEE NPEeONPUIMULL  V2OJbHOU, MeMmAailypeUdecKoll,
Heghme2az080t, aBUAYUOHHOU, KOpPAOEeNbHOU, A8MOMPAHCNOPMHOU U OpPYeUX
ompacusx, a makice 8 NPou3800CMBEEHHbIX KOMNIEKCAX.

Oonaro, 8 mo e epems mpeb08aHUs 3aKA3YUKO8 6ce DONbULE PACTNYM K
Kauecmey  npouzeoocmea  mypOuH, Ux OKOHOMUYECKUX  HoKazamelel,
VMeHbUleHUEe MACCOBbIX XAPAKMEPUCMUK U Memall0eMKOCMY, NOBbIUUEHUS]
IKCNIYAMAYUOHHOU OE30NACHOCMY, IKOJL0SUYECKOU Yucmomvl 6 pabome, a
Maxce pemMoOHmMonpu2oOHOCU.

Haoeoxcnocms 2azomypbunnsix ogueamenetl CyujeCmeeHHO 3a8UCUm Om
HaoedCcHOCmU J10NamoK KoMupeccopa u mypoun. Omo cesa3aHo ¢ meM, Umo
Kpome pacmsanceHus u uzeuba om yeHmpoOex CHulX Cul, uzeuba u KpyueHus om
2a308020 NOMOKA UCHbIMbIBAIOM NePeMeHHble HANPANCEHU Om UOPAYUOHHBIX
HA2PY30K, AMNAUMY0a U Yacmoma KOmopwvlx USMEHAIOMCS 6 WUPOKUX Npeoeax.
K momy orce mypbunnvie u xomnpeccopuvie JIONAMKU AGNAIOMCA Haubosee
MAcco8biMU, NOCKOIbKY HA usz2omoenenue oonozo I'T/[ 3ampauueaemcs Oonee
2000 wm. nonamox. Ilosmomy coeepuiencmeosanue ux 2eomMempudeckol
Gdopmul  A6nAemcsa  8ANCHBIM  HAYUHO-MEXHUYECKUM 3a0aHuem, peuleHuem
KOMOPO020 A81Aemcsi UCNONb308AHUE OO0CMUNCEHUL NPUKIAOHOU 2eoMempuu U
KOMNbIOMEPHLIX MEXHON02UU OISl MOOeIUPOBAHUs U U3VAIU3AYUU 0080008
JIONAMOYHBIX ANNAPAmMo8, a 3ameM UX U320MOGIeHUs HA BblCOKOCKOPOCHHbBIX
obpabamuigarowux yeumpax ¢ 4I1V.

Knrouesvie cnosa: ouckpemmnas unmepnoaayus, memoo Cc2yujeHus,
yenosvle napamempul, 10NAMKaA KOMIPeccopa.
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