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Aerodynamic performance of modern and perspective unmanned aerial vehicles (UAV)
demands perfection of forms. The low tolerances result in surfaces close to the ideal form. The
expensive manufacturing techniques are required to achieve low tolerances. As a result the cost
increases substantially. The optimization of tolerances is important to meet the target cost with
minimum compromise on aerodynamic performance. A statistical model based on available
data for more than thirty UAE of different type has been proposed for determining the criteria
of tolerances of external surfaces of UAV. An algorithm and a computer program have been
developed for predicting optimal tolerance for UAE forms. The statistical model has been
validated with the standard specifications for different dimensions of rivets, ledges, cracks and

fixture heads.
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Nomenclature

B. = production cost

By = the cost of ground handling and support of UAV flights
Cwo = drag resistance

Cxq, =  dragresistance, a function of flight altitude
H = altitude

M = Mach number

S =  specific area

T = Time (hours)

o = angle of attack

® = range error

1) = dimension indicating surface quality

I. Introduction

Increase of efficiency of UAV is caused by the good quality of fuel and by change of structure for a desired life

cycle target cost. Aircraft engineering practice marks the following basic ways of increasing the UAV efficiency [1]:
1. Application of new manufacturing techniques and materials (10-20%).
2. Perfection of engines (20-30 %).
3. Aerodynamics perfection (0-40 %).

The importance and urgency of improving the aerodynamic efficiency by improving the forms of modern and
advanced UAV, by improving the quality of exterior surfaces is confirmed by the entire aviation history. An additional
resistance of 2-10% can be caused due to limitation of manufacturing techniques at zero upward force [2]. The greatest
share of approximately 5% is due to the deviations that increase the lateral sections acting in a stream. Significant
resistance is attributed due to other reasons as well - 1.2-1.5% on rivets and bolts connections, 0.5% on joints of sheets,
1.0-1.5% due to leaky position of shutters and hatches and rough coloring (over 20 microns) . At speed above M>1.5,
the size of all components increases approximately twice and resistance from a sinuosity increases more than 5 times
that of M<1.5. For the reasons specified above, the resistance increase through technological roughness is
approximately 5-6 % for subsonic UAV and 10-16% for supersonic (M=2-3) UAV [2]. Perfection of quality of external
surfaces requires expensive manufacturing technology which leads to additional expenses. Therefore, it is important to

define the quantitative estimations of quality of external surfaces. A criterion for a quantitative estimation of losses
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from additional resistance is useful in predicting the acceptable increase in fuel cost. The expediency of an estimation of
such kind is obvious because the fuel consumption, a unique and precisely measured parameter at the given design stage
of UAV, directly reflects infringement of aerodynamics of a surface- both in manufacture and in operation [3].

The development of the designs of UAV and the development of the corresponding manufacturing technology is
crucial due to constant increase in speeds of flight [1]. Growth of speeds of flight not only causes the application of new
and highly heat-resistant materials, but is also accompanied by importance for development of the production
technologies [4]. First of all, it concerns change of forms of units of UAV [5-6]. Simple rectilinear forms of surfaces of
units of an airframe needs to be designed as complex surfaces of double curvature for increasing speed. To the
production technology, the total disappearance of cylindrical formations of fuselages is essential almost at speeds from
M=>0.85 and linear surfaces of wings and plumage, at speeds M>2.0. Deviations of elements of a surface from a
theoretical contour due to heads of bolts, rivets, screws, steps and a roughness on UAV are included in the
specifications for design and development of UAV. Maximum deviations on elements of aerodynamic surfaces are

defined based on admissible sizes of additional resistance,CXO and flow conditions on various modes. As a rule,

specifications on the form and quality of a surface of the airplane provide division of units into zones according to their
importance in formation of a streamline stream. Typical requirements to the parameters of quality of surfaces of UAV

are in the range of 6 =+2.0 mm [1].

I1. Technique of tolerance definition on external contours of UAV.
For the purpose of general definition of the specifications of the design and manufacturing requirements of
UAYV, the specifications of 30 UAV of various types and tolerances [9] are analyzed to study the effect of various
parameters on the aerodynamic performance of UAV. The results are plotted in Fig. 1-6 that show the permissible
deviation at different Mach number
Figure 1 shows the acceptable deviation of carry surfaces of units for high speed and medium speed UAV. High

surface quality is required for a wing (5 =+1,0mm) and low surface quality is required for a fuselage at high Reynolds

numbers and high thickness of an interface. Condition of preservation of a laminar flow is considered the basis of
requirements at small Reynolds numbers since the roughness is affected due to increase of surface deviation above the
thickness of local laminar boundary layer [7]. Additional resistance from a surface sinuosity (Fig. 2) depends on the
size of the deviation of a surface and the location of the deviation from forward edge [8]. This is considered in the
specifications of definition of zones of surfaces of UAV. Similarly, the restrictions of size of local roughness due to
type of ledges, ledges, cracks and fixture heads (Figs. 3-6) are accounted for (6= +0.1-0.5 mm) [1]. By working out of

constructive and technological decisions, it is necessary to define the requirements shown to quality of object of
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manufacturing and technological processes to achieve desired quality of surfaces. Tolerances on a relative positioning

of global surfaces of separate units and units among themselves in this case are not considered.
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I11. Criteria for choosing tolerances for contours
Qualitative performance indicator, as noted in [1], is-a ratio of target impact cost to the whole lifecycle. Since,
the improvement of surface quality of a targeted output, generally, does not change; the improvement in the efficiency
is possible by changing the value of the life cycle. Hence, the condition for selection criterion of tolerance is assumed as
[10]:
{Bmc+ Bn}—» min 1)

Where, By, - manufacturing cost; By, - maintenance costs for the entire lifecycle; B, = B,; +By +B, +B¢; B, — staff

salaries; By — the cost of ground handling and support of UAV flights; B, — the cost of UAV repairing; B; — fuel
costs.

Surface quality has direct impact on UAV fuel costs. The deviation from ideal surface, in majority cases,
increases the resistance at zero lift, i.e. c, . Therefore, AB, =B (AC, ), where AC,, = f(w), ®— range (field) of
error.

The cost of production depends on the achieved level of precision determined by the methods applied and the

industrial facilities with the characteristic of the tendency of rising costs with increased accuracy [11]. The cost is a

function of tolerances and can be defines as, B, = B, (w). According to Eq. (1), the optimal value of tolerance can be

defined as:

OBy (@) 4 OB, (@) _

0 2
oo ow )
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The above equation is correct for the case when the UAV target cost is constant.
Depending upon variants of the problem, the criterion {Bmc + By, }min may be modified and added:

1. At the stage of conceptual design, a solution is chosen from the set of possible constructive and technological

decisions, The solution provides value of permissible error not greater than the given directive, and

simultaneously satisfies the minimum cost criterion, i.e. @ <Ko

2. At the stage of conceptual design, constructive solutions shall be selected for {a)(’pt}min' It is necessary to
calculate the aerodynamic deviations due to choice of the most contemporary solution under the given

production and exploitation conditions. In this case, the condition {Bmc + B, }min corresponds to a minimum

of fuel consumption {BH + By }min :

3. At the stage of conceptual design from an array, potential solution is determined by the standpoint of the

highest cost. The criterion {BH + By }min provides minimal life cycle costs. But minimal fuel consumption

is not guaranteed.

4. At the stage of detailed engineering, the value of optimal criterion (1) is determined for the tolerances for
technical requirements (TR) in development.

5. At the stage of manufacturing, value of corrected tolerance is provided for TR, taking into account physical
costs of the manufacturing. Also possible on correction of inverse problem of production costs to ensure the
tolerance specified in TR.

The criterion for last two options is given in [1].
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Fig.7 The algorithm of choosing structural and technological solutions in implementation of tolerances (TR —

technical requirements; ES —engineering solution; TS —technological solution).

The above criteria (Fig. 7) for the tolerances should be checked for the conditions of current implementation and
newly adopted technological processes. Practically, it means selecting from an array of possible technological solutions
to the most suitable one which must result in minimum production costs. Thus, the selection process for constructive
and technological solutions, for improving the external contours of UAV, includes a number of consistently carried
decisions (levels) with special constraints (Fig. 7).

IV The factors determining value for deviation of contours
The magnitude of external outline tolerance influences range of factors which determine the value derived from

operating costs and depend on the quality of the external surface. The cost of the additional fuel is expressed as [3]:

ACy,
Bt (w) = m by

T, 3)

Xo
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Where, My — fuel consumption per hour; by — coefficient dependent on fuel characteristics; ACXO — increment

value of resistance due to surface defects.
In order to reduce the amount of calculations for comparing various designs and technological solutions, the

concept of costs per unit of surface area ($/m?) is introduced [12]:

Taking into account the additional resistance for irregularities such as wave, step, slit, etc., ACy can be
described by the following equation:

ACy, =aCyy_ (M)D(M)F(H)Sx, ’h"™, (4)
where CXHW — drag coefficient of isolated irregularities; Q)(M )F(H)— functions reflecting the influence of speed

and altitude; h— maximum height of the surface that is equal to scale of error; Xk — the coordinate characteristic

parameter roughness (in m, for example, maximum amplitude of wave, a step, etc.); S — relative area occupied by

local irregularities; 3,N, — the exponents.

According to the equations (3) and (4), the simplified expression for additional fuel cost can be written as:

B (w) =b,0™, )

where, bz = bf aCXHw (M)Q(M)F(H)gxl:ﬁ-

Thus the additional cycle costs are defined by basic parameters of UAV and conditions of its exploitation.
Expenses of manufacturing, in general, depend on pre-production method adopted; level of the cost of one hour defined
by accepted methods and means. Establishment of functional relation between cost of production and size of the
construction errors is important task. The present paper considers only the final results to principal design solutions.
Proceeding from the results of statistical analysis, manufacturing costs may be given as:

B = ao™". (6)

Equations (1), (5) and (6) allow establishing a quantitative correlation between the described forms’ factors, i.e.
to present the process of choice of tolerances as mathematical models. These equations enable us to establish the
quantitative relationship between the described form factors and define the process of selecting tolerances as a

mathematical model (Fig. 8) [13].
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Fig. 8. Method of predictions of tolerance on the external contours

In general the mathematical model should be supplemented by description of the effects of external factors
(®) on the goal function, represented in the form of fuel prices, the unit cost of labor, etc. [14]. The optimal value of

tolerance according to accepted criteria is given by the following equation [15]:

1

an [n+2
0= b2n2 ! @)

Using above equation, one can find an estimate of each factor relative to the base value, i.e.

= W iLmHOUB bFueIO &CXH (MO) q)(MO) (D(HO) Cxo inZO
° 2 No Mpour brua 7 Cx, (M) ®(M) ®(H) (Cx,)o So Ny ®

The equation (8) allows recalculating the tolerance when you change the flight modes, design and technology

T
implementations (DTI) and external conditions. For example, the service life changes are determined by the ratio 0 T

[13,15]. For T >Tjy , aclose tolerance (@ < Wy )is needed. Influence of the speed estimated by the flight ratio [1] is

given as:
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Cxn, (M) ®(M,)
Cx, (M) ®(M) ©

In the case of monotonic change, toughening of the tolerance is required with the rising of M. For the
calculation of the tolerance, the algorithm and program developed based on the mathematical model given in this paper
can be used for more than 30 UAV for various flight conditions.

V Development an algorithm for determining the optimal tolerance

According to the procedure of determination of the optimal tolerance by {Bmc + By, }min for a particular

design, the tasks enumerated in the previous section must be solved. Equation (3) and (4) characterize the influence of
various factors on the operating costs, and describe the effect of structural and technological factors (STF) (6). The final

result for optimal tolerance for different STF can be calculated (Eq.7) as an array of data [15].

The sequence of calculations

1. Determine the typical design solutions, the area of their placement on UAV (S ), coordinates X-

2. Find the possible technological implementations and parameters ‘a’ and ‘n’ depending on expenses due to

manufacturing tolerances.

3. Find the specific geometrical parameters of roughness n/S or loughness/S in the case of waviness i.e. the
allowable wavelength [1].

4. Determine the normative data depending on the type of UAV and flight mode:
T,m,,C, ,F(H),®(M),C, (M) and compute Bt =

Where, bt — price fluctuation of the fuel

5. Define type roughness coefficient ¢(h), which takes into account the probabilistic nature of value h.

6. Calculate parameters b2 and Ns. Obtain the waviness by

o 7
b, =8,8B; S, Ly’ ZCXH F(H)®,(M)p(H); n2:§- For the remaining unevenness use,

cylindel

= = 4
b, =1,08B; Sy Fy(H)®5(M)p(H)Cy,,: 1z = 2.
1

an |n+2
7. Compute @opt = bon .
2112
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9. Compute the quantities of losses or effect compared with the analogue as the difference between the above

R —N n
costs, i.e. Bf =By +By, =aw  +b,w?.

An example of implementation of the algorithm for the wing of a UAV [9] using MS Excel is shown in

Table 2. Computer program can be developed according to the block diagram shown in Fig. 11 and 12.

Table 2 Calculation algorithm the optimal tolerance for the wing of UAV

Attribute Options The calculated values
Swing =0.0117 m? Xy 0.08
beax =0.042 m L = X beax 0.00336
kg
GTHour - 036 T
Cx, =0.021
H=0
M=0.2 |step [m] 1.0
— 1.0
T=05 RS
GFuel bm G/S 1.0
= = 4.259
exp ﬂT 2CXOS
Bt 4.259
F(H) 1.02
Dd(M) 1.0
Ka =8.8cx_g®D(M)F(H) Cx.. 15
Kg = 12150286 o(h) 0.6
b2 = BTKAKGT KA 8.078
—-0.286 1.373
I—k
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2 1.0
I
KG 1.373
b, 4.186
N, 2.33
b,n, 9.753
a 0.683
n 0.018
an 0.0123
(n + n2)71 0.426
1 0.0582
( an Jn+n2
bon,
o =05w 0.6
o =wll 0.0028

In accordance with the purpose of the program, the output information contains the values of bz’ a, N and

code of design decision Wy
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Fig.12 Block diagram of calculation of ®gpt .

15
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17
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Unit 1. Input information parameters are defined. UAV is defined as array and characteristics

(Megel, » L, bTi Sis Cxo etc.) are assigned for each UAV.
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Unit 2. Calculation routine has its own input and output. In general case, the calculation can be presented in an

independent block diagram (Fig. 8). In this case each particular UAV has its b2.

Unit 3. The possibility of calculating the optimal tolerance for the proposed procedure is examined. If the result of
additional resistance to mass of UAV changes more than 5%, it will lead to global changes in the design of
propulsion system. In his case, the following version of the source data is considered.

Unit 4. The first level of wages is equal to 20.00 $ /hr.

Unit 5. Designed to do calculation for the first UAV.

Unit 6. Designed to do calculation for the first DTI.

Unit 7. Unit the direct calculation of the optimal tolerance to specify the wage levels, or a particular UAV, or a
particular DTI.

Unit 8. Intended for the next DTI.

Unit 9. Logical unit. Designed to compare the calculated number of DTI with the specified one.

Unit 10. Is intended for transition to the new UAV.

Unit 11. Intended for consideration of comparing the calculated number of UAV with the specified one.

Unit 12. Is intended for move up the level of wages.

Unit 13. Designed to compare computed number of wage levels with a given one.

Unit 14. To calculate the error in due to shrinkage and distortion

Unit 15. Intended for definition of the reserve for the first tolerance of DTI.

Unit 16. Intended for calculation the reserve tolerance for each DT according to the equations given above.

Unit 17. Is intended for the following DTI.

Unit 18. Designed to compare the numbers DTI set with the number of practical ones.
Unit 19. The values @,N, b2,030pt and reserve of admission are printed. If the reserve is less than zero tolerance,

such tolerance in contemporary conditions is not impossible.
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1 DIMENSICON H(7), 5(7), CXO(7), B2(7), K&(7), K5(7), KG(7), BCRX(7)
2 *L(50), N(50), TKR(50), KZ(3),WORT (50,7}

3 RERL KA, KS, N, KZ, N2

4 RERD (1,2} CX0, S, H, KS, &, N, TP

5| 2 FORMAT (7FE.4/7F8.4/7F4.1/7F10.110F7. 4/10F7. 4/10F9.4/10F6.1/10F6.1
6 *10F6.1

7 RERD (1, 40)K240

8| 40  FORMAT (£3.1)

9 RERD (1, 4)BCRX

10{ 4 FORMAT (7F6.3)

11 M=1

12 DO 3 K=1,7

13 KZ (K) =0. 5*CK0 (K) * (1. 08-0.08*H (K) /11. 0}

14 KG () ={1.0/BCLY () **0.286)

15 B2 (K)=8.58%2.0%*2. 33%KR (K) *KS (K) *KG (K)

16( 3 CONTINUE

17 WRITE (3, 7) K, (KG(K), K=1,7), (B2(K), K=1,7)

18| 7 FORMAT (' ',",' K=',i3,7F10.5)

19 W2=3.333

20| 20 DO 14 I=1,50

21 B{I)=R(I)/KZ (M)

22 DO 13 K=1,7

23 WORT (I,K)={(L{I)*H{I}})/ (B2 (K)*H2))**[1.0/H{I)+N2})
24| 13  CONTINUE

25 WRITE (3, 10} TKB(I}, A(I}), W(I}, ('CXT (I, KJ, K=1,7)
26| 10  FORMAT (' ', 2%, F6.1, 2%, F7.4, 4%, 7.4, 4%, TE10.5)
27| 14  CONTINUE

23 M=l=1

29 J=4-M

30 IF (J) 21, 21, 20

31| 21 CONTINUE

a2 STOP

33 END)|

(Symbols: H(7) — flight altitude, km; S(K) — characteristic area, m?; K4 — index of UAV; CX0(7) — additional resistance
factor for a roughness CXHO@ in the equation (4); B2(7) - bz in the equation (5); KS(7) - BT in the Table 2; KG(7)

—0,286.
I—k

- KG in the equation KG = |§ » BSAX(7) — characteristic dimension in the equation (3): 4(50) — coefficient

oL in the equation (6); N(50) - coefficient N in the equation (6); TKP(50) — DTI code; | — DTI index; KZ(3) — level of
wages, $/Hour; WORT(50,7) — optimal tolerance, mm; 2 - coefficient N> in the equation (6))

Fig. 13. Calculation of optimum tolerance for roughness

Fig. 13 shows the software for computation of optimal tolerance for roughness type of a wave. The problem

was solved to obtain the optimum level of tolerance for the specific DTI [14].

VI Preparation of initial data for calculating tolerance on external contours
According to the procedure of calculation, the initial data for determining the unit cost of fuel are [1]:
i Parameters, coefficients, and the functions determining the value of the additional resistance due to
irregularities
ii. The coefficients and functional relationships of cost-tolerance for typical design solutions without building

berth method of production preparation and typical errors of external contours.

1JERTV 21S110006 www.ijert.org 259



International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181

Vol. 2 Issue 11, November - 2013

Initial data are being prepared for a particular product based on the results of technological analysis for

aircraft structures and flight and technical data.

Initial data for calculation operational costs

The calculation of the cost of production for known and advanced DS is recommended using equations [10]

given below:
1) for a smooth deviation of wave type
. —n .
B,,=aw 'S,,;
2) for a step-like irregularities
B,,=2"aw"l,,b,,;
3) during manual drilling and riveting
-n .
B,, =(0.075..0.1)ah™"s,;
4) with automated riveting
— -n .
B,, = (0.0375..0.06)ah™"S ;

5) for bolts

—-Nn
B,, = (0.015..0.03)ah™"S,,,.

(10)

(11)

(12)

(13)

(14)

Factor values @ and power exponents N depend on the kind of structural design (Table 4) [10].

Table 4 Parameters @ and index N (for basics DS) [10]

Ne DS of panels Parameters
a n

1 Composite with thin skin, a set of rigid, assembly 0.825 0.29
2 Composite with thin skin, a set of non-rigid, assembly 0.67 0.02
3 Composite with thin skin, set of monolithic 0.828 0.29
4 Composite with thin skin, stamped from a sheet of, a set of rigid 0.683 0.018
5 Composite with thin skin, connection with the set of compensators 0.81 0.174
6 Monolithic wafer, the set of all groups 0.90 0.10
7 Monolithic with radial beams 1.62 0.28
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8 Monolithic molded cylindrical set of all groups 0.587 0.11
9 Monolithic mpeccosannsre, with the set of compensators 0.61 0.17
10 Cellular with a frame and flat 0.0299 3.25
11 Cellular with a frame and the curvilinear 0.1018 0.31
12 Cellular without a frame and flat 0.1561 0.146
13 Cellular without a frame and the curvilinear 0.1387 0.40
14 Composite, metallic set of glued 0.482 0.18
15 Composite, metallic set of without the compensators 0.672 0.74
16 Composite, metallic set of with the compensators 0.356 0.59

VII. Conclusion
The analysis of tolerance for external surfaces of units UAV and realization in manufacture allow to draw the
following conclusions:

1. The allowed deviations of external surfaces are same for UAV operating in certain Mach number range.
However, as Mach number range increases, the deviation decreases. The highest surface quality is required for
wing which produces lift for carrying a payload.

2. Necessity for decrease in weight and increase in durability has caused transition from a traditional modular
design for power compartments to the monolithic one. Application of composite materials has led to the
change of conditions of realization of the tolerances on external contours. Due to manufacturing automation
methods, it is necessary to consider two main aspects: design requirements of formation of contours and
accuracy of manufacturing process and equipments.

3. Experimental data of isolated roughness is the basis for resistance calculations. The roughness height is
defined by admissible size of additional resistance. Consumption of fuel increases with roughness. The low
resistance decreases fuel consumption and can be achieved with low tolerances, but the manufacturing cost
will increase. Therefore, and optimum tolerance need to be defined.

4. The additional life-cycle costs are determined by the basic parameters of UAV and conditions of its operation.
Production costs in general depend on pre-production methods and the cost per hour.

5. A mathematical model and algorithm were developed for computation of optimum tolerance for the external

surfaces of UAV.

1JERTV 21S110006 www.ijert.org 261



10.

11.

12.
13.

IJERTV 215110006

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181
Vol. 2 Issue 11, November - 2013

References

Herpe6a B.A., ®upcos B.A., BoOpeikun IO.A. TexHOJIOrH4eCKUEe OCHOBBI IIPOEKTUPOBAHUS KOHCTPYKIIUH

camosieToB. — M.: MAU, 1986. — 43 c.

Kpacmos H.®., 3axapuenko B.®., Komesoii B.H. OchHoBbl a’pomuHamuueckoro pacyera. TpeHue u
Teruionepeaada. YIpasiieHHe oOrekaHweM JetaTenbHbIX anmapatoB / Ilox pen. Ilpod. H.®. KpacnHosa:

Y4aeGHoe mocoOwne It CTYACHTOB BTy30B. — M.: Bricmr. mk., 1984. — 264 c.

MepornpusiTius 3apyOe)KHBIX aBHAKOMIIAHWKW 1O 3KOoHoMuM ToruBa / TexHuueckas wHpopmarus [[ATH,

1981. — Ne 9. — C. 30-32.

TopoGens C.M. OcHoBu komm'torepHoi rpadiku: Hau. moc. / 3a pen.. M.B. JlemkiBcbkoro. — K.: IleHtp

HaBYaJbHOI JIiTepaTypH, 2006. — 232.

Burnopunk C.A. TexHomornaeckre OCHOBBI POEKTUPOBAHUS M KOHCTPYHUPOBaHUS camoiieToB. Yacts 1. — M.:

MAM, 1974. — 140 c.

ITpo6neMs! cTpouTenbHON MexaHuKH U npounocTy JIA: Tem. cOopHuk Hayd. Tp. / MAU. — M.: MAUH, 1990. —

72 c.

3ocumoBrny M.B., Illenynuenko b.A., Boinuupkuit A.I1. Ekoyioro-ekoHomiyHe OOIpYHTYBaHHSI HPOEKTY
yTwIi3anii pagioaKTUBHUX BiIXOJIB B AalICKHH KOCMOC MpH MiKHapoaHii cmiBnpami // Bicauk Cymcbhkoro

JIep>kaBHOTrO arpapHoro yHiBepcureTy. - 2001. - T. 1 - Cymu: Bua-so “Kozaupskuii Ban”.- C. 75-80.

IIpoyHOCTh, yCTOMYHBOCTD, KoJieOanus: CrnpaBoyHuk B 3-x T. / [Tox pen. M. A. buprepa u S1.T". [TanoBko. — M.:

Mammunoctpoenue, 1968. — T. 3.

Nickolay Zosimovych. The basic directions of improvement of quality the UAV external surfaces. Materiaty
VIl Migdzynarodowej Naukowi-Practycznej Konferencji, 07-15 pazdziernika 2011 roku. Przemysl: Nauka |

studia. — Vol. 16 Techniczne nauki. —2011. Pp. 82-89.

BoOpeikna 10.A., Herpeba B.A. BpIOOp TEXHOJOTMYECKHX pEIIeHHH CcOOpPOYHOro IPOU3BOACTBA C

ucnoyib3oBanuem DBM. — Xaprskos: 13n. XAH, 1980.- 64 c.

Denis A. Coehlo, Filipe A.A. Corde. Technology as a determinant of object shape. In book: Industrial design

— new frontiers; edited by Denis A. Coehlo. Crotia, 2011, pp. 15-32.
Mezzadri, Jean-Claude. Aerospace Composite materials are Mature. SAMPE Europe Opening Session, 1999.

Nickolay Zosimovych, Singla R.K. The analysis of tolerances criteria to UAV external surfaces //

“CoBpeMeHHbIC TPOOJIEMBl M IYTH WX PEIIeHUs B HayKe, TPaHCIIOpPTE, IPOU3BOACTBE M OOpa3oBaHHM .

www.ijert.org

262



14.

15.

IJERTV 215110006

International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 2 Issue 11, November - 2013
CoOopuuk Hay4uHbIX TpyZaoB SWorld mo marepnanam MeXIyHApOIHON HaydHO-NPAKTHYCCKON KOHGEpeHIH/

Beinyck 4, Tom 6. Opecca: Uepaomopse. — 2011. — C. 26-35.

Nickolay Zosimovich. Criteria conditions and task of aeroballistic design the unmanned air vehicle //
COOpHUK HaydYHBIX TPYIOB IO MaTepuajlaM MEXIYHapOJAHOW HayYHO-NIPAKTHYECKOH KOH(pepeHINH
«CoBpeMeHHbIC HAIIPaBJICHUSI TEOPETHUYECKUX W MPHUKIAIHBIX HcclieaoBanui», 15-25 anpenst 2006.- Tom 3.

Texuuueckue Hayku. — Onecca: Uepnomopse, 2005. — C. 30-35.

Zosimovych N.V., Singla R.K. Influence of factors determines the value of tolerance on the outboard side
unmanned aerial vehicles. ABnanroHHO-KOCMHYECKasT TEXHUKA U TEXHOJIOTHs, XapbkoB: XA, Ne 3/90, 2012.

— C. 37-46.

www.ijert.org 263



