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This article deals with the issue of mathematical calculating the trajectory of the end-effector of an industrial robot 
in the manufacture of aerospace composites.  Robots are used to define the winding orientation of the fibre strands 
on a non-bearing 3D core. The 3D core is attached to the robot-end-effector and is led through a fibre-processing 
head according to a suitably defined robot trajectory during winding of the fibre on the core. The quality of the 
composite depends greatly on the correct winding angles of the fibres on the frame and on the homogeneity of the 
individual winding layers. The implementation of these two conditions is related to determining the correct tra-
jectory of the industrial robot, which is part of the composite production technology. The numerical modelling of 
a passage of the on-bearing 3D core through a fibre-processing head is described in the article. Differential evolu-
tion algorithm and matrix calculus are applied to the numerical calculation of optimized robot-end-effector tra-
jectory to achieve optimal angles of windings of fibres on the frame. The numerical calculations of the trajectory 
of the robot-end-effector were used for verified for the calculated trajectory of the robot-end-effector in the real 
conditions of robotic laboratory of department of machinery construction. 
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 Introduction 

Currently, traditional materials are very often repla-
ced by composite materials in many industrial areas. The 
advantages of these materials consist mainly in their 
lightweight, high strength and flexibility, corrosion re-
sistance and a long lifespan. The use of composites rea-
ches its large development in the field of aerospace. This 
article deals with the production process of a specific 
composite type for aerospace industry. We describe the 
technology of a organic / anorganic filament roving win-
ding on a non-bearing frame in 3D with circular cross-
section (i.e. see [1,2]. If the frame cross-section is not cir-
cular, we consider an imaginary cylindrical “envelope” 
(with minimum possible radius) stretched on the frame 
surface. The composites offer an attractive ratio of mate-
rial properties-to-production costs (for example see 
[3,4,5]. Traditional procedures of composite manufactu-
ring are labour-intensive and time-consuming. Moreover, 
the conventional techniques do not ensure accurate fiber 
winding on the frame. One of the possible approaches to 
producing composites is to stretch the fabric from the fib-
res on a frame with an arbitrary geometry.  However, if 
the frame of the composite is a closed 3D frame or a frame 
with a very complicated 3D shape or several layers of the 
fiber strands are wound simultaneously on the frame, then 
this approach is not suitable. In such cases, the method of 
winding of endless fibre strands on a frame geometry 
using rotary fibre-processing head is often used [1,2]. The 
use of industrial robots in composite production greatly 
reduces production costs, production time and minimizes 
scrap rate (see [6,7,8]). This method provides full control 
over the placement, laying direction, and the amount of 
fibres on the frame as well as the homogeneity of the 
structure. The final composite is obtained after dry win-
ding of the required layers of strands on the frame by in-
jection of the resin to the mould using heat and pressure. 

Now, we describe the manufacturing process for produ-
cing composites with non-bearing frame by method of 
dry winding on a frame. We tested this manufacturing 
process at our experimental robotic laboratory of depart-
ment of machinery construction at Technical university 
of Liberec. The key equipment of our laboratory is an in-
dustry robot KR 16-2 and fibre-processing head. The 
fibre-processing head is fixed in the workspace of the ro-
bot and coordinates of its parts are specified in the basic 
coordinate system of the robot. The used fibre-processing 
head contains three guidelines. Each guideline contains 
twelve fixed fibre coils along its periphery. The outer gui-
delines rotate around a common axis and the intermediate 
guideline is static.The frame is attached to the end-
effector of the robot. The passage of the frame through 
the fibre-processing head is controlled by the movement 
of the robot-end-effector. When frame passes through 
fibre-processing head the strands are successively wound 
on the surface of the frame at a targeted angle. First the 
outer rotating guideline ensures winding strands under the 
30°,45°,60° angle (relative to the axis of the head and the 
moving direction of the frame). Subsequently, the middle 
static guideline winds the second layer of strand under the 
angle of 0° and the second outer guideline winds the final 
layer of strands at -30°,-45°,-60°. Our goal is that the 
frame passes through the fibre-processing head orthogo-
nally to the guidelines of the head as far as possible. This 
ensures right angles of the individual winding layers. As 
already mentioned [2], providing the correct winding an-
gles of strands on the frame is mainly conditioned upon 
the determination of the finding of the appropriate tra-
jectory of the robot-end-effector. The orthogonal di-
rection of passage of the frame to the guideline in the 
place of its owns fiber winding on frame surface ensures 
the correct angle and uniformity of winding. The quality 
of fiber windings also depends on the preserving of the 
proper ratio of the passage speed of the frame through the 
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winding head and the angular rotation speed of the guide 
line. The material properties of the non-bearing 3D frame 
and fibers also affect the quality of the fiber windings 
(especially on adhesion of fiber to the frame), see e.g 
[9,10]. The problems concerning industrial robot trajecto-
ries are solved in more articles. Procedures of manual de-
termining the robot trajectory through the teach pendant 
are described for example in article [11]. The opti-
mization of the robot trajectory in terms of time is solved 
for example in article [12]. 

 Optimization of fibres winding process of ma-
nufacturing technology for the non-circular 
aerospaces frames 

This chapter describes the mathematical model of the 
manufacturing process of fibres winding on the frame.  It 
is a similar principle to [2], the difference being that it is 
a non-circular cross-section of the closed frame.The 
actual process of winding is realized using a fibre-proces-
sing head and industrial robot. The non-bearing frame is 
attached to the robot-end-effector. The winding head is 
fixed in the workspace of the robot. Within the described 
numerical model, we will consider the right-handed Euc-
lidean coordinate system E3 of the robot (BCS). We will 
describe the positions of the individual parts of an expe-
rimental workplace of winding strands to frame using this 
coordinate system. 

 

Fig. 1 Numerical model for optimization of fibres win-
ding process of manufacturing technology for the aero-

spaces frames 
 
The non-bearing frame with non-circular cross-

section is attached to the REE. In the numerical model 
(Fig.1), robot workspace is defined by the base right-han-
ded Euclidean coordinate system E3 (BCS). Description 
ofthe location of individual subjects in robot workspace 
is made in BCS. Subsequently, we determine the local 
right-handed Euclidean coordinate system E3 (LCS).  This 
system describes location and orientation of REE towards 
BCS. In the following text, we will label the vectors and 
points with coordinates in BCS with the subscript BCS and 

vectors and points with coordinates in LCS with the sub-
script LCS. All working activities of an industrial robot are 
controlled by the robot central unit and the library of in-
structions through REE. The location and orientation of 
REE is defined by LCS. The LCS origin is positioned in 
the REE while at the same time the REE is oriented in the 
direction of the positive part of the z-axis in the LCS with 
regard to the BCS. The actual location of the LCS with 
regard to the BCS is determined by six parameters listed 
in the tool-centre-point (TCP), where TCP = (x, y, z, a, b, 
c). The first three values specify the coordinates of the 
origin of the LCS in regard to the BCS. The last three va-
lues a, b and c specify the angle of the rotation of the LCS 
around axes z, y, and x with regard to the BCS. The fibre-
processing head is fixedly located in the working space of 
the robot. In our numerical model, individual components 
of the head are described by coordinates in BCS. The first 

outer rotating guide line is presented by circle 1k  with 
the centre [ ]BCSSSSBCS zyxS 111 ,,1 =  (see Fig.2). The 

second outer rotating guide line is presented by circle 2k
with the centre [ ]BCSSSSBCS zyxS 222 ,,2 = . The static 

middle guide line (enables the placement of the fibres in 
a longitudinal direction) need not considered in the mo-

del. The circle 1k  and 2k have the same radius CIRCLEr . 

Centres BCSS1 and BCSS 2 lie on axis s of the fibre-pro-

cessing head. The centre of the head is represented by 
point BCSH  that lies in the middle of segment BCSBCS SS 21

. Unit vector BCSh1  (this vector indicates the direction of 

passage frame through the head; usually BCSh1

( ) BCSBCSBCSBCS SSSS 12/12 −−= , where 

BCSBCS SS 12 −  is the length of segment BCSBCS SS 21 ) 

and vector BCSh2 are defined, vectors BCSh1 and BCSh2  

are orthogonal ( BCSBCS h2h1 ⊥ ). Point BCSH  together 

with defined vectors BCSh1  and BCSh2 allow us to 

calculate a suitable trajectory of REE when the frame pas-
ses through the head. We suppose the non-bearing frame 
has a non-circular cross-section. Then the frame can be 
described by its central axis o and radius TUBEr , we 

suppose  that FRAMErr >CIRCLE . Sizes of frame are de-

fined in LCS of the REE. From starting point LCSB )1( to 

endpoint LCSNB )( is marked d. At the same time, unit tan-

gent vector LCSi)(b1 to axis o  at point LCSiB )(  is ente-

red for Ni ≤≤1 . In addition, unit vector LCSi)(b2 is de-

fined ( Ni ≤≤1 ) which when passing point LCSiB )(

through the fibre-processing characterizes the necessary 
rotation of the frame about axis o. All the time  

LCSLCSi i)( )( b2b1 ⊥  holds. We assume that the discrete 

set of points LCSiB )(  specifies axis o  sufficiently den-

sely and defines with a sufficient accuracy the shape of 
the frame. If frame is closed, the initial point of axis o  is 
identical to endpoint (i.e. ,)()1( LCSLCS NBB ≡

LCSLCS N )( 1)( b1b1 ≡ and ≡LCS(1) b2 LCSN )( b2 ). 
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2.1 Calculation of the trajectory 

Background of calculation 

We describe the main idea of calculating the REE tra-
jectory in this chapter. Note that the frame is fixed to the 
REE. The goal is to calculate the REE trajectory that en-
sures a gradual passage of axis o through the centre 

BCSH of the head in the desired direction BCSh1 (and by 

this way passage frame through head). The frame’s initial 
point of passage is LCSB )1( and the end point is LCSNB )(

. The REE trajectory is determined by the sequence of the 

TCPi values, where Ni ≤≤1 . The initial position of REE 

corresponds to the value TCP0. In the admissible REE po-
sition, the two orthogonal vectors and their common 
initial point originally defined in the LCS are in the same 
position in the BCS as the two fixed orthogonal vectors 
and their common initial point specified in the BCS. The 
position and orientation of the REE in BCS in the i-th step 
of the passing of the frame through the fibre processing 
head are uniquely determined by the relation (1). The 
identification of vectors BCSi)(b2  and BCSh2 allows the 

performance of the necessary rotation of the frame around 
the tangent of axis oorientation at point BCSiB )( when the 

point BCSiB )( is identified with centre of the head  

BCSH  (Fig. 3). 

,)( BCSBCS HiB ≡ BCSBCSi h1b1 ≡)( and BCSBCSi h2b2 ≡)( for Ni ≤≤1 . (1) 

 

Fig. 2 a) The fibre-processing head in the mathematical model, b) Example of vertical cross-section non-bearing frame

 

Fig. 3 The passing frame through the fibre processing 
head in the i-th step 

Calculation of the  TCPi 

Now we focus on the process determination of the 
TCPi. We use matrix calculus to solve this problem. 
Points, vectors and matrices are represented in a homoge-

neous form (i.e. general point [ ] ,1T
VVV ,z,y,x=V vector 

( )T
uuu z,y,x= ,0u , this form of writing is suitable for 

differentiation of operations with points and vectors. We 
calculate transformation matrix iT from LCS to BCS for 

the i-th step of passing the frame through the fibre pro-
cessing head. The transformation matrix iT is generally 

the product of the translation matrix iL and the rotation 

matrix iQ , i.e. 

 iii QLT ⋅=  (2) 
Validity of relation (1) is reached by applying matrix 

iT  in relation (2) to LCS.  

 
We use the following typesorthogonal matrices:

a)(z,Rot  is orthogonal matrix of rotation of LCS around 

axis z by angle a, ),( byRot orthogonal matrix of rotation 

of LCS around axis y by angle b  and ),( cxRot  orthogo-

nal matrix of rotation of LCS around axis zby angle c. He-
reat it is true (see [6]) 
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We also use matrix ),( αBCSpRot of BCS rotation around unit vector BCSp by angle α that is in the form  
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wheres and c indicate αα cos,sin == cs .Calcula-

tion of transformation matrix iT in relation (2) is 

described in detail in [1]. Each rotation matrix Qi can be 
written in the form (see [6]) 

 ( ) ),(),(, iiii cxbyaz RotRotRotQ ⋅⋅= , (4) 

where matrices ( )iaz,Rot , ),( ibyRot  and 

),( icxRot are in the form in relation (3). Then Euler an-

gles ai, bi and cican be expressed in the form (for more 
detail see [1] and [2]) 

 ( ))(),(2 1121 iqiqATANai = , ( )iii aiqaiqiqATANb sin)(cos)(),(2 211131 +−= , (5) 

( ,cos)(sin)(2 2313 iii aiqaiqATANc −= )ii aqaiq sincos)( 1222 − . 
 

The ATAN2(arg1, arg2) function (common in many 
programming languages) calculates the value of the 
arctangent function for the argument arg1/arg2. The sig-
nsof both input parameters are involved in determining 
the output angle of the ATAN2 function 
(−π<ATAN2(arg1, arg2) ≤π).Thus, we determine ai, bi and 
ci in equation (4). Now,we can determine 

( )iiiiiii cbazyxTCP ,,,,,= , where parameters ix , iy

and iz are determined by matrix Li in relation (2) and the 

last three parameters ai, bi and ci are given by relation (5). 

Determination of REE trajectory 

By entering the calculated set of iTCP  into the robot’s 

control unit the robot creates (by specified commands) a 
continuous trajectory of the REE allowing the passage of 
the frame through the fibre-processing head. The tra-
jectory is created on the principle of linear interpolation 
(or the use of cubic splines) of the parameters included in 

iTCP  ( Ni ≤≤1 ). It is necessary to perform the calcula-

tion for a sufficient amount of points LCSiB )( so that the 

position of the frame in LCS is sufficiently accurate. 

2.2 Optimization of the REE trajectory 

Compliance of the correct angles of fibre winding of 
individual layers on the frame is one of the most impor-
tant conditions for ensuring the high quality production 
of frame composites. Three consecutive layers of fibres 
are wound onto the frame at angles of 30°,45°,60°, 0° 
(fibres of this layer are placed horizontally in the direction 
of axis s of the fibre-processing head) and -30°,-45°,-60°. 
The correct winding anglesare ensured if frame axis o is 
orthogonal to the planes of the fibres winding 1ρ  and 2ρ  
(Fig.4) at points M1 and M2 of the intersectionsaxis 
owith these planes.The second important requirement is 
that points M1and M2 lie on axis s or near axis sof the 
fibre-processing head. Achieving these conditions can be 
difficult in practice. The frame can be highly 3D shaped. 
Collision-free passageof the frame through the head must 
also be ensured. Middle horizontal fibres winding is fas-
tened to the frame by the final third fibrewinding perfor-
med in plane 2ρ .

 
Fig. 4 Schema of winding fibre layers onto the frame, case where the axes s and o are identical in the section of the 

fibre-processing head
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Fig. 5 Intersections of axis owith planes 1ρ and 2ρ  

The idea of REE trajectory optimization 

Calculation of REE trajectory for i-th step of frame 
passage through the fibre-processing head in Chapter 3 
was performed on the basis of fulfilling relation (1) (i.e. 
it is doing such rotation and translation LCS (of the REE) 
with respect to BCS, that ,)( BCSBCS HiB ≡

BCSBCSi h1b1 ≡)(  and BCSBCSi h2b2 ≡)(  are true). Point 

BCSBCS SH 3≡ (Fig. 6), vectors BCSh1  and BCSh2 are 

constant throughout the whole frame passage through the 
head. The main idea of optimizing the REE trajectory is 
as follows. When performing optimization, we find suita-
ble locations of point BCSH  and vectors BCSh1 ,  BCSh2

in every step of passage frame through the head that the 
required conditions for ensuring that the correct angles of 
winding are adhered to. We suppose in our mathematical 
model that axis yof system BCS is identical to internal 
axis s of the fibre-processing head. Point BCSiH )( lies in 

the plane σ that is orthogonal to axis s and that passes 

through the centre of head BCSS 3 (see Fig. 5, Ni ≤≤1 ).  

We obtain vector BCSi)(h1  by rotation of vector 

)0,0,1,0(=BCSh1 around axis z at angle )(iϕ and then 

around axis x at angle )(iω . The same rotations are ap-

plied to vector )0,1,0,0(2 =BCSh  and we obtain vector 

BCSi)(2h . We can write rotations of vectors BCSh1 and 

BCSh2 in the form 

 
 BCSBCS ixRotizRoti h1h1 ⋅⋅= ))(,())(,()( ωϕ , BCSBCS ixRotizRoti 2))(,())(,()(2 hh ⋅⋅= ωϕ , (6) 
 

where 4/)(4/ πϕπ ≤≤− i , 4/)(4/ πωπ ≤≤− i for Ni ≤≤1 . We can then identify analogously to relation (1): 

 ,)()( BCSBCS iHiB ≡ BCSBCS ii )()( h1b1 ≡ , BCSBCS ii )()( h2b2 ≡ for Ni ≤≤1 . (7) 

 
Now, we will focus on minimizingcost function F to finding optimized REE trajectory. Function F is defined in the 

form 

 ( ) ( )2
23

2
2

2
13

2
1)()( )()(2)()(1))(),(,,( ividvividviizxF

BCSBCS iHiH ρρ ααωϕ ⋅++⋅+= , (8) 

 
where values )(1 id , )(1 iρα , )(2 id and )(2 iρα (see 

Figure 7) depend on values of variables 

)(,, )()( izx
BCSBCS iHiH ϕ  and )(iω .Point BCSiH )( lies in 

plane σ and therefore coordinate BCSiHy )( is constant 

(we recall that axes s is identical with axes y in BCS). Va-
lue d1 denotesdistance of point BCSiB )(1 1ρ (intersection 

axis o of frame with first winding plane 1ρ ) from point 

M1(i)BCS (Fig. 7), angle )(1 iρα is defined by vector h3 

(parallel with axis s)and tangent vector of axis o at point 

BCSiB )(1 . Values d2(i)  and 2ρα (i) are defined analogo-

usly. Parameters 1ν and 2ν denote weight functions and 

characterize the importance of the quality of winding la-
yer. Parameter 3ν corrects the value ratio of )(1 id and 

)(1 iρα  respectively )(2 id and )(2 iρα . We find global mi-

nimum of cost function F in relation (8), i.e. 

 

 { }))(),(,,(min))(,)(,)(,)(( )()(minminminmin iizxFiiizixF
BCSBCS iHiH ωϕωϕ = . (9) 

 
We determine TCPiusing the minimized input para-

meters minminminmin )(,)(,)(,)( iiizix ωϕ of cost function 

F defined by relation (9), calculation ofpoint BCSiB )( by 

relation (7) and unit vectors BCSi)(h1  and BCSi)(2h by re-

lation (6). 
 

Note. 
We suppose that internal axis o of composite frame is 

defined by set of points LCSiB )( and corresponding 

vectors LCSi)(b1 and LCSi)(2b with a small step along this 

axis. Otherwise, we can define the small step using spline 
function, for example quadratic Hermite spline. We get 
more points LCSiB )( on axis oand corresponding unit 

vectors ( LCSi)(b1 , LCSi)(2b ) by this procedure. We need 

the fulfillment of this condition for optimized REE tra-
jectory calculation. 

Optimization by differential evolution algorithm  

Cost function F defined by (8) often contains many 
local minima. Therefore, using gradient methods for fin-
ding the global minimum of the function F is not suitable 
(the high probability, that we find only thelocal mi-
nimum). Therefore, we use a classical differential evolu-
tion algorithm usually denoted DE/rand/1/bin (for more 
detail see [13,14]). It is often difficult to find global mi-
nimum cost function defined by relation (9). But then we 
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are able to find a satisfactory local minimum.We also ap-
ply restrictions in the search for the minimum function F 
so that the absolute values of differences of correspon-
ding parameters of TCPi-1  andTCPi are smaller than small 
positive real constant. 

Optimization by differential evolution algorithm  

Cost function F defined by (8) often contains many 
local minima. Therefore, using gradient methods for fin-
ding the global minimum of the function F is not suitable 
(the high probability, that we find only thelocal mi-
nimum). Therefore, we use a classical differential evolu-
tion algorithm usually denoted DE/rand/1/bin (for more 
detail see [13,14]). It is often difficult to find global mi-
nimum cost function defined by relation (9). But then we 
are able to find a satisfactory local minimum.We also ap-
ply restrictions in the search for the minimum function F 
so that the absolute values of differences of correspon-
ding parameters of TCPi-1  andTCPi are smaller than small 
positive real constant. 

Pseudo-code of differential evolution algorithm 

We briefly describe differential evolution algorithm 
DE/rand/1/bin that we used to the solution of opti-
mization problem (9). 
 

• Input:  
 

The initial individual 1y - initial values 

)(),(,, )()( iizx
BCSBCS iHiH ωϕ ;dimension of the problem D= 

4, population size NP, crossover probability CR, mutation 
factor f, the number of calculated generations NG. 

Internal computation: 
1. create an initial generation (G =0) of NP individu-

als 
G
my , ,1 NPm ≤≤  

2. a) evaluate all the individuals 
G
my of the generation 

G (calculate )( G
myF for every individual 

G
my ), 

b) store the individuals
G
my  and their evaluations 

)( G
myF into the matrix B (every matrix row contains pa-

rameters of individual 
G
my  and its evaluation  )( G

myF , 

NPm≤≤1 ), 

3. repeat until NGG≤  
a) form:=1 step 1 to NP do 
(i)   randomly select index },,...,2,1{ Dk m ∈  

(ii)  randomly select indexes  },,...,1{,, 321 NPrrr ∈  

where mrl ≠ for 31 ≤≤ l ; 323121 ,, rrrrrr ≠≠≠ ; 

(iii) forj:=1 step 1 to D do  
if (rand(0,1) ≤ CR or j=km) then 

( )G
jr

G
jr

G
jr

trial
jm yyfyy ,,,, 213

: −+=  

else 
G

jm
trial

jm yy ,, :=  

end for (j) 

(iv) if ( ) ( )G
m

trial
m yFyF ≤  then

trial
m

G
m yy =+ :1

 

else
G
m

G
m yy =+ :1

 

end for (m) 

c) store individuals 
1+G

my and their evolutions 

( )1+G
myF ( )NPm ≤≤1 of the new generation G+1 into 

the matrix B; G:= G+1 
end repeat. 

 
• Output: 
 

The row of matrix B that contains the corresponding 

value ( )min{ ; }G G
m mF y y ∈B represents the best found 

individual opty . 

Comment: 
Function rand(0,1) randomly chooses a number from 

the interval 
1,0

. The notation 
G

jmy ,  means the j-th com-

ponent of an individual 
G
my

in the  G-th generation.  

The individual opty is the final solution and includes 

optimized parameters minminmin )(,)(,)( iizix ϕ  and 

min)(iω  in relation (9).  

 Results 

We focus on the practical problem of the passage of 
the non-bearing 3D frame for aerospace apllication with 
a non-circular cross-section through the fibre-processing 
head. The central 2D axis o of the frame is composed of 
two interconnected perpendicular arms (Fig. 1). The rota-
tion is performed during the passage of the bent portion 
of the frame through the fibre-processing head. The 
calculation of the trajectory of the robot-end-effector by 
used numerical modelling referred to in the previous cha-
pter was applied to the described problem. Fig. 6 a) shows 
the position of the robot-end-effector when passing 3D 
frame through winding head. In part b) shows trajectory 
of the robot-end-effector: start and end. c) shows the po-
sition of the robot-end-effector (first three parameters of 
TCP) and part d) the orientation of the robot-end-effector 
(last three parameters of TCP). Fig. 7 and Fig. 8 are com-
parison numerical model and real experiment illustrates 
the individually calculated values of TCP during the pas-
sing of the frame through fibre-processing head. Manu-
facturing process of real sample by data from numerical 
modelling is seen in the Fig. 9. Optimal fiber placement 
from winding process with data of numerical model also 
results in a better connection with a matrix, because the 
poor fiber placement (winding process without data of 
numerical model) arises imperfect connection as menti-
oned in [2]. 
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Fig. 6 a) Diagram showing numerical modelling for optimization of the course of the TCP during the passing of the 
aerospace frame through the fibre-processing head, b) trajectory of the robot-end-effector: start and end, c) parameter 

values of the first three parameters of TCP, d) parameter values of the last three parameters of TCP 

 

Fig. 7 Time response of numerical model for optimal trajectory of fibres winding process 
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Fig. 8 Time response of real testing of trajectory of fibres winding process with same data as numerical model 

 

Fig. 9 Laboratory samples from winding process with data of numerical model

 Conclusion 

The numerical algorithm described in the article all-
ows calculating the 3D trajectory of the robot-end-
effector of the industry robot during the production of 
composites using the dry fibre winding technology on a 
frame. Currently, supply companies offer commercial 
software modules to robot users. These modules are used 
in areas such as welding, pressing, cutting, packing and 
gluing. However, the available software tools are not usa-
ble for our needs. The algorithm can be applied to any 
manufacturing process where it is necessary to determine 
the 3D trajectory of a robot-end-effector. Especially, this 
algorithm can be successfully used in the industrial pro-
duction of specific composites as are aerospace frames. 
The algorithm allows us to determine the exact trajectory 
of the robot-end-effector, which provides a significant ad-
vantage over a manually entered robot trajectory. The ma-
nual setting requires experienced technicians and is time-
consuming (usually it is necessary to repeatedly enter a 
testing trajectory to find a satisfactory one). In addition, 

the trajectory obtained by such procedure is not usually 
optimal. The use of the described algorithm is completely 
independent of the type of production robot and software 
tools. The described mathematical algorithm can be suc-
cessfully utilized by technicians of manufacturing robotic 
workplaces and also by developers of specific software 
tools for controlling the manufacture robots. Described 
algorithm can be also successfully used in robot trajectory 
optimization using mathematical methods. The procedure 
for determining the trajectory of the robot-end-effector 
induces virtually no additional costs to the manufacturer 
and can significantly speed up the determination of the 
desired trajectory of the robot-end-effector. 
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