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This article examines the process of technological processing of semi-finished product in the manufacture of rod profile
products from fibrous composite materials, in particular - round.

A method of determining the parameter of the degree of crimping of the element, which ensures the necessary impregnation
of the winding layer during the forming of the profiled products, is proposed.
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Introduction. The quality of fibre composite profile rods depends on the quality of the binder
impregnation of the reinforcing materials during the moulding process. This is most often the case with
products which are produced by the pultrusion process. In such products the braiding layer is formed
by dry reinforcement. Impregnation of the dry reinforcement is carried out during the technological
processing of the semi-finished product.At the same time a series of problems are solved, one of which
is the choice of technological process parameters [1-5].

Surplus binder is formed during the moulding process. However, the amount of remaining binder
must be sufficient to ensure the required degree of filling of the element. Therefore, the question of the
remaining amount of binder is still relevant.

The purpose of the research is to determine the theoretical value of the parameter, which ensures the
necessary impregnation of the winding layer during the final moulding of the profiled products.

The realization of the goal implies the solution of the following task: to develop a method of
determining the parameter of the degree of crimping of the element, ensuring the minimum values of
impregnation of the winding layer during the final moulding of the profiled products.

Research of technological processing of semi-finished products in the manufacture of profile
products from composite materials

In order to ensure a defined structure and degree of filling in the production of rod profile products
from spirally reinforced semi-finished products, they are compacted.Compaction can take place in one
of two methods: by pressing in a spinneret, crimping with winding. The second method is used in the
production of round cross-section rods.

In this case, the spirally reinforced structural elements, which initially have a circular cross-
sectional shape, deform and acquire an elliptical shape.At the same time, the degree of reinforcement
filling of the central part of the structural element changes. It can be calculated using the formula[6]:

oL )i T
¢ =
4k,

where k; =a/b a, b - large and small half-axes of the elliptical element.

; (1

Due to the increased filling ratio, part of the binder is removed from the structural element and moved
into the inter-element space. In addition, it can impregnate the winding reinforcement. The volume of
binder removed during deformation per unit time can be calculated according to the formula:

Q= “D:Vf (1-01/0f)- 2)
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Since ¢; depends on @;, then, taking into account (1), this volume can be represented as a function
of the elliptic parameter:

0 i (1_(4k1)/[1,5(k1+1)—\/ET), 3)

where D - diameter of the rod of the main reinforcement of the spirally reinforced element, v -

forming speed.

The binder movement at steady-state moulding
mode occurs only in radial direction. When Po p(x)
developing mathematical models of processes p(x)+dp
occurring during molding and curing of products bl 7‘&

made of composite materials, the binder is usually v. I
considered as a viscous non-compressible fluid _'F
)= (X} = q(x+dx
obeying Darcy's law during filtration [7].In this case el (%) a )
1

the flow of liquid binder is considered separately YWY +

from the stress state of rigid reinforcement.
Determine the law of variation of the pressure

gradient along the length of the element to be

moulded before the moulding front (Fig. 1)', Fig. 1. Pressurevariationalongthelengthof a
Let the binder flow through a cross section of the rodwhichisshapedfromcompositematerials

element at a distance X is determined from the

expression [7]:

X dx

I S— |

p(X)
a (x) =2 g, 4)
nx
and at a distance (x+dx) from the expression'
qp (x+dx)= e [P(x)+ dp] prP (4)S1 kpers d (5)
L n(x+dx) Su= nx nx

where p (X) - pressure at distance X, [p (x)+ dp:| - pressure at distance(x + dx) , M - the viscosity of the

binder, k., - permeability coefficient, S; - filtration area.

In this case, a part of the binder is squeezed out of the considered volume of the element in the radial
direction

2k} [ p(x)+(dp/2)] S
nD v

Here we assume a linear dependence of p(x) on the dx section.

q, (x+dx) =

(6)

The permeability in the radial direction is determined according to the formula:
S, = nre2 ,
2Ddx

(d+e)’
= d(./O, 907/¢, )—1 — distance between adjacent fibres.

where n, = — number of filtration channels, d — fibre diameter of the fittings,

kr
Composing the flow balance equation and considering [6], that % = 2—72 = 0,68 , we obtain
47
per
2
dp  6(0.907/¢, -1) xdx
= ; (7

p(x)  D(l-¢)

The solution to this equation is
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Inp(x)=-px>+ InC or p(x)=C-eP*, ®)
2
314/0,907 -1
where = ( fo ) . ©)
D(1-¢,)

The constant C is determined from the initial conditions. At x =0 = C = p,,.
Thus, the law of pressure change is described by an exponential dependence
p(x)=py-e ™. (10)
Obviously, the volume of binder removed during the formation of the tourniquet per unit time must
be equal to the total volume of binder passing through the surface of the tourniquet.

Q j "e‘(p‘ (,/0, 907/¢, —1)2 poe ¥ dx . (11)

4,27-10 d’
Since ki, = k( ) , where k¢ is the channel shape factor, ¢; and n do not
601

depend on X, and J.e‘ﬁ"zdx =0,5/n/B , then we obtain:

0
2Nk,
Q, :%Dpo(pl\/(l—(pl)(\/()&m/(pl —1). (12)

The moulding pressure necessary for a given degree of filling @ can then be calculated using the
formula:

b= YmDvind-e./¢h)
8K1 0111- 9, (1/0.907/9, -1)

Or, if a certain size ratio of the structural element k; is given , taking into account (1), we obtain:

VrDvin { 2
Py = 1-(4k )/ L5(k, +1)—4/k } (14)
"8k, 1-0, (10,907/¢, 1) o+ )=

When the structure of the product is formed, the space between the elements is filled with binder, which
is displaced when they are deformed. Obviously, it is possible to calculate the parameters of the deformed
element that will ensure that the space between the elements is filled with binder.

The volume of displaced binder can be determined by formula (3). The volume of filled inter-element
space after the composite structure is formed can be calculated from the expression:

Q =(4-n)k,b’v,. (15)
Considering the constancy of the perimeter of the deformable structural element, the relation between b
and D is as follows:

(13)

D(1+8/D)
=— 1= 16
150k 1)~k 1o
where d - is the thickness of the winding layer of the structural element.
Then from equality (3) and (15) it can be written:
LI 4k, _ (4-m)k, (1+8/D) . (17

4 [1,5(k1+1)—\/ﬂ]2 [1,5(k1+1)—\/§]2
Supposing, [1 5 kl +1 \/kT ] # 0 we obtain:

7[1,5(k, +1)- 1] — 16k, + (16k, —4mk, )3/D. (18)
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Or, by introducing the parameter m =16 +(32—713)3/D+(16 - 475)(8/D)2 :
2,257k} —3nk;\fk, +(5,51—m)k, —3m\fk, +2/251=0. (19)
Thus, the equation of the fourth power is obtained with relative to \/k—l . By solving this equation, it is

possible to obtain the desired values of the parameter k; depending on the diameter of the semi-finished

product used and the thickness of the winding layer.
Table 1 shows the critical values of the parameter k = 1/k; , which is used in the theoretical calculations.

The critical values of the parameter k are given as a function of the diameter of the semi-finished product
D and the thickness of the winding layer & .

The specified values of the k. parameter ensure that the inter-element space is filled with the binder
displaced from the structural elements. With k <k
In the case of k >k

or » €xcess binder is displaced from the product structure.

or » additional resin impregnation is necessary.

Table 1
8 D=0,4 D=0,8 D=12 D=16
0,02 0,34 0,38 0,40 0,41
0,10 0,32 0,37 0,39 0,40
0,18 0,30 0,36 0,38 0,39
0,26 0,28 0,35 0,37 0,39

Conclusions. A method of determining the parameter of the degree of crimping of the element, which
ensures the necessary impregnation of the winding layer during the forming of the profiled products, is
proposed.
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Ilenamoesa B.b.
JOCJIJKEHHS MPONECY TEXHOJOTTYHOT OBPOBKH HAMNIBOABPUKATY MIJT YAC BUTOTOBJIEHHS
MPO®IJILHUX BUPOBIB I3 KOMIIO3UIITHAX MATEPIAJIIB

VY naHiii cTATTi JOCHIKYETHCS TNPOLEC TEXHOJOriyHOi 00poOku HaniBdaOpukaTy BupoOy Mifg 4Yac BUTOTOBICHHS
CTPHXKHEBUX NPO(QUIBHUX BUPOOIB i3 BOJOKHMCTHX KOMIIO3MLIMHUX MarepiaiiB, 30KpeMa - Kpyrjiunx.MeTow € BH3HauYeHHs
TEOPETUYHOr0 3HAYEHHS NapaMeTpa, sKuil 3adesnedye HeoOXiJHE MPOCOYEHHS OOMOTYBAJIBHOIO IIApy MiJ 4ac OCTATOYHOIO
hopmyBanHs TpopILHUX BUPOOIB.

3a3HavyeHo, IO A 3a0e3MeyeHHs 3aJaHol CTPYKTYPH Ta CTyNeHs HAlOBHEHHs IIiJi 4ac BUTOTOBJEGHHS CTPHXKHEBHX
npodiabHUX BHUPOOIB 31 cCHipaJibHO apMOBAaHOrO HamiB(GaOpPUKATy 3HIMCHIOETBCS I1X YIIIJIbHEHHS. YIIUIBHEHHS MOXe
BiZI0OYBaTUCS OJHUM i3 JBOX CHOCOOIB: HIIAXOM (iIBEPHOrO MPECYBAaHHS, ONPECOBYBAHHAM 3a JIOIIOMOI0I0 0OMOTKH. J{pyruii
Croci0 3aCTOCOBYETHCS IMiJ] 4ac BUTOTOBJICHHSA CTPHIXKHIB KPYIJIOro IorepedHoro mnepepizy. I[Ipu mpomy cripaibHO apMoBaHi
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CTPYKTYpHI €JIEeMEHTH, SIKi CIOYaTKy MaloTh Kpyriy ¢opmy nepepisy, nepopmyroTbes i HaOyBatoTh HOPMH, CXOXKOI Ha eJirc.
BozaHouac 3MiHIOEThCS CTYNiHb HATIOBHEHHS apMaTypOIO I[EHTPaNIbHOI YACTHHHU CTPYKTYPHOTO €JIEMEHTA.

VY Bursni ¢GyHkuii Big mapamerpa eIiNCHOCTI NPEACTaBICHO 00'€eM CHOJNYYHOI PEYOBMHH, WO BHIAISAETHCA IMiJ 4Yac
nebopMyBaHHS 33 ONUHHULIO Yacy. PO3riIsHyTO mepeMilleHHs CHOIYy4YHOro IpH cTajJoMy pexumi popmyBaHHsA.Bu3HaueHo 3aK0H
3MIHM TPaji€HTa THCKY I10 JOBKHHI ()OPMOBAHOrO ejneMeHTa nepes GppoHToM GopmyBaHHsA.BusHaueHo 06'eM crosy4qHOro, 1o
BUAAIAETHCA TMiJ 4ac (GOpMYBaHHS JKTyTa 3a OJUHHUIO Yacy. Bu3HaueHO HeoOXigHMI THCK (OpMYyBaHHS, HEOOXiTHUI A
3a0e3MeueHHs 3aJJaHOT0 CTYTeHsI HalTOBHEHHS.

IokazaHO MOXJIMBICTH PO3pPAaXyHKY NapameTpiB JaedopMoBaHOro enemeHTta, sKi 3a0es3neyaTh 3alOBHEHHS CIOJYYHORO
MiKEJIEMEHTHOro NpocTopy.OTpuMaHO PIiBHSHHSA AJ BU3HAUEHHsS 3HAUYEHHS IapaMeTpa CTYIEHs ONPECOBYBAaHHS eJIeMEHTa
3aJIeKHO BiJI liaMeTpa BUKOPUCTOBYBAHOIO HaniB(aOpukaty i TOBIMHM I1apy oOMoTku.HaBeneHo faHi mpo KpUTUYHI 3HAYSHHS
rnapaMeTpa  CTyNEHs ONpPECOBYBAHHS  €JIEMEHTa, 3aJeXHO Bix Jiamerpa HamiBdaOpukaTy 1 TOBIIMHM  LIapy
00MOTKH.3aMpoOINOHOBAHO METO/IMKY BU3HAYECHHS IapaMeTpa CTYIEHS OIPECOBYBAaHHS €JEMEHTa, L0 3a0e3neuye HeoOXiaHe
MPOCOYEHHS 0OMOTYBAJILHOTO Iapy npH GopMyBaHHI IPodiIEHOro BUPOOy .

KarouoBi cioBa: KoMnosuiiiiHi Marepiayii, CIOJydHa pe4OBHHA, npouec, HamiBdaOpukaTt, meroauka, (HOpMyBaHHS,
MPOCOYEHHS, TUCK, CTPUIKEHb, KPYIJIMH MONEpedHHi nepepis.
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RESEARCH OF TECHNOLOGICAL PROCESSING OF SEMI-FINISHED PRODUCTS IN THE MANUFACTURE
OF PROFILE PRODUCTS FROM COMPOSITE MATERIALS

This article examines the process of technological processing of semi-finished product in the manufacture of rod profile
products from fibrous composite materials, in particular - round. The purpose is to determine the theoretical value of the
parameter which ensures the necessary impregnation of the winding layer during the final moulding of profile products.

It is mentioned that in order to ensure a defined structure and degree of filling during the production of rod profile products
from spirally reinforced semi-finished products, they are compacted. Compaction can take place in one of two methods: by
pressing in a spinneret, crimping with winding. The second method is used in the production of round cross-section rods. In this
case, the spirally reinforced structural elements, which initially have a circular cross-sectional shape, deform and acquire an
elliptical shape. At the same time, the degree of reinforcement filling of the central part of the structural element changes.

The volume of binder removed during deformation per unit time is presented as a function of the ellipse parameter.The
displacement of the binder at steady-state mode of moulding is considered.Law of change of pressure gradient along the length
of formed element before molding front is defined. The volume of binder removed during bundle formation per unit time is
determined. Required molding pressure necessary to ensure a given degree of filling has been determined.

It is shown that it is possible to calculate the parameters of a deformed element that will ensure that the binder fills the space
between the elements. An equation for determining the value of the parameter of the degree of crimping of an element,
depending on the diameter of the used semi-finished product and the thickness of the winding layer is obtained. Data on critical
values of a parameter of a degree of crimping of element, depending on diameter of a half-finished product and thickness of a
layer of a winding is resulted. A method of determining the parameter of the degree of crimping of the element, which ensures
the necessary impregnation of the winding layer during the forming of the profiled products, is proposed.

Key words: composite materials, binder, process, semi-finished product, technique, moulding, impregnation, pressure, rod,
round cross-section.
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This article examines the process of technological processing of semi-finished product in the manufacture of rod profile
products from fibrous composite materials, in particular - round. A method of determining the parameter of the degree of
crimping of the element, which ensures the necessary impregnation of the winding layer during the forming of the profiled
products, is proposed.
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