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Abstract: This article presents finite element analysis @&inéhardener system’s behaviour during com-
posites processing. One of the main studied prablemas variation of shearing force produced in the
system by moving a vibrating probe between congdsdiyers. The fluid viscosity is defined likeises
tance to flowing. As follows, time variation of ahiag force determined as a result of compositedeho
ing with finite elements, describes composite aystariation of viscosity depending on time. Thealltes
expected response the state of loading of thetstigvhich has been modelling so the real condgioh
its. They can provide information for a range dfes of the same structure, as well as a range laksa
of the forces taken.
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1. INTRODUCTION Throughout the curing process of polymer compos-
ites, polymerization and chemical bonds, transfothes
polymer from a viscoelastic fluid in a gel, themubber
and finally a glassy viscoelastic material [1]the initial
stage of curing, resin viscosity decreases dubddceat
released as a result of the exothermic reacticn htat
overlapped on the outside applied to acceleratgnmaii-
The steps for achieving that model are as follows: Zation. Once initiated chemical reaction, the molac

modelling geometric configuration matrix composite weight increases rapidly, and chemical chains otuyr

material (T19-36/H10-30 system) and the sensorb@ro Ibmd to ohrle _Ia_lﬂ_other dlg a net\(/jvo_rk with _|tr)1|creta5|n?(€1|_t:|rr
vibrating); schematization action loads; choosiing t far weight. |sl_su_d e? tant |_rre}/erts_| © lrafr:s mng\
method of calculation and hence the domain of itglid brom a VIScous Tiquid state to Inelastic gel ¢ que

of the results, according to accepted assumptiioies;- y an apparently infinite network is characterizeyl

pretation of results. Modelling geometric configioa gelation point. Resin vi;cosity begins to incredse to
smart composite material refers to the adoptioa efs- mo_IecuIar borlds. _In point of gellalthn average mialeec
tem composed of elements equivalent type. Numberin .e.'ght and viscosity bgcqmgs mﬁmtg, |nd|cat_|n.grzm—
of elements, nodes and degrees of freedom is ampitr ition from a viscoelastic liquid to a viscoelastaid. Of

Schematization load consists in adopting classitgad lphysma:cllly, _gelatlog tc;]ccu[]s whe|r|1 the ponmelr acian no
(static, dynamic, etc.). Distribution and the typef onger flowing, an e chemically occurs a cleatty

tasks: distributed in volume, or per unit lengttside Ilhne? stetp ofl_tthe cher;n_ctal pr%C?ES arq E’ d(_aptenident
surface and/or concentrates. e functionality, reactivity, and the stoichionmetrela-

Choice of calculation method is based on modellingthnShIp between the reactants [1].

the configuration structure, mode of action in gpaad In a_r:y manufact_urlng proc;ess of polyér?e:mr‘?atrlx
time, loads and default destination and the requaecu- fr?n}posl' fﬁ proc?sfsmg pagfmle ers ar;e mo hl |eOtero
racy of the results. e final, the most favourable terms, of mechaniap-

Interpretation of results is within the limits dst the erties required parts [2, 3]. To determine the fioieit

assumptions adopted. The results expected resgonse pr%cessmtg lf.ydefs{ It is nec?stﬁar?/ to makebseieq:nlo—
the condition of the structure which has been sthape f[:.e ur:‘as&] a mg;] Into atccpuln def't?l;ge number ppﬁg

fit the actual conditions. They can provide foraage of 1es of the matrix material and fiobers respecyiva
sizes of the same structures as well as to a ranigéen- processing parameters to be specified and cordrolle

sity of the forces taken. The results are analyemtit dur(ljn% Cross I|nk|ng_ reS||rtl. Fotr_ th|ts F:jurtpose_, a“@
cally, stating the practical conclusions which ns&yve models are a superior alternative to determinenapm

to finalize the project or improvement model used. processing cycles.
- 2. EXPERIMENTAL RESULTS
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The development of a finite element model for sol-
ing a certain problem is done in several staget) wi
binding sequence. Deployment stages and their asder
the same in any program, but the subroutines caa be
variety in number, structure, likely changes antirp
zations. The finite element program ANSYS was used.
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polymer matrix using a sensor based on mechanical i The accelerometer used to measure its excitatisn sy

pedance analysis-the vibrating probe-to allow teagé  tem response composite-composite, with a harmonic

measuring of the viscoelastic properties of therttoset-  force is a piezoelectric accelerometer Briiel & Kjpme

ting polymer resins and of the composites with maif 4333, which serves as piezoelectric transduceve sto

this type, as well as determining the processghilitthe Vibrometer — Briel & Kjaer type 2511, placed be-

composite material during treatment. tween accelerometer piezoelectric and analyzerrdrete
The operating concept of this sensors based on thdyne, transforms the output impedance of the hahes

determination of the relationship between the eticih of the accelerometer in a smaller one, so convérigen

force of the sensor as input and the responseefghsor  measurement and analysis and to amplify the sighal

to excitation as output, using the quantitative snee-  tively weak over the accelerometer.

ment of the vibratory force effect in the compositeic- Amplifier — Briiel & Kjaer Conditioning Amplifier

tures. At the interface between the vibrating prebe NEXUS, placed between the load cell and heterodyne

studied system produces a shearing motion resgnatinanalyzer is used for signal amplification..

due to probe movement between the layers of con&osi  wave analyzer Briiel & Kjaer Heterodyne Analyzer

under the action of an excitatory signal oscillgtiMov- 2010~ serves to analyze the composite system response

ing element is in this case the inserted sensar i {5 gynamic excitation applied, achieving simultango

composite structure. By measuring the absolute jpéak eycitation and response measurement to determime th

the probe displacement into the composite strucim®  gynamic characteristics of the composite system.

the size of excitation force at resonance beenilples® Level recorder Briiel & Kjaer type 2305- served
make estimates of the variation in complex shear,, tracing the spectrum.

modulusG and the viscous damping coefficie@t The
composite material processing was permanently moni- ] ]
tored during the sensor and data acquisition boaro- 2.1 Modelling the frequency response function

puter (Fig. 1). _ o In order to determine the dynamic characteristits o
Expenm(_ental stand used for regl—tlme monitoring of the composite studied, it was necessary the madetif

the processing of the polymer matrix composite M&lte  ansfer function, which provides the relationslip-

IS composed of the foIIovx_/_lng con_wponer_ns._ tween the output signal, obtained by moving theatib
Signal Generator Bruel & Kjaer Sin tipl027 ran- g probe into composite material under an exdiece

dom generator generates the excitatiqr} sign.al of.elec- produced by an electrodynamic excitatory, and riadter
trodynamic exciter through power amplifier. Sigeatit- properties.

ted from it can be harmonic with variable frequency The real structure, which has an infinite humber of

random_ narrowband or broadban_d. For excitation Ofdegrees of freedom, has been replaced by the mathem
composite structure a sinusoidal signal was useudo-A

: cal model of linear dynamic system (Fig. 2), withite
matic frequency was swept over a range to threadiec )
(1-1 000) Hz. number.of (Jllggree,'ls 0|f f.reedolm, \ﬂ/lth con_stant pahrem_ et
Power amplifier- Briel & Kjaer tip2706- amplifies To simplify calculations, in all experiments thecex

: . : tation force exerted on the structure and resudteokl-
the signal received from the low frequency sigreaigra- eration were measured on the same surface. Alsallfo
tor which supplies electrodynamie VEB RTF 211. '

Composite structure excitation is achieved by \ibga analyzes the followmg approximations - were made:
probe. whole ensemble of resin-fibre can be represented as

Force transducer used in this measurement system lgwear dynamic system; vibrating probe used to apsAp

a Briel & Kjaer piezoelectric transducer type 8 .20Be ite monitoring is moving between two layers resin;
task force developed is proportional to the applige thickness of resin layer that is the one hand ahdroof
namic. It is mounted directly to the electrodynanilra-  the probe, between this and reinforcement fibre was
tor by means of threaded rods, in order to meathee Cconsidered to be constant; resin mass that sursotived
strength of the composite system excitation. probe is very small and can be ignored.
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Fig. 2. The simplified model of the studied syste@ damp-
Fig. 1. Experimental stand used for real-time monitorifithe ing coefficient of the resir§— shear force;
processing of composites with polymeric matrix miats. F.e“ - exciter force.
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Considering these approximations, the equation of
motion of the system shown in Fig. 1 is:

M+ Cx+ Kx = Re*, (1)

where:M is the mass of the systef@;- viscous damping
coefficient; x — displacementF,“ — harmonic force of
the excitation system. We denote

Kx = 2§ andZS:%X:G*x, 2)

Fig. 4. Creating surface geometry "target" in moving the
where:Sis the shear force onto one surface of the vibrat- vibrating probe.

ing probe;G — apparent shear modulus in plan.

Since the vibrating probe is moved along the assem-
Then, the equation (1) becomes: gp g

bly, in its middle, the next step is to create acef ge-

ometry to define the "target", that is, the reasgsmove

(3) the vibrating probe. It also created a rectangblack

with dimensionsL1 = 90 mm,1 = 12 mm andhl = 1
Applying the Fourier transform equation (1), the re mm, which was subsequently dropped from the bldck o

sponse in frequencies functiét{w) is given by the rela-  resin-hardener (Fig. 4). Also, in this stage ofatian, the

MK(t) + CX(t) + G x = Re™*

tionship: model geometry has been completed with the vibgatin
% (o) o2 probe as a block having sizé2 = 60 mm,2 = 12 mm
H(w) = = , 4) andh2 =1 mm.
F(w) \/(G —Mooz)2+(Coo)2 Since the model is symmetric, and given the com-

plexity of the model that requires quite large coiap
where:F(w) is the input quantity — exciters force meas- tional resources, we found that a quarter of trengsry

. . . - is sufficient to simulate the problem.
ured with an piezoelectric force transducef(w) - sys- i : . : .
The type of analysis used in solving this problem i

tem response to excitation-acceleration systemsuted  on-linear quasi-static. To ensure the convergeficbe

with piezoelectric accelerometer. _ solution, it was used the automatic conversionineut
(At the resonant frequency of the system it can beapalyses were performed on several times for difier
written: values of the coefficient of friction between theolpe

G - M =0 (5) and the vibrating composite material and at.difﬁEre

’ values of resonant frequency, the purpose beindeto

H (w) =9 termine the stress state of the material inducedhly

C (6) movement of the probe, and determination of theavar

tion of the shear force reaction force probe disphaent
composite system between its laminate, which presluc
o ) ) shear displacement of material [4, 5].
2.2. Finite element modelling of polymer composites The finite element analysis of the variation in diof
crosslinking the shear force produced in the composite system by

The FEM model is used for the analysis of variancemoving the vibrating probe between layers was per-
while the shear force produced by moving the probeformed using the ANSYS software [6]. The "surface o
vibrating composite system between layers, stasiity ~ Surface” contact model was used in this analysiorm
the definition of its geometry. a contact pair. This model uses a surface "target' a

In the Cartesian coordinate system, one creates-a r surface "contact”. Considering that friction isveeén a
tangular block of dimensiong: = 80 mm,W = 40 mm  figid (vibrating probe) and a viscous surface, wmhic
andh = 4 mm (Fig. 3), representing the overall resin- changes their viscosity over time (resin-hardenes- s

hardener (as approximations above), on which probdem), one opted for a model "flexible-rigid", artmost
vibrators act. appropriate to simulate real working conditions.

Figures 5 and 6 show the geometry of the pattern
studied and the meshing. To make the whole geometry
meshing VISCO89 element for resin and SOLID 45
element for probe was used (Fig. 6) [6].

In order to comply with physical model developed,
the constraints are applied inside the pattern. Duhe
complexity of the studied phenomenon, to facilitdte
computations, the model was divided into four equal
parts. Constraints were applied on surfaces that ha
resulted from this division and on lateral surfacéshe
composite (Fig. 7.). Lateral surfaces were encased
cording the conditions in which experiments wer@-co
Fig. 3. Create resin-hardener assembly geometry. ducted.
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Fig. 5. Resin-hardener-vibrating probe geometry.

Fig. 6. The finite element meshing of studied system.

Fig. 7. Applying the constraints on contact surfaces and-ex
rior surfaces.

Fig. 8. Geometry assembly rebuild.

To simulate the reticulation process of the retie,
friction coefficient between resin-hardener systand
vibrating probe was modified for different analyzes
taking into account the properties of resin-hardesys-
tem. At the moment of the exothermic peak, the fcoef
cient of friction decreases from baseline with éasing
viscosity of the system, and the nit is increasedeticu-
lation process progresses.

3. RESULTS

The quasi-static nonlinear analysis used in solving
this problem. To ensure convergence solution has be
used automatic conversion routine to the next fiame
on the analyzed.

Several analyzes have been made using different val
ues of the friction coefficient, the ultimate gdmding to
determine the variation of reaction force produded
resin-hardener system by the movement of the virat
probe at different excitation frequencies and diffe
time intervals.

Finite element modelling program ANSYS supports
three contact models "node node", "surface ared' an
"node surface”. For this analysis was used to modied
tact "surface area", which uses a surface "targetl' an
area of ,contact" to form a contact pair.

Contact problems have two significant problems: the
general contact region is not known prior to thalgsis

In order to analyze the problem of interference re-and most contact problems take into account thoéidri

sults, load displacement was zero in the first stethe
application. In the second stage, on the "masteden
and implicitly on the all connected nodes assodiatith

between the surfaces (in this case the frictiowéen the
vibrating probe and the resin-hardener).
Since friction is between a rigid (vibrating prolza)d

it, have been applied displacement values rangieg b a sticky surface that change its viscosity oyee_t(mesin-
tween +0.1 and+1 mm. These values simulate real hardener system), | opted for a model "flexiblaetigthe

movement in the composite material of vibratinghgo

Variation of the shear force was determined insystem
as the reaction force to the displacement sensefor8

most appropriate for to simulate real working coiodis.

Figures 914 show the variation curves for shear
force for different values of the coefficient ofclion and

viewing all the results of analyzes the geometrys wa the resonance frequency.

rebuilt (Fig. 8.). Results were obtained for theoleh
studied assembly.

In Figs 1518 the tension produced resin-hardener
system to probe vibrating movement is presented.
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Fig. 9. Shear force [N10%] versus time [h] fop = 0.03
andf =5 Hz.
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Fig. 10. Shear force [N10%] according time [h] for
pn=0.04 and = 10 [Hz].
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Fig. 11. Changes in shear force 0% time [min x 109
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Fig. 12. Changes in shear force 03] agains time
[sec.x103] forpu = 0.06 and = 14 Hz.

s pase-gh
3.7

u
a

>

~ Shear force (N x10°)

ST T imemy
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Fig. 14. Shear force [N10% according time [h] fop = 0.08
andf =19.2 Hz.

Fig. 15. Tension produced resin-hardener system to theaexcit

tion frequency 15 Hz.
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Fig. 16. Tension produced resin-hardener system excitation

frequency 18 Hz.
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The analysis was applied to nonlinear quasi-static
order to determine the force curve of the compasite
tem response that produced shear displacementrsenso
system for different values of the coefficient atfion
between the probe and the resin-hardener systatfif-to
ferent excitation frequencies and different periaafs
time.

Due to the large number of properties of the matrix
material, respectively of the fibres, depending tioé
processing parameters to be specified and cordrolle
during reticulation of the resin, the optimizatiohmanu-
facturing conditions of an intelligent composite terél
with polymeric matrix using experimental analyss i
often expensive and takes a long time. For thipqsse,
an alternative is analytical model for determinomimal
processing cycles and finite element analysis sgmie
ing an important advantage in terms of time savings

It was found that for all values of the frictioneft-
cient (0.03-0.05), corresponding to a low viscosity of the
resin-hardener system, the shear force producetiein
system has values inside the interval {2.6)x10° N. At
the moment of the exothermic peak, the frictionffioe
cient decreases from baseline at the same time deith
crease in viscosity of the system, and after thim4
creases as reticulation process progresses. Fderhig
values of the friction coefficient (0.66.08), which
define progressive reticulation system, the sheacef
has values in the range (232)x10°N.

Fig. 17. Tension produced resin-hardener system excitation
frequency of 10 Hz.

Fig. 18. Tension produced resin-hardener system excitation
frequency of 5 Hz. REFERENCES
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