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Prograa: MATERA "
Projekta ilgums: 01.01.2009-31.12.2011
Projekta budzets: 942000 EUR

Projekta 1ss apraksts

Visparejs sadarbibas projekta MATERA merkis
ir vieglo konstrukciju svarstibu  kontroles
tehnologiju izstrade. Piedavata tehnologija paredz
konstrukciju nelabvéligo svarstibu samazinaSanu,
izmantojot aktivos wun/vai pasivos kontroles
procesus. Projekta lietvaros pétitie
kompozitmateriali, péc kuriem pieprasijums,
pateicoties to biutiskajam priekSrocibam un
nozimigajai lomai dazadas riipniecibas sferas
(kosmosa un lidaparatu biive, jiras un sauszemes
transporta biive, biivnieciba), ir butiski audzis gan
pasaulé, gan Latvija.

Projekta partneri: Centre de Recherche Public Henri Tudor

Euro-Composites S. A.
Saint-Gobain Abrasives
Projekta etaps: 1. gads
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NesagraujoSas metodes kompozitmateriala ipasibu noteikSanai

Riga, Latvia

Projekta pirma gada ietvaros tika petita vélama nesagraujosa metode
kompozitmateriala ipasibu noteik$anai. Sim nolikam, izmantojot
esoSas laboratorijas iekartas, tika veikti statikas eksperimenti - tris
punktu lieces parbaudes un ari dinamikas eksperimenti - impulsa
svarstibu parbaudes. SekojoSi slanainu kompozitmateriala platou
elastigo 1paSibu noteikSanai tika izstradata inversa procedura, kas
balstita uz eksperimentu planoSanas un atbildes virsmas metodem.
Balstoties uz identifikacijas rezultatiem, 1r apskatitas So metozu
prieksrocibas un trukumi, ka arT dotas rekomendacijas inZenieriem
saistiba ar apskatito metoZzu pielietoSanu moderno kompozitmaterialu
1pasSibu noteikSanai.
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Statikas eksperimenti: tris punktu liece

Riga, Latvia
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*ASTM Standard D790 — 07e1. Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical Insulating Materials =
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Dinamikas eksperimenti: impulsa ierosinatas svarstibas

Riga, Latvia
_ . Skalrunis
Elastibas modulis: &
214
2!

E=0946522"T,

p - blivums h

I - lieces paSsvarstibu frekvence

/ - sijas garums

h - sijas kopg€jais augstums

T, - korekcijas koeficents

T =[1.0+6.585(h/L)’]

Bides modulis plakné:
G=4pf"I°R

R - korekcijas koeficents
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Svarstibu vérpes forma

*ASTM Standard E 1876 — 07. Standard Test Method for Dynamic Young’s
Modulus, Shear Modulus, and Poisson’s Ratio by Impulse Excitation of Vibration.
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Inversa procedura

Riga, Latvia
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Noteiktas kompozitmateriala ipasibas
izmantojot dazadas nesagraujosas metodes

Riga, Latvia
Test method
EXP FEM
| ()= w U — 1™ — min
P ( fiEXP)2
X, =|E,.E,,G,,,v,, |- Plate 1
X, =|E,.E,,G,,,v, |- Plate 2
Three-point-bending Impulse excitation Inverse technique
Plate 1
E, (GPa) 67.20 66.25 65.97
E, (GPa) 37.50 35.90 36.80
G,, (GPa) ; 4.79 4.46
v, ; - 0.28
Plate 2
E, (GPa) 53.70 52.60 51.70
E, (GPa) 34.90 34.10 33.00
G,, (GPa) ; 5.77 6.08
vlz = = 0.3 1 5
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Galigo elementu modeli

Riga, Latvia
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»wdendvica” tipa galigo elementu modelis Daudzslanu galigo elementu modelis

Viskoelastigu daudzslanu un ,,sendvic¢a” tipa siju, platnu un Caulu galigo elementu modeli tika i1zstradati
precizu dinamisko parametru aprékiniem. Galigo elementu modelis ir veidots, balstoties uz pirmas kartas bides
deformaciju teoriju, ieverteéjot pagrieziena lenki ap normali. ,,Sendvica” tipa kompozitmaterialiem $1 hipoteze
tiek lietota katram atseviSkam slanim un S$is gadijums atbilst lauztas Iinijas modelim. Savukart, slanainu
kompozitmaterialu gadijuma 3T hipotéze tiek izmantota visiem slaniem kopa. Sie galigie elementi lauj modelét
konstrukcijas, kuram raksturiga liela elastibas modula attieciba starp stingajiem un mikstajiem slaniem, un
analiz€t konstrukcijas ar svarstibu dz€sosu apSuvumu un ar augstam svarstibu dziSanas 1pasibam.
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Riga, Latvia

Grafiskais interfeiss
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4

Visas programmas ir rakstitas GFORTRAN programmeésanas valoda. NepieredzejusSu

lietotaju vajadzibam ir izstradats lietotajam draudzigs grafiskais interfeiss.
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Viskoelastigas svarstibu slapésanas modelis

Riga, Latvia

Svarstibu slapéjosa materiala LD-400 pielietoSana svarstibu slapéjosam apvalkam
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4

Petamas konstrukcijas ir izgatavotas no svarstibu frekvencu un temperatiras atkarigiem viskoelastigiem
materialiem. Kompleksa modula koncepcija tiks izmantota, lai iegiitu no frekvences atkarigu uzkrajuma
un zuduma modulus:

o, =E (w)e, = E(o)l+in(w)e, (@)=L "(w)

E(w)
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Riga, Latvia

Galigo elementu metode dinamikas analize

Nelinearas svarstibu uzvedibas aprékinu metodes (pasSsvarstibu frekvencu noteikSana, frekvencu
iespaida analize un dinamiskas slodzes iespaida analize) tika izstradatas daudzslanu un ,,sendvica”
tipa konstrukciju dinamikas analizei. Konstrukciju dinamiskie raksturlielumi (passvarstibu
frekvences un atbilstoSie svarstibu dziSanas koeficienti) tika noteikti, izmantojot energijas metodi,
komplekso 1pasvertibu metodi, ka ar1 frekvencu atbildes funkcijas rezonanses pikus.

Dinamikas analize:
e Pasvarstibu analize
0 Komplekso 1pasvertibu metode

0 Energijas metode
e Frekvencu iespaida analize

e Dinamiskas slodzes iespaida analize

kur K (o) =K(o)+iK"(o)

:K*(a)) - a)*ZM]X* =0
K(w)-o*MX =0

K (0)-o'M|X =F
MX" + K (0)X =F(¢)
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“Sendvica” tipa panelis

Riga, Latvia
F — Feimt
lF =F(1) >
AN <00
7 —
. *MP <
) L B
i = =y (0 =}
Geometriskie parametri : Materiali: ==
h,=0.0012 m *aluminijs 2024 T6
h,=0.0001016 m E=64 GPa, u=0.32, p=2695-Ns*/m*
h,=0.0008 m *3M viskoelastigs svarstibu slap€joss
0=0.05 m polimers ISD-112
L=0.3 m u=0.49, p=1000-Ns2/m*
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Riga, Latvia

G, MPa
n

Loss factor

Shear modulus

2000 0 500

1000 1500 2000

Frequency f, Hz Frequency f, Hz
Temperatara=10°C Temperatiara=23.9°C Temperatira=37.8°C
G =0.4418+13.522-2.327z MPa, G =0.3559+8.032z-1.578z> MPa, G =2884-1.06/z MPa,
where z = 0.005 +0.0004975 f; where z = 0.005 +0.0004975 1; where z = 0.4 +0.0003
Mo =1, =1.383-0.60382-0.8022-107 /z*, 75 =1, =2.258~0.575/2" ~0.68432", NG =7y =1.977-0.8308/ 2" +0.08588/ 2,

where z = 0.05+ 0.000475 f. where z = 0.005 + 0.0004975 f.

Nashif A. D., Johnes D. I. G. and Henderson J. P. Vibration Damping. - John
Wiley & Sons: New York, Chichester, Brisbane, Toronto, Singapore, 1985.

where z = 0.005+ 0.0004975 1.
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Frekvencu iespaida analize
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Dinamiskas 1pasSibas

==

Riga, Latvia
10°C

Mode f,,Hz n,

n CEM EM FRA | CEM EM FRA

1 17 17 17 0.07 0.09 0.07

2 100 92 98 0.21 0.33 0.21

3 272 249 | 277** | 0.24 0.38 | 0.23**

4 519 476 528* 0.26 038 | 0.20*

5 839 775 847* 0.26 036 | 0.18*

6 1223 | 1143 | 1229* | 0.25 033 | 0.15*

7 1665 | 1578 | 1691* | 0.24 0.29 | 0.13*

23.9°C 37.8°C
Mode f,,Hz n, Mode f,,Hz n,
" | CEM | EM | FRA | CEM | EM | FRA " | CEM | EM | FRA | CEM | EM | FRA
1 17 17 17 0.07 0.08 0.06 1 16 16 16 0.05 0.06 0.06
2 91 87 89 0.21 0.26 0.21 2 80 79 79 0.16 0.17 0.16
3 245 230 | 249** | 0.26 0.32 | 0.25** 3 210 205 | 210** | 0.21 0.22 | 0.21**
4 466 436 472% 0.28 035 | 0.21* 4 391 381 393** | (.22 0.24 | 0.19**
5 754 706 755%* 0.29 0.35 | 0.18* 5 625 610 623* 0.22 0.23 | 0.16*
6 1105 | 1039 | 1081* | 0.29 034 | 0.16* 6 908 890 899* 0.22 0.23 | 0.14*
7 1513 | 1432 - 0.28 0.33 - 7 1241 1219 | 1242* | 0.21 0.21 | 0.12%*
8 1975 | 1882 - 0.27 0.31 - 8 1622 | 1599 - 0.19 0.20 -
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Dinamiskas slodzes iespaida analize

Riga, Latvia
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Riga, Latvija

Time t,s
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Displacement X, mm

Displacement X, mm

L

2.3
T—

—TAr

Riga, Latvia

-35

f,=16.8 7=0.07

0.000015

0.0000075

-0.0000075

-0.000015

Frequency f, Hz

1. frekvence

CEM:
f=1223Hz f=1229Hz

#=0.25

FRA:

7=0.15

Frequency f, Hz

6. frekvence

Ar dazadam metodém iegiito dinamisko 1pasibu salidzinajums

Viena un ta pasSa svarstibu dziSanas modela izmantoSana dazadas
metodes lauj izvertet to efektivitati stipri svarstibu slapéjosu
konstrukciju dinamikas apréekinos:

»>Passvarstibu frekvences, kas iegiitas ar energijas metodi vienmeér ir
zemakas ka attiecigas frekvences, kas iegiitas izmantojot komplekso
ipasSvertibu metodi, savukart, svarstibu dziSanas koeficienti vienmer ir
augstaki.

»Passvarstibu frekvences, kas iegiitas izmantojot frekvencu iespaida
analizi, lielakoties ir vienadas vai augstakas ka attiecigas frekvences,
kas iegutas, izmantojot komplekso 1pasSvértibu metodi, savukart,
svarstibu dziSanas koeficienti vienmeér ir vienadi vai zemaki. Jaatzime,
ka loti laba sakritiba ir veérojama tikai paSsvarstibu frekvencu
gadijuma. Konkretas frekvences svarstibu dziSanas koeficients,
izskaitlots no frekvenfu pikiem, kas atrodas talu viens no otra, ka
redzams dotaja attela, ir ieverojami zemaks ka tas, kas ieguts ar
komplekso ipasveértibu metodi.

»Dinamisko 1pasibu vértibas, kas iegiitas ar komplekso Ipasvertibu
metodi, parasti ir pa vidu starp veértibam, kas iegutas izmantojot
energijas metodi un frekvencu iespaida analizi. .
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Riga, Latvia

Izstradato metozu pielietojums realu konstrukciju risinasanai

Projekta pédéja gada izstradato metozu pielietojums tiks demonstrets ar

sekojosu liela izmera konstrukciju aprékiniem:
» Vejstikla dinamikas analize

»“Sendvica” tipa kompozitmateriala
ar Nomex Siinu slani dinamikas analize

»Masinu vibraciju kontrole
*GrieSanas ripu “klusie” téerauda centri
«Zemu svarstibu grieSanas masinas

Structural Level

Modeling of Windshield

Modeling
Material > §t_rl_10tural Level

V,*'/Elemental/PaIt Level
Modeling

"Im!r,,;j ® Machine runnig idle

Q -k"'| } ® With Norton ™
e L

J ¥
I

110
100
90
B0

Aluminium skin

Nomex
honeycomb core

Aluminium skin

Glue
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Konferences

Riga, Latvia

1) 20th Annual International SICOMP Conference,
Pitea, Sweden,
8-9 June 2009.

2) 16th International Congress on Sound and Vibration,
Krakow, Poland,
5-9 July 2009.

3) 17th International Conference on Composite Materials,
Edinburgh, Scotland,
27-31 July, 2009.

4) 12th International Conference on Civil, Structural and Environmental
Engineering Computing,
Funchal, Madeira, Portugal,
1-4 September 2009.
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Publikacijas

Riga, Latvia

1. Barkanov E. (2009): Dynamic Analysis of Composite Structures Made from
Viscoelastic Frequency and Temperature Dependent Materials. In: Proceedings of
the 12th International Conference on Civil, Structural and Environmental
Engineering Computing, Eds. Topping B. H. V., Costa Neves L. F. and Barros R. C.
(Civil-Comp Press: Stirlingshire, Scotland), paper 198, 13 P., ISBN 978-1-905088-
30-0 Book, ISBN 978-1-905088-31-7 CD-ROM, ISBN 978-1-905088-32-4 Set.

2. Wesolowski M., Barkanov E., Rucevskis S., Chate A. and La Delfa G. (2009):
Characterisation of Elastic Properties of Laminated Composites by Non-Destructive

Techniques. In: Proceedings of the 17th International Conference on Composite
Materials (Edinburgh, United Kingdom), paper F5:12, 10 P.

3. Wesolowski M. and Barkanov E. (2009): Errors of Experimental and Numerical
Models in Vibration Analysis of Structures. In: Proceedings of the 16th International
Congress on Sound and Vibration (Krakow, Poland), ISBN 978-83-60716-71-7,
paper 165, 8 P.
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T Pateiciba
Riga, Latvia

Doto darbu atbalsta Latvijas Zinatnes Padome MATERA programmas
projekta ADYMA “Adaptivo daudzfunkcionalo materialu un struktiru
dinamikas modeléSana” ietvaros.
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