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e« Zkouseni laminatu
—VlIakna, Matrice, Laminy, Laminaty
« Zkouseni sendvicy

 Odporova tenzometrie na
kompozitnich konstrukcich



ViIakna

« ASTM D 3379
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Druhy zkousek - laminy,
laminaty
» Tah (ASTM D 3039)
» Tlak (ASTM D 3410, ASTM D 695)

* Smyk (ASTM D 3518, D 5379, ...)
* Interlaminarni smyk (ASTM D 2344)



file:///home/doubrava/work/vyuka/LSMK/normy/D3039D3039M.pdf
file:///home/doubrava/work/vyuka/LSMK/normy/D3410D3410M.pdf
file:///home/doubrava/work/vyuka/LSMK/normy/D695.pdf
file:///home/doubrava/work/vyuka/LSMK/normy/D3518D3518M.pdf
file:///home/doubrava/work/vyuka/LSMK/normy/D5379D5379M.pdf
file:///home/doubrava/work/vyuka/LSMK/normy/D2344D2344M.pdf

Tahova zkouska
ASTM D ?039

 Pevnost v tahu |
* Modul pruznosti L
* Poissonovo ¢islo r——
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ASTM D 3039 klasifikace
pnrurh

1. znak 2. znak 3. znak
Méd poruchy Plocha poruchy Misto

poruchy I'J'D
Angled A Inside grip/tab | Bottom B |
edge D At grip/tab A Top T GAT
Delamination
Grip/tab G <1Wfrom A Left L

grip/tab
Lateral L Gage G Right R ,
Multi—mode M Multiple areas M Middle M
long.-Splitting S Various V Various Vv
eXplosive X Unknown U Unknown U
Other 0
v

LGM SGM AGM(1)



Tlakové zkousky

* ASTM D-695 (SACMA SRM-1)
« ASTM D 3410 (Celanese, IITRI)
« ASTM D 5467
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Tlakové zkousky
ASTM D- 695

* Pevnost v tlaku |
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Tlakové zkousky
ASTM D 3410

Celanese ITRI
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ASTM D 3410 klasifikace
poruch

1. znak 2. znak 3. znak
Méd poruchy Plocha Misto

poruchy poruchy
Angled A Inside grip/tabl Bottom B
Brooming B At grip/tab A Top T
end-Crushing C Gage G Left L
Delamination D Multiple areas M Right R
Euler bucling E Tab adhesive T Middle M
tHrough-thickness H Various V Various \Y
Kink bands K Unknown U Unknown U
Lateral L
Multi—mode M
long.-Splitting S
Transverse shear T
eXplosive X
Other O

ili%

TAT

Acceptable Failure Modes and Areas
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SGV

/LW

Uiy Uy Wr Uy

DTT HIT CIT DIT
Unaceptable Failure Modes and Areas



Strain gage 1

ASTM D 5467
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Smykové zkousky

* Jednoosy tah +45° [aminatu
* Smykové testy s dvojitym a trojitym
vedenim

* Smykovy vzorek s V vrubem
(losipescu, s vedenim)

» Krut tenkosténné trubky



Smyk - Jednoosy tah +45°
laminatu

e BS EN ISO 14,129, ASTM D 3518
e VVzorek vrstva >0,125 mm, 16 vrstev
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Smykove testy s dvojitym
vedenim ASTM D 4255
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Smykoveée testy s trojitym
vedenim ASTM D 4255
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SMyK -- SmYyKOvy vzoreKk s V
vrubem (losipescu)
ASTM D 5379
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ASTM D 5379

~—-'r1mn—-4 =
P o B - 3 ~=-qw—=<@

zo48t f*t f' B ] Lt ;’k

"—l"'\.E-!g ]
T £ i;- 76,00 -

10/90)ns or [90,0fns Lamimates

For G,
Tyrpical Accegtabile Fadwre Modes

Torl
)__ 1oz 0/9% Specimen T Uni Specimen A
3 Giyn = Gz Gpyown G — 7

Far Gya Unidirectional Larnirates For Gy

Iini Spacmen v ST Specimen

Gay. Gy, e Gy

ﬁ V
[ i | =
| 3 1 —

Pand t 1 T

3 AN
For Gia Fat Gy Cermman Unacceptable Failure Modes
[1,9.“" Imtiated A Loading Points)

= =
]
- o B
=N

TR Wi T N e

Gy, G = G 4

AN

2

18



SMYKOVY vzorek s V vrubem

http://www.wyomingtestfixtures.com/
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ASTM D 7078
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Krut tenkosténné trubky
ASTM D 5448
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Smyk kratkého nosniku

ASTM D 2344

L 90°
6.0 0.25 in] dia.
Specimen é,/ Inaring b, T 0 -45° I 45° [T 15
I\ | | P i
3.0 mm [0.125in] dia. sbs m
el F* =0.75-2
Span Length Note: Span between supports b h b =1
* P is fixed for any one test.
4
Pi2 Pi2
Specimen Length 12.4 #7106 gl
1.8
40 REF
41.0
39.0 g?
£/ 1.08

http://lwww.wyomingtestfixtures.com/
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Interlaminarni pevnost

Plana hinga -
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23


file:///home/doubrava/work/vyuka/LSMK/normy/D5528.pdf
file:///home/doubrava/work/vyuka/LSMK/normy/D6671D6671M.pdf

Sendvice

Tah ASTM C 297

Tlak ASTM C 364, C 365, D7/336
Smyk ASTM C 273, C393

Ohyb ASTM D 7249, D 5467
Impact ASTM 7766
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ficny tlak ASTM C 3

P

G max

B w(2t )

64

1. znak

2. znak

3. znak

Méd poruchy

Plocha poruchy

Misto poruchy

Facesheet compression F _Atend A Top T
Facesheet delam. Buckling B Gage G Bottom B
Honeycomb Facesheet D Various V Middle M
Dimpling

Core Compression C Unknown U Various V
Core Shear S Unknown u
Multi-mode M

Overal Panel buckling P

eXplosive X

Other )

w

Facesheet
Compression
Failure

Core
Compression
Failure

[B]
T g | [N q
Notes
1) Alldmensions in
milimeters unless Tool
otherwise specified. Side
2} Unless otherwise
specified, dimensional
tolerances are linear
+0.25 mm. L
3} R is specimen
longitudinal axis.
0°
45 +45°
7 oc° 34 3%
R]
[AB[00Z ] [Icraezl
o8
t =1
(2 PL)
: Acceptable Failure Modes
Unacceptable i
% F;‘::::;:;t Facesheet
End Failure 5 Failure Dimpling Failure
i (honeycomb only)
i
H
i
H
H
H
i
i )
3 v,
H £
H
Less than 1zt :
from clampor H
peting i
+ i
rﬁ = i
3
H
i
3
H
B
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Core Shear
Failure
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SOR-TAH-VO-04

Tah ASTM C 297

FZ ftu _

Pmax
A

Line of
Force
Application
ocesmm |
[0.001 in] =
maximuim |
. J
o | ¢
\ IsYM
|
BN r“— wiz >
|
w i a
i
[e] !
[L[Af 0025 mmo.001in] | [ S — q-
g WL
(1]AT 0025 mm [o.007in] AR L:[I " oA

|
: Specimen
I
, i
S l ¢
Loading !SYM
Black |
i
I
velikost bunky min. ploch
vzorku
min [mm] max [mm?2]
[mm]
3 625
3 6 2500
6 9 5625
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Tlak ASTM C 365

F feu — Pmax
’ A

E fe (P0,003_ 0,001)'t
’ (50,003 _ 50,001) A

velikost bunky min. ploch
vzorku
min [mm] max [mm?2]
[mm]
.. 3 625
3 6 2500

6 9 5625
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Smyk jadra ASTM C273

PLANE IN WHICH __
THE LOAD ACTS

AP/ Ault
Lb

SANOWICH CORE
MATERIAL

~==LOADING PLATES

LOWER FITTING —

hhddd Al MAMAAAAAAAAAAAAAAAAAAAAL A

COMPRESSION TEST

1. znak 2. znak 3. znak

Mod poruchy Plocha Misto poruchy
poruchy

Core Shear S At end A Top T

TENSION TEST Interface failurel Gage G Bottom B

eXplosive X One Corner C Middle M

Other O Various V Entire LengthE
Unknown U Various Y

Unknown U
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Smykoveé vlastnosti jadra z

ohybu

T

R
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1
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P2 P2
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|| [ 1| | | 1 1| 1 | 1 1 | 1 | |1 [
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sendvice ASM C 393

1. znak 2. znak 3. znak

Méd poruchy Plocha Misto poruchy
poruchy

core Crushing C Atload bar A Core C

skin to core D Gage G Core-facing A

Delamination bond

Facing failure F Multiple M Bottom B
areas facing

Multi-mode M One Corner C Top facing T

transverse S Various V both Facing F

Shear

eXplosive X Unknown U Various \

Other 0] Unknown U
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Viastnostl potanu z onybu
dlouhych nosnik®

D 7249

~ ASTM

L
v

DY (S-L)2—]

konfigurace Vzddalenost Vzdalenost
podpor sil
Standardni 4PB 560 mm 100 mm
Nestanadrdni 3PB S 0
4PB ctvrtinova S S/2
4PB tretinova S S/3

pu P _(S5-L)
2(d +c)bt

1. znak 2. znak 3. znak

Méd poruchy Plocha Misto poruchy
poruchy

core Crushing C At load bar A Core C

skin to core D Gage G Core-facing A

Delamination bond

Filament fracture F Multiple M Bottom facing B
areas

tHrough-thickness  H Outside O Top facing T
gage

Layer instability L Various V both Facing F

Multi-mode M Unknown U Various \

longitudional P Unknown U

sPlitting

teNsile N

local Wrinkling w

transverse Shear S

eXplosive X

Other 0]
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Odolnost na impakt ASTM

* Modifikace ASTM 6264,

Indenter

Specimen

AN

Dent Periphery

3 Specimen
Centerline

Maximum
Dent
Diameter

Specimen
Centerline

\-Suppon Fixture

C,.t

Externally
Visible
Damage
Types

Internal
Damage
Types

Indented/Impacted

Adhesive \_

Adhesive. TITTTTTIT Facingto-

to-Core | ‘ﬁ("lrﬁl A f\dh;sive

Interfaces ——' / nterfaces
Adhesive

Opposite Facing

7766

7136 (vlak. komp.

2N

v

Dent/Depression Splits/Cracks Combined Splits/ Combined Large Cracks
Delamination (common with Fiber Breakage,
for tape surface plies) Indentation/Puncture

Cavity
= NDI Indications: Shattered Core
A0 L '
T 2
NDI Indications: Crushed Core
NDI NDI
Indications: Indications:

Delamination/Facing-
to-Core Disbond

l Indentation
t or Impact

Splits/Cracks

At

NDI Indications: Cracked Core

At Edge
Support

\

Opposite
Indentation
or Impact




Lepeneé spoje

* Tah ASTM D897, ASTM D2095

« Smyk CSN EN 1465, ASTM D 1002, EN
2243-1, D3164

 Odlup (CSN EN ISO 11339, EN 2243-3,
ASTM D3167)



Poruchy lepenych spoju

Typ poruseni Oznaceni

Porugeni jednoho nebo SF
Substrat  obou adherendil

Wz
Poruseni jednoho adhe- CSF
rendu
Porugeni delamina¢ni ; . DF
L 7|
S
| s s B Adhezni poruseni AF
Kohezni poruseni CF
| S|

w22

Specialni kohezni poruseni SCF FE E F
) i ACFP

E é % Adhezni a kohezni poru-

Seni

33



Tah

* ASTM D397, ASTM D2095
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Smyk

CSN EN 1465, ASTM D 1002, EN 2243-1,

D3164

= — rovina slepu
r
i 1
' yytadit
100 E
12,5 50 R :
oblast uchyceni —_ H T =
3 1 - —] T | 2 . :
W ———| [==— T — ' 0
3 1 [ —  —— ! e
‘:"I I = S " -~ '
1 = ; 00" +1° ~\:: ]
) e ' ! . f ot
5l) 100 1 vyfadit =
* e * T v 0 o I
d 1875 _ . ‘1_. 510,25 '1- - 3
B 100 + 0,25 Sl =
I 1 ﬁ'r ifl =
SR T [ T T S R | ) S— ) —_— - -
= — rovina slepu T " —— =4
] H = - ; =}
oblast uchycenf —_ Z e ;
" ~—— - = “ B
—— [== T— ] g e~ =
- —— [S== — ——— = =
[Te] — [=— — = E i
=1 g =] — = i U U
25 . 3.5 13,5 25 \ n "
254 63,5 L 63.5 25.4 177.8 + 3,18 146.1 + 3,18
L 1778 + L (a) Standardni panel (b) Pripustny panel
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Smyk

* ASTM D 3528
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Smyk

 CSN EN 14869-2

110

| |
=11 | | " |
;—-* [ : ] "l}

P - il

lepeny spoj { 15
7.5 51

©y b
3=1 ] )
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Smyk cyklické zatizeni

CSN EN ISO 9664

| 100
™ |
, ————— | ""‘l | I I. I'_
100 t slepeno
min 91
12,5 25 50 125 50 25 125 - 2[]
oblast 11(-}1‘\_((‘I-'l-l:.m,_-_--_------- B
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ASTM D3166
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Odlup

e CSN EN2243 ASTM D1786

CLIMBING DRUM

COUNTERWEIGHTS "=z E | SANDWICH
3 =11 SPECIMEN
5 #]
il
. 2 = LOADING
25.4 MM {1 in.) 2 STRAPS
P
f i

+ CSN ASTM D1876 5 .

T ll(‘Hl(‘I)(‘llt) E

zkusebni panel tahnout

N
T
76
e 76
. N
|

: i , tahnout
¢ zkusebni vzorek ‘



Inserty

* Tah (vytrhavani)
* Smyk
e Krut

Zdroje: ASTM Standards

40



Odporova tenzometrie na
kompozitnich konstrukcich

* Velikost (6mm)

* Odpor 350Q, napajeci napéti
—tepelny vykon

» Teplotni kompenzace (pUlMoSiout

Dvouslozkové@

P e o g

)



= Opticka viakna

" PlosSné sledovani deformaci
*Moiré
*DIC, ESPI, Sherografie

" NDT
*AE




Optické viakno

primarni ochrana
(polyakrilat, poliamid, ...)
[6150-250um]

plast 5 /
(sklo, n=1,46) &j3{ plastovy
[2125um] I

jadro

Sklo’ n=1'48 v s v . 7 Vs v

EﬁS-lOpm] ) vnitini viozka  aramidova vyztuz

Optické vlakno Ochrana optického vlakna



posun spektra zplsobeny
zkracenim mrizky

spektrum z optického

zdroje
>

Intensity [A

vinova délka

[nm]

posun spektra zplisobeny

-A +A prodlouzenim mfizky
'5‘ \ \ \ /
=< 1 !
> ’ l1 ’Il
]
E II ‘\ I’ \\
I
vinova délka =
v s nml . . v =<
cast spektrzg Sdrazens zpet >
mrizkou %
I=
vinova délka
\ [nm]
opticky
rozboCovac
opticky zdroj | —= [ ]————}iiiliHii———— spektrometr

spektrometr

Braggova mrizka

Braggova vinova délka ... ﬂB =2.n.A



' A, =2.n.A >
Braggova vin. délka ... /g jadro plast

n ... efektivni index lomu jadra opt. vldkna <= It
A ... perioda mrizky [nm] A

Relativni zméma zména Braggovy vinové délky zplsobena deformaci
a zmenou teploty

A\
B _—
— kg '£+kT AT ke ... defromaéni koeficient
B KT ... teplotni koefficient teploty
_ p ... defromacné opticky koeficient
AABSTRAIN o )\B (1 p)‘(3 & ... koeficient teplotni roztaznosti opt.
vlakna

A)\B = )\B .((X + f).AT ¢ ... teplotné opticky koeficient

TEMP.



Aparatury
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Aplikace - sledovani kridla

= Kridlo letadla kategorie UL Phoenix
Air Ul5

= 2 vldkna 11 snimacd v hlavnim

nosniku Kofenové
zebro
—_ - =| i = 10 FBG sensors - tlak

/] [ -

1 FBG sensor - tah



" |nstlace - Phoenix Air Usti nad Orlici




= Staticka destrukcni zkouska (VUT
Brno)




Moiré

¥
,, i
a tmavy
- l lelh
casovy prostor | sméry tmavych
\pruhii moaré W
+
% svetly
b ruh
8) ) =) F

& (vzdédlenost tmavych pruhi)

referencni rastr

mérny rastr



TEC

DigitaIni korelace obrazd "

Object
under test

Calibra—
tion

Contour
Contour

Displace- at i
ment Displacement

Resulting data

Data ‘
evaluation
D!I"“il’nlt:
" 3-D digplac
. Ement
Plity
”iﬂratimde =




Sherography




Akusticka emise

PFenosova trasa AE

B) akustichayma - AL
Sl se od vealost
ke snimeli AE €} Snimad AE cetekuye
pamanni elskancky
signal AE na wystuou

shimacs

A)» B)> C)» D)» E)
A) Ucslost AE
{rapr mikroprasiinuti)

(558
~_|"

,.-

Urik macia /

(J ‘\ v v 3
ke d.“M"I'TH / 0) Piedzesileri,
A velekty firece
Fhl \ pizplischert
el } signais AE
fi; ¥~ tlakova nadoba Y pied jeho
s sek potrubi s pRencsem
f I’ i P \ i kabelovou
; 2 {rasou o
l : |l tlak Mb, P11 E) systemu sE
{4 teplota £y
\.‘ o medium A
X \/

1

Posuvy u(t)
Vv bodé A dynamicky vznik defektu v mité Z
B - priichod rézové viny bodem A

% po rychlé dynamické iniciaci
zdroje u(t)=konst x dV/(t)/dt

Hit signalu AE

pomaly vznik defektu zesileni +
- pomalu kopiruje v bodé A filtrace f‘ MM«W\W
pomalé rozevirani defektu 100-400kHz
vV misté Z ; Cas@'f[ﬁlé]
Detekovany 100 200 300
""'"".'.".'.:'.'.".':'.'.:'.'.".'.".'.‘f.'-'l-i} gas signél AE

AE akusticky
Sum Orb

;L l E) - vsiup signaiu AL do mEFisiho sysiemu AL

Systému
akustické ermise

: ‘ Mefici |<ar1;‘:ly}

1] Snimaé AE

D vina - dilataéni

T vina - smykovéa
1




Akusticka emise

p - tlak

p - tlak

a) Kaiseruv jev

b) AE v prodlevach zatizeni

Teflonovy opérny krouzek
jez by mel zajistovat
uhel tuhy pfi lomu

ccads \

Pentela

20 40 50 Cas[y]

Tuha 2H i

0.5 mm resp. e

0.8 mm e, s 200

délka - Smm L —> _Rayleighio vina g
Sila F -200

tlacici na téleso. 400
~ Pii lomu tuhy dojde
kjejimu skokovému odlehcenl 600

| Casowy priibéh odezvy posuvil
na zlomeni tuhy na povrchu
tlusté desky ve vzdalenosti 50mm
od mista lomu (F lomu =1N)
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