RTU
IINATNISKIE
RAKST

SCIENTIFIC
PROCEEDINGS
OF RIGA
TECHNICAL
UNIVERSITY

RIGA 2006




SATURS

1. ARHITEKTURA UN PILSETPLANOSANA

Bratuskins U.

Pilsétas apbiives struktiiras atjaunoSanas un publisko artelpu attistibas mijiedarbiba 9
Brinkis J., Buka O.

Latvijas apdzivoto vietu arhitektoniski telpisko struktiiru kompleksa attistiba 16

Krastins J.
Daugavgrivas cietoksnis 27

Strautmanis L., Brinkis J., Bérzips E
Berzin$ E. Baltijas juras piekrastes zonas apdzivojuma ilgspéjiga attistiba 38

Strautmanis I., Ulme A.

Viesnicu téla attistibas stratégija eiropa un pasaulé 45
Tipane A.

Art Deco stilistika un nacionalas izteiksmes mekl&jumi Kurzemes un Zemgales

dievnamu arhitekttira 54
Treija S.

Pilsétu apdzivotibas blivuma izmainas 65
Trusinps J.

Pilsétu ekologiska rekonstrukcija 72
Zilgalvis J. !

GraSu muiZa Vidzeme: vésture, arhitektiira un misdienas 80
2. BUVZINATNE

Bérzins G., Rocéns K.
Slanainas koksnes platnes platuma ietekmes uz tas nestsp&ju analize 94

Eglitis E., Ozolins O., Gluhih S., Barkanov E.
Ribotu kompozitu paneju noturibas analize ar galigo elementu metodi 105

Filipenkovs V., Grabis J.
Kompozitmaterialu uz hidroksiapatitu bazes iegiSanas metodika un mehanisko
1pasibu raksturojums 113

Gjunsburgs B., Neilands R., Govsha E.

Maksimalais izskalojuma dziJums pie tilta balstiem 1121
Grabis J.
Kompozitmaterialu struktiiras parametru pétfjumi ar ultraskanas impulsa metodi 132




FINITE ELEMENT BUCKLING ANALYSIS OF STIFFENED COMPOSITE PANELS

RIBOTU KOMPOZITU PANELU NOTURIBAS ANALIZE AR GALIGO
ELEMENTU METODI

E. Eglitis, O. Ozolinsh, S. Gluhih and E. Barkanov
Finite element method, buckling, composites, thin-walled structure.

1. Introduction

Composite materials are desirable in lightweight structures due to their high specific stiffness
and strength. Laminated composite materials provide the designer with freedom to tailor the
properties and response of the structure for given loads to obtain the maximum weight
efficiency. However, high modulus and strength characteristics of composites result in thin-
walled structures that are often prone to buckling. Stiffened composite panels, subject of this
study, are particular case of such thin-walled structures. Complexity of material and geometry
of these panels makes it impossible to accurately predict their buckling behavior using
analytical methods. Therefore, finite element analysis is widely used to do it. Numerous
researches and studies have been performed over the years in fields of buckling of stiffened
panels, mechanics of composite materials and buckling of stiffened composite panels. Finite
element buckling analysis was studied since 60ties [1]. Modeling and analysis of stiffened
panels is studied in source [2]. Buckling behavior of stiffened laminated plates using finite
element method has been studied in [3]. Nowadays, many researches are performed on
stiffened composite panels using finite element model to study buckling behavior of
composite panels taking non-linear material characteristics, e.g. in [4]. Experimental studies
are widely described in [5].

The aim of this study is to develop finite element model for buckling analysis of such plates
that could be used in design procedure. Finite element modeling approaches, meshes and
boundary conditions are analyzed to achieve best accuracy at acceptable calculation time.
Several finite element models are developed and analyzed using ANSYS [6] and NASTRAN
[7] finite element analysis software packages and results are presented in this paper.

2. Stiffened panel constructions

The panel consists of skin, ribs and T-stiffeners bonded to the skin (Fig. /). Both skin and
stiffeners are assumed to be of same material, uni-directional Intermediate Modulus (IM)
carbon fibre tape. Thickness of one cured ply is 0.25 mm. Since fibre areal weight for selected
material is 268 g/m?, material density is 1.6 g/cm’. Elastic modulus of material used for
buckling analysis are shown in Table 1.

The distance between stiffeners (stiffener pitch) is 160 mm. The panel is attached to the

complex structure by ribs perpendicular to stiffeners. Distance between ribs (rib pitch) is 800
mm.
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Table 1. IM Fibre Tape Material properties

E; (N/mm2) 131000

E, (N/mm2) 7000

Gy (N/mm2) 3500
V12 0.35

3. Finite element models

Fig. 1 Stiffened panel

Finite element (FE) models for three different panels presented in Table 2 were developed.
Panels with 7 stiffener bays and 3 rib bays were used in this study. These panels differ in
dimensions of stiffener (Fig. 2) and thickness and layer sequence (lay-up) of structure.

Table 2. Panel configurations

No. Hw, mm Wg, mm Skin lay-up Stiffener lay-up

1 18.5 40 (£45;04;90;0)s (£45;03;90;04;90)s

2 45 75 (£45:(04;,90)4;0)s (£45;035(90;04)3;90)s
3 70 110 (£452;(04:90)7;0)s ((£45303)55(90:04)5;90)s

Ty
Hy,
T, L Ty
W

Fig. 2 Panel cross-section

Fig. 3 ANSYS BEAM4 linked model

In ANSYS model an 8-node quadratic
isoparametric layered shell element SHELL99 with
six degrees of freedom per node is used to model
both skin and stringer. Two basic approaches of the
skin to stiffener attachment are compared in the
preset study. In the first approach finite element
model incorporates skin and stiffener actual off-set
bonded together by BEAM4 3D elements with six
DOF per node acting like rigid links (Fig. 3). In the
second approach finite element model incorporates

shared nodes between skin and stiffeners flanges (Fig. 4).

In NASTRAN model 4-node finite elements with six degrees of freedom per node were used
to model both skin and stiffener. Model incorporates skin and stiffener actual off-set bonded
with rigid elements (Fig. 5).

Two variations of rib incorporation are analyzed in this study. Actual rib model is compared
with no rib model, where rib action is modeled as simply supported boundary conditions
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Fig. 4 ANSYS shared node model Fig. 5 NASTRAN rigid linked model

along the nodal line containing skin and flange nodes in shared node model and skin nodes in
linked model. Rib attachment to the skin and flanges is made in the same manner for both
models as attached stiffeners.

Three different boundary condition (B.C.) sets are compared in this study (Fig. 6). In the first
set (a) ends of the panel are able to rotate around X-axis, and the load is applied to the
interface of skin and stiffeners. This results an eccentricity of load. Second set (b) includes
rotation constraint at the panel’s ends. Therefore there is no load eccentricity, but side
sections of the panel have more stiffness than middle one. Third set (c) is similar to first set,
but there is additional bending moment applied to ends of panel to eliminate load’s
eccentricity. Calculation of panel’s center of rigidity is needed to use the third set properly.

Uz=0 Uy=0 Uy=0 Uy=0 Uy=0
Uy=0 Ux=0 Ux=0 Ux=0
Ux=0 a

uz=0 Uy=0 Uy=0 Uy=0 Uy=0
Uy=0 Ux=0 Ux=0 Ux=0
Ux=0 b

Uz=0 Uy=0 Uy=0 Uy=0
Uy=0 Ux=0 Ux=0 Ux=0
Ux=0 C

Fig. 6 Boundary conditions
a — simply supported at ends; b — clamped at ends; ¢ — simply supported at ends, with additional bending
moment applied.
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4. Buckling analysis

Mesh density analyses were performed with ANSYS model for two possible options of the
mesh partitions along the flange and skin span between flanges. Mesh partition along the
stiffener flange having two elements and eight elements along the skin span and 150 elements
along the three rib bays not showed any significant improvements in the accuracy. Twice
coarser mesh with partitions of one element along the stiffener flange and four along the skin
span and 75 elements along three rib bays are accurate enough. Stiffener web is two elements
partition in both cases. 8-node elements produce acceptable results even when side ratio
changes from 1 to 1 till 1 to 4 (greatest ratio of 1 to 3.45 is for stiffener web when its change
its height from 18.5 to 70 mm with in-depth constant element size of 32 mm). Mesh density
analysis was performed using both ANSYS models, using boundary condition set a. The
results of mesh density analysis are presented in Table 3.

Table 3. Mesh density (ANSYS)

BEAM4 Difference Shared Difference
No. Mesh | Pcr, kN | Coarse/Fine, % | Pcr, kN | Coarse/Fine, %
R P U
s [ m [ PR o
[, s,

Table 4. Beam stiffness sensitivity

Beam Stfn., | BEAM4 | Difference Stiffness of the BEAM4 elements used as rigid
GPa Pcr, kN of Per % links between skin and stiffener flange did not

7 3979 0.046 show significant influence on the buckling load

35 3981 0.010 and can be freely chosen between material E;

131 3982 0.003 modulus and 25 times higher (higher than 25x
655 3982 0.000 cause solution failures, used 10 times higher E =

1310 GPa). The results of buckling analysis for
Beam4 linked models with different beam stiffness are presented in Table 4.

Actual rib model and model with rib action modeled as simply supported boundary conditions
were compared using ANSYS finite element models. No significant influence was observed
(less than 1%) between actual rib model and simply supported boundary conditions model for
both beam linked and shared node models. Results of buckling analysis performed to study
the rib influence are presented in Table 5. The buckling mode shapes for panel configuration
3 are presented in Figure 7.

Table 5. Rib influence(ANSYS)

Shared node model Beam4 linked model
No. No rib Rib Differnce, | No rib Rib Differnce,
Pcr, kKN | Pcr, kN % Pcr, kKN | Pcr, kN %
1 167 168 0.57 167 168 0.58
2 3982 3997 0.38 3982 4000 0.46
3 20923 20962 0.19 21002 21087 0.41
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Fig. 7 Rib influence
a — first buckling mode for model with actual ribs; b — first buckling mode for model with ribs substituted by
boundary conditions.

NASTRAN model (similar to ANSYS beam linked model) with rigid elements linking skin
and stiffener flanges showed good agreement with the both ANSYS models in terms of
buckling load and mode shapes. The results of analysis with boundary condition set a are
presented in Table 6.

Table 6. Accordance between different models

NASTRAN ANSYS
Rigid linked | BEAMA4 linked model Shared node model
No. Pcr, kKN Pcr, kKN | Diff., B-R,% | Pcr, kN | Diff., S-R, %
1 169 167 0.88 167 0.65
2 4034 3982 1.29 3982 1.29
3 21501 21002 2.32 20923 2.69

Three sets of boundary conditions (see Fig. 6) were compared in this study using NASTRAN
finite element models. For first two panel configurations, results with boundary condition sets
a and ¢ were very similar differing less than 0.1% (7able 7). In case of third panel
configuration, no eigenvectors could be found using Inverse power/Sturm and Lanczos
methods for boundary condition set c. Boundary condition set b resulted in 29% to 44%
higher critical buckling force, compared to buckling force calculated with boundary condition
sets a and c. First buckling modes for panel configuration 2 and boundary condition sets a and
b are presented in Figure 8.

Table 7. Comparison of B.C. sets

No. B.C.seta B.C.setb B.C.setc
Pcr, kN Pcr, kKN | Diff., b-a, % | Pcr, KN | Diff., c-a, %
1 169 244 44 .4 169 0.0
4034 5391 33.3 4037 0.0
3 21151 27192 28.7 n/a n/a
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a b
Fig. 8. Buckling mode shapes
a — buckling mode shape for B.C. set a; b — buckling mode shape for B.C. set b

5. Conclusions

For panels with configurations used in this study (see Table 2 and Fig. 2) optimal mesh
density for ANSYS model using 8-node elements SHELL99 is:

— 75 elements along three rib bays (25 elements per rib bay)

— two elements along stiffeners blade

— one element along stiffeners flange

— four elements along skin span between stiffeners flanges.

Use of twice finer mesh gives result differing only 0.3% in case of greatest difference (see
Table 3). As observed during study, the finer mesh model needs about 7 times more
calculation time than coarse mesh model.

It is possible to use BEAM4 elements to link stiffeners to the skin in FE models, and stiffness
of their material can be freely chosen between material E; modulus and 25 times higher (see
Table 4). However, use of such variation of attachment makes FE model more complicated
without significant change in the accuracy of result (see Table 3).

There is no need to model ribs, perpendicular to loading direction. They can be substituted by
simply supported boundary conditions without significant change in the result (there was less
than 1% difference in all calculations, see Table 5).

NASTRAN finite element model can be used in calculation as well as ANSYS finite element
model. Difference between results, achieved by ANSYS and NASRAN stays within 5% limit
(see Table 6).

Boundary condition set a is best for calculation, if FE model represents only part of structure,
as rotation at the ends of panel indicates panels continuity. There is no need to apply
additional bending moment for elimination of loading eccentricity (B.C. set ¢) for buckling
analysis, as it requires calculation of center of rigidity, but the changes of critical buckling
force are below 0.1% (see Table 7). Clamped boundary conditions at the ends of plate (B.C.
set b) may be used only if actual structure that is being modeled is also clamped at ends.
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Eglitis E., Ozolins O., Gluhih S., Barkanov E. Ribotu kompozitu panelu noturibas analize ar galigo elementu
metodi

izgatavoti no dazadiem materialiem, atkariba no pielietosanas veida, un dazos gadijumos tie tiek izgatavoti no
kompozitiem. Sadu panelu analitisks aprékins ir sarezgits, un ir jaizdara vairdki pienémumi, kas samazina
aprékina precizitati, lai So aprékinu bitu iespéjams veikt. Tade] galigo elementu metode tiek plasi pielietota
projektésanas gaita Sadu panelu aprekinam. Lai iegiitu precizus aprékinu rezultatus, ir jaizveido atbilstoss
galigo elementu modelis un robeznosacijumi. Saja darba ir paradits modeléSanas pieejas, elementu tikla
sadalijuma un robeznosacijumu pétijums, kas veikts izmantojot tris veidu ribotu panelu galigo elementu
modejus. Darba gaita tika izmantotas divas galigo elementu metodes aprékinu programmas — ANSYS un
NASTRAN. St darba rezultdti var tikt izmantoti veidojot galigo elementu modelus un veicot noturibas aprékinus
sarezgitakam konstrukcijam, pieméram, lidaparatu sparnu virsmam.
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Eglitis E., Ozolinsh, O., Gluhih S., Barkanov E. Finite element buckling analysis of stiffnened composite
plate

Stiffened panels are widely used in aviation, shipbuilding and automotive industry, as well as in construction.
The materials may vary depending on application and in particular cases layered composites are used to
achieve maximum weight efficiency. Analytical analysis of such panels is complicated and several accuracy
decreasing assumptions have to be made to perform it. Therefore finite element method is widely applied in
analysis of such panels during design procedure. To achieve accurate results, development of appropriate model
and boundary conditions is needed. This paper includes modeling approach, mesh density and boundary
condition study, performed on three different finite element models of stiffened panels. Two finite element
analysis software packages ANSYS and NASTRAN are used in this study. The results achieved in this study can
be used for finite element modeling and buckling analysis of more complex structures, for example aircraft wing
covers.

Denumuc 3., O30nvinvwt 0., I'nyxux C., bapxanoe E. Ananuz ycmouuugocmu peopucmuplx KOMRO3UMHBIX
namneneu mMemoooOM KOHEUHBIX e/leMeHM 08

Pebpucmule namnenu wupoxo npumensiomcss 6 asuayui, cyo0o- U AGMOMOOUIECTMPOEHUU, d MaKdice 6
cmpoumenvcmee. Mamepuan, uz Kamopozo NPouU3800MCs NAHEIU, 3a8UCUM OM UX HA3HaveHus.. B omoenvHbix
CYHASIX (CAMONEMOCMPOEHUY) OHU NPOU3BOOSINCS U3 KOMNO3UMO8. AHanumuyeckuti paciem makux naieHeu
CNLOJICHBILL U He MOYHbL, MAK KAK NpUxoOumsCs 0eiamb HeKomopvle Ynpowjarouue npeonooodicenus Oisl
noayuenus pewenus 3a0ayu. I1osmomy 0 pacuema pedpucmuix KOMRO3UMHbBIX NAHENeU Yacmo 00pawaiomecs K
Memody KOHEeUHbIX dleMeHmos. Boznuxaem neobxooumocmv co30aHUSs COOMBEMCMBYIOUUX KOHEUHO-
NeMEHMHBIX MoOeell U SPAHUYHBIX YCA08uull 0id Dosee NPas0onod0OHbIX pe3yabmamos. B smou nyboauxayuu
nPeoCmagienvl pe3yibmambl COROCMAGLEHUsI PA3HBIX NOOX0008 MOOEIUPOSAHUS, 6APUAHNOE CEMKU KOHEUHbIX
NEMEHMOB8 U SPAHUYHBIX YCI08UL. Pacuemul 6bINOIHAIUC ¢ HOMOWBIO O8YX NPOSPAMM KOHEYHO DNEMEHMHO20
ananuza - ANSYS u NASTRAN. Pesynomamul, nonyuenHvie 8 pabome, Mozym Oblmb UCNONb308AHbL NPU
paspabomie mooeneti pacyema yCmoudueocmu Oonee CLOACHbIX CMPYKMYpP, HANPpUMep, GHEUWHUX NaHelell Kpblid
camonema.
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