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3D Frame element in the local coordinate system (&, 1, £)
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3D Frame element in the global coordinate system (X, y, z)
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Transformation from the global coordinate system (X, y, z) to the local coordinate system (&, 1, ()
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sa = sina

ca = cosa

sp=sinp

cf= C?Sﬂ ca-cf sa-cf —sp

SY = sy IT] = [—(ca -sf-sy+sa-cy) —(sa-sp-sy—ca-cy) cp- SY}
€Y = cosy —(ca-sp-cy—sa-sy) —(sa-sf-cy+ca-sy) cB-cy




Transformation of degrees of freedom from the global coordinate system (X, y, z)

to local coordinate system (&, 1, ¢)
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{q}e — [[T] [T]] {qg}e — [Tr]{qg}e

sa = sina
ca = cosa
sa = sinf ca-cf sa-cf —sf3
cf = cospf [T] = |—(ca-sp-sy+sa-cy) —(sa-sf-sy—ca-cy) cf-sy
Sy = siny —(ca-sf-cy—sa-sy) —(sa-sf-cy+ca-sy) cB-cy

cy = cosy




Frame stiffness matrix components

[kN]=

Stretching dependent on |gq4,, ;| degrees of freedom

G]s _G]s
l l

lks]= GJe
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l

Twisting dependent on |q4, q1o] degrees of freedom




Frame stiffness matrix components
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Bending about 1 axis dependent on | g3, gs, 99, 11| degrees of freedom
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Bending about ¢ axis dependent on |g-, 94, 95, q1>| degrees of freedom




Elastic strain energy of the frame element

Elastic strain energy of an element:

:_LqJ =—ngJ Je r]{qg}e’
ue=5ngJe[k91{qg}e,

Element stiffness matrix:

k| =TT [k].[T]
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2D FRAME ELEMENT
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LOCAT PARGHETERS 1IN THE CatBDUATE SYiTer £95
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EXAMPELE

BOILD A FE MooEL (S/NG 3D FAME
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ELEMENT LESULTS
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MOMENTS :

BENDING
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Two-element model (Ansys)

LINES
TYPE NUM

e

Cuadradic Form. j

Linear Form.
Quadradic Form.
Cubic Farm.
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Two-element model (Ansys) —

Ux (AVG)
RSYS=0

DMX =45.8841
SMN =-.705048
SMX =29.5608

~—

.705048
2.65782

6.02069 12.7464

19.4722
9.38355
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16.1093 22.835

29 5608

Displacementsin X, Y and Z

Uy (AVG)
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DMX =45.8841
SMN =-31.754

| I
-31.754 -24.6975 -17.6411 -10.5847 -3.52822
-28.2258 -21.1693 -14.1129 ~7.05644 0
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. . 11.0361
1. 83935 5.51 805 .19675

VX
. 14.71
12.8754

W3
oy
G 3
0%

16.5541

0 mm

-1.34 mm
14 .93 mm

- 0.0243%ved

g- 0.0249 red

-0.045 _rad
29.07 mih

31.43mm
14,93 mm

-0.0269 roal
~-0.05L73 rod

L~0.015 vod

N

&

41




Two-element model (Ansys) - Angular displacements
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SMN =-.026908

(AVG)

ROTY
RSYS=0
DMX =45.8841
SMN =-.052705

(AVG)

or v %7 " i 0 mm A
I 624956 Vo -".84 mm
Ny 14.93 mm
«, - 0.0243%ved
{W} ={ f= > = g— 0.0243 ol g‘
et bz -0.015 repl
U3 2.9.07 mm
Vs, -31.4%5mm
Ws, 14,93 mm
%y
f3




Two-element model (Ansys) - Von Mises stress (SEQV)

O I I
.139E-11 38.9092 77.8184 116.728 155.637
19.4546 58.3638 97.273 136.182 175.091
A4

Smax g
e o=Vl +3

£4

v = (17534 by
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LINES

‘Light aircraft structure (Piper L-4)

ELEMENTS A.N

FEM beam model

Distribution of
concentrated masses
in the substitute model
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