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Element ramy w lokalnym uktadzie wspétrzednych (&, 1, §)

1 @ lale = 191,92, 43, 94, 95, 96, 47, 48, 9, G110, G115 912
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Element ramy w lokalnym globalnym wspétrzednych (x, y, z)

w @61 x nY nz X nY Nz
que=lu1rv1rW1' 119 y U1, Up, U, W, 2'9 ) ZJ
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Transformacja z uktadu globalnego (x, vy, z) do lokalnego (&, 1, §)

AZ

42

: X
sa = sina
ca = cosa lf;U»CJT — [T][x,y,ZJT
sa = sinf
cf= C?Sﬂ ca-cf sa-cf —sp
Sy = siny [T] = [—(ca -sp-sy+sa-cy) —(sa-sp-sy—ca-cy) cp- SY}
€Y = cosy —(ca-sp-cy—sa-sy) —(sa-sB-cy+ca-sy) cB-cy




Transformacja stopni swobody z uktadu globalnego (x, vy, z) do lokalnego (&, 1, §)

12 de "1 1
q4 (ﬁ‘ fo I \
d1 Uq
y
G- s wy 0]

{q}e — [[T] [T]] {qg}e — [Tr]{QQ}e

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

CYy = coS Y




Sktadowe macierze sztywnosci elementu ramy

Rozcigganie dla stopni swobody |g4,, g7

[kN]=

GJs —GJs
l l

[kS]= GJs
l

—GJs
l

Skrecanie dla stopni swobody | g4, 10]




Sktadowe macierze sztywnosci elementu ramy

ds
12EJy —6EJy —12E]J,; —6E]y

13 12 I3 12
—6EJy 4E]y 6EJy 2E]y
_ 12 l 12 1
[kMgn]_ :
—12E]y 6E]y  12E], 6E]y

13 12 13 12

12 l 12 l

zginanie wzgledem osi n dla stopni swobody |qs, gs, 99, G11]

12E]; 6E]¢ —12E]; 6E]¢
13 12 I3 12
6EJ;  4EJ;  —6EJ¢ 2Ej;

[kMg( ]= 12 I 2N e

—12E]¢ —6EJ; 12E]; —6E]¢
13 12 I3 12

6EJ;  2E];  —6EJ¢ 4E],
12 l 12 l

zginanie wzgledem osi ¢ dla stopni swobody |g,, q¢, s, 7151




Energia sprezysta elementu ramy

Energia sprezysta elementu:

:_LqJ Z—ngJ [T] [k], [T]{qg}
U, :thg LSRR

Macierz sztywnosci elementu:

ke ] =[] [ [T]
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2D FRAME ELEMENT
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LoCAaL Pfc% METERS

IN THE CoORDINATE SYsSTE $hH3

L%J =19, %95, %,% Wi192,9¢)99, 90, %,5}72_[

AX1L -
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Locad, pomamz}&b i the cooduale ;%\fe«m XYz

L%j_]e: Lw/z,V/;, /1, 11@4,& ‘/{2_ VL WZ. O& éz_ G/LJ
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Ue - ZL9de D@]e {7;6 where :
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EXAMPEE

BOILD A FE MookL (S/NG 3D FAME
ELeMENTS . FIND UNUNOCWN  DISPLACEMENTS,
STRLESSES AND LEACTIONVS .




Lﬂ/_{ = Lu/’uv’”w”lo(/1,(g",b,’llull\/z" WL,%\ﬁl,XLIu&l\é,b\gl%lé,aﬁj
1% 18 ‘
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ELenent [4]:

Eﬂdq: L%(ﬂl«%, 141%&%6]3’7(%’3,7’3,(}10, %4/%2,}
Lcl/sl,, = | 4y (Vi Wy, o Ba ¥4 Uz Vo Wp 0, lﬁ, A’zj

Ax{L

Gu=t, G270 Gy Gam Yo, G5 7P s
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Elenent [2]

LGVJZ = Lol/i,c}z(%,‘l/q G596 (97 G699, 90 ,“}/11)%2 _]

Lﬁ/ﬁ.\z :LU'Z. IVL,Wz,ocz,%.,a'z. ;u'%( V3:W3[065\€751X3J

=Wy | Ge= Vo, Gy =l K i )°P>‘=~(52/CV6=“K2-
A %

21




{D‘?]L: [TFJZ' i%z&

(0 0
O 1
1 0
o ©
0o

1.
0
O
O

%

— —

CCcC oQgC OO0 O
C oe e e e

C C O ccece 00 o
1 coececocec e O
o410 06CCc ¢ O

oOC oo opo-1ceacc 0 C

—

(1 ccclC O
rocc1 0 0O
(ocoo-1 D
_ _toocCcC O —1

]

22




D‘?] = [Tf] DCJ E ]

<1 A) 11 41%17, =1l

EAL 12EJ=, (2 E Jg. 6 EJz.
1L 1 1 4 3 g =
; : 2ET oo L

_ bEIn, E J3z 2t G-J
A L, ;%-%ﬂ%r
o h? bk 3
%71, =g TJoa= 0.457 bh

Ay = bl

(fa1| a1

L" 6x6 ex11

ak \\ NN
ASMXZ Y
» \\\\




[K {lcg !<5 : /// Dl ~

fgx1g  Lexie A§x13
i \\\\\

N

’,







I}

A2 1

DoF 5mwrb&

(

0 mm A
-.34 mm
14.93 mm

— 0.0249 red
-0.045 red

29.07F mwm
-31.,43mm
14 .93 mm

-0.0269 rowl
~0.05L% rod,

- 0.0243%ved &

_~0.015 vad

26




L. ACTIONS
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ELEHMENT SoLOTIOoN
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AxX|AL BAR : (ﬂm:%?)i
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6‘3L =

T’ZL (%L)

_ Mae(3d) -0
“ Jzi

- - EJzivi(x) -

= - EJ;&.'LNI”J i

AX A 9 8
0,40

shEAR Stress CAULSeD BY T'Zu (3‘_) 1$ NMEGLECTED,

6‘,2.
%} = Cowrt
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wi (5i) = LN(‘gi)l{“i
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ELEMENT LESULTS

NORMAL FORCES ;.
SHEARL FORZLES o

TVZ,‘:-—F ) T'ZZ':——E:

Tza= O 132 = O
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MOMENTS :

BENDING
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POINT OF THE HIGHEST 57eesS

Ecenent (L) , 5=0

NOYMAL STRESS DE TO BENDING -

T i
GM = 631 ~+ 634 =

AXB

_ Mz T My (0) B _yes oy
] 334 B UQ"' |
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B4

SHEAL STeESS

1 EdXe _-38 86 Ml
Amon 4(A+\>)L4.

MAXIMUM  EQUI VALewT — STESSS

Oequ = ‘)6/,1

3 Acamg( = 175,34 M-RL

AX B




Model dwuelementowy (Ansys)

LINES
TYPE NUM

S

Quadradic Farm. j

Linear Form.
Quadradic Form.
Cubic Form.

40




Model dwuelementowy (Ansys) - Przemieszczenia liniowe

UX (AVG) Tt

- Uy (AVG)
RSYS=0 RSYS=0
DMX =45.8841 DMX =45.8841
SMN =-.705048 SMN =-31.754
SMX =29.5608

>/\

| I
.705048 6.02069 12.7464 19.4722 26.1979 -31.754 -24.6975 -17.6411 -10.5847 -3.52822
2.65782 9.38355 16.1093 22.835 29 5608 -28.2258 -21.1693 -14.1129 -7.05644 0

ufz,] “ i O e A

Sk 165501 Vo - .34 mm

14 .93 mm
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2 ~0.0269 roal
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b2 -0.05L% rod
L."O.o45 ved

. . 11.0361 14.714 63 e 41
1. 83935 5.51 805 .19675 12.8754 16.5541)




ROTX

RSYS=0
DMX =45.8841
SMN =-.026908

.026908

Model dwuelementowy (Ansys) - Przemieszczenia kagtowe

(AVG)

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

(AVG)

-.020929 -.014949 -.008969

3918 .011959

.017939

-.00598

-.00299 -.052705 -.040993

-.029281 -.017568
.046849

-.035137 -.023424

-.011712

-.005856

ROTZ

(AVG)

RSYS=0
DMX =45.8841

SMN =-

.014956

0 mm

-1.34 mm
14 .93 mm

A<

-.004985

; |
-.014956 -.011633 -.008309
.013295 -.009971 -.006647

-.001662
-.003324 0

-0.0243%ved

N
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Model dwuelementowy (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= V6l +3

£4

Z

= (175,34 R
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LINES

‘Struktura samolotu lekkiego Piper L-4 ="

AY 12 2002
16:32:00

ELEMENTS AN

Model belkowy MES

MAY 14 2002
18:06:41
PLOT NO. 1

Rozmieszczenie
mas skupionych
w modelu zastepczym a4




