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NATIONAL ADVISORY -COMMITTEE .FOR "AERONAUTICS

TECHNICAL MEMORANDUM NO. 647

SPATIAL BUCKLING OoF VARIOUS TYP&S OF
AIRPLANE STRUT SVSTEnS*

By A}fred Teichmann

fotation

“unit rotation" of end h or i, .respectively,’
eji, i’ of a strut "i" pin-jointed in h and i,
due to a single bending moment M = 1 (i the
sense of this moment), applied at the same end
h or i, respectively.

(One support of member "i" 1is assumedly displace-
able in -the direction of the axis of the nen-
ber, The first index at e denotes the mem-
ber, the second the end, where e occurs, Ia
reports Nos, 183 and 224 of the D.V.L, (Deutsche
Versuchsanstalt fur Luftfahrt) no differentia-
tion was made between e;,pn and ej j Decause
there the arguments Dertalned to members with
evenly distributed stiffness,)

*1Das raumliche Knicken einiger Stabverblndungen des Flug-
zeugbaus," Zeitschrift fdr Flugtoechnik und" ﬁotorluftsc11f-
fahrt, Sept. 14, 1931, pp. 525-526,

In extension of report No., 183 of the D.V.L.:
A, Teichmann, "Effects of the End Fixation of Airplane,
Struts." T,4, No., 582, ¥.A.C.A,, 193D, Zeitschrift fur
Flugtechnik und Motorluftschiffahrt, Hay 28, 1930, PP
249-254; and D,V.,L, Yearbook 1930, pp. 221—226, which also
contains a list of references.
A, Teichmann, "The Spatial Buckling of Various Types of
Airplane Bracing Systems." Report Ho. 224, D,.V.L. Year-
booix 1931, pp. =230-232,
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| l "unit rotation" of end h or i, respectively,
81,17 of member "i" due to a single bending moment
M =T (in the sense of this moment) at the op-
posite end 1 or h, respectively, Accordiag
to Maxwell, o :

1 ean .

| AR =8 s =. B
| - -
dj ©i,i ©i,h ~ ©i%,
€i,h
_ l "unit rotation" of free end h or 1, resvective-
ei,1 s ly, of a beam "i" restrained in 1 or h,
C respectively, in consequence 01 a twisting mo-
. meat T =1 (in the sense of this noment) ap-

plied at the free end, It is

€i,n T 3,1 T €ji-
X: - X vy - ¥ Z: - 2 .
X3! = it S ¢} h’ i ! m.]:..._f....b'_’ Z3 - 3 unit-
li 11 [
vector con;onent of member "i.". (The unit vector

p01nts from the lower numbered end  h toward the
higher end i. )

l unit vector components of the principal
1 1 (RUNY . £ o3 . - . A
3 ; axes of inertia of the cross section of
member "i," . (The sense of rotation of

- these unit vectors to be such as to form

.clockwise system with the unit vector xi',yi!

l.)

_For .the wmost frequent case of a
distributed bYending stiffness EJ =&
stressed by a centrally applied ?orc

«=1/s/B3:

e, h = ei,i

' .

member Wlt evenly
nd of length 1,
e 'S, we 'have, with

~

,_./

ZJ . a2 N tan o

|
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Ao 101 a \*.
8y = = = (1
1 EJ o ( sin a)

and in'the limiting casé § = 0:

L 3y (- L\
S 3’ EJ

For tension loads we may figure with ‘e and cH
= 0. D.V.L, report No. 183.)

€i,h T ©i,i
(
for S

If. G Jgq 1is the evenly dlstrlbuted tor51onal stiff~
ness, -then . . .

e =S, S
Yoe Iy

, Buckling équatlons.é In the following we gzive the
conditions under waich buckling occurs for a number of
strut types consisting of members connected by Jjoints' '
which are- bending.and torsion resistant, The Dbuckling
. stage '‘is so characterized that, in the absence of trans-
verse loading of the individual members, rotations at the
strut end -can. occur; this possibility exists only when
the denominator determinant of that linear symmetrical
svstem of equation which with existing transverse loading
would supply the rotations of the strut ends, disappears:

[ “82? e« o« 085n
. = Q
(buckling condition)

(833 = Bia) -

The &8 terms to De inserted when disregarding.thé'strut
length changes, are given in the table of the formulas.

*For evaluation of these expressions, see tables in:
Zimmerman, "3uckling Strength of. Struts," (Ernst & Sobhn,
1925); muller-3reslau, “G;apnlc Statics of Building Con-
gtructions” Vol. II, 2 (Eroner, 1925); Bleich, "Theory and
Calculation of Iron 3ridges," (Springer, 1924).
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Two-Dimensional Struts (figs 1-~6)

[

For these strut types it is stipulated that the prin-
cipal axes of inertia are perpendieular or parallel, re-
spectively, to the plane XY, or else that circular sec-
tions or other isotropic sectlons are available. We dif-
ferentiate beuween o :

© a) Dbuckling within the XY plane,
B) bulginb out of the XY pléné:

The values e, €, and EJ, respectively, refer in
case a) to bending about the cross section axes perpen-
dicular to XY, and in case B) to bending around the cros
section axes in the XY plane.

l. The strut-type connected by joints .free of bending
and twisting, to the snatlally defined points i =1, 2,

re

] LK I ]

a) Three or more struts with a common, but otherwise
-unsupported joint (for instance, X and X Ddrac-
ing systems, Figures 1 and 2), In cursory es-
timations of case B), the effect of struts "3
and "4" may be disregarded, as a rule, for K
struts, ‘ -

b) N strut (fig. 3).

c) V atrut (fig. 4)., This strut buckles out of its

plane as soon as theeforce in a member "il
EJ; m
attainsg §; = —%H—

i

Fig.l K strut Fig.2 X strut = Fig.3 N strut
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1 "2 " ;8

2\ bz | "fr - 2/ \3" / "4
/o N
2%/’ &»L-‘—--—Aa RN % \3/3 X ,{

—_—0 =

[é3}

-~ 0
=

g3
Fig.4 V strut Fig.5 Fig.6 N strut with Fig.7 Three space
O strut incomplete joints. strut system.

d) Rectangular frame system, (Fig. 5.) The &
terms here given for buckling case a) have
the advantage over those given in D,V.L, re-
port Ho. 183, in so far as they still hold

J T

12

™
when § = - in one or more struts,

For buckling case f) we find two determinants
(cases B, and 52). Buckling occurs when one
of these becomes zero, .

2. Strut type connected by bending-free Cardanic
joints to spatially defined points i =1, 2, 3 ..; the
Cardanic joints are designed to take twisting moments
whose vector falls into direction y. The treatment is
restricted to strut types conforming to 1 b and ¢ (fig.
3); the conditions for buckling case «) are the same as
under 1.

Three-Dimensional Strut System. (fig. 7)

An arbitrary number of struts not lying in one plane
is connected in one joint O, stiff in bending and tor-
sion; the other strut ends are connected by joints, free
of bending and torsion, to spatially defined points 1 =

1, 2, 3 ... e{'o end e{"o, respectively, refer to

1 1
beading about the principal axis of inertia with the unit
vector =x3%, yi", z3" and xi', vy, z3'"', respectively.

Tor struts whose moment of inertia is the same for
all centroidal axes of its cross section, as, for instance,
in round tubes, we must substitute:

z 2 2
P Bt ~ . 1l . 11t
. Xi A i X3
- TS tor it 1t
€i,o €i,o €i,o
T | N | . P} ~ It 11
S TR 6 AU RS SR S

€i,o i,o i,o
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Table of Formulas
Expressions & for Various Groups of Bars

I, la I, 1b
a B o B
: 2 12 12 12
_— Lo Xi' 1 3. 3% X3 " C%.3, Y3
8,, [i& — 1% S Al b + 1 +=
®i,0 1,0 2.2 3| =22 3 3
;12 ' 12 12 12
S22 s Vi 1, %.a¥ Vs ®-3, %3
i,o0 €4 3 €. 2 ds =)
2 2 12
1 1 X! x3'%e5, 5, Vs
63:3 - |2 - 2( - 148; - + + =
i ®i,0 “ae 3 ds €3
- |2 r 1 o - ‘2
Baa : Vo Y. sez + 13
€403 ds €3
(< ! 8 x 'y, ! ,e‘ 1
0127021 - L= — =k xylyg S - =)
T 8i0 ds €3. 2 \ ds ea/
~ . . 1 Xi' xalz 33 ysla
613021 - I Py _ - +°3
i®i,o a €5
€ 1N
= el — — | ! ~.§. - = ‘
812 =0es *3 V3 g, T &5/
Pal
824=5 s L Yi ratya (2 1)
23 82 - .{’i ei’o \d3 € /
12 8 7. 1%
824=0 Y3_ % . 5
247 0az 1. o
N X4';‘/4' + \ \ 3 2 1 \
634:043 - - — - xs y3 d - .é—_—— .
Y4 3 3 3/
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Table of Formulas (contd.)
Expressions & for Various Groups of Bars
I, 1lc I, 14
o B o Ba B2
1 1 | x'2 x512 €., ©s3| €., 1les 5 1
611 + - + = + =
2.2 ©€3.2| €2.2 €. 2 dy de dy ea | U3 e1
12 12
€5, 2 €. 2 de dr di ex| do es
544 _ €3.34 %2.1 es-s_{_; ans | :“1_
ds do ds ez ds €3
€4ua, ©3.2/ €302, 1 €. 1
644__ - + + = — e
- d4_.' d3 d3‘ €4 Ge (531
1y ! 1 ) 8 B
5 =6 _ Toh 5% 2 1 i
127 V21 es. o €3. 2 d; 1 d=
68,5783, - - - -
X g, 1 1
614 =0, 4 - de. €4 I
A
8p 555 e ! -
237032 - —= == -
dx €3 ey
62 4=042 - - - -
" A A
5 & _ % e_:”_ Za
&L TTML
34 3 d3 d3 da
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Table of Formulas (contd.)
Expressions & for Various Groups of Bars
I, 2o I, 2c II
g B
y'2¢g x!2 12 o 12 "2 KR
5 2 2.2 72 LAY 2+x P Xi X3
1 dz ez d= €5 12\gy eit! /
i 1,
2 2 2 2 .12 2 z 2 nz 2
Vl e yl e x! x! yl e t<e x! x! /vl y'lll
I2 . . : . . A
& dz 1+3d33 42 43 |2 "2e14%3 325472 408 5 t e | \
i e e ! m oy
2 3 2 3 d= ds ez es i .0 &'
- 2 2 2 ; 2 2 2
12g 12g 1 1 12 1 1 e
N 3 Ca.2,% %4 %z % 5 %2 %5 5 21 23
UB’B - + +__ +_ '*_ =] eu el” »
dS dg ) €4 d3 - €3 2,0 1,0/
12 -12
é y4 eé-s +}‘4
= = - -
d4 €q
12 A 12 <4 12 Uyt HINRTIRE
5 =6 ‘2 €. %o % Ca +X3 Z(xlyi X Y3
12 M2l P = el T /
) e e!
tz &3 d2 2 ¥io i,o d
I L 111 1t}
Z(Xiz 3} Zi\
61 3 “'551 - - \ el ettt j
i,o i,o
1
6.6, - - -
vzl yitg! n'\
-2 8 c 12 128 12 S S § i 71\
- 3 % % B 3. % z + ;
&3 =032 t= T= " elvt 7
ds €3 da e3 i,o i,o
& =04z - - -
128 12
::64‘ X.-._..?_‘L-}-i{f’__ — —
Gae™hs ds &
'3 4

Translation by J. Vanier,
National Advisory Committee
for Aeronautics.
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