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INCREASE OF THZ SPECIFIC LOAD UINDER TELRSIONW, COMPRESSION,

BUCKLING OF WELDZD STEEL TUBES IH AIRPLANE COWNSTRUCTION 3Y

AND

SUITADBLE TREATHELT OF STRAUCTURAL STEEL AY¥D BY PROPER DESIGN*

By J. Miller

Although rcceantly +the light-metal stresscd-skin con-

struection has largely replaccd the welded-steel-tube frame-

woRkFconstruction for airplane struetures, it will

theless not be possible entirecly to dispensec with the

AV~

stecel

tube as a teasion and compression element. In the landing

gear,
the steel tube, on accouant of the gimplicity of the

oW madntadin its place.

In this report

eagine mounting and also as surface supporting

strut

welded
Joints it permits and its outstanding strength character-
Jgiecs for airplanes of all types, will continue as before

some considerations and test results

arc

S
presented that may lead to hisgher teansion, compression, and
buckling strpbues than is possible with the welded-steel-
tube struts of the usual familiar construction. The new con-
struction method indicated,which makes possible a consider-
ably better material utilization and hence a saving in weight,
has been tested in a number of Focke-Wulf types also in ser-
ieg production and has fully justified itself.

In any structural design problem, the lengths of the
struts and tho locads to be taken by them are generally giv-
en., An airplane framework structure must, on account of the
various £lizht and landing conditions encountered, often be
able to bake up a certain tensile and also a definite pres-
sure loading.s Often, too, only one type of loading occurs.

As is known, the propertiss of the materisl that deter-
mine the cross-sectional area and hence the weizht of the

*¥MErh8hung der spezlfischen Belastbarkeit bei 2ug, Druck und
Knickung von oingeochWﬂisst n Staklrohr-Fachwerkstreben im
Plugzeugbau durch Massnahmen werkstofftechnischer und kon-
gteuctayer Art, ! Luztf“rrtforschu oS- o 10 LIBT3 (o7 ML) 5o
E2E9 Phe 2 L4117,
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tube welded at each end are: in the case of tensile load,
the strengbth and the elastiec,limit of the material in the
region annealed by the weld; in the case of compressive
load, assuming sufficiently high slendermness ratio of the
strut, the elasticity modulus corresponding to the buckling
relation of Buler, this nmodulus being independent of the
condition of the material whether welded or unwelded; in
the case of lower slenderness ratio, the stretching or
buckling limit of the welded tube.

It may be seen that with the exception of the case
where only buckling stress in the Buler region occurs, the
zone affected by the weld is always of decided significance
for the dimensions 2nd weight of the strut. The manner in
which the steel tubes applied in airplane coastruction are
affected as regards netallography and strength by the weld
is known (references 1 and 2). An essential point brought
out is that the tensile and compressive strength of butt-
welded tubes corresponds to the strength of the unwelded,
annealedstube, so that 1t assumes a nmininum wvalue which ig
chapactenistie of . each type of steel. Cold or hot Jjolning
of the strut to be welded therefore, also outside the EBuler
range, is of no significance and the heat treatment of a
tube cannot be utilized either for tensile or compressive
stress unless the welded framework is treated as a whole,
whieh treatment, however, on account of the size and defor-
mation feared in hardening is gencrally impossible.

There was no disadvantage in this as long as for air-
plane construction only unalloyed steel tube was employed
whose strength properties cannot be esseantially increased
over those of the welded state. This was also the result
reached by A. Rechtlich in his comprehensive investigations
of 1930 (reference 1, p. 410), namely: "that the weld up
to the very small slenderness ratios is without effect also
in the non-elastic range." The buckling values of welded
unalloyed tubes for slenderness ratios greater than 15 lie
as high as for those of the unwelded tubes.

The nain results of the compression and buckling tests
of iRechitlvilch "wlibth ! two skinds vof tube | of \warious ecarbon con=
tent (051 Bo 0415 percent and 0.3, te 0.5 percent) are shown
in figure 8.

Since the introduction of chrome-molybdenum steel
tubing in the Albatros works at Berlin-Johannisthal, the
object at Albatros and later at Focke-Wulf was consistently
followed of utilizing the heat treatment possibilities of
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this steel as far as possible also for welded-tube struts.
The essential results of the compression and buckling tests
will be reported in what follows. The bucklianz (A > 10)
was carried out on a testing machine betweern knife edges,
soithat theidegree ofvend fizing was praegticallly egual to
gefos Bach individual strut after the .deforpatilens, which
for the loading in the elastic range were observed with
gages connected at the sides, was centered by a displace-
nent arrangement nounted at the knife cdgesd. The specimens
for the compression tests (A< 10) were conpressed be-
tween two flat plates with a sphere segnent connected be-
tween, in order to obtain as even prossure distributioan as
possible. The tubes were straightened before the buckling
and the ends ground asven.

Phe -test specimens were 6f Anmerican, Swedishy, and Ger-
nanforigin. (See table I.) In all cases; 'howevep, only
chrone-nolybdenun steels were used which correspond in con-
position to the aviation naterial 1452, In the state in
which they were supplied the tubes werc heat-ftreated as is
custonary and apparecatly only after the last eold-drawing.
The mininun strength of the steel 1452 used as 'a bagis fop
the computation is in the annealed and welded state 60
kg/nn?, In the heat-treated state a value of 120 kg/nn?
nay be obtained.

Figure 1 shows the results from three bueckling testis
of the year 1330 with chromc-nolybdenunm stcel tubes which
werercutefron the ecorresponding rods ian the deldwvery state
and were ' thus buckled unchanged. Correspondiang to the in-
crease in the yield point under conpression and the teasile
strength, there is found an improvement in the buckling
strength as conpared with the unalloyed steel tubes. (Sce
table I-)

Rignres? gives the resylts of o sericsqofibestis of
1931, They were specially carried out because the two pairs
of bmeckling values of tubes 35 X liand 40 X 1 were. se, dif-
ferent, being in the reverse sense to what was expected fron
tneir -slenderness ratios, that a more accuratesinwvestigation
of the tubes was Jjustified. The values obtained.are given

in table II and the grain structure shown in figures 3 and 4.
o &

The zrain structure pictures show imnediately the Gif-
erent strength properties. In the seeond cases bthe harder
omponent (iron carbide) is far nore unifornly distributed
hgn Simathe 85 X 1 tube. This leads to the . cengiderably

higher tensile linits of this ftube and these again to the

g
G
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higler  buekldng 'strength in the plastiec . .regions The grain
structure and propertics of the 40 x 1 tube nay be attainecd
with the Steel 1452 by heat treatnment,.

In 1932 a series of buckling rods of average slender-~
ness ratio 35 to 60 were inproved to a strength of about
110 kg/mn®,  The buckling-strength curve obtained rises
along the Buler curve up to.adout 50 ’”/n,z and in the
Tetnajer rcgion still higher as shown in figure 5 (nunmeri-
eal values gliven in table 3), As a result of more pressing
problens, this work was not ended until 1934 with the fol-
lowing two larger series of tests:

Tirst there was deterrined the effect of an annezaled
weld af the end of the heat-treated buekling rod, since it
was supposed thet such an effect oa the buckling curve
would be relatively small, IEighteen rods of the slenderness
ratiio undericeasideration wexe first inproved by heat treat-
mongsfron 310 to 125 kz/om®. Then at both ends 10 milli-
nedtersidistantefron the lattoria butt Jgoind was made by
welding a saw cut that did not gquite go through,

Highure, 6 -and table IV show that: in the ‘entire, tegion
Iydng beliow: the Buler cvrvu, hohs feg o adp &0 the slunder-
negs ratio 55 a mininun bﬁllng stress of 60 kg/mn® may
with certainty be nttainea. It is to be noted thut also
Ford thilsthigh slenderness rabtio buckling failure occurred
at the ends while the rod itself remained unchanged over
its entire lensth. Compression pisces of the length of
ub ir dianeter which pieces were treated and welded in the

enter gave the sane compressive strengths (fig. Bl hose
valucs for which failure could not be attained with the
test nachines available are indicated with an arrow point-
ing upward,.

Considerally higher buckling stresses below the Euler
curve nay be attained if care is taken to see that the
above-mentioned buekling fallures are avoided, i.e.: if the
struts before the treatnent are so designed that in the rec-
gions which are again annealed by welding to the framework
the thickness of the walls is nade correspondldrly greater
than dnlthe renmaining region not affeected by the heat of

the weld*. The reenforcing of the ends is most economiecally

*This process is legnlly protected dy the firm of Focke-
Wulf Flugzeugbaun Gem.b«.H., Drecon, through DRP. Inventor:
Dr.-Ing. Miller, 3Bremen.
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effected as scen in figure 7 by the welding of thicker
tube ends with heat-treatable welding wire 1453.

Thirty-three specimens according to figure 7 with a
heat-treated (110 to 120 kg/mm®) and an untreated weld at
each end and with slenderness ratios of 20 to 55 were thus
prepared and buckled between knife edges. The buckling
stresses attained are shown in figure 8 and it may Dbe seen
by comparing with the other limiting curves that the gain
is considerable.

This is particularly the case for slenderness ratios
of 20 to 60. It is only at slenderness ratios higher than
75 that the strain limit of the annealed chrome-molybdenun
steel tube is sufficient to attain the Euler curve with the
buckling stress. Above this slenderness ratio, an increase
in the buckling load by heat treatment is entirely inpos-
sible. The strong struts that particularly affect the over-
all weight of the airplane lie, however, within the range
of nmoderate slenderness ratios where the fact is also to
be taken into account that the effective slenderness ratio
becones smaller through connection in the framework.

In the case where the tensile strength is the factor
of inportance for the dimensioning of ‘a welded steel tube,
it is possible by the design method described to save weight
in each case, i.e., independent of the length, In the nor-—
nal design with constant cross section only the annealing
strength of the steel can be considered, independent of the
strength before weldinge If the ends, however, were reen-
forced before weldins and the rod then treated, each sec~
tion can be dimensioned to correspond to its strength. The
gain in weight thus attained approaches, with increasing
length of strut, the ratio of annealing strength to heat,
treating strength of the steel, i.e., for 1452 half the
weight of the strut.

Figure 9 shows a section of the landing gear of the
Tw 200 "Condor" in which reenforced heat-treated struts

were applieds

Translation by S. Reiss,
National Advisory Committee
for Aeronauntics.
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1. Reehtlichy, A8 Grundlagen flr die kongtruktive Anwendung
und Ausfihrung von Stahlrohrschweissungen in Flugzeug-
baun. Jahrbuch 1931 der Deutschen Versuchsanstalt flr
Tufb Ehant,! pp. 3792438,

2. Miller, J.:¢ Untersuchung fher diec Schwingungsfestigkeit
der Schweissverbindung von Stahlrohren verschiedener

Zugannenscbzung, die fldr Koastruktionszwecke, insbe-

]

e filr Pachwerkbau, |in Betracht kommen. Disss
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TADLE T (fige 1)

Duckling and Resistance Coefficients of
Ton-Heat-Treated Chroneg-Molybdenun Stecl Tubes
Origin 5 9.x D x S GEhea: Toste B0
kg/mm? nm kg/nn?
|
18l e 3045 |
60.9] 42.4 |
i dGeBh 52,9 | |
Anerican Af. Bl 487 r 2545 % 1sb WAYEG 7L 8l
28bwz] &LiS i
24.9] 53.2
82581 26,4
61.4| =3.4 j}.25.5 ' 45,8 60 82
4 25 50.0 | )
25 505
50 46,4 [
4 9.6
Gernan 48 49.7 L S0 %l 408" 54,5 GOaE
80 BXH7? '
80 31.8
50 41,4 )
29sbl 5646
Swedish 50 48.3 SO 39 Boso | B2aV
80 34.5
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egfficients

Molybdenun Steel Tubes in Delivery State

and Other Properties of Chrome-

-

= |

T S A Ox To.08 C0z O Structure

mo kg/mn? kg/nn?
L D H50- 4556 335 60 |62 [PGranular pearlite in
Db 2 30 . dB557 37 51 |64 free ferrite
(£ig+ °8)
40 x 1 47 5649 50 68 85 |.Sorbite without free
40 % 3 47 ~“B9% - 72 (@8 ferrdle (fig. 4)
B2 -1 6215 A @Y
i e 62...48:6
S4 - 0878 68" 438 - 5
B4R 0eTB 68 42
36 X 0,75 4% . 45
TABLE I1I (fig: "5)

Duckling

and Tensile Strength of Heat-Treated

Chrome-Molyhdenum Steel Tubes

IR - a5 A o
nn kg/nn? kg/mm?
53,5 60
8
I S G LOBE7 50 54.5
36.5 o
43,5 70 5D
m 37 66.5
26 % 1 11248 48.5 64.5
55 5650
60 5056
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PABLE IV (Flgs &)
Buckling Tests on Heat-Treated and Then Welded

Chrome-Molybdenum Steel Tubes

D xS @3 } A Oy
nn kg/mn? kg/mn?
118.4 40 710G
118.1 40 69.3
ol 10,5 " 2v.2 68.3
114 AN 70a 8
124.5 50 i - Bl (e
L1202 50 failure not ob-
, 124 46,5 tained with given
35 x 1 1265.8 4645 ‘ testing nachine
121 40

126 .5 el

118,92 1"Bo 63.3

’ 114 50 63.8

40 X 0.75} 147 46 68.3
E 3 : 63.8

111 50 > 65.5

b 50 > 64,7

W g 127 48,5 WEE B
119 48.5 ™ 68,5
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$ADLE. ¥ (fig. 8)

Buckling Tests on Heat-Treated Chrome~Molybdenun

Steel Tuhes with Reenforced Ends

2E2

B x 8 5! A Ox
nE ke/nn? kg/nn?
Ll e 55 6947
L1 5083 T a4
111 50 7628
120e2 50 RIS
81 i 50 A6 )
TO8RS 80 4 Dals
L1765 47 .5 86.8
1l 8.9 A7%5 Bos 7
S s 121 45 86.5
| 109.3 44,8 B6D
by SER 44.8 93.5
1205 40.3 91
a5 40,2 B88s 7
i s 34.8 2 g
T gOR 2 &= 9
1115 30 > 9455
- 20.4 > 91
- 20.3 = gl 55
St '5)t5) e
109:5 8b 64.8
B 5E 50 76.8
104 49.8 78
1085 46 .7 83
125,10 45D 90.8
hs 45 > 94.3
36 %X 0e75 e 5 45 80.8
Lld.5 40 J2e2
23R B39 ol 89
11645 395 Sime
113 2959 2.9 6aD
146w 29% 9 SRR
13,4 1946 Z 96,3
1 2hr S 2 20 =100 L
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P Figure 3.- Graia structure of 35xl
steel tube: granular pearliite with
free ferrite. Magnification 500
times.
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Figure 1.- Buckling tests with
unheat-treated chrome-molybde-
num steel tubes.

Figure 4.- Grain structure of 40xl steel tube : Sorbite without
free ferrite. Nagnification 500 times.
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Figure 5.~ Buckling teste with
heat-treated chrome-molybdenum
stsel tubes.

Pigure 2.~ Buckling tests with
chrome-~-molybdenum steel tubes in
the delivered state.
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Figure 6.~ Buckling tests
and compression tests with
neat-treated and then butt-
welded chrome-molybdenum
steel tubes.

Heat-treated A
= Connection to
strut framework weld-

 Heat-treated weld | ed after heat
ﬁzz@;\‘g W2 treatment

|
|
1
|

inimmam
length welding zone

Figure 7.- Reenforced end of heat-
treated framework strut to be welded

60

N

2

g

Figure 8.~ Buckling tests with
heat-treated chrome-molybdenum

Figure 9.- Section of landing gear steel tubes with reenforced ends
of w200 "Condor" with welded heat- (the two lower limiting curves

treated framework struts.

after Rechtlich).
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