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.-

FITTINGS AND OTHER STRUCTURAL PARTS OF AIRPLANES.*

By P. Eydam.

The strength and reliability of airplanes depend greatly on ,_

the careful design and manufacture+of the’fittings, couplings
. —

and other highly.stressed parts. In desi~ing these parts, at-

. tention must be paid to the possibility of supplementary stresses,

which in oertain cases are engendered.only by alterations in form
● .

during flight or during the loading tests.

Since fittings are made with

for the purpose of saving weight,

tensively employed, work on these

vised= in order “thatthey may not

the smallest possible dimensions,—

and autogenous welding is ex- .-—.—-.=--

parts must be care~%lly super- ,

be weakened at specially stress-

ed points by badly formed welds, nor the material burnt in the .-

. neighborhood of the welded seams.

r Failures of fittings, which occur during strength tests, are —
●

. due in ‘partto faulty design, but more often to careless ‘Wrban- -.

ship. Since the use df autogenous welding cannot be foregor’ein ..-

airplane construction, owing to its speed and simplicity, the pos-—

sible weakening of stressed sections should be carefully avoided,

and it is of special importance that ~e~da seams should not be - ,

:4 permitted to carry the load alone.

The possibility of this is evident from the fact that it has
.

* From Technische Berichte, Vol. 111, No. 6, PP- 198-205- (1918) ““
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frequently happened that airplane parts which failed undec test —.—_

were altered, or replaced by new ones of impro~ed design, by co-

operation betweer.the testing s’~ation and the :actory. &l& a~_ .

terations, however,.necessitate the expenditu~e of mcne~, tiiie

and material by both parties, which “outlaycan usually be avoided .-

by the exercise of suffictenb foresight. In many cases, static

tests produce no stmcbual changes nor r~ptores, whereas alter- ‘

nating stresses, vibration aad the inflaence of the wea%her pro-... -_

duce such conditions t%t r~pture follows, al-chcu~ the parts had
●

‘sufficientstrength originally.’ The more iunortant parts must,
4

therefore, even.mhen of praved strengtii~,be occasionally tested —

for increased loads @ also in order to avoid the ~ssibili.ty of

defects creeping in during subsequent quantity production. -.

The following rema,rksrelate to actual examples, which have k:r~

been observed in strength testson airp~an.es.
.

A. Fittings for Wing Spar Joints.- A shoe (Figs.9 and 10)

. broke during the nose–dive test (Case C) at 99% of the required

.
load, after undergoing strength tests A, B and D without noticea-

* ble alterations in form. The structure showed numerous welds.

During the nose-dive tea%, the lugs secu~ing the wing to the fuse-

lage were subjected to a strong b.mahg stTeGg”@M,oh proved too :
-.

great for the melds at the base of the lugs and the lattez ~ere
—

wrenched off. The sheet metal was also bent sharply back and broke

. with the lug (Figs. 11 and 12).

, only”tiperficially connected by.

It

the

was found that the parts were

welds, the seams being only :
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1 mii(.0391’]thick, as a@.nst a,plate thickness of 2 mm (.0791J),

This fitting was, -therefare,alie.c.+(Fig. 13) hy inserting in- - . _

was held in place by the :Lolttb.rcnahthe spaz, ttms relisving -.

the welds. This strip ins a lit%l~ thinner than the spacing piecS3

while the lugs were snnemhaz strengthened. With this vethcd.of ._

construction, even an impezf”ictwGli need not necessarily cause ___._

premature rupture: TJ~eoriginal shoe veig:~ed170 g (6 OZ) while -<

the altered shoe weighed 31 g (1,1 OZ) rzare. Ir.the corresponding

fuselage fi~ting (Figs. 14 and 15)3 the lugs ‘iverealm strengthen-

ed (Fig. 16), the ends of these, in the ir.tericrof the fitting,

being bent away from each other so as to s~bstitl~betencion for

bending stress in tiiemterial of the shce and the welds. The

weight of this fit-tir~gwas ir~c~.-~.~scdfrom 1-73to 298 g (6.1 to 7 Oz).=

in a coupling between an uppez wing spar s.ndthe cahane (Fig.

17), the end was bent during Test B (giidiag flight) and the eye-

bolt fitting was subjected ?m a heavy bending stress towar~ one ~

side. If the eti of the shoe is once bewt$ the upp~~ half of the .._

fitting ca be easily ruptured= In designing this Pa~t? it ‘as ---_

e~~ident~yassumed that the load 011the main blacing WiTeS, traIIS-
.

mitted to the spar, would be sufficient to co~~tera~t tl~ebending _’

moment from the load in the end portion of the fitting. In order

to reduce the bending stress, the eye was brought nearer to the

base$ and the transition from the rim to the eye was made more

gradual, thus reducing the she~ing stress near the rim= ‘bpiP* ...

transitions must be avoid~ in all such fittings. It is better in ~
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every way to weld the eye–bolt all around-tO the shoe and not to __

limit the unton to one or twc points.- —

It is frequentlvthe case that the tensile load between the .._

spar joints of the lower wings, is not sufficiently taken UP by _= ....

the transverse members of the fuselage. Tension bands or compress–

ion tubes, which at the same time take up the load when landing,

are, therefore, recommended for use with wooden fuselages. These

must, however, be so connected to the fittings to which the spars

are coupled as to obviate the possibility of any bending stress ....—-

being set up by the attachment. Often the tension members did not

lie in the plane of the stress, so that rupture resulted through,

the supplementarybending fioments. The tension member in Fig= 18 _ .__.

shows a defect of this

the fuselage, so as to

being connected to the

kind. This member consists of straPs acro@S_

give additional stiffening, said straps .-.—

fuselage fittings by bolts. Since these

bolts lie outside the direction of tension, bending moments arise. -—

The4
. The
,
. the

lugs, through which the bolts pass, bend and the bolts break.

straps must either be connected so as to bring the bolts into _

same plane or they must be replaced by wires with turnbuc~es~ __

B. Fittings for Strut Connections-- Eye-plate fittings have.

frequently failed, both under test and during flight, the fitting

usually bending at the holes in the flange plate (Figs. 19 and 20).

Owing to the oblique direction in which the tension in the wire ‘

. acts, one edge of the
●,

wood, while the other

rim of the

side bends

eye-plate base is pressed into —

up the flange plate, the eye-plate
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shearing through, chiefl-ybecause the transition from the ____

the eye-pllateto the lug is abzupt. These eye-plate fit-

tings are fundamentally unsui-cabl~far taking up loads in an c-~-

lique direction and it would be better to dispense with thefilen– __

,
tirely in the future.

Since it is difficult to ascertain-the forces ari~ing in

these fittings, experiments for the purpose of determining suits- ...

ble dimensions for eye-plates and flanges were tried with two -.—.

different types (Figs. 21 and 22). ~ach fitting was attache? to ____
*

a spar (Fig. 23) and subjected to a load P acting at.an angle ._._

. of 45°, The results of the tests are given : .in Table 1“ With .

an eye-plate of 25 mm (.981’)base diameter and 2 mm (.079’1)thick ~

deformation began at 10~ kg (2205 Ibs) and the eye-plate sheare@____

through at 1500 kg (3307 Ibs). When the fltige was ~de 5 ~ _

(.197”]thick; deformation first begpm at 1500 kg and the rupture ..._

limit rose to 1880 kg (4145 lbs). Here also the eye-plate was .=__

the first to give way. Tests with eye-plates of 25 mm bore gave _

no better results. The last three tests showed that the breaking. ..

load did not increase in proportion to the thickness o; the plate,
.

but remained comparatively small for the thicker plates=

The connections were improved by increasing the thickness of..

the lugs from 1.5-2 mm (.059-.079 in.) to 2,5 mm (.098 in.), the “ --

eye-plates being,made the same thic~ess. . .

In attaching the.fittings to the.spars, the platep ~e ~sual- ,;

ly set into the spar, or into the plywood with which it is covered
‘

(Fig, 22). This method depends too much on careful workmanship,
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.
, and it has often happened that the base was not accurately fitted

so that the plate was bent while being screwed into place. It iS,

therefore, better to place a suita~ly shapcilmetal piece under the —.

plate (Fig. 24).

In the next fitting (Fig. 25), the bending moments were ad- .,

vantageously reduced by placing the balls in socketswhich were .—

pressed out of the plate, comparatively deep. The spar was borei.. ._

through at the neutral axis and completely enclosed by the fit-

ting, so that the forces were uniformly distributed throughout.

. Sufficient play had to be allowed in the holes through which the

. bolts passed, in order to prevent the latter being bent. For this —

reason, the holes were somewhat elongated. The fitting weighs . .~—

560 g (19.75 OZ), but can be

ways.

In a strut fitting with

lightenai by modification in several

shackle ard wire attachments (Figs.

26 and 27),the eye of the drag wire was wrenched off during the

sand loading test for head resistance. The eye did not lie in the

direction of the tension in the wire or cable and was, therefore,
.

subjected to excessive stress- Should the drag wire be attached
, at another point, this connection could be recommended as being _

suitable and light. In many cases, the shackle bolts were bent

(Fig- 28), thus causing rupture. ..

The usual construction (Fig- 29) is capable of much improve-

ment.. Even when the shackle plate is cut away at the middle of

the bolt (Fig. 30). the latter can carw nearly l-~ times the load ~

The form shown in Fig. 31, owing to a further decrease of the



bending moment, can carry almost double the load. The bent form,

however, is shown in Fig. 32. This shackle can take 6.5 times ..=

the load of an ordinary shackle (rig. 29), if ks iS made equal ___.

to 0.66 kb. Shackles of this type have breaking strengths up to_ ..

3400 kg (7496 Ibs). In this case, the shackle plate tore and the ..—

bolt began to shear, as can be seen

left of Fig. 28. A load of 1500 kg

opposite direction. In no case was
. self observed. In a shackle of the

in the illustration on the

(3307 lbs) was acting in the

deformation of the shackle it-

old type (on the right of

Fig. 28), the bolt bent under a load of only 1800 kg (3968 Ibs). —

In the otherwise efficient strut attachment for all-metal

airplanes (Fig. 33), owing to insufficient play between the strut

and,the fork= the former is subjected to a bending stress when

wings sag, with the rewlt that the strut eye is bent, and the

strut may break. The strut eye must, therefore, be thickened.

Figs. 34 and 35 show the construction of a strut fitting

the

of a foreign machine. In this design all forces are transmittal —
.

to one spot on the neutral axis of the spar- The unsatisfactory

.
feature here is the necessity for boring a second hole in the

spaT● It would be better to have the fitting enclose the spar.

In anothqr light and simple stint fitting on a foreign airPlane —

(Figs. 36 and 37), the strut pressure is transmitted directly to
.—

the bracing wire, assisted by the upward bend of the plate l’ugs-.‘–

The spar is drilled
.

airplane also shows

through the neutral axis< The Handley-Page ----.—

carefully designed fittings (Figs. 38 and 39). --
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Sleeve connections are used throughout, be~i~g attached to the -----

spars by bolts through the neutral axis. . --

In the light ati eff~cient fitting shown in Fig. 4C, attention

mst be paid to the flanging of the bracing wire lugs; to ensure

that they are not too shallow. in several cases, the lugs were --

so short as to prevent the bolts from fitting properly, ;Tjththe --”

result that they were subjected to bending stresses.

G.

wings is

Internal Bracin~---

subjected to heav}

Since the internal bracing of the

stresses due to head resistance
..
—.—

(Case C), the rigidity of the wing can be greatly increased by

the careful construction of this bracing. “Inone instance, by “:

diminishing.thearea braced, increasing the surface of the fit-

ting in contact with the spar and slightly strengthening the

spars,.the strength to resist head loads was eventually made ad- -=-

~quatez Defects in this direction must, howe~er, be discovered

and eliminated in the shops, by prelimi~rY tests or strength
.

calculations, in order that extensive alterations may not be

necessary after the delivery tests. One fitting (Fig- 41) was ..=
.

bent during the test for head resistance, owing to insufficient

width of the strap arouti the spar- The width of the strap

around the spar should be at least equal to half the circumfer- ‘.-

ence of the spar. The insignificant increase ~n weight is more _..

than offset by.the increased stiffness of the wing. The eyes of

the lugs for the internal bracing frequently break off and need.

subsequent strengthening
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I).Bracing Vi.res.– The fracture of the smaller turrbuckles

so carelessly tapped. that the axis of the SCTWT was tientout of

center by a distance equal to the diameter of the screw. Under

these circumstances,the additional stress in the plane of the _

eyes amounts to
,

tensile load to

increase of 50j4

on the edges of

1170 kg/sq.cm (16642 lbs/sq~in.), assuming the

be 120 kg (264.5 1%s), which corresponds to = .—

in the breaking load on the thread. As the stress ,

the eyes is still greater, fa~l~re at ~l~isPoint—

is easily explained, especially if the parts are bronze. The ec-

centricity can be diminished by bending the screwed sleeve, but —

small screws can frequently be broken in this waY. In turnbuckles

with rounded eyes, fitting between the forks (Fig” 44)> the pin

is subjected to bending stress, though it should only be subjec~.–_

. ed to shearing stresses (Fig. 45).

Carelessly made splices are a frequefitcause of trouble* ~

Some factories only splice the outer layers of the cables, while

others carry it also into the central portion= Although tests —.-

have shown that a splice may possess suffici~t stren%~h when onlY .

the outer layers are spliced, the safety of the splice in this

case depends on the care exercised by the

gave wayunde~ load test% the core being

rounding spliced layer. If the splice is

V?orkman● such splices

pulled out of the sur-

carried through to the
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. core, defective workmanship occurs more rarely and can be quite +. -.:.

easily discovered by external inspection.

Splices often broke because tizy were solxiered,not with a

soldering iron~ as prescribed, but with -t>eaid~f a. blow lamp,

the wires being thus softened. The necessity of using an acid-

free soldering liquid is also frequently overlooked. The liquid

then remains between the wires, which in time corrode and lose

strength.
.

Owing to complaints from the front, a number of splices by

one factory were recently tested. Vhile the permissible loss in _

strength at the splice is l@ of the strength of the cable, the

strength of the sp~ices investigated varied between I@@ and

73.8% of the strength of the cable. Thus, in the case of the

weakest eplice, its breaking load was 1520 kg (3351 Ibs), fiile __

that of the cable was 2062 kg (4546 lbs)● such sPlic.esare natu- ..–..

rally quite insufficient. It was also found that hydrochloric.

acid was used in so~dering the splices and that many of the sol- —

dered joints had corroded. This case shows that splicing needs __

especially careful supervision and t-t breaking tests On selected ..

splices are absolutely necessary.

E. Control Gear.- A common form of strut fastenitig(Fig. 46),

which serves to connect tinehorizontal tailplane with the fin, of-

ten,fails under test. The fitting at the fin end bends under a .._

very small load, thus subjecting the strut to a bending stress,

which can be avoided by the use of double gussets, or, as is often
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specified, by stay-wires between the elevator hinge and the fit- _

ting. Such connections are alsc.dangercua, in view of the possi=__ .,

bility of their being bent du~inG the trar.sp~rtzt~orlof the air-._

mal load which they are supposed to carry during flig-ht. The .. ...-.

hinge joint attaching the,rudder to the fip (Fig. 47) ca.n.be

recommend as safe an3 practical. It weighs only 0.73 kg (1-61_ _.—

lbs). Frequently these joii~-tsare made with only two eyes. In

such a case, however, the bolt is subjected to a bending stress,

and, with large rudder loads, such joints have a tendency to jam.

Since these hinge joints also make it easy to remove and replace

the rudder, it is desirakle that they should be employed more

frequently for attaching the ailerons-

The structure of the ailerons is freq~~entlYtoo w~k”. Since_

they are subject to alternating loads and vibrations during flight,

these parts should be particularly rigid. For this reason, it is-—

also desirable to make the rib ends= between the rear spar and —

. the trailing edge of the aileron, of box form. Thea the often ob-

served aileron failures would be avoided.

F, Landing Gear.- Owing to defective material, the ~joritY

of the axles tested bent considerably and some of them actually

broke during tests. collars, for taking the tension ~sts ‘here- ._

fore, be shrunk on, and the use of screws for securing them in

position should not be permitted, as the screw holes
.

the axle and facilitate the development of dangerous

would weaken

fractures.

—
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The amount of spiral wire spzing used (some 30,000 meters (98425 —.

feet) weekly) iS far too great and stiuld be considerably feduced~---.

owing to the shortage of raw material. At the present time, the -_==

wire springs are fitted to the axle in a manner similar to that .-

in which rubber cords were formerly applied a~.dher.cetheir elas- .

ticity is not sufficientlyutili.zed-.They shculd, preferably,

be designed fbr either tension or compression, as, for examPle~ ._

in the arrangement of the axle springs on the A~EsGo airPlanes= ==

.

Translated by
National Advisory Comriittee
for Aeronautics.
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Old ‘ a 2.5 mm (.098 in)
construction Fig& 15
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.

Weight 173 g (6.102 OZ)

Fig. 14-Fuselage Xtt?.ng before modification
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Figs. ’13, 16, 24

,

Reinforced
construction

I I

t

‘;!eight201 g (7.090 OZ]
a 2 mm (.079 in)
b 3 cm (.llg in)

Fig. 13 Modified fittins

{

16
,

I

I -k
Good welded seems ):1

‘a

1

Weight 198 g (6.9g!! OZ)
.a~ mm (.113 in)

— .-.7

..—..>+—

Modified fuselage fitting.

—.

2.5 m

.-

Fig. 24 Attachment of plate fitting to spar .
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Fig.17 Coug-ling between upper
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Fig.18 .’Tensionstrap oonneoticz

Fig,2C)Defarmea eyephte
fitting

.A5A
.—

Fig,19 Eeform.edeyo~late fitting

F&3026 Strut end fitting
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Serie
1
1
1
1
1
1
11
11
11

1
1
1
1
1
1

11
11
11

i Eye-

1 pi~te

I Base

1
c

mm
25
25
25
25
x
2~
32
32
-32

*$4
m984
*984
*g$4

1.102
1.102
1.260

Thick-
ness
h

mm
2
2
2
2
;95

2

z

in
.079
.079
.079
.079
.og~
,118
.079
.ll~
.157

Figs. 21, 22, 23
Table I

FIEU

l!hick-
ness
i

~

4.3
5-
5.1
5.1
5.2
~. 2

in
●%N
.1
?●1 9

.197

.201
,201
.205
.205
.205

ge
Center
of
eyes
b
mm
<,:
@
~ti
50
so
so
60
60
60

2, ;22
2*362
1,969
1.969
1,969
1.969
2.362
2,362
2.362

i.

Deforma-
tion
load
kg

1000
s 50

1:,50
_ yo
Akoo
lILO
lLLGO
1650
1750

220~60
1g73. 92
2976.24
;;;:”;;

i
yl;: ;

3637:62
3&f5f3.09

Break- Locati.on
ing of
load failure ‘-
kg

1500
1349
1720 Eye- ‘“

plates
sheared
through

lb

fractiure

i.

.

Experiments with
-.-eyeplatefittings
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Tig .33 Strbt oonneotions for Figs .34 to 37 Strut mrkr)eotioris

all-metal airglanes on torei~n airplanes,

-

—— —

l?iga.38& 39 Metal fittings on Eandley PaEe airplanes
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Figo40
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Fig. 29

f

Figs 30
Shackle designs

Fig. 31

+-f

-11#-n

Fig+ 32

ShaclQe designs

.
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45 mm (1.’772 in)

a 2*5 mm (.09g in)

[
b 3.0 mm .118 in)
c 5*5 m -217,-- in)

Turnbuckle

Fig.43

Fig. 4-4 dig, 45
Fork ends for turnbuckles


