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The eoje t of this work is to find means of increasizig dmping

in the joints- of s structure, smilar to a riveted structure by the
use of rlastic Istwrts in the joints.

Iformation on the effect of pressure cabin sealing and the
adooton of spot-welded or R wdu welding construction is also given.

Ttis report discusses the operation of an insert, the properties
called for in service and rocawflends i our sitabl3 materials for
further tests.

Tho apparatus used to cc~pare the daiping of inserts made from
a nunbcr of different miaterials is described. 01c f"ec t of thi 3ess
of insert on damping has bocn investigated &nd the variation of
damping with tIperaturc has been obtLintd butween -2 5 0 and +2500. for
-hc. iteral Poly-iso-,butelcno.

Conclusions

those investigations show how,, by mems of an insert of Poly-iso-" b tel ne, i t iS p oisib c o 'crease tle dmpin g, of a riv At ed structure,

For vibration at a frequency of 36 cycles pr second the dsmping is
ihdraacd 2OQ; for "- maxiinu dynamic stress in the test specimen of,.70 T,/s. n.*

-F r stresses higher than thi, but within the elastic range of
the. t-mtuc a Ic inay _Ajsona2.v

Ameans of joining mtal plates by the insertion of t hrmo-plastic,
Whioh ±s f'ujc,& by llhs application of hcat and prossure.
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Further fDcvelorents'.

Specimens with Poly-is..butelenc should be given extensive fatigue
tests and if satisfaotory a trial of this fon of construction should be
I ado in the -construction of a separate tail plane unit or similar part
of om aircraft.
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•I Introduction

The work on damping described here has been undertaken as a result
of the conclusions roached by previous investigators(1) and suggestions
made by S/Ldr. _7.]iszdon for the introduction of artificial damping
into aircraft structures.

Previously, however, it had been stated by alker(2) that the
damping -capaoity of an aircraft structure wtis twenty or more times that
of the constituent material, due tc friction at joints and other effects.

As little is knovn of the behaviour during rubbing at the joints of
cOmponents used in aircraft structures comparative measurements ofdamping have been carried out on laminated beams.

2 Discussion of Joints in Aircraft Strubtures

For a beam formed of t wo horizontal strips and subjected to forced
vibration so that it bends in the vertical plane, the amount of slip
at the interfaces decreases vith increasing peossure, but the ehert,
dissipated by friction reaches a maximum value at sone intermediate
ptessure between the two limiting conditions of no slip and zero pressure.
This is dealt vith more fully in the -appendix,- where it is demonstrated
that small variations in rivet-pressure that would be expected b tween
specimon at the lap joints of an aircraft produce negligible changes in
damping, an& for this reason no great error is likely to have boon
introduced by. draving conclusions from single test specimens of the

viustypos..

2.1 Choice of Insert

It has b n found possible to i.crease the damping of laminated
beasts by the use of inserts of materials with high internal damping, such
as fabaiics, rubbers, cements, sealing compounds and adhesives. Values

of the damping caacity for various materials are given in Tables I, I

and -Ii and some of these materials have boon selected for further tests
in tub ulai specimens (iigi 10) taken to represent a, mono'oque aircraft
structure.

yF -Exaination of a number of aircraft rivted joints of which typical
1i oross sections are shovm in Figs. 11 and 12, reveals the existence of

gaps which in a metal-to-me.tal lap joint (igJil) vary from 0.0 to

0.03 in. The inserts recomiended are sheets les- than 0.006 in, thick
of Pciyiisovbutelene,.o .yvi'ylehlorida,. Polyshene or Nylon fabric or

a solution of Poly viny1-actite

4, The choice of a matorial for inserting in the skin joints of a ving
and fuselage is governed ,y the following properties:

Resistance to fatigue.

Lack of hygroscopy.IIv
Rosistance to corr~ion;.

Freedom from attack from organic matter.,

Retention of properties vrith age.-
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Consistency of propertics at temperatures between 10000. and -4000.
- Lack of creep.

The materials Poly-iso-butolen4, Pol5-vinyl-chloride, Polythene,
Nylon -fabric or a solution of Poly-vinyl-acetato are considered to have
suitable properties though the prcblen of fatigue has not been fully
investigatad (see poaa 4.3).

2.2 'Elcctrical insulation

1.3 the high insulating property of these plastics provides no
leakage for an electric charge ;,hich n,:y bo induced care should be taken
to see that nall prts are earthed.

2.3 'ield~d Construction

The drmping capacity of a tubular specimen of spot-welded con-
struction, similar- in other respects to that sho.n in Pig. 10 was
measured and found. to be approximately 80% greater than- that of rivotc
construction.

The use of Redui welding (i. e. insertion-of thermo-plastic between
the plates at the joint and fusion by means of heat and pressure) in
place of bolts in lamiated boam 1 (para-.4) has reduced the damping
capacit'y b

2.4 -Pressure Sealing Compound

of The influer.ce of premiure sealing Oompoun& applied to the exterior
of bea.m 1 was to increase the damping 25(0/a.

3 Tubular Test

3.1 Description of Test on Tibular Specimeins

Tbuldar apecimensi approximately 5.5 in- diam. and 5 ft. long,
were made of 22 s.w.g. dural sheets ibh seams riveted or spot welded
wiah t no n in. apart, - in. pitch along circumferential seams and

~-{mpit~al~g longitudinal seam (Fjgj0)_.

The tube was sitply supported across a horizontal diameter at each
end on ball bearings to give minimu Tiction at the supports.

The specimen was vlbraterl in its fundwiental mode by attaching a
linear vibrator as shown in photographr: the out of balance being
adjustable 'in steps. The rbsonanoe fequepcy Was qontxbiled by adding-
lead eights at the ceitre of the ' tube ;r

The naximumi static stress in deflected position in the specimensj Vas about b ib./sq.i-h_ and the internaI damping In the material was

4 gligibaeac- '4

K 'The a apliiudea at the ptre of the specimen were measured Arth an
e I.A. r eddy cuirent, pick rup;1 w ith associated cirduits defledoing the

beam of a cathode ray tube, and the resonance curve of amplitude against
requendy was plotted, as shown in Fig; ii, The damping capacity vasA obtainedby graphical means and denoted, as dimensionless coefficient

I . . -?
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Ia~cpaciy .famping coefficient tit!(g
C1\rtical value of -coefficient 24

whore AN (tB in Fig.l) is the frequency spmead at an, amplitude I/2
of that at resontnce and N is the frequency at resonare.

Values imre also obtained from amplitudes measured at resonance
and woro denoted

1 PO
Damping capacity /a (1) = In

2A

where m is the equivalent mass at the centrb.
Pc the applied harmonic force.

x t the naximum amplitude at the point of applice ion of theI ~force.
W., the frequency at maximum ampl tude.

3.3 Note on Units

* =Damping c~ptrity rolative damping X 2 Z

logarithmic decrement k.

3.4. Result3

A curve repzosenting the &emsing of a riveted tubular specimen at
frequencies between 14.2 c.p.a. and 40 c.p.s. is showM in Fig.2. At the
low frequencies it -as possibi. tc bake readings at amplitudes between
0. O5 ad 0.,006 n; the damping was indepe ndeut of amplitude. A
similar curve for a tubular specimen ith t 0.006 in. thick coat of
Pyol-iso-buteleno painted on the joints before assembling, shows that,
by this mans, the namping can be increased bet-ieen 100 and 1901 when
She litude" is 0.0025 ins, and a Teater amount when the plitude
is 0.006in. With an insert of 0.006 in. thick poly-vinyl-chloride
the ds i as raised Yoay 7 .

F or- a-given excitation, the erlitudo at resonance viill be inversely
proportional to the dasaping.-

The damping of a Bostik insert is also given in Fig. 2, but bove
30 o.p.S. the results were inconsistent and it is thought that they
could not be repeated with Certainty on account of fatige and recbvery
effects..

4 Tets on Larinatod Becam- I

been tested in a laminated beam made of two steel strips 40 in. x 3 in.
xK 15 s.w.g., held together by equally spaced 6 B.A. bolts tightened to
a Inorn torque..

This 'beam was susperAed flexibly at the nodes and excited in the
fundamntal mode by a linear vertical vibrator placed, at one end.

I6



Riesonanc curveus tnr. obtained from the tmm.litudes at the vibrator
which ..-au toratohcd directly on to waned paper.

oThe result's of theactosata ae Liven In Table I and indicated that

4.-1 lAmtedBeta 1. with P.I.B.- Inseort

By using a solid& bx n M-, has boon esktLWha the internal
dcmping of the mete). and the externAl &nx,nng of cho air, supports n
attachments rmaks C'0 0.0015; talcing this. into ac6ount it will1 be

soon that the P.I.3; insert irncreastsa the daqping beyond ftht -of the
fltal-te-)a tra boomsr about 2&OC% f~or an insert 0.003 in. thick and about
-400% when ±it is 0.003 in. thick.

Sine there in :a xl variation in amiping w;ith amplitude other
measuraments on, thiis beam were take.n rAt ap )roximnaly the samem nxm
amplitude.

4.2 Viriation__of Danping or P.I.B. Insemr wth T-nmerature

The vriation 4n dwiping with teitara has boen measured botween
-25090. and 2500.: the workc at lowe.r tiacratures teing done in a-cold
chamber.

A lower termperatures the stiffness of P. I. B. increases which is
shown by the rise in resonane frequency: %nd In this region the
dpnoint caxpacity is reduced. The remaxining properties of the mraterial
are not affected by reduction to0 -h00-0. and on kexnto normal temper-_

aturos recovery is complete.-

4.3, Fatigue Test

There was no change. in the da mp ing_ propertiec- of Poly-iso-butelene
Vafter continuous vibration- in Bean I for 5 sou rsa hnich- gave 264,,000

es~tss in'Laninated- com.1_

Beam 1 wias xoplae _1 by bean 2, which consisted of two duae) sheets,
-one -26- intX 3-in. -xa iW.u. 3 the ete 26 in, x 3mi. x 10 s.w~g.
belte4l together with- 23 6 B.A. bolts, to obtain siler pressure on the

inetsa hat obTied 'with riveted jointz. Table 11 gives the

rerults of tsting a number of materialzs in, this beama while -it was
&vibrated in its scond naturca o. (t. vithi three nodes) suspended

flekibly at its outer nodles. InFig.-5 is- Plotted the aming, capacity
d, am;da 6fmaterials o-f vrious thicknezses which showsa a-general

#Odny t inrease with thickhess for thiceesses above 0,010 ins.

Assuraing an equivalent cress-section and obtaining th0aiso
curvature fot the central sections of the beam from the amlitudes
bap6u-ed-at sever;U, points, -the maxtm travel a -t the faces of an insert

-i -6 in.X005Jns.h Thethe- -this-causes.-
slip sha tainA or bothl is not known, but where the thickness of
inaer~T aoeh the a=e brder of magnitvds as t~he relative movement
between plates4,the aampin ieas sharply. particularly. fot, the
thertc-plasticst TJ~h comparatively high dmping of the two adhesives,-
Oullobond I1055 and ?iJ 'iso-buteliene is- thought to be due to penetration,
axowind~the bolts.. Tho 4aping properties of theprpnastids are t

take tis into account when comain their properties.

7 -
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6 Stiffn;ss and Strength of Jointa vilth Inserts

A.ploying the specimilen show ia Fig. I, static tnsilU tests Ore
jnad on riveted speci-mans -ith and without inserts to determine the

stiffiezs and' snth. Sena typical results of these tests, are
P_ in rig.8, the difference in stiffness with and witheut inserts is~neg! ibl,;.

I[ 1.Attcipts to mo sure the hysteresis lozs %with this specimen were
inconsistent and are not quoted: but inconsistency may be due to its
being dependent on the rate of loading which was not closely controlled,

7 Pressure-cabin Soalinja Ccdmounds

The incro2ta in daimping capacity duo to external application of a
pressure carbin sealing copound "Solufix 10" is shown at the bottom of
tablo I to be it6S.

8 Redux Ut¢lding

A beam of type 1, in 'which the layrs were not bolted but wolded
with Redu. was found to have a daming capacity 0.002 4hic h is - that
of the sc=,e bean bolted together. The dwming capacity of bech II
was smil.,r to boan I Yzith no insert.

9 Conclusion

These investigations show that by means of an insert of Poly-iso-
butelene betieen 0.006 a=1 0.008 in. thick, it is possible to increase
the danring of a riveted structure. For vibration at a frequency of
36 c.p.s. the dapiiig ir.reased by 200% for a maxianwi dynamic stress
in the test specimen of 70 lb. per sq.in. For stresses higher than
this' value but within the elastic stress range of the structure a
larger, increase in damping may reasonably be expected.

10 -Reconendations for Future Work

The damping of aircraft quoted in Table III is greater than that of
the tubes becauso the specimen did mot represent the secondary structure
and equipment of- wa aircraft,

-It is reconended therefore that further tests be carried out on a
representative part of an aircraft structure (e.g. tail plane assembly)
#-poratin~g- the appropriate insert at the joints,.

J T 7provoments would be obtained in the tubular test specimens by! constraining outer ring of the ball race in vertical direction and 1by

making the diameters at the two ehds of the specimen equal through a
mor-B s'.j-etrical arrangement of the diameters of the component sections.
The present arrangement introduces a slight I pi i movement of
the lead weiglts- introducing Coupllng i n the modes of vibration. and ,'

slight errors"in estimation of irmut energies at certain frequencies.

. .sof Iot= in place of rivets and it is suggested that in future,,
m materia6 should , be tested pravisiorally in riveted beems.

it rwy -also be concluded from Table III that where rivets are used,-
adhesives are nor offective in daping than sheets, partly on account
of their--abi-Iy to penetrate further.
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Appendix I

The Effect of Interface-pressure on Damping

Before proceeding with the above tests on dUmping in laminated
beams, it ras necessary to obtain some indication of the variation in
dampinz tith change of interface pressure at the points of contact of
two surtacs.

The technique cmployed wa.; that of measuring the applied force ard
amplitude at resonance of a beam made of t-ro strips, (described in
para.4) bolted together to known torque loadings -4th the aid of a
spring-loaded spanner.

The curves obtained are shown in Tig. 9 for a chamois insert and
for a mzet1-to-metal beam.. Both curves indicate that when the torque
exceeds 1.O in;lb. the damping is nearly constant.

No attempt has been made to lmke use of thD friction damping near
the peak of the curve, as it would be complicated by its dependence
upon factors Twhicha arc difficult to -ontrol such as surface finish and
humidity.

The change of resonance frequency -which is thu result of changes in
stiffness and damping is also shovm raphically.-

10"
-10
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hpPendix II

ramping of Spot-welded Tube

In order to campare the damping of spot-;elded r'ith riveted
construction, a tubular specimen wras built similar to that described in
paragraph 2, but vith spot-welds replacing the rivets and tested under
identical conditions.

From Aig.2, it will be seen that the damping of the specimen
tested wa. 8W5 greater than the rivoted specimen.

It has been suggested that, where spot volding is used, internal
friction may originate at the boundary of the nugget where brittle
cast metal is in contact vith rolled sheet.

V

I

11 -
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Table I

Laminated Beam I

Thickness Frequency Dam ing coefficient
Insert in.xl0-3  . Oritical value of'coefficient(Graphical)

None - 13.5 - 0.008

Oemntex - 19.0 0.014

Grease 8 16.3 0.014

Leather 94 26.7 0.015

Canvass 47 22.2 0.021

Ply vood 60 25.0 0.022

Insulation tape 22 17.1 0.029

Plasticeno 42 20.1 0.032

Durolac - 13.9 0.035

Bostik 31 17.7 0.037 - O.043

% Dural , 15 17.0 0.059

Felt 78 19.6 0.078

Poly-iso-butelene 8 15.1 0.060

Redux weld in place 0.00o
of bolts

Pressure sealing
compound. 0.028

Solufix 10.

(Applied externally)

gI

H -t

-12

I
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Table III

Ccmparative Values of Dmanping Capaci v

Item Frequency Damping coefficient
o.p.s. Critical value of coefficient

Bolted Riveted

Beim 2 - No insert 36 0.00078 0.008
P.I.B. insert 33.3 0.028
P.V.C. insert 37 0.03 0.012

Tube - No insert 36 0.0032
P.I.B. insert 36 0.0094
P.V.C. insert 36 0.0053

Aircraft - Hetal 36 0.018 - 0.03
Bonded -wood 36 about 0.035
construction

Table IV

Laminated Beam 2

Effect of Interface Pressure on Damaig

ei- Thick- Torque in .Amp.' I Damping co efficientI eight Spanner Freq. at D-ness Critical value of coefficientin. x 10 in. -ibs. Vibrator

Chamois 0.028 18 0.54 43 0.052
0. 82 79 0.029
1.0 79 0.029
1.22 83 0.027

None - - 0.26 29.3 100 0.0226
0.54 30.2 83 0.0272
0.82 32.0 210 0.0107
1.04 36.0 227 0.010

t. . -

I3F
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