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{; ;‘ Information on the effect of pressure cabin secaling and the .
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} A - called for in service and recomsonds four svitabls materials for
. : ;; S _ further tusts. . .
: il N
: g -
. g "The apparstus used to campare the dawping of inserts male Yrom
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Further Dovelopments! ... |
Specimens with Poly=~isc-butelenc should be given extengive fabigue
tests and il setisfactory a trial of this form of construction should be
“pinde in the -consiruction of a separate teil plans unit or similar part
of on aircralt,.
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I - Intrcduction

The work on dsmping described here hua been undertaken as a result
of the conclusicns reached by previous inves‘bigators(l) and suggestions

. made by S/LAx, W.Fiszdon for the introduction of artificisl damping

into airverzft structures. .

Previously, howewor, it had been_s{:s):teq. by Walker(z) that the
demping -cipscity of an adreraft struacture wos twenty or more times thab
of the constituent materisl, due tc friction at joints and other effects..

4s little is knovm of 4he behaviour dwring rubbing et the Joints of
cemponents used. in aiveraft struchures comparative measurements of
dsmping have beon-carried out on laminated beems.

2 Discussion of Joints in Adrcraft Structures

Ror o beam Tormed of iwo horizontsl strips and subjected o forced
vibration so that it bends in the verticel plane, the smount of slip
st the interfaces decrcases with increasing peessure, but the energy
dissipated by friction reaches a maximum value at scme intermediatbe
phessure between the two Limiting conditions of no slip and zero pressure.
This is deald with more fully in the.appendix, where it is demonstrated
that small varictions in rivet=pressure thot would be expected batween
specimens b the lap joinbs of sn aiveraft produce negligible chenges in
demping, and for this reason no great error is likely to have been
:i:n‘krodixged. by drawing conclusions from single test specimens of the
vexious types..

2.1 Choive of ‘Inscrﬁ

I% has been found possible to increase the demping of leminated

_ beais by the use of inscrts of meterisls with high internal demping,. such

o5 fobrics, rubbers, cements, sealing compounds and adhesives, Values
of the demping capacity for various mabericls are given in Tebles Iy, II
and IIT ond some of these materiols have been selected for further tests
in tebulox specimens. (Figil0) keken to represont & monccogue aircraft
structure. : .

_Fxeminntion of & nudber of aircraft xriveted joints of which typical
crosgesections are shown in Figs. 11 and 12, reveals the existence of
geps which in o metal-to-metel lap joint (Pig.ll) vary from 0.0 to
0.006-in o in e joint sesled vith.compound (Fig.12); from 0,007 to
0.03 in. . The inseris recommended. ore sheets less than 0,006 in. thick

,of Pcly-iso=butelent,. Poly=vinylschloride;, Polythene or Nylon fabric or
& golution off Poly-vinyl-acctate; S B .

. The choice of a material for inserting in the skin joints of a wing
and: fusclage is governed Ly the following propertics:

~ Resistance to fatigue, . .
:; Lack of hygroscopy? 7

ATt e M e ¥ ey -
B G A PER T RTRNCK ¥ M RIS ES AR L N AT -

Resistance to.corrdrion:

Freedom fror atback from organic matier,.

Retentifon’ of propertics with age. 7
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{
* : Consistency of propertics at tamperatures between 10000, and -40°C.
§ “Luck of croep. 7
~ The nnk emals Poly=-iso-butelone, Poly-vinyl-chloride, Polythene,.
Wylon fobric -or n solution of Poly-vinyl-tcetate cxe considered to have
suitoble properties though the preblen of fatigue haa not been fully .
investigated (sce pora. L. 3). &?

2,2 Electrical Inst}l&ﬁ:.on

-

. ks the high insulating property of these plasbics provides no
. leckage for oh clectric charge which moy be induced care should be token
{o see that &1l pards ore earthed.

b 2,3 wWelded Construction

The dewping capacity of o tubular specimen of spot—welded con-
struetion, similor in other respects to that shown in Fig. 10 was
neasured wnd found to bo approxmataly 80% gremter than that of riveted
-gons f;ruct:.on.

The use of Redux welding (i.e. insertion.of thermo-plastic between
the plates ot the joint ond fusion by mesns of heat and pressure) in
place -of bolts in 1am.1mted beem 1 (parz.k) has reduced the damping
“-cupacity by 755,

3
i
‘ g 7 2.4 ‘Pres ssure Sealim: Gompound -
s ‘ g - The inflvence of presyure sealing compound appl:.ed. to the exterior
i‘ % - of beam ¥ was to ircrease the daxrpa.ng ?50}6. e
/ i 3 Tubular Test Spec:.mens
S & i B ) - H .o
5 i’ B A} Descrmi;xon of Test on "‘ub\ilaz't Specim’ens
i v

4

Tubular Dyec:uneno, anpro,c:.me.uely 5 5 inze Glam. 2nd 5 L4, long,
wegpe made of 22 SeWefe dura’l. sheets with seams riveted or spot welded
wﬁ;h twe xuns % in. apert, £ in, pitch along clrcwnierentml seams and
% in, piten along 1ong1tu<hna1 seams' (Pig.10). ,

- The {fube was simply supported .across a hor:.zortal diemeter at each
end on ball beara.ng" to g:.ve minimum friction at the .support

The specimen was w.bratcﬂ in its fundamiental mode by a’ctach:mg a
lineaxr vibrator as shown in photogra]fh the out of balance being
a.dausta.‘ole in steps. The resonance trequency was controlled by adding:
lead wc:z.ghtg &t the cenitre of the” 'kube.

1he maimum static stress in. deflec‘bﬂd. posrb:.on in the specimens
was. gbout 80 1b, /sq ih.. and the 3.nternal damp:_ng in the material was

=! i _obtained. by gmp}ucal means and denoted as . a:menso.onluss coefficient 4

Tarn N - _o- T - - - .
s sl _ R - . . ) - R - S e

H ‘ :
} o5 - neglzgn.’ble.— ) o & ’ .
- T —“t s e B fﬁssurﬂme ‘Sﬁ”’ Bé?h‘ﬁi‘ﬁg“@éﬁé&i%&l“’ T e e e e "“E“"f’ T
i ! gf . . The arrqwh%udes at 'Lhe ?%Sxtre of the sﬁecmen were peasured with an
L3 R L E eddy cu:crent p:.ck—-up with asscociated circuits deﬂec“b:mg the ‘

'y ’beam Gf & cathode ray ‘tube,. and the resonance curve of ampl:v:t;ueﬂ aga:.nst K

% freg_uency was plotted; as shown in rzg. L. The dsmping capacity was
! 1
H
i

-
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) Domping cocfficient an
Damping capaci‘by(z g oo < '») C/cc (g) =— »

Criticsl velue of coefficient N

where AN (AB in Fig.l) iz the froquency spread at an smplitude 1/\/2
of that ut regonance and N is the freguency at resonernce,

¥Volues were olso obtained from amplitudes moosured at rescnance

%' ond wore denofed
; nsmpmg capeeity C/Cc (&) —to 2o
! ' 2m W2 %,
é - )
| whers 1w is the equivalent mess ab the centro,
i
Pc the applied hanmonic forca,
X, ‘the waximum smplitude at the point of applice’ion of the
force. T )
y ﬁf:.z the frequency at moximum smplitude.-
¥o=
;\ﬁ : 3.3 Note on Units
i - T ’ : - %
f%’ < Domping cupesity = xelabive domping X 2R -
tiﬁ‘ N - 7 E ) > s LA
i = logarithmic decrement 4w, £- i
i * B
: " 3.4 Regulty
%; & cwrve representing the dumping of a riveted fwbular specimen at
bR frequenciss between 2k c.p.g. and 40 ¢ip.s. is showm in.¥lg.2, A% the
£ low frequencies it wos possible te teke yendings at_amplitudes between
L 0.0025 and 0,006 in; the dsmping was independent of amplitude, A
3 similer-enrve for & tubuler specimen with & 0,006 in. thick coat of
by poly-isc-bubelene painted on the joints before assenbling, shows that,
5 by this means, the damping can be inercased between 1C0 end 1507 when
hE I the amplitude Is 0,0025 ins. and a grenter amount when the amplitude
3 .. 8 0,006 in, With an insert of 0,006 in. thick poly=vinyl-chloride
; . - the damping was roised uniformly 70k,
: . For a given exci;ba-if;ibn,. “the emplitude et resonance will be inversely
. proportional %o -the damping. S ] '
) The dorping of a Bostik insert is also given in Tig,. 2,. bu'i; sbove
30 Ogp.se. the results were inconsistent end it is thought that they
could not be repeated with certainty on accownt of fatigue and recovery
s effects, - ) ; : - i
3 J © & - Pests on Tieminated Beam 1 -
= ) N ~ “,*: ?n-ﬂ—r.rﬂ T - : ) )
S S wrem B0 L104. ho anost effeokive. damning.matoni al,..d3 ffarent insents.have. . -

been fosted in o Laminated bean.made of two steel strips 4O in, x 3 in,
% 15 s5,W,8. held “ogether by equally spaced 6 BiA, bolts bightencd to

.- & knowm forgue..

‘E‘H}S boan f-vqs’suspénded Flexibly at the nodes and exciied in the .
fundamental mode by a linear Verticel vibrator pluded at one end,

: .. 6 <. ) ) e

.-
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ROSOnMCs curves worse cbboined frenm the emplituden ot the vibrater
vhich woxe zcm‘bohea diractly on Yo wxed papox,

The rezsul ts of theae testa sre given In Tohlo I end indicated thot
Bogtik ¢ mnd Poly—i*zc—abutc-lonc wore suitable for further tosting.

L1 Lanincbed Betn 1 wrth P I.B:, ;n;crt ’

By using & solid bean 54 hao boen est!muted that the internsl |
derping of the petsl and the m:"wrml derodng of che air, supports ond

abtachnents mkes O/Cq = 0.0015; tuking thiz into actount it will be
geon that the P.L.Bs inserd ircreasus the darping beyond ithni -of the

motal=to~natal beams about 2007 fox an ingsert 0,003 in. thick and about
%4003 when it is 0,008 in. thick,

Since there iz w suell veriation in dwmping vith emplitude other
measuranents on this beon were taken at approxinotely the same noccinum
applitudes .

L.2 Vari,,.tion ol D:.nm.n;z of 2.3, B In'-er m‘.’i*h Temnei‘ature

The variation in dmap wing with temporaturs hag been nmessured belween
~26°C, ard 25°C., the ‘mzk et dower {:cmcracnrc being done in a-cold
chanber. -

At lowor tenporasures the stiffress of B.I,B, ircreases which is
shom by the rise in resonunce freqnercy. end in this region the -
db.rmlng capacity is reduced. The remoining aoropert:u;s of the material "
are not affocted by reduction to -40°C, and on reimrn to noxmal temper—
atures recovery is-cemplete.. =

k. 3 Fa‘bmuc Te*;i;

. There wos no change in the damping properia.e" of- ’Doly-n.sc—butelenc
after-conbinuous v.x.bratmon in Beam 1 for ; aoura waich gave 2611., 0o
reversals. ]

5 {"es‘&s, 1ri*'I,mninatednBem,2

Buam 1 ves mplaoku. by bean 2, yhich \,onsa.stea. of two dural sheets,
one 26 ine % 3 in. % 22 siw.g., the cther 26 in. % 3 in. x 10 Se¥We Lo

~ polfed i,ogcbher with 23 6 B.A. bolts Yo obtain similer pressuce on the

z,nsexi;s as thet obiained with riveied ;;o:mom fsble TI gives the

_ rogulits of testing a nurber of raterials in this beam while 1% was

vibrated in its second naiural mele, (!.Wt “rith three nodes) suspended
flexlbly ot its outer nedes. In Fig.5 ie plotted the damping. Capacity
of o muiber of materiels of various fhicknesses which shows a general
tondcncy 'bo incroase with 'bh:i.ckness for th.zcknesses ebove O, 010 ins,

Assurnng on cq_u:.valen'b CLess —sectmon and obteining 'i;he rad:.us of

curvaturxe for the central sections of the beam from the erplitudes t
ncesurcd. at seversl points,. the nmeosirmm i;mvel 2t the faces of an insert 3
_0:006 in,. hick hag been cubimated ob 0,005 ins,.  Whethor this. COUSER. - s =
sll‘p, ghear strain or both is not known, “ut where the thickness of ¥

" Anderd approech the some oxder of mogmitude asg ihe relative movement

betweon plodes; - the B.m'omg incresses sherply pammcul&rly for the
themo—-‘plust:.cs. The comnartzt:.va,lj high damping of the two adhegives,. -

N (,ello'bond. 1055 and. B\Jy-n.so-—buf;elcne ic thought to he due $o penetration

around’ the bolis.. The damping propertics of thcrmo—plashcs axe
depcnden% on the uze oi‘ different plas‘aa.cl 2rs end it 1s xecessary to

“teke this into nccount when cemparing their properties. .
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& atifi‘ncss and Stmng‘hh of Join‘bs \7ith JInseris

Snploying “the specm*m shovm ia Fip. 5, statie toensile tests were
nade on xiveted spceimens wwith and without inserts to determine the

N stiffriuzs and sbrengt Soene typ:.cal results of these 'bcst.,,
& givon in ®ig.8, the dzxﬁ‘cn.ncx. in stiffness with end withoub inserds is |
negligible,

Attopts do monmare the hysteresis loss with this specimen wexo
inconsistent snd sre nob quoted: but inconsiztency may be due to ifs
‘hemg dependont on the rato of loading which was not closcly controlled.

7 Pressure-cubin Saala.m: Gczanounds

The increasze in domping capecity dus to externol application of o
pregsure oobin m,ahng conpound "Solufix 10" is shown a2t the bottom of
teble I to he 186/, -

8 Reduy- ?{cldim

A bema of dype 1, inwitich the layvrs were not bolted but velded
with Redw: wos found to have n dasping capreity 0,002 phich is % that
of the stme bem bolted together,  The denping capacity of ’bem II
vas sinmilar to beanm I with no ingert.

. 9 Conclusi”on

. 7 These :mveqi;:.ga‘bmns show that by means of an ingert of Poly-iscs=
) butelene between 0,006 and 6,008 in, thick,. it is possible to increase
N the demping of a riveted giructure. For vibration at s frequency of
» ) 3 Cep.s. the darm:.n;’ n.rereaned by 2000 for & maxinum dynamic siress

in the dest specimen of 70 1b, per sq.in. For stresses higher than
$his’ value bub vithin the elastic stress range of the struchure a
Jaxger increage in danping mgy reagonsbly be expected.

10.  Recormendations Yor-Fubure Work

The demping of aircraft quoted in Table IIT is greater than that of
the tubes because the specimen did not represent the secondaxy structure
and equipment of” an ajrcrafib.

If; is recermﬂnded ‘therefore tha'b further tests be carried ocub on &
representative part of an aircraft structure (e.g. tail plane agsenbly)
<. irscrporating the appronmate insext at the Jjoints,

Improvements would be cbtained in the tubular test specimens by
constraining outer ring of the ball rece in vez-t:.cal direction and oy
making the diancters at the 'imo ends of the specimen equal through 2
mors syrmetrical axrengement of the diameters of the component séctions.
The present arrangesment introduces e slight axiel pitching movement of
“the lead m.a.ghts introducing -coupling in the modes of vibration and

% S sllghf: ervors”in estimabion of input energies at.certein fregquercies.
— C
:i%:uA U Jxl’yudlgﬁgﬁmncvybemcen Aubes-and hesme ; Ay probebly-dus-bo o

Usé -of bolt in place of riveds and it is sug,gested that in .ﬁm:re,
natema.‘l.s should be *f:ested }:).'CC«VJ-SZOILBII."’ in riveted beams..

I% m,v a.lso be concluaed from fable IIL that where rivets are used,.

 adhegives sre nore offective in damping than sheets,. partly on account
B of ‘!;hem ab:.l:.t.,r to pencivate furﬁher.
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Appendix I

Tha Effect of Interface Prossure on Damping

Bofore preceeding with the sbove tests on damping in lamineted
beams, 1t was necessary to obtain scme indicution of the vaviation in
damping with change of intexface pressure at the points of contact of
two surfuaces,

"The technique cmployed wais that of measuring the applied force and
amplitude at xesonance of a bowm made of two strips, (doescribed in
para.l) bolted together to known torque 1o...d:.ngs with the aid of a
spra.ng—loadua. spamer,

The curves o'btamed are shovm in BFig.9 fox o chamols insert and
for o metal-to-metel beem.. Both curves indicate that when the torque

- exceeds 1.0 in;lb. the damping is nesxly consbant.

No altempt has bheen made to mka use oif the friction demping near
the peak of the cupve, as it would be complicated by its dependence
upon factors vhich sre difficult to control such as surface Linish and
humidity.

The-change of resonance i‘reqmncy which is the result oi‘ changes in
stiffness and dampmg is al.:o shovm grapha.cally.
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Appendix IT

Tamping of Spot-welded Tube

In order to compare the damping of spot~welded with riveted
construction, a tubulax specimen was built similar to that described in
paragraph 2, but with spot-welds replacing the rivets and tested under ,
identical conditions. ,

From ¥ig.2, it will be scen that the domping of the specimen
tested was 805 greater then the riveted specimen.

It has been sugpesicd that, where spot welding is used, internal
Priction mey originate at the boundary of the nuggeb where brittle
cast metal is in contact with rolled sheet.
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Lominated Beam T

Damping coefficicnt

Insert T::fﬁgf% Frztl;?;cy Critical value of coefficient
. (Graphical)

Nona - 13.5 - 0,008
Cemtex - 1s5.0 0, 0Lk
Grease 8 16.3 0,01
Teather ol 26,7 0,015
G;mvass 57 22,2 0,021
Plywood 60 25.0 0,022
Insulation tape 22 17.1 0,029
Plasticenc 42 (20. 1 0.032
Durolec - 13.9 0.035
Bostik 31 17.7 , 0,037 - 0.0:3
Tural 8 15 17.0 0.059
‘I"eli; 78 19.6 0,078
Poly-iso-butclene 8 15.1 0,060
Reggxbgﬂ.g in plece 0.002
Pressure gealing

Sorngin 10, 0.028

{Applicd. e:gtez‘nauy) ,
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Cemparative Values of Damping Capoacity
i Ttem Frequency ) .Dalnplng coefficient
| C.p.Se Critical. value of coefficient
Bolted Riveted
Beam 2 - No insert 36 .0.0078 0,008
P.I.B. insert 33.3 0,028
P.V.C, insert 37 0.03 0,012
Tube -~ No inserd 36 0.C052
P,I.B. insert 36 0: 0094
P.V.C. insert 36 0. 0053
ircraft = Metal 36 0,018 - 0.0%
Bonded wood 36 about 0,035
construction
’ TFzble IV
La.minateq Beam 2
Effect of Interface Pressure on Damping
T apete W,'j.‘or(vlué in Am . y fioio !
|Weight ;2;3« Spanner Freq. e.‘}t); prpT AD?npz.;-xg co:;f‘f‘:.c;:?t‘ t;
Inser-{; 1‘bs' 1n‘x10 _5 —in, -:'Ibs. Vibrator ritical value ol coeiiicien ’
Chemois| 0,028 | 18 0.5 13 0.052 ;
0.82 79 0,029 i
1.0 79 0.029
1,22 83 0.027
Hone - - 0,26 29.3 100 0.0226
0.5 30,2 83 0.0272
0.82 32,0 210 0.0107
1.0 36.0 227 0, 010
4 . f
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SECTION: Structural Theory and Analysis Mathods (2) S.M.E. 3382
CROSS OERNENCES Structures - Damping (90863)
whAEoN

%%g!m&)
AP A puggested mathod of increasing the damping of aircraft struectures

FOCON. TME:
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TRANSATION:

INT (] ‘N, 3 DA AGES . FEATUES
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NDSTRNAGY

An investigation was tado to dotermine r3ans of inercacing dowping in joints of a
otrustwre sinilar ¢o a rivoted struoturc by ucoc of plastic ingerts in joimts. Apparatus
usod to oocaparo damping of insorts cade froo difforont ratorials 4o doseribod. Effoot
of thioknoss of insorts on damping tas studicd and varigtions of danping with torparature
uere obtaincd botceen -25C and $259C for raterial poly-igotutolono. Invegtigatioa chovcd
that an incord of poly-iso-btutolone increnscd damping of vivoted otructurco.
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