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SUMMARY

Sorho rubber tension pafs glued wath Bostak adhesive have been
developed for loading sircraft couwponents during static and fofigue
strength tests., The glueing techmique, detazl tests oand prlot test orn
a typic:l coupeonent are descrabed. a safle worlang stress for turs type
cf pad 1s suggested. sn account is given of scme component coproval
tests an which tension pads werse vsed.
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1 Introduction

Tension peds nave been used successfully for a mmber of years on
major strength tests of earcrsf® componeats in the U.S,4. 1 and Australia®
Eech pad consists of a layer of soft rubber glued to a loading plete on the
one side snd to the metal covered surface of the test specimen on the other.
the requured tension load is spplied to the loadang plate and so to the
specime.l, The use of tension pads avords the drilling of holes througn
the specimen for losdang attachments ond mskes 1t easier to represent
accurately the distributnon of the asrodynamic loads, particularly the
external suctions.

Tenson pais have only recently come inSo use in thns country and this
note records some experimentsl work using types of rubber end adbesive
woich were readily averlable for preliminary trials of the mechods  The
tension pads so doveloped have been found to be swmteble for o working
stress of 10 pounds per square inch (poser.) of pad area ond have shown
a high degree of reliabilaty in the tests so ¥er made with them,

Detanl development tests and component tests usang these tension
pads are briefl; descrzbed,

2 Devell Levelorme1t Tests

2.1 The majoraty of the development tests were made on rubber pads glued
between two loading plates, The frrst objective was to develop a glueing
tecmzquz ehich would exploit the full strength of the rubber that had been
chosen., ‘'he seend was to establish a safe working stress for the peds
which would eqsure a reserve factor of sbout 3 on the fauling loads of the
pads.

2 2 The final glueing techmque and the materials used are described in
Appendix I and a specimen test pad is shown in Fig, 1.  Specamens were
tested 1n tension snd also in combined tension and shear,  An aversge
foaling stress in tension of 45 p.s.1. was cbtaned and on the results of
these tests o working stress of 10 p.s.1, was chosen,  Other specimens
vere subjected to repeated spplicat.ons of stresses of this order ani to
sustarned loading at simlar levels. It was found that 48 hours
cpplicativn or loads gving stresses 1 the rubber pad of 6 to 10 p.s.1.
reduced the average temsile strength in a subseguent test to 32 p.s.z1.
Four pads have sustained loads of 5, 7, 9 and 11 pss.1s for more than

3 weeks,

2.3 The pcssible effects of the skn of a test specimen buckling while
under load were also investigated, Pads were glued to sheet-stringer
panels vhich were “hen buckled by loading in camressloi. The pacs were
subsequently pulied off the buckled pmels and 1t was found that buckling
seriocuwsly weskened the adhesion of the pads, For example, one pad failed
at 15 Pesele campared with 39 to 54 pes.i. for pads tested between flat
plates,

2,4 The full results are gaven in Appendax 1I,

3 Test of a Typicel Conponent

3.1 Pumose of the eweriment

An old tsilplme was used for a pilot test to find the effect of
loading a mmber of pads together under representative conditions. The
toilplane had a semi-spen of 122 1nches and a root chord of 42 inches,
1t was of two spar sheet stringer construction with mbs at 12 inch pitch,
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The sldn was 24 ST alloy (0,025 inch thick with stringers et 5 inch pitch,
Buckiing of the skin might therefore be expected at about 1,000 p,.s.i.
which correusponds to 5% of the msan stress at %he woot ab failure.

%.2 Test Conditions

The specimen was set el 10° dihedral and 5° i1ncadence end loaded
downwards. This insruduced a shaar component and also lett the weight of
the loading rig on the pads during the rigging period, There were 18
loading points, two on each b, snd the rig was arrenged for equal loads to
be sgpplied through the peds at a working stress of 10,5 p.s.i. at the
estamated failing losd of the twmlplane,

3.3 Preparation of Specimen

The glueing technique was as described in Appendix I except that one
loeding plake was glued to each ped as a preliminary cperation before
glueing the ped to the tailpleme, The taliplene was cleaned and the
pad pogitions were merked with a s%ec:L.al point recommended by Convar *.
The pads were glued darectly over 2/32 inch mushroom headed rivets aad lap
joints, but to level the swrface over the inspection panel screws an § inch
thick solid rubber sheet vith holes to clear the rerews was glued on farst,
A coating of glue was put eround the sides of the pads and a 50 1b
campression loed was gpplied to eacn ped for 24 hours. After one week
the pads were loaded .ndividually to the mexaomwm working loed and
showed -0 signs of failuare,

35)4‘ The Test

The taulplene was rigged for tegt as shown in Fig. 2. The estimated
failing loed of 6,800 1b was spplied in 10 increments et 10 winute intervais.
At 506 losd the front root pod started to peel awey from the skin due to the
local buckling of the skin,

The teallplane was unlosded and another pad was glued on, The teat
was resumed 4 days later and ro further troubles dewveloped. Failure of
tailplene occurred sh 95, Fagures (3) ard (4) ave photogrsphs of the
failure and they indicate the deep buckl.ng of the coaupression surface.

After the tailplane test the pads were pulled off indisadually. To
maintoun skin buckling during this operation load was spplied &b the tip
to produce a root bending moment of bout 600 of the failing bending
mement, The failing stress of the pads varied from 18 p.s.1., on the
front root pad to 40 p.sei, at the tip where there were no buckles.

The average wses 29 p.sel. Rivets fealed under eirght of the pads and
caused deep budkling of the slon and partial glue feilures of the pads.
The only complete glue feailure was also assoaated with rivet failures
and was st the front oot ped,

L Canponent awprovel tests usine tension pads

Immediately following the pilot test described an para. 3, tension pads
were used during spprovel tests on the wangs and tail-umt of a large
enrcraft, No specicl precautions were taken, exccpt bthat some of the
loading plotes near the leading edpge were formed to fit the contour. The
staff employed on the sttachment of the pads hed 1ittle previous experience

® 16 gm Bthyl Celluwlose, 32 m.1l, Ethyl Alcohol,
250 m.), Methyl Exhyl Ketone, 48 m,l, Phosphoric Acid 854
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of glueing techniques, Approxmately 600 pads were used of which nearly
200 were ased on the tail-wut components, Two pads oaly peeled off

the specamer during the individual test to which each pad was subjected
prior vo the Souponent test,

In the tail unit tests, i.e. tazlplene, elevator, and fan and rudder,
the pads were working st various stresses up Lo 134 pes.i. There were no
failures of the pads.

In the wang tests the most highly loaded pads were stressed to 10 p.s.l.
No troubles were encountered with the pads during the initisl tests, but
leakage of water tnrough rivet holes ete, when pressurs was spplied to an
integral tarnk caused two peds t¢ detach themselves from the specimen. as
a precaution the working stress of the pads was restricted to 7 p.s.z.
end all pads operating ot higher stresses were bolted to the structure,

After the structural tests and after berng glued to the specimens
for sbout 8 months the ul+timate strength of each pad on the terl-unit
canponents was determined, Fig, 5 mves the results 1. the fom of a
histogram, Five pais indicated by cross hatcling were adjacent to the
creéagse 1n the simin which was formed by the compressive falure of the
ta lplene, It is thought thet their strengths were lowercd as a
consequence; 1t 1s reqasonsble to ignore their low values and to conclude
thst the mejority of the peds had a post-test strength greater then
30 ps,s.is but one or two pads bad a post-test strength of little mcre
than 10 pescae.

5 Conclusions

Tension pads at a mexamum working stress of 10 pounds per square inch
(pesSei,) have beca shown to be a relisble means of spplying static loads to
aircroft components, Prelimnery tests andicate that they should also be
satisfactory for fatrgue tests up to 25,000 cycles of O to 10 pess1, DPetail
tests dhowed that the pressure during the setting of the glue should not be
less than 1% pe.s.l. for 24 hours, and, if possible, a week should elapss
between the glueing and the loading of the specimen. It 1s advisable to
test each pad indawvadually to rts maxmmum working load prior to tne test.

Loeal buckuing of the skin 1s a serious factor in reducing the
adhegion of a pad, and water has been shown to reduce the strength of
the glue,

6 Future Developments

Tests are proceeding to find an adhesive which can withstand the
effects of water ard which can be convemently used under test laboratory
conditions, There is also a necessity for a rubber-glue combinstion
swmtoble for higher working stresses than 10 p.s.i., and an 1nvestigation
of epoxy resians for thig purpose is in hand,
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APPSNDIX T

Tre Method of Bonding Sorbeo Rublber Tension FPads to
the Loading I'lates

1 The tension pads wre made of Sorbo rubker, R,18, of 18 1b/f"t;3
density. The rubber was cut in é inch squaves from 1 inch thick sheervs,
and the sides were hollowed as shown in Fig, 1. The sides were =0
shaped to reduce the load at ths edges, and this helped to prevent
peeling when noxmal load was gpplied to the pad, The shaping was

made wrth a wire scratch brushing wheel.

2 The plates were made of 3 inch thick light elloy and were made

64+ 1nch square to allow for the superficial expansion of the rubber
cansed by the pressure wiic was goplaied during the glue setting period,
Two angles, attached by countersunk b lts tc one side of the plate,
provided the loading attachment to the tension pad.

3 Cleering, The plates were degressed and roughened with No, 1%
mery paper, A final cleaning with Trichlorethylene was made immediately
prior to the gpplication of the pramer.

The rubber pad was roughensd slaghtly with sand pgper and then
dapped 1n 900 concentrated sulphuric scad for 3 minutes,  After this
treatment the pad was washed thoroughly with running water and then
dried 1n an air blast, This treatment broke the faces of the pad into
fine eracks and produced a satasfactory key for the glus-rubber bond,
Care wes taken to avoid the contaminstion of these surfaces during the
subsequent handlang of the pead,

L Glueing, After cleaming, the plates were coated waith Boscolite 9245
pramer, whicn hardened qurckly, The reprd eveporation of the sclvent in
this primer made it essential that o newly opened tin should be used for
each batch of gpec.mens, The plates and the rubber were coated with
Bostik %10 end after 15 minutes open assembly time they were put together
and a compression load wes spplied, The edge of the rubber was pressed
into contact with the plates where necessary,

5 The fillet, A thicdk coating of Bostak 1410 was spresd rmound the
s1des,
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APPENDIX II

Results of Uetail Tests

The specimens were 6 inches square and were tested between % inch
thick light alloy plates as in Fig, 1 and failures were in the rubber
except whers stated otherwise,

1

Sk

2
steel plates.

Tension stress at failure pes.1.

534

10 1nch square specimen tested between # 1nch thick cafmium plated

45.3

Tension stress at fallure p,s.i.

b3a5

Iy

39.2

38.6

Sae S

arerage 45

3 ;—’;inch cadmiun plated steel plate one sade; light alloy plate the
other side,
Tension stress at failure p,s.l.
52 50, 2 49 47.8 Average 50
4 Tension snd Shear
!
angle of pull o ! 40° 20° 30°
to nomal
Stress at
f£ailure W7 52,7 41,9 52,8 1.4 37,4 47.5 39.8 37.8140.3 34.9 33.5%
PrSels
hye rage 43,1 50,5 bi.7 36.2
5 Sustmned losad follced by Tension test
Stress for {
48 hours & 8 10
PaSela !
- j
Stress at ;
failure 32,5 29,3* I 34,1 26,9 29.8%  37.4
Paslil
Lverage 32

¥ Glue feilure

6

Effcct of storape timc and repested loading

N ormoanes ot heucd v et e Taedaed D s T 4dmoo

1P+ PAar o vmal Ar mnra




7

8

setting suffidient to compress the peds % inch, sbout 6 p.s.i.
8 a 20 1b weight gving about % p.s.i. was used,

i N N, Stress at Farlure
| weeks | weeks p.s.1
Tension only 2.5

46.5

Repeatal cension s} 0 49,5
and shear 0 10 45,6
loads and ageing 2 0 B3k
testa 2 1 ¥.6
L 0 52,7

b 16 54,2

6 0 46,0

6 18 S50k

8 0 5,0

8 20 46,0

Effect of D

2lay between Acid

Treatment and Glueing

Delay weeks 1 3
Tengion streas at ,
faluwre P-S.i. I }+0.6 6‘1.5 )_,_6'6

iftect

of Iigh’ exr Pressure Duling Sctding

Clamps used 1n tests 1 4o 7 end 9 and 10 applied a pressure during

Test condition
Tension

Tension and shesar
30° aagle of pull

Tension after 10
gpplications of 12 PeBels

Ag szbove but stor=d

8 wecks between repeated
lozd and final test

Teraicon after 48 hours
at 10 i soit

¥ Qlue failure

For test

Stress p.S.ls

9.

J+9.1 *

43, 3%

L3e 7

/T4BLE



g Effect of Short Clamping Tiume and of Loal Representing the Wenght
of the loszdine System Suspended fram the Pad during Riggirg

Clanping Endurance under Test Stress af
time 40 1b load Condi tions Failure
hours weeks PeSels

29 1 Tension and L3, 2
shear 30° engle
{ of pull |
H | t
29 2 Ternsion 5h.2
29 2 " by, 8
15 2 it M
15 2 " 50
15 2 " 38.6

10 Effeot of Short Curing Time

Curng tine 1 £ | 2 7 7
days
Tension stress| #* [37.2 39,2 33 42,2
a. fanlure
P Ea i.

* Partial glue fa lure

11 Effect of Puckling of Skin under tile Pads

The pnds were glued to a sheet stringer panel, The panel was tested
in compression to farlure and the pads were then tested in tension,

Tension stress at failure p. el
42 KO L0 29 27% 45
* Glue farlure

The pad which faled at 15% p.s.1. was over a deep buckle, There
were malier buckles under the other pads,

12 Fatipue Tests

Fight pads, glued between flab piates, sustained stresses of
0 to 10 pebet, teusion for0,000 cycles without failure.
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13 Sustained Joeding Tensaon

Four pads have beer. subjected to susteined losding as listed
below,

Scress 14 g 7 5
FeSe i,
Endurance| 27% O ¥ HO¥ Lleid
days
*  Unbroken

11.
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FIG.l. TENSION PAD TEST SPECIMEN.
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FiG.3. TAILPLANE FAILURE

BUCKLING UNDER FRONT ROOT PAD
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NUMBER OF PADS
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.
RUBBER FAILURE 0
V GLUE FAILURE wn
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FAILURE OF COMPONENT.
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FIG. 5. HISTOGRAM OF FAILING LOADS OF PADS PULLED FROM

ULTIMATE LOAD LB.

COMPONENTS AFTER TEST.
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