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Please receive herewith two copies of Avro Aircraft 
Projects Office Report P/Models/46, dealine with structural investigation 
of a 3% tic ratio Multi Spar Plastic Model Fin. These are for retention 
in your 5tructures Laboratory files. _. · 

The report deals with the first stage of a series of 
plastic model investigations, the progress of which we shall keep yoQ 
informed from time to time. 

The fair agreement shown in this report between deflections 
and strain distributions obtaired by analysis of an idealised structure, and 
the deflections and strain distributions of the closely repr esentative plastic 
model of the idealised structure, thoroughly justifies the use of model in­
vestigation. 

Normally, a model will represent a close appro:x:Lmation to 
an actual structure, not an idealised one; and the analytical investigation 
will be performed on a close idealisation of the actual structure. 

I feel that one of the valuable features of plastic model 
investigation, is the possibility of indicating how the structure shall be 
idealised for analytical investigition. 

Our next model tests will be on a representative structure 
of the C-105. 

If you should require further data· on the above reports, 
please do not hesitate to make the request. 
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For A~;:;i01 i raft Limited 
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r,-105 
PL/1.STIC M0DELS FIN (t / c = "3.0%) 

A.P. Senten ce 

SUWMRY 

A multi-'lleb fin structure en a foundati.on consistine of a 
portion of wing trailing edge and rei:-resenting at a reduced scalt> 
a structure previously analyzed ant1lytical)y was . tested under 
several conditions of load to determine the strain distribution 
and deflected shape. Modifications were lllb.de to the structure 
during the test period in order to study their effects. The t es t 
is discussed herein and the conclusions reached that as well as 
verification of theoretical meth ods much additi onal information 
of very great interest e&n be gained in this manner. The data 
recorded under test have been analyzed and are shown to be in 
the main in close agreement with calculated values, however, 
oeveral points possibly not dealt with particularly in a theore­
tical analysis are brought forth through observation of the 
exper i mental results. 

INTRODUCTirN 

'!'he theoretical analysis of stresses end deforma t ions in 
compl i ca t ed aeroplane structures re r resents a great deal of t ime 
consumi ng procedure. In order tc reduce t he time involved, s :i mpl:1 -
f 1cations are of necessity Made to the actual structure with of 
course a corres ponding reriuction in the accuracy of the results. 
It j s desfrabl.A therefore to check in some mann0r the degree of 
va7 id:lty of these r ""su]ts and s i nce fu]l RcaJe t0sts of struc:turaJ 
par t s and a l ternative des i gns are ,;ery C(lst] y ~nd sometimes only 
comy:1 p.tpd af t er t.hP r rot.oty-r:e is ready, the bui ] di ng of rP-nuced 
sc2Je plastic mode ] s if! onp. v·ay of renvcing t fi e difficulties, The 
re1 :inbi7 Hy of t he underJ.ying theorif's for stress ing can be chec\;ed 
and useful information extracted, such as the perfor~ance of 
dif f erent t ;7res of structures and local stress concentrat j ons, 
whi ch are not always illustrated by the ceJculations. 

The first of such tes ts had as it~rurrone the determina ti on 
of the deflected shttpe of f'in structure, the strains at selected 
points and the rotation at the root of the foundation beams making 
up t he wing base structure, under simulated aerodynamic loading 
at subs onic speed. The influence of point loads applied t1t a fr ee 
edge and at an internal point were also inv< ·stigated. Te s ting 
bei ng complr- ted for the present on this structure, the full col­
lection of experimental results are avaiJable in an other volume 
nf this report. Conwined herein c.re the finEtl rBsults and inter­
pretation of the same for the more interesting and relevant points . 

Refer ence: (a) R.T. No. 03-226 
(b) Memo datum lJth May 195.:.. 
( c) Memo J3 U5/Jl/ J - da ted 16th July 195,.. 

February/55 
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c-105 
PLASTIC MODELS FIN (t/c :::o 3.0%) 

A.P. Sentence Februar;y/55 

APPMATUS 

The structure was inVFistigated eYrorimentally by the St.ru cturvJ 
Test Department in set-ups shown pictoria]ly in ~igure] and in 
photogranhs of figures 2 ancl 3. An at.tempt was mode t.o carry on 
the experiments in an enclosed area wl::erein temperature end him:l­
d1ty were, 1f not contro1Jed, kept relatively canst.ant through any 
one test. run. 

The Model 

The mode] c,-,nsisted 0f a six ceJJ S"lept hox with six ribs 
apr:roximately ]'.'Prrend:lcu]rr to the spars and top and bottom sldns 
of tapered thickness, There was a narrow doubler on the skins :ln 
the root region. The main structural detai]s are sho~n in Flgure 4. 

An eight cell tralling edge portion of wing of a constant 
taper in the chordwise d irection only was used es b foundation 
beam. Structural details are shown ir.. Fit;ure 5, 

Both the win5 and base were manufactured of 11Xyl0n i te 11 mbterid 
(cellulose nitrate), all cementing being dcne with a mixt,ure of 
acetone and ketone. The :' in to base connection WbS m1;. de by cemPnt­
ing !:I.long the entire chc;rd length with the addition of bolts as 
shown in Figure 5 at the spar to wing beam joint positions. 

The model was tested in three conditions, these being -

(a) as originally con(:eivrd and designed. 

(b) with the add it ion of 11hettr cliaphragms in the f:i n-root 
wing intersection, ~Po Figure 8. 

(c) with V-struts inst.al]Pd on the lower 11ing surface, the 
extremities of wh i ch "lere fixed. Sre F':igure 9 for t,~rpi­
cal installRtion. 

Ins t,rumPnt.atJ on 

A1J defJl"~t:lons were r.ieesurPd v, :Jth Ames or Fecleral rlial gaugt's, 
l"ith r1unger srrjnr,s reJ11ovecl, drf1rctjonfl he:ln<s t11lren at main rib 
srar intersection roints. C'ne-hnl f fo cr and one-ouarter inch 
Nat.~ onal RP1>earch Council strain gau:;Ps ···ere mied at se1 PCted 
ros:iticns ancl rPed througb a Be1clwfo-Southark SR-4 · unH. Gauge 
arrangement on the fin ancl founclation b f.' &rn is t3 ivE1n jn Figures 
6 and 7, 
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c-105 A.P. Sentance 
PLASTIC MODELS FIH (t/c = 3.0%) 

Instrumentation (Continued) 

Root rotation was measured by means of a dial gauce which 
recorded the deflection of an arm mounted on the loiver wing sur­
face at the centre line. These are shown in Figure 3. In final 
tests the nuJ'l\her of points at which root rotation was measured 
was :Increased by anding erms at intermediate srn•rs. 

Load was apr]ied trrongh a heam bal.ance drvice acting on a 
wiff]e tree arraneement for the rl111t.ril-intAd Joads and at. e ::i:lng]e 
point for t.r.e other cases. 

' 
Accurecy 

It -as found durine the tPsts that. with rror,er care defJectkns 
couJd be retd to accuracies of .0005 inches and strdns were rf'J:iab]e 
to about 10 micro-inches under constant ambient conditions, however, 
the reaJi1ation of constant tf'mrerature and humidity was impossib]e 
under arrangements existing 1.ind in several instances values had to 
be interrreted ~ith t his in mind. The reliabi]ity of strein eaug-
ing seemed to decrease with usage and since this mode] was subjected 
to a very strenuous test prot;rt1mme sever .. l gauges were very obviously 
subject to slirrage during the later runs. 

The basis of comparison of results with the calculated values 
has been a nominal vc.lue for Young' s Modulus (E~ of .35 x 1o6 for 
Xylonite material. An actual range of .Jl7 x l\J"' to .J75 x lCF is 
indicated for various relative humidities in work done at the 
Natioi ,al Research Council. 

At present, vt1lues of shear modulus (G) are be j ng deterrrined 
by the National Research Council. 

Febru&ry/'i5 
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C-JO'i 
FLA~'l'Tr, MC'DELS FIN (t/c = '3.0%) 

A.P. Sentence 

DESCRIPTION OF TESTS 

Fixod DPfl ecti on Method 

The principle of the loading methcd used is to apply a fixed 
deflection to the rr:odel instead of a ccnstant load, thereby elimj­
nating the effect of creep of the plastic en the measured strair. s 
and deflections. The deflected position or elastic curve of the 
plastic model will not change with timo when a fixed deflection is 
applied to the model. Due to creep, however, the effective modulus 
of elasticity of the plastic does chunge with time &nd therefore 
the internal stresses and external forces · consequently change. The 
rate of ch&ngo, varies with time and for a given deflection the 
curve of stress versus time becomes &sy,nptotic to a line of slope 
zero. The time require d•for the rate of change to become effect­
ively zero, however, is too great to a'llow this to occur at eacl: 
load increment. If a fixed time is allowed to elapse after apply­
ing the fixed deflection to the model befor~ the ap~Jied loads 
are read, a consistent set of load end strain results are obtained 
for the entire series of tests. In this case .it was found that 
a lapse of thrf!e mjnutes was s1Jff5ci1rnt to minimize the creep rate 
to a rP,asonable value. 

When finaJ.ly analyzine the stresses H :ls aJso necessar;r to 
use a modulus of elast.:lcity that hes been detf'rm:1.ned for the s ome 
t:lme ]apse ~etwf!en aprJ~ing each Joad increment end measuring the 
Joa.d. 

0rigfoaJ Fin 

The fin, in its nrieinaJ c0r.w-rtion was tested first under 
the distr:i~uted loa.rline of Case I. Sevf!ral runs were 1!1£.de with 
wing foundation beams at thP. full width and half l'lidth support 
rositions, (see fig. 1). Half width wing beam support positions 
were necessary for comparison with caJ culated values, which were 
done for a modified foundation boam stiffness determined by using 
an effective length equal to one-ha]f the actual length. Tests 
were also carried out, for comr&rison purposes, on an arrangement 
giving effectively a stiff base. As shown in Figure 10, tho fin 
was mounted directly to a large channel which was restrained at 
its ends. 

Results from these runs (see dis~~ssion) prompted the addi­
tion of strain ~auges on the lower wing skin in the trailing edge, 
centre line region - gauges 49 to,53 Figure 6. . . 
• Loading Case I - Distributed loarling r,imulating Aerodynamic loading 
at subsonic speed. See Appendix A, _Sibert J7. 

·February / 5 5 
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c-105 A.P. Sentance 
PLASTIC MODELS lli (t/c = J.0%) 

Shear Diaphragms Added 

The strain distribution shown by the additional gauges indi­
catPd that the.addition of shear diaphragms in the root box should 
be investigated. Diaphragms were added as in Fi.r,ure 8 and rP-peat 
tests carriPd out on the modified st.rncture under loading case I. 
Loading caSPS II and III were a]so investigated in +.hjs modified 
condition. 

Loading Gase II single Joad at Joad point 11 

Loading Case III s1ng]e ]oad at 1oed point 12. 

For 7 ocation of load points, see figure 6. 

V-3truts ----
To detP-rmine their effects, four V-struts were mounted on 

the lower surface· of the wing as in Fieure 9. Several test runs 
were carried out with the four struts fixed at their lower ends~ 
and then the influence of each strut was investigated. Lc-ading 
case I was used for all the tests involving stl'uts. In all tests 
outlined so far dial gauges numbers (1) to (22) and strain gauges 
(1) to (53) were reccrded. 

With additional strain 5auges and root rotation positions 
and, under lovding case I, the strain distribution over the fin 
at rib number four and over the wing beam upper skin near the 
fin root was determined. This was done with V-struts all fixed 
and with individual V-struts fixed. 

It i~ noted that experimental struts were fully fixed at their 
extremities whereas in the actual structure, they are supported 
on an elastic base. This condition will be investigated on 
further models, wherein the true elastic base will be simulated, 

February/55 
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C-105 A.P. Sentance 
PLAS'T'IC MODELS ill ( t/c = 3. 01-'.) 

CaJculated Va]ues 

Reference is made to Inter-Depe.rtmental Memorandum No. 3805/31/J 
"Test on C-J 05 Plastj c Model for Strength Investigation" in which 
the theoretical deflections 1,.nd strains for t,,sts on the C-105 model 
fin structure are given. Excerpts from the ab ove are given in 
Appendix A of this report in the form Q,f chc.rts of caleul&ted vc1lues 
for deflections, strains and root rotations. Full reference as to 
derivation of the calculcted v1,.lues is given. 

For comparison purposes c1,.lculated values of deflection and 
spanwise axial strains are presented on eech graph of exr,erimental 
results. Loading and deflection conditions for each set of calcu• 
lated r nsults are noted on the particular graph, for example, under 
loading cese I, v1,.lues for a "fixed deflection" at the reference point 
of 0.7152 inches and for a total applied load of 61.44 lbs. are shown. 
These two values are consistent with a v1,.lue for modulus of elssticity 
of .35 x 106 p.s.i. for the plastic material and 10 x 1cfa for alumi­
num alloy of the full scale fin, 

ExPf>rimental Values 

Figures 12 and 13 show the deflected shape and sparwise axia] • 
strain distribution over the fin for t.ho first test runs on th0 f1n 
in or1ginal form. Tip deflection and meFsured load were as 1ndicated. 
Immediate observations l,re that. t.he PXr€rbPnth] fin has far p;reater 
rotation at the root than c1,.Jcula+,ed and trat the distribution of 
this rotation is dHferent than eYpected "lith a greater proportion 
occurdng over the mid-chord region. With more root rotation than 
expected :lt fol]ows that less of the arrlied defJ ection will occur 
under actual fin bending and thjs sho=s 1n the e]astic curves of 
the spars, the curvature of the experimental ] ine bd ng less than 
ca1culated. Although stra1n measurements 1,.re of the same order as 
those expected in the root region, the fact that the amount of actual 
fin bending is less and that the apr Jied load is only 66% of that 
predicted m1,.kes this seem illoeical. Suspicions aroused by this 
situation are verified by a conditi on illustrated by curve 11 1,. 11 of 
Fieure 14. This shows th1,.t the wing skin panels were carrying bend­
ing end lo~d to a value of only 55% of that assumed in the fully 
effective condition assumed in the c1,. 1culations. Assuming a similE,r 
situation existing in the fin skins ne1,.r the root it c1,.n be concluded 
that strain gauge re1,.dings taken 1,.t sp1,.r positions were recording 
peak strains while the mean str&in Ve lue over a panel (spar - skin-
sp&r) would be but 55% of this v&lue . 

Februar /55 
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Experimental ValuPs (Continued) 

Figure ·27 shows spanwise axial strains at t he root. plotted on 
an equal load bas1s. 1\'h1JP recorrled peak v&lues are much highPr 
than thosP calculated for such point•s, taking a prohable di.st:ribu­
tion as sugp,Psted hy curve "a" Fi8ure 14, a mean vi;1ue of th1s distrj­
bution sro~s strains of the proper order. The rl1str1bution of strain 
at the root, sim1J11rly to thE'l root rotati0n, shows'a higher pr0rortion 
of stra1n ovPr trP f'orrarrl anrl centre chord rPgi0ns tran ca1cu1ated. 
These points a) J iY1dj cate that the behaviour of the fin-wing intPr­
secti on box is n0t what was PXpect,,.d. '!'he strain distributions have 
srown c0ncertrat:l0n of loarl at each ST'ar 1ntersection ·vith consider­
able shear Jag in the s~ins at thE'l root region, and also have shown, 
aJong ,dth the root rotatjon, that ml"'re load 1s be1ng t&'k-fm through 
the forv'ard and centre cl1 ord positions than expected. 

St1ff Base Condit1on 

The suspicion that the discrepancy in loe.d-deflection relati0n­
sh:!.p wrs 1n the main due t.o excessive root-rota+,ion was investigated 
by rrdnimiz1ng the root r0tat:l.on anrl arr1yjng loail as prev:lously. 
Figure 10 sro,,,s the manner in wh:lch the fjn was mounted on a stPP] 
chmne1 for test. Fesu"ts inr'icated that a tota] load of 53.5 lb. 
or ",7% of the theoretical load was required to produce the reference 
tip deflection. The def]ected srape of the fin was very similar t0 
prev1ous condition mith Jess f1n twist than ce}c;.i1ated. The root 
rota+,ion in t1-is 1nstance was. the p1ot of torsionaJ deflection of 
the cr&nnel beam under the torque applied by the fjn loads. A p]ot 
of root rot&tion is shown in Figure 40 and ind."icates by the re7 at1on­
sbjp with the caJculated va]ues that the h1gher r&te of deflection 
to load rECcorded in previous runs was due to excessive root rotation. 
The root rotations are large Pven in this case which is an indication 

&t the calculeted values of rotation may be inaccurate as was sug­
gested in previous work. (See Appendix A). 

Strains recorded in the root region are shown in Figure .?.7. 
These show a redistribution due to the stiffening effect of the beam 
on the root box, the distribution now being similar to that c&lcu­
lated but numerical values higher due to "shear lag" in skins. 

Effect of Shear Diaphragms 

The addition of several shear diaphragms within the root box 
has the definite effect of correcting the d1stribution of root stndns 
and by eliminating the majority of "shear lag" in the wing and fin 
skins in the root. regions resu]ts in recorded strains wrich are in 
good agreement with those calc:ulated. Figure 14, curvPs "b" and "c" 
show the jmmPdiate effect of the diaphragms on the rlistrPJutfon of 
benrling end load strrdn fr tre wing skins. The skins ha,dng become 
vfrtual]y fully pffective, the At•·ein rHs',rPmtion now fo]Jows the 
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expected type of distribution rather than peaking at spar positions. 
Deflected shape and strain distribution of the fin are given in 
Figures 15 and 16 and for reasonably good strain and deflection 
agreement it is seen that 80% of the calculated load is required. 
Root rotations being once more excessive could account for the lower 
lofld required to obtain "reference deflection". The distributfon 
of root rotation, however, has definitely bPen corrected by the andi­
tion of diaphragms which inricfltes that thP root box is now acting 
as a stiff torsion box and dfatribut.jng the root rflstraint effects 
as theoretically determined. 

A comparison of strains in thP. root reg"ion is 'shown in Figure 28, 
thei=;e bfling plotted on an equal load basis which minimizPs the effect 
of the P.Xcessjve root rotation exrcrjPnced on test. '!'he curves show 
rAcC'rded stra1na wHhin six Pf!rCAnt of tho11P celcul_ated whjch could 
indjcate a small amount of shear 1ag sti11 existjng in the fin skins. 
This is substantiflted by curves of fjgure 11 which shors the sparwise 
strain djstribution over the whole ribwise length at rib number 4 • 

Twist of Fin 

It is very noticeable in results that the experime ntal fin shows 
appreciably less twist than culculuted deflections woul d indi cate. 
As well, more chordwise bending occurs in the outboard ribs under 
loading case I on the experimental fin. The chordwise distortion 
is in the sense that the tension face goes concave and of course is 
due to the Poisaon1 s ratio effect which baa not been included in the 
theoretical anulysis. 

Reasons for the difference in fin twist nre less immediately 
evident. An obvious factor, the difference in modulus of rigidity 
r elationship to modulus of elasticity for model and full scale can 
have an effect in the opposite sense to that observed but only a 
very minor effect. Although it has been assumf!d that the ratio of 
G for the full scale aircraft to G for the modf!l is thEl samP as the 
ratio _of E, the error implied even in the extreme case of pure shear 
is but 

(-1 + µM - 1) x 100 = 7 pP.rcent 
~ l + µF ' • 

for µM = .J9 and µF = .JO. An apPrecjeble portion of the observed 
t~ist of a highly swept 11tru~ture comes from bending along the 
f]exura] axis resu7.t1ng in the trailiJlg edge at any chcrd ]inc 
deflecting further than the Je,ding edge of the same chord. A 
great Pr stiffness in bending of the exper;~ental fin could there­
fore a cc ount for s0me of the difference in t~ist. The greatest 
ccntributor, however, wou]d be 11imply a greater torsional stiffnes s 
in the experiment&l fin than calculated. 

February/55 
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Twist of Fin (Continued) 

A grPat deal of this effect could be due to the additional 
sparwise shear webs which were added to the model to make the 
skins between the main spars fully effective as assumed in the 
theoretical work. The calculations were done with spars 1, J, 
5 and 7 while spars 2, 4, and 6 are additional. See Figure 4. 

In pure torsion on a typical outboard cross-section it can 
be shown that the torsional stiffness of a six cell box of these 
dimensions would be about 5 percent greater than that of a three 
~llbo:x. • 

The deflection pictures show that the experimental fin has 
· appreciably less curvature (greater stiffness) over the inboard 
region than the theoretical fin. While sufficient ,experimental 
or theoretical points are not available to show the~exact dif­
ference, it is logical that for less root rotation yet greater 
deflections outboard, the theoretical analysis must imply greater 
bending curvature in the first few spanwise bays. Figure'17 shows 
the effect much exaggerated. This effect is more pronounced aft 
than forward. 

The additional spar webs as expected have but a slight effect 
on the flexural stiffness of the outboard fin. As the root region 
is approached and the flexural axis bends in to become more normal 
to the root chord, it is very probable that the additional spars 
have quite a part in integrating the 11 cross-bending" effect of the 
ribs into the overall bending stiffness of the section. Through 
virtue of their greater depth in this region, they will also contri­
bute an increased amount to the sparwise stiffness. 

.. 
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Root Rotation 

The indicetions thus far have bPen that experimental root 
rota+.ions have been excessive a]though with "the addition of shear 
diaphragms, the pattern of rotation was iMproved. A]though, as 
has been pointed out, there is some risk in accuracy in ce]cula­
t:lng +.he root rotations, it is highly improbab]e that inaccuracy 
wou]d account for thfl di+"ferences in root rotation o'Jserved. The 
hasic reason would seem to he more probably the stiffness of the 
:inr':lvidual foundation be,ms, 'The assumption in calcu1otion once 
more has been that a fuJl h11]f width of skin rene] either side of 
the beam is effective in bending end this has oeen "Jumped" as 
flange area at the beam position end the stiffness of the beam 
determined from this, 

Two facts apparent from experimental results show that this 
is not necessarily so; Figure 14 indicates that the wing skin was 
not fu}ly effective before the diar,hregms were positioned in the 
root box and although the diaphragms made the wing skin in the 
region of the fin root effective, they would not cause it to 
continue fully effective over the full span. The differenc~ in 
root rotation between the origin&l fin and fin with diaphragms 
(Figure 40) indicates that the decrease in root rotation due to 
diaphragm becomes- less 11s a percent&e;e of the origin1;1l rotation 
as we move aft from the front spar. Considering the cross-section 
of the wing bbse (figure 5) it is seen from the uspect ratios of 
the wing cells that the width of effective skin acting with each 
foundation beam would become considerably less as a more aft beam 
is selected. It can be assumed then that to approach more closely 
the ca1culated rotitions, the shear diaphragms as added in the 
root box would have to be carried out the full span of the founda­
tion 1-ieem box. 

The difference in rotation between full span and half span 
support points indicates that: the rotation is qu:ite local to the 
centre portion of the span. 

Februar:,/'i5 • 
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The addition of V-struts h!is very little, if any, effect on 
the deflected shape und strain pattern in the fin, the effects 
being confined locally to the strut positions themselves. Figure 
22 shows the strain distribution and root rotation for all struts 
fixed and it is seen from the root rotation that a cons jderE>.ble 
local twist occurs between each strut position. This effect is 
shown graphically in Figure 30 wherein the influence of each indi­
vidual strut is compE>.rcd with the no strut rotation. It is seen 
that for equal tip deflections each strut has the effect of reduc­
ing slightly the whoh, rotation and locally reducing it by 30-40 
per cent at the strut position. The rotation as a whole, however, 
is still appre~iably more than that calculated for a·no strut con­
dition and therefore to compare root strains once more they are 
plo+,ted on an equal load hasis in Pigures 2q and 29, ~1gure 23 
showing a comparjson of alJ-struts with no-struts wh1ch represents 
about a 21% increas~ in at.rain above the co1cuJ ated values for 
no-struts and about JS% over the recorded no-strut vaJues. The 
effect at each strut position of fixing one strut only is shown 
in Figure 29, 

. The sparwise strain distribution Just outboard of rib No. 4 
js shown in Figure .'31. Under various struts fixed conditions there 
was no indication in the forward portion of the rib of any real 
differences in strain, the variations in each case having no order 
ebout them and being the normal exferimental scatter. A typical 
distribution is plotted for comparison with calculated velues. 
Near the trailing edge an attempt is made to differentiate between 
the various cases but the only definite point made is that for 

February /55 

"all strutll 11 and "strut H only" a hi.gher value of strain is recorded, 
than for other conditions. Rather than a gradual increase in 
strain from spar 5 to spar 7 as indicated in the ca.lculations 
the strains remain fairly constant until beyond rib 6 and peak 
suddenly at the rear spar. Values of strain at the leading edge 
are higher, the overall indication being a behaviour in accorda.nce 
with normal bending theory except for the bigh concentration over 
a small region at the trailing edge. A slight shear lag effect 
is noticeable over the skin panels. 

Figure 32 shows the sparwise strain distribution over the 
wing upper surface plotted along a chordwise line adjacent to 
the fin root. The "no struts connected" curve shows the expectPd 
djstribution with a peak near the rea'r spar rlecreasing regularly 
to almost zero or a small negative value at the forward end. Due 
to magnitude of strains in the ri,gion for1~ard of spar R, the 
accuracy in this regfon is Yery doul:itful, and a very erratic 
behaviour was recorded. Definite reversals of stress were recorded, 
however, in the no struts connected case,at the forward end. 
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V•Struta (Continued) 

Due to the positioning of strain gauges an interesting pheno­
menon was observed when ea.eh of the V·struts was made effective 
w~ich illustrates the very local effect of the struts. It can 
be seen in Figures 32 and 33 that at each fixed strut location, 
a complete reversal of strain of fairly high value was recorded. 
The strain gauge concerned being very cloRe to the :Intersection 
point of strut and wing, the revPrsal could only be due to the 
appJ icstion of a. normal load to the VPr3r thin st:lffened plate 
(which the wing actually is) and "7h:lch :l.e. already in a state of 
tension over the upPf>r skin in this region. Local islands of 
compression stress form at each strut attachment point as that 
strut is made effective by fixing its lower end. These conce~~ 
tra.ttons :lnnica.te a. reversal of stress of a value at least a.a 
high as the normal tension stress ex-isting in the skin t 

Point Loads 

Figures 34 to 36 show the effects of load9 app]ied at a 
free edge and at an :lnterna] point and the compbrison with cal-
cu] a. ted values. Calculated def]ect:lons and root rotations a.re 
given for the same I fixed def] action' as was a.pplierl experiment-
a] ly whereas strains a.re plotted for the load which was applied 
experimentally, enabling the stra i ns to be compared on an equal 
basis without the distorting effect of the excessive root rota­
tion. Strain pattern for both cases is in good agreement although 
numerically, case II is much better, with both ea.sea indicating 
a higher peak strain at the root rib trailing edge than predicted. 
Th,e deflection shows as in pr,wious cases the evidence of gre1,ter 
stiffness in the experimental fin. 
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c-105 A,P. Sentance 

PLASTIC MODELS FIN (t/c = J,0%) 

CONCLUSIONS 

A multiweb fin structure mounted on a base simulating a por­
tion of wing, has been tested under several conditions and with 
progressive modifications incorporated as the test proceeded, 
Conclusions reached as a result of observations of these tests 
are as follows:-

1, The method involved is a satisfactory mAans of simulating 
a set of loc ding conditions on a structure ond exper:!ment-

a11y determining the deflp ·~ted shape and stra:!n pattern. The 
accuracy is completely dependAnt on the care taken throughout the 
dAs:ign, manufacture and testing of the mode] and if dimensional 
re1atfonships, joint r:lgidities and the test set-up are good, 
extrAmely accurate results are ava:!Jable. The "fixed deflect:!on" 
method guarantee! good deflection rel ationships whiJe strain-load­
deflection agreement is very sensitive to atmoshper:!c conditions 
and to treatment of strain gauges, It is felt that greater con­
sistency of values can be obtained rhen grPater control over ambient 
conditions is possible. ThP usefuJ ness of que.ntitative resul ts 
will also be much enlarged •~hen more comprehensive data on varia­
tion of Xylonite mechanical properties with temperature and humidity 
are obtained. 

2. Shear diaphragms in the root box of the model were very 
important to develop the proper load distribution over the 

root region. Without diaphragms concentrations result at spar 
positions i:.nd considerable shear lag develops in both the fin and 
wing skin p&nels. The diaphn,gms integrate the root box into a 
complete chordwise structure transferring load along its entire 
length rather than allowing the spars to act virtually indeJ:€ndentl;y. 

3, With diaphragms, the experimental results verify quite well 
the calculeted values of strain pattern when the effect of 

excessive root rotation is eliminated by comparison on an equal 
load basis. Strains in the rib 4 region indicate a small amount 
of shear Jag existing in the fin skins and possibly a sharper 
peak at the rear spar due to root restraint effect than expected. 

4, The V-struts have a very pronounced loca] effect causjng 
some 20% increase in spar,,,ise axial strain at the spar posi­

tions where struts are fixed, The root box :I.a seen to twist 
locally in between each strut positicn as is shown by the root 
rotation rncorded (F:! gure 40). The ba 1 ance of the fin away from 
the strut locality behaves in the same manner as the no-strut 
c0ndit :l on indicating further the extrerre1y local effects of the 
s t ruts, A very concentrated reversal of strain occurs at each 
strut connection point where the axial load from the strut is 
aprJ ied as a normal load to the thin wing structure, The indi­
cati cn is that this rPversal could be & sericus condition as the 
vol ue cf the recorded reversal of stn:dn was greater thhn the 
normal strain existing in tha t region and the strain recorded w& s 
not necessarily the peak v&lue. 

February/55 
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5. The point load caaes show agreement of strain pattern in the 
inats.nce of a load appliPd on the rear spar, however, a higher 

peak strain occurs at the root rib trailfog ed6e th£in ct.lcuh.ted. 
The caae of an internal load while showing fair ai;reement along 
the spar to which the load was aprlifld indicated higher strai1;s 
at other spur positions, as we11 &S a slightly higher root rib 
t.rt,il .ing edge strain, ., 

6. The deflected shape of the fin gener&lly showed less twist 
than theoret:ica1ly implied. It. is shown that thls is due 

to a greater torsional stjffness of the model and possibly a 
ereater hending st1ffness in t,he root region as 1s jnnjcated by 
less curvature of the model fin eJastic curve 1n tris area. Rib­
wise distnrtion due to Poisaon 1 s ret.io effect is twiclent in the 
morleJ deflect.ion. 

7. Ro('t rot,a+,ion in all cnaes was excessive for the model fin. 
This ji, rrobr,hJy due t.o the ineffectiveness of wing base 

sldns in cont,ributing to the st:lffner-s of the foundation beams 
in hending, rart:lcuJarly to,;-•ards the aft flnd wherfl due to the 
tr j n section, the asrect retio of a cross-sectional ceJl bflcomes 
eYtremely hjgh. It is feJt thvt. a ndH:lcnal spanw:lse shear wehs, 
say, continuations of the djaphragrrs instalJed in the root box 
would be necessary to reduce the roct. rota Uon to those vaJues 
expected . 
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APPENDJX A 

Calculated Loadings and Defle~ 
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Tables of loads and deflection taken from Inter-Departmental 
Memorandum No. 3805/31/J "Test on C-105 Plastic M0<lel for Strength 
Inve.st.igation" arf! presented helow. Dflf]ect5 ons are oetc-rmined by 
using the Zab (deflection) matrix provjded bv the Stress Office and 
using +.he rf!]evant st.ructural parameters for thf' rP<luct.ion to the 
mode]. 

--

I Lcod I 
L O A D I N G C A S E 

I 
!Point 1---

I ! LOAD 
==::-· ..... ·--· ------· ··--
: 1 35.5 in.Jb. 

2 

3 
4 
5 
6 
7 
8 

100.0 in.~b. ' 
88.0 in.lb. • 

' 19.v in.lb. , 
1. -25 in.lb. ; 
1. 75 lb, 
9.65 lb. , 

0 
0 
0 
0 

.6388 ! ~ 
' ,6639 I 0 

.6842 ! 0 
I 

II 

9 
1

i 
10 

11 i 

: 12 j 
13 I 

7.90 lb. 
5.10 lb. 
3.05 in.lb • . 
1.07 lb. ; 

, 7152 I ~ 

.3785 ! 18.10 lb. 

.93 lb. , .4253 I O 

• 99 lb. ,. • 4587 0 
i 14 4. 02 lb. . 4933 0 

.179? 
• 1430 
.1326 I 
.&.lli2 ! 

.1249 

.1043 

.0930 

.0879 

! 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

III 

111.lb lb. 

0 

0 

i 15- 2.45 in.lb. 0 0 

! 
I 

.1582 

.1595 

.1536 

..t.U.8 

' .1043 

.1134 

.1123 

.1] 53 

! J6 1.21 lb. .1521 0 .0556 0 .0454 
I 17 1.23 lb. .2229 0 .0577 0 .C636 

l
, 1

1
s
9 

1.34 lb. .26M 1
0 
o .0542 o .0692 

4. 78 lb. .J040 I .0525 I O .0746 
j 20 ].52 Jb. .0777 0 .0203 ! 0 .0231 

i 21 J.68 Jb. .1250 0 .023 4 1 0 .0114 
! 22 i 5.31 lb. .1599 0 .0244 I O ; .0391 

!I. ~LlJ_-:_6J_i_t_· .,,.......:~_:~_:_~_:-1----~---1---:-~_~!_!~1,__ ___ ~ __ __,_: _:_~_:_~-j 

Total ! 61.44 lb. 18.10 lb. 13.10 lb. 
I Load I 
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The ea] cu]ated str&ins fer cases consider ed are g j ven below. 
The matr:ix used in the ealcu}&tion of these s tniine is given in 
Stress Office Report 7/0510/1. The numberini code refers to strain 
6uuge position . Strains ure f or t ot a l load indicated. 

·---------- -----· 

STRAIN L O A D I N G C A S E STRAIN L O A D I .i'J G C A S E I 
GAUGE I II III GAUGE I 

IIT"IIII , -1--

1 214 38 70 

I 
23 ) 1230 252 258 

2 501 110 138 24 ) 

600 134 I 3 132 25 I 

I I 4 26 
I 

5 122 ]12 27 -10 -26 

6 
I 

28 
7 29 i 
~ qo 16 30 

9 554 102 210 11 
10 130 0 24 12 
11 566 ]L.6 130 33 
12 l -30 -12 -32 34 
13 ]014 250 253 35 
14 -28 36 ]33 -240 32 

15 37 2026 754 626 
16 2 38 
17 39 9ct;, 186 160 
18 40 
19 %6 374 254 41 
20 104 2 - 22 42 I 

! 
21 1000 250 296 43 2026 754 626 

22 44 

~--~-- -·- •• --·-----1---

TOTAL 61.44 Lb 
LOAD 

JR.] 0 Lb 1'3 . JO Lb 

Strains - Micro-Indies pPr Inch 
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PLAS"'IC 1"0DRIS 

Rotations at P.oot 

The rotat:ir•ns at the root (founf at:!on beams), are Jess c}ea:rly 
defined and can he approximated t heoreticaJ1y by at Jeast three 
different approaches. T,·o of those aprrre ches invoJve first the 
caJcuJ ation of the foundation beam stre sses, and then the reduction 
of thP.se stre sses to moments. The rotation is then obtained by 
either using the notion of a concentrated moment acting on a beam, 
or two equal und opposite forces separated by the appropriate fin 
thickness at the root. A third method is to note that the r i bs 
seem to be subject to very li1,tle deformation, hence, the rotation 
of t hose ribs connected to the foundation beulils will give appr oxi­
mately the rotation of the r es pcct:i ve beams. A comparison of the 
r esults using all of these methods is given below. 

-
LO AD I N G C A S E 

BEAM 1'"ET1l0D 
I II III 

i . 212 .0'32 .062 

H :i i • J~l .069 .056 
i ii ,2o6 ,oq3 .o6 J 

i .J09 ,020 , 035 
F ii ,0!'37 . 016 .023 

ii i . 105 . 016 , 023 

i .042 .003 .007 'i 

D ii . 032 ,002 ,005 5 

iii .045 .003 ,0075 

i .010 ,000] .0005 

B ii ,009 . 00005 .0003 

iii 

i :;: Co ncentn,'ted M bment 

ii :;: Di b creet Forces . 
iii :;: Ro ltati on of Rib (Slide RuH, Comi::uta-

ti Ion only). 

In genoral, it is not consid0red that the abov0 values for r oot 
r otation are necessarily accurate, in that they were derived as 
noted f rom foundation beam stress0s presented in Stress Report 
7/0'iJO/l from which the follow1ng r emarks are taken. 

Februar,· .,...., 
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Rotations at Root (Continued) 

"The resu 7 t of the ana]vais of the presP.nt paPf!r rointa out 
c~ncJusive]y that the repres~nta tion of the crnditions at the root 
by means of unconnected foundation beems is not accurate and can 
be mis7e~d1ng in some cases. The correct metl ad of treating the 
supporting structure is in providing torsion member ; betl'l'een beams." 
This would impJy new redundant quantitirs in the ana)ys is and it 
is explained that, "no exact boundary condition should be considered 
unless a more rigorous analysis is extended over a part of the 
supporting structure." 

Therefore, the &pproximnte boundary conditions used rroduce 
values of foundation beam stresses 11 the indiscrimin&te use of which 
is not recommended", 

F'ebr ua 1~, 




