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1. Introduction 

As t he the oretical calculat i ons indicated a possibi lity 

of the deve lopment of rudder f lutter on CF-105, an experimental 

verification of the critical speed and frequency was require d . 

A sories of tests in t he ITAE 30 in . x 16 in . supersonic wind 

tunnel was performed on a fin rr>ode l e quipped with r udders of 

suitabl e density and hinge stiffness. 

2 . Models 

The mode l was supplied by Avro Aircraft Co:npany and 

cons i -s te d of a 1: 25 sea.lo mode 1 of the fin of CF-105 and tuo 

rudders ( to be used al terna ti ve l y ). Each rudder could be 

elastically mounte d on t he f in by means of a wido cant ilever 

sprin:": , a c ting as a hinge . The fin was r i c idly mounted on a 

circu l ar pl a to , which could be clamped to t he wi nd tunne l wall 

at un ar bitrary angle of incidence. A s lrntch of the morie l 

mounted in the ttind tunnel i s c i ven i n F :l.g . 1. The di mons ions 

of the parts lnvolved can be found on the fo llowing Avro 

Aircraft Lt d . drauings: 

7- 0283-0041 issue 1 Fin Asser1bly 

7-0203- 00).j.2 is::me 1 Modifications to Tail Fin 

1-0283- 0043 issue 1 Plate for Tail Model Ba.lance 

1-0283-0044 issue 1 Hub for Tai l Model Balanc e 

1-0283-ooh1 issue 1 Clamp 

7-0281~- 0018 issue 1 Rudder Assembly 

7-0281_~-0019 issue 1 Rudder • 
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In order to doorcase gr>ndua lly the hinge stiffness of the 

rudder, outouts were rn.ado in the hinc.;0 strip of the two 

rudders; this beine; done ~~ra(lually so that cutouts wore made 

in one rudder when the second one was tested and vice versa . 

In order to compensate for the d1fferonoe in the hinGe strip 

12 

thio 1':ness of the two rudders, t he lenr;th and :rosi tion of tho 

outouts vrore chosen somewhat d ifferently from what ,ras originally 

uroscr:Lbed by Avro Aircraft ( their d r auin,--r 7- 0284 - 0019). The 

di:mensions and positions of the cutouts arc r;iven in Figure 2 . 

The initial rudders were ca l l ed Aa - 0 and Zz - 0 , and the rudders 

with firs t and second series of outout s , Aa -1, Zz-1 and Aa-2 , 

Zz-2 respectively . A total of six rud ders was tested. 

J. Test Eguinment 

To initiate rudder oscillations at no- f lutter condition a 

ri1ooru:i.nioa l striker device ( shown in Fig.l) was used . The striker 

arm was designed as a part of a circ u l ar arc to m.inL"llize d is ­

turbanoos which were likely to be caused by it in the aft part 

of the ri.1dder . The same device was also used an a brake reducing 

the movements of t he rudder durinrs tho s ta~ting and stopping of 

the wind tunne l and could be used for prevention of excessive 

os cillation if flutter conditions were onoounterod . 

An electrical signal proportional to the deflection of the 

rudder (as moanurod at its hine;e line) was obtained from a 

strain- r~auge bridge , consisting of two active eo;au ges oomonted 

to the inside of the ruddc1· hin r:i; o strip ancJ two durrn:ny gauges 
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mounted inside the wind tunnel ( to minimize the teriperature effects . 

In order to better uti lize the very small space available and ge t 

better distribution of strain-sensit ive elements, the active 

gauces on the rudder Zz were composed of sets of f ive gauge s 

internally connected in serien . 

The output from the strain- gauge bridge was connected 

alternatively to a Hathaway recordinc oscillo:;,-,raph or to an 

Oltronix dru:1pomet0r , the l atter being a special instrument for 

measurine the damping and fre quency of decaying osclllations 

(see Ref .l for ~eneral description of this instrument ). 

Me chanical Calibration 

St iffness and moment of inertia of the initial and the final 

rudders (Aa-0 , Zz -0 and Aa - 2 , Zz-2) wore determined by bench 

calibrations. I t uas found that the ratio of rudder stiffness 

to hinge stiffness was not high enoue;h to permit making t he 

dcs :ired assumption of a stiff rudder oscillating around a fixed 

hinge lino . I n fnc t it was found that t h is stiffness ratio was 

so low that the 1:10thod of decreasing the na t uY-al f requency of 

the rudder by makine; cutouts in the hinge strips and thereby 

decreasing tho hine;e stiffness was not at all adequate und 

resulted in only a small f requency change. 

Hinge stiffness , Kn• was determined by a static calibration 

with weights . The rudder was detached from the fin and 

elastically hin8ed to a surface table . The rudder was made very 

stiff by c l amping it firmly be t ween two stiff p l ates of the same 
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s hape as the rudder , thus ensuring that t he deflection measured 

was ,due to bendinc; in the hinr~e str ip only . All ca libration 

re::mlt3 are gi v~m in Table 1 , whnre hinc;e 3tiffness appears in 

colurrm J . It i s seen that f or the same effec tive hine;c width 

(column 7), KH is much loue!' f or the rudder Zz - the reason of 

this being a rather large discrepancy in the average hin ge 

thiclmess (column 8 ) of the two rudders . Further , it may be 

noticed that t he values 0f KH are much lower than predicted by 

the simple beam t heory ( column 9) - possibly due to t he effect 

of t he very large beam width as compar ed with its leng tl1 and 

thic\mess. This di screpancy decreas es with de creasing effective 

hinge width . 

Rudder stiffnes s coul d not be eas ily de fined as its value 

depended on the load distribntion on the r udder and on the 

de f i nition of t he proper def l ection anbl e . Instead, an equivalent 

rudder stiffnes s , ¾, was i n t roc.nced and defined as the stiffness 

whi ch t ogether wi th the ruc'l.cler moment of inertia 13ives the right 

·.ralue of rudder frequency i n the case when hin13 e strip is a.sstuned 

to be completely stiff and all deflection takas place within 

rudder only . In view of t he fa.et t hat botr rudder moment of 

inertla. and rudder stiff nes s remained constant while hlnge 

stiffness was changed by making cutouts in the hinge strip, 

this equiva lent rudder stiffness could be obtained f rom natural 

frequencies obs er ved wi th and without cutouts . Assumin~ the 

hinge and the rudder acting as t wo springs connect ed in series , 
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t h e fo l lowinr.; expression was obtained : 

( ')) 

KR :::: KHo Kn ? { )) ~ - )I ~) 
? ') 

V ? K} o -}'~ KH2 

where indices non and 11211 refer to rudders wi th no cutouts and 

rudders with f inal cutout s , r espectively~ 

The va lues of KR for the rudders tested appear in Tab le 1, 

colunm 2 . 

The total st i f fnoss , KT , for every rudder could now be 

obtained from the expression 

and is r, iven i n Tablo 1 , column 4. 
The moment of inertia of the oscillati.ng system could then 

be calcnla t cd. from 

and can be f ound in Table 1 , column 6 . 

The structural damping of t he oscillating rudder was f ound 

to correspond to the value3 of the dampinr, coefficient g~ of 

between 2. 3 percent and 5. 1 perc ent , see colunm 10 in Tab l e 1 . 

These values were obtained with the r udder mounted on the f in 

and the fin tip clamped in a fixed posi t ion to prevent fin 

oscilla tions . 

5. Wind Tunnel Tes t s 

As t he flutter con<li tiorn , if at all present , were most 

fl Damping factor g is approximately equa l to t he logarithmi c 
decrPment divided by TT 
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likely to bo found at Mach Nurnher around M = l.? .5 and low 

frequencies , the wind t unne l t ests were starterl at a someuhat 

higher Mach Nmnber (1 . 35) wi th tho stiffest rudder (Aa - 0) , and 

continued with Viach N1.11nber 1.22 and rudoors with gradually 

decreas.inc; stiffness . The test procedure was as follows : 

The rudder to be tested was mounted on the fin , all connoctions 

to the strain gaur-: e brid6e were made and the Hhol e a s s embly was . 
r.iounted in t he wind tunnel with the f in at zero a ncle of 

incidence . Two calibration runs were recor ded on the recordtng 

oscillo~raph, one with the fin tip held in a fixed posit i on and 

the second one wi th the fin tlp free . Typical calibratlon 

records are shown ln Fizuro 3a and b . In each of t hose runs the 

oscillation of the rudder ias initi ated hy using the striker arn , 

deccribed in paraGraph 3. The output of the bride;e was then 

corLnected~ to the dampor1e.ter on which t he damping and fr<i quency 

of oscillation was obtained. 

The strain ga ge bridge was then c onnoctod a"'.ain to the 

recording oscillograph and two wi nd tunnel runs were made . 

~ This part of t he procedure was omitted in the last four 
tes t s , after it has become obvious that damping cannot be 
meacured in the wind- on condition (see below ), and the 
determination of an accurate value of damping .in t hEl wind ­
off cond ition was t herefor e cons ider ed of smaller interest . 
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During t he first one the bridge was 'balanced with a potentiometer 

to take into account the remaining effec t s of temperature dif ­

ference be tween the ~auges (this difference bcinr:; minimized 

before by puttinp; the two dummy arms of the bridcc inside the 

wind tunnel ) and also possibly the effect of a sma ll misalignment 

between the rudder plane of s yr.rrnetry and the wind direc tion . 

This misalign....,,ent was in all cas es small er than 0 . 3° . 

In the second run , in which the bala.ncin~ potentiometer 

-...mn in the right position f1,om the beginning and the bridc e 

boce.me balanced as soon as the temperature in the tunnel be came 

constant , t he rudder was hit several times usj_ng tho striker arm 

and the time history of the mo tion was reco rded on the 

oscillocraph . A typical reco!'d is shown in · Figure ~-• It appears 

t hat dar1ping in all cases was very hi p-h and that the rudder 

immediately returned to its initial s mall os cjllation cause d 

by the tunnel noise (of a pproximate a'Tlplitude ;t0 . 01°) . -rith 

the wind forces actine on t he striking arm it; was extremely 

difficult to hit the rudder in a purely elast ic manner and t hus 

the strikini arm always followed the c'l.eflecting rudder far 

beyond its neutral posltion and did not retract fast enou~h to 

permi t the rudde r to oscillate f ree . This made it impossible 

to e valua te dariping from t he os c i llo[~aph records or to measure 

it with the dampometcr . Only the fre quency of t h e small 

oscillations caui:ed by tunne l n oise coul,'1. be e valuated from the 
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r nc ords and ';;his is ~i ven for the differont r udder s i n Tub le 2 . 

As the nain purpose of the tes t s ,-!as to establ ish i f the flutte r 

did or di d not occur at the test ond:ltions , these rc::;nlts were 

consider ed satisfa ctory . To obtain moasur ab l e values of damping 

u different tes t techni que wou l d have to be used , o . g . one 

u:::inr, an e l ectr oma gnetic oscillator fo r the ni tintion of 

os c i l lat ons . Such a technique re quires a 1m1ch norc complicated 

test set- up phich uas not cons idered justlfiable f or tho tests 

here r epo. ted . 

6. Conclusions 

No flutter was fot~d at t he t est con~i tions , that is at 

Ma ch Humber of l. J5 at natural fre quency of 389 cps end ut Mnch . 
Number of 1. 22 in tho f requency ran;;e from 330 to 389 c:ris. 

Because of t no inade quli.te stiffness of t he r',lddcrs tested 

the froqucncy range investiGated was mu ch smaller and much l ouer 

than or i 3inally l) l anned (from 507 to 760 cps ). 

Furthermore , becaus o of the inadequa t e s t iffness of the 

rudders tosted , the rudde r s were subje cted to ap;)rcciable 

e las t i c deforr.iat ·lons , wh:!.ch 11a y have affe ct':!d t he rccmlts 

ob t ained so that thelr applicability t o stiff rudders ma y be 

questionable. 
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Table 1 

"Me chanical Pronerti es of the Rudders Tested 

1 2 3 4 5 b 7 tJ 9 10 
Equival. Rudder 

Calculk r;.1dder Hinge Tota l rnoJ11 . of Aver. 
stiffn . s ti f fn o s tiffn . inert . Eff . hinge h i nge Structur a l 
KR KH KT :'req . T hinge th ic k- stiffno damping 
l b i n/ l b in/ l h in/ J lb i ns 2 widt h ncss l b in/ fa c tor z 
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IAa - 2 303 393 171 368 3.15 3 . !, 7 0. 040 463 0. 042 -i 0 0 z 
::0 )> 

Zz - 0 338 395 182 388 J . 06 5. 73 0. 036 558 0 . 023 -< C 
4 

s: () 

Zz-1 333 365 175 381 J . 06 u. f.,6 n. 036 453 0. 026 fTI )> 

s: r 

Zz - 2 338 216 132 330 J . 06 ?. • 54 0. 036 247 C. 051 0 fTI ::0 [/) 
)> 4 
z )> 

0 CD 

C ~ 
~ [/) 

I 
3::: ,,, 
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t~ (f.J 

I-' , :,:. 
I-' -~ t"' 

a-- I 
;:;:;- ~ 
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--.J 

t-J 
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1 2 

Mach 
Rudder NumLer 

Aa - 0 1. 35 

Aa - 0 1 . 22 

Zz - 0 1.22 

Aa - 1 1. 22 

Zz - 1 1 . 22 

Aa - 2 1. 22 

Zz- 2 1. 22 
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Tab l e 2 

3 4 s 
Rudde r 
na tur a l No.turn l Fre quency 
fr equency f r equency Hind on 
( fi n tip (Fin tip (Fin tip 
fixed ) free ) fre e ) 
C !)S cps c p s 

389 l~O 1~<)2 

389 1 20 466 

302 121 454 

382 117 L~!~6 

381 115 4 28 

368 119 436 . 
330 119 37 5 
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SECTION 'A-A' 

FIG.1 FIN ASSE-Mf>LY MOUNTED IN WIND TUNNEL 
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Figure) a. Typical calibration 
recording.Fin tip clamped in a fixed 
position. (Aa-1). 
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