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Summary.--The effect of a flexible, geared, elevator tab upon the validity of the stiffness criteria for tail-units 
and rear fuselages is examined. To this end, the distortions of a hypothetical, semi-rigid tail-unit under the air 
loads induced when the elevator is displaced are calculated for various arrangements of tab and forward aerodynamic 
balance of the elevator. Notice is als0 taken of the loss of control effectiyeness and change in elevator hinge moment 

resul t ing from these distortions. 
ItAs found that  a geared elevator tai~ covering only a fraction of the elevator span may lead to large tip distortions 

and appreciable reduction of control effectiveness of the elevator if it is placed near the inboard end. From 
consideration of the distortions of the  tab and the effect upon elevator hinge moment, a torsional-stiffnesseriterion. 
for tabs is proposed. 

1. fntroduction.--This report is an extension of some previous work of Collar and Victory 1' 
in which minimum values for the conventional stiffness criteria for tailplanes, elevators and 
fuselages were proposed. These values were based part ly upon general statistical evidence and 
part ly upon investigation of the structural deformations and the resultant loss of control effective- 
ness. One of the assumptions made in this previous work was that  the elevator was aerodynami2 
cally balanced along its whole length to the extent of reducing the hinge-moment coefficient 
-- b~ to 0.2. Whilst it was suggested tha t  the stiffness requit'ement for a horn-balanced elevator 
should be more severe' than tha t  for other elevators, no special mention was made of the case 
where all the balance is provided by a geared tab covering only a portion of the elevator span a n d  
thus giving rise to local over-balancing resembling in some degree that  produced by  a horn-balance. 

The present report records a limited theoretical investigation into this case. The effect of 
tab torsional flexibility is also examined in order to provide some basis for a torsional-sfiffness 
criterion fbr tabs. Such a criterion appears desirable in view of the requirement tha t  tabs should 
be as light as possible for flutter reasons ~ and might be used in their  preliminary design. 

The investigation refers to a simplified tail, unit; calculations being performed for tabs covering 
one-third, two-thirds and  the whole of the elevator span. The hinge-moment coefficients for a 
plain elevator depend on many  factors, such as the shape Of the nose of the elevator, and can lie 
between fairly wide limits. I t  is thought- that  the values of the coefficients chosen are representa- 
tive; but  the characteristics of individual tail-units may vary  appreciably. 

In  section 9 of the report the equations which give the structural distortion, loss of control 
effectiveness and increase in elevator hinge moment are derived for the general case. T h e  
approach to the problem is the same as that  given in Ref. 1. The tail-unit is assumed to distort 
in identical arbitrary modes in the normal stiffness tests and under the increments in aerodynamic 
loading due to elevator displacement. The magnitudes of the distortions are obtained by equating 
the work done by the aerodynamic forces and the increases in the strain energies of the tail unit. 
In section 4 values of the aerodynamic coefficients and modal functions are substi tuted in the 

* R.A.E. Report  Structures 106, received 26th October, 1951. 

1 



equations and quanti tat ive results obtained for various proportions of tab and forward aero- 
dynamic balance.  The distortions of an elevator with a fractional-span tab at its inboard end 
differ considerably from those of an elevator with an equivalent amount of only forward balance 
and emphasise ±he value of correct positioning of the tab as a means of reducing the distortions 
of an elevator and, consequently, increasing its effectiveness. From the results obtained it is 
also deduced tha t  the form of a tab torsional-stiffness criterion is mainly conditioned by the increase 
of elevator hinge moment with increase of tab flexibility and it is upon this basis that  the criterion 
has been formulated. 

A subsidiary calculation has been carried out to find the effect of using different modal 
assumptions and tile results are given in an Appendix. 

2. Assumptions.--The tail-unit considered (Fig. 1) consists of a straight-tapered tailplane and 
elevator with a tip-chord equal to half the root-chord; the root being taken to be at the aircraft 
centre-line. There is no shielding of the tailplane by the fuselage. The elevators extend Over 
the whole Of the tailplane span and their chord is 40 per cent o~ the total chord. Four tab sizes 
are used: tabs of one-third, two-thirds and full elevator span having a chord of 10 per cent of the 
total chord, and a 4-per cent chord tab of full span. All tile tabs have their inboard ends at the 
inboard end of the elevator, where the hinge moments are reacted, and hav& no aerodynamic 
balance. 

I t  i s  assumed t h a t :  
(a) the flexural axis is straight and lies at 30 per cent of the total chord behind tile tailplane 

leading edge 
(b) the tailplane, elevator and tab twist linearly and the fuselage distorts in a parabolic mode 

(except in Appendix) 
(c) the control circuit is rigid 
(d) sections in the line of flight do not distort 
(e) the tailplane pitching moment makes a negligible contribution to the fuselage distortion 

compared with tailplane lift 
(f) the whole of the pitching moment of the tailplane-elevator combination is effective in 

producing tailplane twist 
(g) the aerodynamic coefficients are constant over the span 
(h) the forward aerodynamic balance of the elevator affects the elevator coefficients only 
(i) the elevator hinge-moment coefficients bl, b3 are linear functions of the coefficient b~. 

3. ~Irtalys~s for General Case with Flexible Tab.--3.1. Structural Distortions.--For the tail-unit 
of Fig. 1, the stiffness criteria of A.P. 970": can be expressed in the forms: 

. . . . . . . .  K, = V~\~se~/ , . . . . . . . .  ( 1 )  

1 ( T~ ,~1,~ 
K~ = ~ -a2s (Eg)~]  . . . . .  " . . . . . . . . . .  (2) 

~" 112 1 ( / "~ 
K/ FDD\~--2~~-dJ . . . . . . . .  , . . . . . . . .  (3) 

where * 
Kt and K~ are the criteria of the torsionM stiffnesses of the tailplane and elevator respectively, 

and K/is the criterion of the fuselage vertical stiffness 
2s is the span and g is the mean chord of the tailplane, E3 is the  mean chord of the elevator 
d is the distance between the wing quarter-chord point and the elevator hingeqine 
VDa ~12 is the design diving-speed of the aircraft in ft/sec ~.A.S. 
T~ is the torsional stiffness of the tailplane measured at a section 0.8s from the centre-line 
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T~ is the  torsional stiffness of the  elevator measured be tween  two sections each 0.9s  from the  
centre-line 

F I is the  fuselage vertical  stiffness be tween  the  wing quar ter-chord point  and the  elevator  
hinge-line. 

In  (1), (2) and (3) above the  compressibili ty factor ( 1 --  M =) ~ 1, has been omi t t ed  for convenience. 
This factor can always be re- introduced a t  any stage. 

K= = V--~\.sg~)=Y . . . .  ' . . . . . . . .  " . . . .  (4) 

is suggested as a possible form of tab torsional-stiffness criterion where 
s e is the  distance of the  furthest  section of the  tab from the  control lever 
eg is the  mean  chord of the  tab  

, \ 

Tg is the  torsional stiffness of the  tab between its furthest  section a n d  the  control lever. 

Let  u be the  vertical deflection of the  elevator hinge-line (positive downwards) and  f~0, f,w, 
fgr be the  current  twists of the  tailplane, elevator and tab respectively, induced by  an arbi t rary 
elevator deflection. 0, % ,  are the  deflections (positive nose-up) of the  reference sections, where 
the  modal  functions f,, fo, fg are Unity. 

If the  fuselage distorts in a mode given by  uy = u ( y / d )  ~, where y is the  distance of any  section 
downwind  of the  wing quarter-chord point,  the  slope at the  elevator hinge-line is n . u / d  = n$ (say). 

Hence 

where 

= ~o --fro +f ,~ I ' "" "" 

fl = - -  K*~o - -  f ,v '  q -  f~r 

ao is the mean  tai lplane incidence of the  undis tor ted  system 
0 is the  applied elevator angle at the  roo t .  

Also the  local coefficients for the  surfaces are given by: 

, . . . . . . . .  (5)  

! 
C= = eal~ + (ca= - ~)~ + (ea= - ~=)fl ~ 
C ~ = b l ~ + b = ~ + b = f l  , . . . . . . . .  ( 6 )  

J Cr = ca q- c=n + c6~ 

the  lift being at the  quar te r -chord  and the pi tching m o m e n t  being about  the  flexural axis. 

Pu t t ing  q = ½p V", the  lift on the tai lplane i s  

2fiCLqc dx = _ 4  F' . . . . . . . . . . . . . .  (7) 

and  the  torque of a narrow fore-and-aft  strip about  the  ftexural axis i s  
O M  = CMqc = Ox. 

The equivalent  torque at the  reference section is 
~ M '  ---- f~C~qc ~ ~x. 

The total  equivalent  hinge m o m e n t  at the  reference section is then  
x 

f M '  = f F ~ q c  ~ d x  = moo (say) . . . . . . . . . . . . . .  (8) 
0 

Similarly the  total  elevator hinge m o m e n t  at  its reference section is 

y H ' =  f . C n q ( E c )  ~ d x  = h~,~ (say) . . . . . . . .  . . . .  (9) 
0 
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and for the tab  

(: ; '  = foV.C~ (~c)' ex = h :  (say) . .  . . . . . . . . . .  (10) 

If we take  the  t i p  as our reference section except for the tabs where we take  their  outermost  
sections, assuming semi-rigidity, we have from (2), (3) and (4) 

m o = (f t )o.sST,  = ( f t )o. l lsa.  V ~ s S C K ,  s . . . . . . . . . . . . .  (11) 

'h~ = 2(fe)o. gST, = 4(f,)o. s a V g S s ( E g ) S K , 2  . . . . . . . . . .  (12) 

h. = Tg = ~ Vz, Ssg(eg)"K,' . . . . .  ~ . . . . . . . . .  ' .. (13) 

Also from (1), 
F: = 2crYDSsgK: s . . . . . . . . . . . . . . . . . .  

Writ ing ( V / V ~ ) S =  ~,, subst i tut ing from equations (5), (6), (11) to 
differentiat ing wi th  respect to ~0 we have 

K :  s ) _~_ y 120 ' _1_ ylll~0 ' _Jl_ ~21¢g ' A 1 l po  a + ~21'1 4 ! = , 

s K = ) 
((f ,)o.l l  . , -t- r sllW' -t- Vs.*' A s  r ~ : 4 ' + \  }poZ  + r s s ° '  = , 

/4t ,e~ s K s ) (_ ~ j ~ o . o  e t 
r 8 1 4 '  "-}- ~ll20' -]- k ½POa "@ rllll ~ "-1- ~/ll4"b'' = A l l '  

, , :Ks ) A ,  " 

7.14 + r . , o  + r , : , '  + \1?o z + r ~  3' = , 
3 

where 

and  

24 2o 
4 ' - -  0 ' - -  , etc., 

2~o ' 2~o 

1 C 

'- : fo':(~)" 
r:s = ( a :  - -  a .  de 

0 
1 " C 

' -  = ;o ( . . -  .u.(~).~ 
, ;?/' (~-) 1, = allf~ de 

- -  A :  = f l ( a s -  K a y ) ( c )  de 

;' "~(0' - -  ~ 2 S l  : ea: c de 
0 

f' (~)' - r s s  = o ( e a :  - e a .  + m)L' de 

'5' ( ') '  - -  ~"ll = o (eas - -  eall - -  m + mg)f~f, c 

C s 

-.. = f:./'(..ll- .):f.@ ,, 
f' (~)' A 2  = (ea,  - -  c K a a  - -  m - / K m g ) f ~  de 

0 

4 

de 

- . . .  = f l  ~ . -J .  (~) '  ' ,  
f l  (c)= - -  ~'lls = o (b~ - -  bs)f~f, de 

f (_~), ' (bs - M L  s a t  - -  ~llll = '0 

"': f l  (', - "',>:. (~-)'"-- 
-- ~..: = f?/' cl,fg (~-) d, 

- ,. : f?/" (,. -..)::.(~)',, 

- , .  : fy (,.-,.):.:.(~)',, 
-,.. fy (~)' : cllfg~ de 

,. : f:/" (,._ ~,.):. (~)'.~ 

(14) 

(14) in (7) to  ( i0)  a n d  

. . . .  ( i s )  

• (16) 



The four equations (15) define the distortions of the tail-unit in terms of the values of the stiffness 
criteria achieved, the modes assumed and the,aerodynamic coefficients. I t  is evident that  for a 
rigid tab each coefficient with a 4 in its suffix will be zero. 

3.2. Loss of Control Effectiveness:--The pitching moment of the tail about the wing quarter- 
chord point = Fs4, = P (say). 

Therefore 
8P 

- -  p ~ V D 2 s c ( A ,  - -  Y11¢' - -  y,20: 

from (14) and'(15). 

If the tail-unit is rigid, ¢'  = 0' 
aP 
~ o  - -  P ~ ' V D 2 s g A "  

The elevator effectiveness is, therefore, 

__ Vil A: ?i2 O) ?is 
1 A i r  - - A t  --A--~I ~° 

and the losses in elevator effectiveness are 

-- 7,3V" -- ~4"r ') , . .  . . . . . .  (17) 

= ~o: = z: = 0 and 

~ 1 4  ' -- - - , '  (18) 
A I .  " ° " ° " ° ° " " " 

LI = 711,1: due to fuselage distortion 
A t  ~ 

L, = 2:'20: due to taflplane distortion 
A,  

L e  - -  ~]13 i ~-~0 due to elevator distortion 

L g  - -  YI4 : due to tab distortion 

Substituting L:, L,  etc., for (),,1/A1)¢', 0'12/A,)0', etc., In 

. . . . . . . .  (19) 

equation (15), we get 

K: ) L: 
½poi + 7'' ~ + L, + L, + Lg 1 = 0  

) L ,  A, 
71,7~1 L: + 73---!2~,2 L, + \ ½p# / 788 -~3 + 7,, -- A 1 

] 

- - - - 0  
o 

- -0  

. .  . .  

)'4, 7~__2 r +-74--2 L~ + (- K~  -~ ) Lg A~ 
y,,  L / +  7 ,2~ '  71~ \½p0i -- 744 ~',4 A,  -- 0 J 

which give the losses of control effectiveness corresponding to the distortions given by 
equations (15). 

(20) 

3.3. Elevator Hinge Moment.--The total hinge moment reacted by the control lever is 

H =  2flqC~(Ec) 2dx. 
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~o -- 2 b~(n¢' +riO') 
0 

from (5) and (6). 

Pu t t ing  

OH 

~ o 

we have 

+ b~(1 - f , o '  +L~')  + b.( - K - L ~ '  +L~')}qs(E,c) ~ de, (21) 

= 2b2 qs ~ de, 
0 

Q • (22) 

f l  1 { - -  Kb~ f:g/s (Ec) 2 de 
~ = (bin¢'  + b~) + (Ec) ~ de 

' " 0 ¢ 

+ (b, - v~)o' of,(Ec)" de + b~o' oL(Ec)~ de 

- fs /s (Ec I, de + sJsf (Ecl'de} . . . . . . .  (231 
a O  5g 0 

With  a rigid tai l-unit  (¢: = 0: = ~0: = ~: = 0) the  overall h inge-moment  coefficient becomes 

b (rigid tail-unit) b~ Kb3f?/" ~ / f l  . 2 = - -  (Ec) de o(Ec)~ de = b~ (say) . . . . .  (23a) 

4. Calculated Results.--4.1. Structural Distortions and Loss of Control Effectiveness with Rigid 
Tab.--Using the  current  m in imu m values 0I the stiffness criteria ~ i.e., Ks = 0.12, K~ = 0.036, 
K~ = 0.012, equat ions (15) were solved for the  case of an elevator wi thout  a tab but  wi th  forward 
balance sufficient to reduce the  h inge-moment  coefficient --  b2 to 0-2. The rates of reference- 
section displacement  obta ined from the  solution were regarded as ' s tandards '  and by  subst i tut ing 
them in equat ions (15) independent  expressions 'were obta ined connect ing the  stiffness criteria 
wi th  the A and ~, coefficients. 

The values of the stiffness criteria necessary to main ta in  these s tandard  rates of displacement  
were calculated for elevators with different amounts  of forward balance and w i t h  full-span, 
2/3-span and 1/3-span, 10-per cent chord, rigid tabs wi th  various gear ratios. I t  was found tha t  
the  elevator h inge-moment  coefficients b~ and b~ could be represented as l inear functions of the  
coefficient b~ only; and, as it was assumed tha t  the  other  coefficients were independent  of the  
amoun t  of elevator balance, tha t  the  stiffness criteria couldbe'  expressed in terms of the  coefficient 
b~ and the tab gear ratio K. 

The calculations were for .the design diving-speed (Z = 1) and the values of the  aerodynamic 
coefficients used were 

a 1 = 4 " 0 ,  b l = - - 0 . 0 5 + 0 . 0 2 5 6 2 ,  m = 0 . 5 ,  

a , = 2 - 5 ,  b , = f r o m  0 to - - 0 . 6 ,  r n ~ = 0 . 4 5 ,  
aa = 1"3, " b3 = --  0"065 -¢- 0"25b2, e = 0.05. 

The value b~ = - -  0 .6  is appropriate  to the  case wi th  no forward aerodynamic balance. 

The results a r e  given as graphs of criterion versus b~ for constant  82, the overall elevator 
h inge-moment  coefficient if the  tai l-unit  were rigid (see (23a)). 

The full-span tab case can be taken  to be the  ideal tab ar rangement  for a r igid tail-unit,  in 
which the  elevator is uniformly balanced along its Whole length. A much  less favourable case 
is t h a t w i t h  the  third-span tab placed at the  elevator root; this approaches the  case in which all 
t he  hinge m o m e n t  of the. plain elevator is reacted by  a control lever at  the  root. 
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From Figs. 2 to 4 it. will be seen that  for all tabs the values of K i and K~ ~are reduced as the 
proportion of geared balance increases. This is due to the total lift and pitching moment  of the 
tail being reduced by the tab's contribution to them. There is more  variety ill the curves of the 
elevator stiffness criterion. For the full-span tab the value of the stiffness criterion necessary to 
maintain the distortions constant varies little when the method of balancing is changed; but with 
the third-span tab it can become much larger than the present  minimum, especially if there is 

• little or no forward aerodynamic balance. In the latter case the tab i's at the elevator root only 
and has no effect on the torque on the two-thirds of the elevator which are outboard of it. 
Broadly speaking, if the tab is moved further outboard it affects the torque on a larger part of the 
elevator than before, reducing the area of the elevator torque/torsional-rigidity diagram, the size 
of which is a measure of the tip deflection. I t  should be possible to reduce the distottion of most 
elevators to a reasonable magnitude by moving the tab to a position far enough out on the elevator. 

It  will be noticed that  a rigid tab modifies the elevator distortion even when its gear ratio i~ 
zero; for if we put the hinge-moment coefficients b3 = b2 = -- 0.2 so that, except for the presence 
of a rigid tab, each tab.case corresponds to the first case taken, an elevator without a tab, we find 
that  for the same elevator distortion• a greater value of the elevator stiffness criterion is needed 
in the with-tab case than in the without-tab case. The difference is as much as 18 per cent for 
the full-span tab case. This effect of the rigid tab with zero gearing is of course due to the fact 
that  as the elevator tw.ists the tab acquires an angle relative to it; an effect which is represented 
in equation (15) by the presence in the coefficients ~'la, 733, ~ a o f  tab terms dissociated from the 
gear ratio K. 

Calculations " similar to those for the distortions were •performed to find the loss in control 
effectiveness due to a third-span, 10-pe~ cent chord, rigid tab. The losses of control effectiveness 
due to the distortions used above were found for the elevator-without-tab case and substituted 
in equations (20). The values of the stiffness criteria necessary to maintain these losses of control 
effectiveness constant were then found, the forward balance of the elevator and the tab gear ratio 
being varied as before .  The calculations were again made for the design diving speed. 

I t  will be seen from the first of equations (20) that  the value of the fuselage criterion necessary 
for constant losses of control effectiveness is unaffected by the method of balancing, since 9'11 is 
independent of the aerodynamic coefficients save al. For the tailplane, the replacement of a 
fully-balanced elevator with only forward balance by one with only geared-tab balance leads to 
a n  increase in the value of the tailplane criterion of less than 1½ per cent: Curves of elevator 
criterion versus b2 for constant  b3 are given in Fig. 5. It will be seen that  they are similar to the 
corresponding curves of criterion for constant distortion. 

4.2. Structural Distortions and Losses of Control Effectivemss with Flexible Tab.--The tab was 
then allowed to distort and the tail-unit distortions were calculated over a range of values of the 
tab stiffness criterion, using the current values of the other criteria. This was done for three 
sizes of tab, namelyl full-span 10-per cent chord, full-span 4-per cent chord and one-third-span 
10-per cent chord. The hinge-moment coefficient -- b3 was redhced to 0.2 solely by the tab, 
there being no forward aerodynamic balance. For the 4-per cent tab case the aerodynamic 
coefficients changed and their new values were : - -  

a, = 0"5, b~ = - -  0 " 5 5 ,  m g =  0"32, cl = c2 = -- 0"05, c, = -- 0"2. 

-The results are given in Figs. 6 to 8 as graphs of distortion (at the design diving speed) vs. the 
proposed tab stiffness criterion (25), which differs from the criterion assumed previously (4) in 
that  it depends upon the elevator span and not the tab span. The tab distortion tends to zero 
for large values of the stiffness criterion but increases rapidly when the stiffness is low. The 
distortions of the other surfaces vary similarly with the value of the tab stiffness criterion; for 
stiff tabs they approach their values for a rigid tab but again show a fairly sudden increase when 
the tab stiffness is reduced. 
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Calculations were performed to find the difference in loss of control effectiveness between 
elevators with rigid and flexible tabs; the calculations covering va.riation of both speed and tab 
stiffness criterion. 

The calculation s giving the loss of control-effectiveness vs. stiffness criterion were for the design 
diving speed. The results are presented as curves of the ratio of the loss of control effectiveness 
with a flexible tab to tha t  for the corresponding rigid tab versus the proposed tab stiffness 
criterion (Fig. 9). I t  is seen that  the stiffness of the tab has little effect on the total loss of 
control effectiveness since although the elevator distortion is larger when the tab is flexible the 
tendency of the tab distortion is to counteract  the resulting increased loss Of lift. 

Only one value of the tab stiffness criterion was taken for each size of flexible tab in the loss of 
control-effectiveness vs. speed calculations. The values chosen were -such tha t  the ratio of the tab 
reference section distortion to the gear ratio was approximately the same in each case. The 
actual ratios were 16.0 per cent, 16.0 per cent and 18.3  per cent for the full-span 10-per cent 
chord, full-span 4-per cent chord and one-third-span i0-per cent-chord tabs respectively. The 
losses of control effectiveness up to the control-reversal speed are given in:Figs. 10 to 12 whence 
it is seen tha t  there is  little difference between the elevators with rigid and flexible tabs up 
to the design diving speed. 

4.3. Elevator Hinge Moment with Rigid and Flexible Tabs.--The elevator hinge moment swi th  
rigid and flexible tabs were calculated for the three elevator-tab arrangements used in section 4.2 
(i.e., full-span 10-per cent chord, full-span 4-per cent chord and one-third-span 10-per cent chord 
tabs, b2 ---- -- 0.2, no forward aerodynamic balance). The calculations covered variation of both 
stiffness criterion and speed. 

The results of the calculation in which the tab stiffness was varied ate presented in Fig. 13 as 
curves of the ratio of elevator hinge moment with flexible tab to that  with the corresponding 
rigid tab vs. the proposed stiffness criterion. As in the case of the tab distortions the increases in 
the elevator hinge moments are small for large values of the stiffness criterion but  increase 
rapidly when the stiffness is low. The calculations pertain to  the design diving speed. 

Fig. 14 gives the results of the calculation by which the increments in the overall elevator 
hinge-moment coefficient due to aero-elastic distortion (62 -- 53) were found for different air speeds. 
The values of the siiffness criterion for the flexible ,tab are those used in the corresponding 
calculation involving loss of control effectiveness described in section 4.2: 

5. Pr@osed Tab Stiff~¢ess Criterion.--Little help in the formulation of a tab stiffness criterion 
can be gained from consideration of the flutter aspect of the problem as this is conditioned to a 
large extent b y  the inertia characteristics of the tab. As a general rule however, the tab's 
torsional stiffness should be as high as considerations of its inertia Will allow. Also the flexibility 
of the tab has been seen to have hardly any effect on the total  loss of Control effectiveness. 

We are thus left with considerations of the structural distortions and the elevator hinge moment 
o n  which to base  our tab torsional-stiffness criterion. With  regard to the structural aspect  of 
the distortions it is suggested that  the distortion per unit tab=span is of more account than the tip 
deflection of the tab and therefore that  the tip deflection of a fractional-span tab should be 
proporfionately less than that  of a full-span tab. On this basis a suitable criterion is 

K~ = V • \  as, ~ ( se )2 .  . . . . . . . . . . . . . .  (24) 

I t  witl be noted thai  this reduces to the criterion assumed initially (4) when the tab covers 
the whole of flhe elevator span. The tip deflections of the full-span tabs are almost identical 
for values of K~ which are greater than 0.02 (Figs. 6 and 7). For the one-third-span tab in the same 
range the tip deflection is about a third of tha t  of the full-span tabs. 
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However, this expression for  the stiffness criterion leads to relatively large' elevator hinge 
moments with full-span tabs compared with those with one-third-span tabs. The criterion which 
suggests itself on comparison of the elevator hinge moments  is , 

1 ( Tg ~ 112 
(25) 

G- 
I t  will be seen from Fig. 13 that  a stiffness criterion of this form would lead to increases in the 
elevator hinge moments which would be approximate to each other for values of K~ greater than 
0-01. Although this criterion increases the tab reference section displacement possible with 
the one-third-span tab to just below that  for the full-span tab, it is preferred to that  given in 
equation (24) as it is thought that  the estimated increases in the elevator hinge moment are more 
serious than the structural distortions involved. 

Whilst it is realized that  extensive statistical data  should be collected before a minimum value 
for the stiffness criterion is finally agreed upon, a temporary value might be of some use. From 
Fig. i3 it would seem that  a suitable value might be 0.02, which results in an increase in elevator 
hinge moment of between 10 per cent and  14 per cent for the three cases considered compared 
with the hinge moments with a rigid tab. The corresponding calculated tab reference section 
displacements will be 7.5 per cent, 8- 7 per cent and 8 .3  per cent of the applied elevator angle for 
the full-span 10-per cent, full-span 4-per cent and one-third-span 10-per cent tabs respectively. 

6. Co~clusio~s.--It is concluded that  ~/geared tab which covers only a part  of the elevator 
Span and which is located at the elevator root may  lead to comparatively large elevator tip 
distortions and loss of control effectiveness. I t  is thought however that  these can be reduced by 
moving the tab to a position further outboard on the elevator. 

The flexibility of the tab has little effect on the loss of control effectiveness but if it is large it 
m a y  lead to large tab distortions and elevator hinge moments. I t  is proposed that  a torsional- 
stiffness criterion of the form Kg = {1/V~} {Tg/Ecs~(eg ) ~]}~,2 should be used for tabs. 

7. List of Syrnbols.-- 
al, a~, a3 = ~CL/~o~, ~CL/O~?, ~CL/~fl respectively 
bl, G, b~ 

b2 
Cl, 'C~, 6~ 

c, (Ec), (ec) 
g, (Eg), (eg) 

d 
gC 

f,,L, fg 

qq4 o 

~4 

q 
S 

sg 
"X  

A1, A2, A3, A4 

aCu/O ~, aCH/a~, aCn/a$ respectively 

Overall elevator hinge-moment coefficient = HI@o. 2qsfi(Ec) 2d@ 
Value of/~2 with rigid tail-unit 
~Cr/~o:, OCr/~, ~.CT/~$ respectively 
Local chord of whole surface, elevator and tab respectively 
Mean chord of whole surface; elevator and tab respecffvely 
Distance between wing quarter-chord point and elevator hinge-line 
Distance of flexural axis behind aerodynamic axis 
Modes of distortion of tailplane, elevator and tab respectively (see 3. !) 
Tip-to-root stiffnesses of elevator and tab respectively 
Tip-to-root stiffness of tailplane 
See equation (5) and preceding paragraph 
Dynamic head (½p V ~) 
Semi-span of tailplane (and elevator) 
Length of tab 
Distance from 'centre=line of aircraft 
Defined in equations (16) 
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CL, CM, C~, CT 

Fi 

G r 

H r 

H 
K 
Kj 

K~, Ke 

LI, L,, Le, Lg, 

Mr 

P 
Tt, T,, T~ 

V, Vo 
0¢ 

0¢o 

~rs 

~,  rio 

$l, O r, Wr,~l 

P, Po 
(7 

Section lift and pitching-moment coefficients for the tailplane , and elevator 
and tab hinge-moment coefficients respectively 

Fuselage vertical stiffness between wing quarter-chord point and elevator 
hinge-line 

Total equivalent hinge moment of tab at its reference section (sea equation 
(10)) 

Total equivalent hinge moment of elevator at its reference section (see 
equation (9)) 

Total elevator hinge moment reacted at the control lever 
Gear ratio of tab 
Fuselage vertical stiffness criterion 
Tailplane, elevator and three tab torsional-stiffness criteria 

Losses of elevator effectiveness due to distortions of fuselage, tailplane, 
elevator and tab respectively 

X Total equivalent pitching moment of tailplane at its reference section 
(see equation (8)) 

moment of tail-unit about the wing quarter-chord point Pitching 
Torsional stiffnesses of tailplane, elevator and tab respectively defined 

in  section 3.1 
Air speed and design diving speed respectively 
Local angle of incidence of tailplane 
Mean angle of incidence of rigid tailplane 
Local tab angle 
Defined in equations (16) 
Local elevator angle and angle at 'control lever respectively 
Reference section deflections of fuselage, tailplane, elevator and tab 

respectively (see equation (5) and preceding paragraphs) 
First differential coefficients of above with respect to ~ 0 

Density of air at height and at sea-level respectively 
P/Po 

x/s 

, No.  Au thor  

1 A. R. Collar and Mary Victory, 

2 Ministry of Suppls? . . . .  

3 H. Wit tmeyer  and H. Templeton 

4 D . J .  Lyons and P. L. Bisgood..  

5 H . H . B . M .  Thomas and M. Lofts 

6 J . G .  Walker . . . . . .  

REFERENCES 
Title,  etc. 

Standards of structural stiffness for aeroplane tailplanes, elevators and 
fuselages. A.R.C. 6818. June, 1943. 

Design Requirements for Aeroplanes. A.P. 970, P a r t  5, Chapter 504. 
(A.L. 40, April, 1947). 

Criteria ,for the prevention of  flutter of tab systems. R. & M. 2825. 
January,  1950. 

An analysis of the lift slope of aerofoils of small aspect ratio, including 
fins, with design charts for aerofoils and control surfaces. R. & 3/L 
2308. January,,1945. 

Application of thin-aerofoil theory to controls having set-back hinge 
balance with an analysis of wind-tunnel data on aer0foils of finite 
thickness. R. & M. 2256. , July, 1945. 

Note on the estimation of cont'rol surface hinge-moments due to tabs. 
A.R.C. 9628: March, 1946. 

k l 0  



APPENDIX I 

Effect of Modal A ssum2btions 
The assumptions, made in the main body of the report, t h a t  the tailplane and elevator torsion 

modes are linear and tha t  the fuselage flexural mode is parabolic have some empirical support .  
Some calculations were performed however to find the effect on the tail-unit of alterations in 
the modes. This was done only for the elevator-without-tab case at the design diving speed. 
Each of the modes was altered separately; the tailplane and elevator modes being changed to 
parabolic and the fuselage to cubic. The stiffnesses of the tailplane and elevator between the 
root and tip were kept Constant with change of mode. 

The effect of variations of the modes on the reference section displacements and losses of 
control effectiveness are given in Tables 1 and 2 below. 

TABLE 1 

Tip Values of 

, - - 6 "  
_ 0 t 

N ~ t  

n = 2 , f , =  ~,A = ,  

0.105 
0 .272 
0.181 

0 .088  
0 .282 

- 0 .176  

n = 2, j~ 2-~2, fe ----= ~e 

0 .112  
0 .142  
0-170 

n = 2 , f i = ~ , f i =  $ 2 

0.111 
0 .292  
0 .113 

TABLE 2. 

Loss of control 
effectiveness due to 

~ t 

O' 

¢, + o' +~o" 

~ = 2 , f , =  $,A = ~ 

0- 337 
0. 073 
0 .080 
0 .490  

n=3, f ,=~ ,L=6 

0" 421 
0 .075  
0 .078  
0. 575 

0 .358  
O. 024 
O. 075 
0 .457 

~ = 2 , f , = , , A  =$ ~ 

0.354 
0 . 0 7 8  
0.031 
0.464 

I t  will be seen tha t  in each case the largest changes from the 'standard'  values occur in the 
deflection and loss of control effectiveness pertinent to the varied mode. In most cases the 
deflection or loss of control effectiveness is reduced, sometimes considerably as in the cases of 
the elevator and tailplane. ' The only exception is the fuselage loss of control effectiveness which 
increases 25 per cent due to the large increase in the slope .per unit deflection at any. point on 
changing from a parabolic to cubic mode. Since the' loss due to fuselage distortion is a major 
part  of the total  loss the latter increases by about 17.5 per cent. I t  is concluded that  the results 

g i v e n  by the tailplane and elevator modes used in the main b o d y  of the work are conservative 
if, for the modes obtaining in practice, the signs of f and ~ / ~  ~ are the same and there is no 
distortion at the root. 
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