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Hinge moments have been measured on tabs of 4.7,% local chord on 
a tailplane with ho trailing edge angle. The range of investigation 
covered the effects of 32% nose balance and of the gap between tab and 
elevator. 

For small deflections of the control surfaces 01 and o2 are 
negligible whilst c3 $i -0.36 and -0.28 for the unbdanood 3rd 
balanced tabs respeotLvely. 

With large angles of the elevator, and with moderate angles 
when the elevator gap is open, 02 tends to the calculated value for 
this ring without boundary layer terms. Consequently the curve of 
tab hinge moment as the tab and elevator both mow is not linear. 

Vslu$s of cl and ~~~tia&tilotod by thick aerofoil theory, with 
Bryant's <<p$riopl boundary-layer terms, 
measured vzlues fbr small deflections. 

am in good agreement ~6th 
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1 Introduction 

The use of servo tabs on large transport aircraft has made it 
necessary to obtain data on the hinge moment characteristics of small 
chord tabs of full span. For this purpose a third scale model of 
the half tailplane of the Bristol 175 aircraft was mounted in the 
Z!& ft wind tunnel, and tab hingo moments wcro measured. Previous 
tests of elevator hinge moments had been made.l The mean tab chord, 
aft of hinge lino, is 4% of the tailplane mean chord, but the tab 
is of constant chord whilst the tailplane tapers. Tho main tasts 
were made on one quarter of the tab, and on this tie tab chord, aft 
of hinge line, was 43$ of the local tailplano chord. The tests 
included an investigation of elliptic nose balance and of gap size. 

2 Description of Model and Tosts 

The tests were made during April and May 1951. The model is 
shown in Fig.1, and its dimensions are givon in Table I. The mean 
chord of the mod.01 tailplano was 3.58 ft; and sinoe the open jet 
.Z+ ft wind +nnel was,usod, no borrcctions to hingo moments have 
boen applied. It $11 bo seen in Fig.2 that the model was,a half 
tailpl,ane with en&date rather than a half tailplane completely 
reflected. The geometric inoidences tested were 0' and lo', but 
the model lift slope would only correspond to y" of the completely 
reflected wing. Since the effects of incidence on hinge moments 
is snail, no correction has been applied. 

Th 
8 

tests were made at160 ft/sec giving a Reynolds number = 
3.6 (lo) , based on mean tailplane chord. Transition vrires vmre 
fitted at 1% chord on botti surfaces of the tailplane. 

Tho elevator hinge line was at 6% of the tailplane chord with 
3% nose balance. Up to dcflootions of 20° the elevator nose gap 
was sealed by sorb0 rubber attached to the nose. For defleotions 
greater than 20° the balance nose projects& beyond the profile. 

This elevator had a full span tab vvhioh was divided into four 
equal parts spanwise, each having tvm hinges. The hinge moments 
on seotion 2 of the tab were measured (soe Fig.1). 

Two types of tab were tested, one having a 3% elliptic nose 
balanoe, the other being an unbnlancod tab made by cutting away the 
balance to leave a semi-circular nose. The tab hinges were made 
as frictionless as possible in or&r to measure the true hinge moment 
coefficient. In full scale aircraft there would probably be a 
larger frictional force. Each tab was tested with gaps of 0.001 
and 0.0025 of the local tailplono chord c'. 

The angular position of those parts of the tab which were not 
connected to the balance could be pre-set. In most of the tests 
they were fixed at 0" to the elevator, but some tests were made with 
a tab setting of 25' to enable the results to be corrected to a 
full-spsn tab. 

Tho maximum error involved in setting the tab angle !3 was 

&A, which corresponded to an error of 20.002 in the hinge moment 
ooefficient (CH). The maximum error involved in readipg the balance 
corresponded to an error in Q of 0.0005, giving a total of+0.0025. 
This error would be increased at large elevator angles due to un- 
stoadinoss. 
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3 Results and Discussion 

For small chord tabs the values of cl, c2 and c3 (the partial 
derivatives of C& with respect to a , 11 and tab angle p) are con- 
stant for small ranges of a ) 71 and p . These constant values of 
the derivatives are much smaller than the values calculated without 
consideration of the boundary layer, and are in fact the values for 
the tab embedded in a thick boundary layer. For large angles of 
the surfaces, and when hinge gaps are open (and act as slots), the 
curves w-ill revert ta the values they would have with thinner boundary 
layer, causing unsystematic looking cwves (Figs.3-7). 

3.1 Small Anples 

Considering first the values at small angles, the values found 
for the single sectlon of tab are:- 

Tail incidence 
b.0) 

0 

10 

Tab 
balance Tab gap cl 02 03 

unbalanced O.OOlC -0.01 
0.0025~ -0.01 

balanced 0. OGlo -0.01 0 
0.0025c -0.02 

These would be little altered if the full span tab had been 
used. This was checked by some tests shown in Fig.8 in which the 
remainder of tho tab was set at 25O, so that the "full span" curve 
would run from the point representing O" on all tabs to that repre- 
senting 25O on all tabs. This would increase the negatlvc value 
of c3 by 0.01. 02 wxld be unaltered, since the variation of C& 
with q is not changed. 

The effect of 3% nose balance is to reduce 03 by 2%. 

These values of q, c2 and c3 for unbalanced tabs have been 
compared with the following calcdat~ons:- 

(a) Bent plate theory2. 

(b) Thick wing theoq? This is only available for a single 
flap, giving cl and c3 but not 02. 

(c) Bryants empirical corrections for boundary layer.3 

The oomparison found is:- 
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Bent plate theory 
Thick acrofoil theory 

Thick acrofo~l theory .?nth Bryant 
empirical oorrcotions 

Xeasured values 

1.00 
1.106 

0.865 

-0.01 

This demonstrates the large boundary layer effect. To ostim3ta how 
much the change from model to full scslo Reynolds Nuder ~~11 effect 
this, the BrJantmethod has been 3pplleii to calculate cl and c3 at 
R = 20 x 106, givmg:- 

R = 3.6 x 10G R = 20 x lo6 
Without 
Boundary 

Isayer 

u1 -0 o?. -0.05 -0.09 

O3 -0.36 -0.39 -0.56 
___- 

so that the model results wdl he sdstantxally applicable to 
flight conditions. 

3.2 Non-llncar Parts of :Ii&\ioment Clurve --I 

In F5g.3, hinge momurit:; are plcLtea ag3inst elevator angle: 
the elevator gap ~3s 
aftor 2o" 

senlod \*atd l,ho nose beg3n coming out soon 
. Trio hinge is beh:d the m3ximum thickness of the 

elevator, accentuating the bulge outside the vmng contour 3s the 
elevator rotates. Fig.3 shows that c2 is only small for qdte 
small voluos of 7) 3rd P 3rd show large changes taking place 
even wxth sldll tab angles between -ED and -25' elevator angle. 
In Pig.9 some results from section 3, of the tab are given, theso 
wore made rdth elevator gap open, and ihere was 3 out out in the 
elevator nose. The effect of the g3p is to give a higher value 
of a2 for v > 80, this value being of the or&w estimated for 
"without boundary layer". 

In Figs.&7 hlngc moments are plotted against tab angle, and 
the value of c3 ir nearly constant and 1s small up to 200 or 25O 
of P as long 3s the elevator or.@ is small. In a very crude 
way this 1s cxplalned by ihc thick boundary la,yor, over the last 
s of the wing, ombcdding ihe Lab rind being cnrried round vxth it 
3s it moves. 

Tho ef'l'octivcness of $1~~ balsnco& tnb is illustrated in Ref.1 
(Flg.28). It is seen that 200 oi' balonccd tab will ~lve -25° of 
elevator Y*ilst loo of t3b glvc 15O 9f elevator. Such points are 
joined in J?ig.l+.(b) by the brAon cumo. This curve shows tho tab 
hinge moment rcqulrod to prodticc ?ho rcquxsitc elevator dcfloction. 
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4 Conclusions 

(1) The values of 01 and c3 for small angles are correctly 
estimated by the nothod of re~crcncc 3, in v,hich howcvcr the boundary 
layer terms arc cmpirioal. 

(2) The boundary layer 'corms aro lnrge, but a calculation shows 
rclatlvely small change up to full scale Reynold's number. 

(3) The cffcct 02 3C$ balance from an elliptic noso is to roducc 
03 by 2qz. 

(4) The hinge moment cw%-s are non-linear i-rith elevator an@; 
and 03 for a scrw tab ?,ith the correct clcvator setting may bccomo 
loss stable vrith increasing angle, bccommg mstablc withul the prac- 
tical range. 

(5) Slncc the mall-angle values &pond on berg in a thlok 
. boundary layer, the only hope of obtaining more linear curves would 

be in providing slots at the hinges or removing the boundary layer 
in some other manner. The hlngc moments would then bo much hcavwr. 

c 

c’ 

a 

rl 

P 

P’ 

OH 

Cl 

c2 

O3 

LIST OF SDiBoLS 

mean tailplane chord 

locsl tiilplane chcrd 

tailplane lncidcnco 

elevator angle 

tab angle of part of tab on v&ich mcasurcmcnts wro mado. 

tab angle of other parts ol" tab 

tab hinge moment 

slope 3f CH v a ou-ve ( > 
a% 
da 

( > 
=H slope of % v q culve - 
aq 
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Area per side 
Semi-span 
Mean chord 
Root chord 
Aspect ratio 
Section (symmetricdl) 
Tailplane thickness 
Sveepbaok of lea6ing aage 
Smepfomrard of trailin& cd&e 
Taper ratio 
Trailin& edge angle 

Elevator 

Area aft of hinge 
Span per side 
Swecpbxk of leading e&o 
Position of hinge line 
Nose balance 

32.70 sq.ft.. 
9.17 -ft 
3.57 ft 
4.7% ft 
5.yc3 

R.J.P.23 (moW'ied) 
0.1250 

100 
5O 

2.00 
XL0 

Tab - 

Area d't of hinge 
Span per qwrtc.r Lab 
Chord aft of binge (constd) 
Now b&mcc 
TaiLLplartQ chord at centre of tab 
Tailplane ohorEl at centre of scct~on 2 of tab 
Tailplane chord at centre of section 3 of tab 

0.23b. sq.ft. 
1.345 ft. 
0.154 fb 
3% 
3.49 ft 
3.25 ft 
3.74 ft 
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TAB-HINGE MOXWTS. GA? = 0.0010 - 

Measured on section 2, other sections at 0'. 

- 

c 
, 
c 
, 
/ 

, 

- 

-7 
- - 

- 

- 

- 

0 5 

-0. 001, -0.038 
-0.005 -0.034 
-0.003 -0.031 
0.001 -0.027 
o.ol4 -0.013 
0.067 0.044 

0.110 

-0. OIA 
-0.00 { 
-0.003 
-0.002 
0.008 
0.015 
0.054 

0.080 

-0.047 
-0.041 
-0.034 
-0.029 
-0.020 
-0.012 
0.036 

- 

-5 

3.027 
3.026 
3.032 
3.036 
3.045 

3,019 
0.025 
0.027 

10 15 

-0.070 -0.108 
-0.066 -0.098 
-0.056 -0.090 
-0.046 -0.072 
-0.033 -0.041 
0.012 -0.012 

-0.027 

-0.081 -0.117 
-0.074 -0.108 
-0.057 -0.098 
-0.057 -0.086 
-0.044 -0.069 
-0.031 -0.049 
0.013 -0.011 

20 

-0.u.5 
-0.137 
-0.1?5 
-0.101 
-0.054 
-0.021 

-0.156 
-O.IJ+8 
-0.137 
-0.126 
-0.100 
-0.072 
-0.029 

-0.173 
-0.159 
-0.129 
-0.074 

-0.053 

-0.185 
-0.174 

-0.129 
-0.094 

BAT&ICED TAB 

- - 

10 15 20 lnV" I -5 0 I; 

-0.003 -0.030 
-0.002 -0.026 
-0.003 -0.024 
-0.001 -0.023 
0.010 -0.015 
0.049 0.028 

0.090 0.056 

-0.013 -0.038 
-0.003 -0.031 
-0.002 -0.025 
0.001 -0.022 
0.002 -0.018 
0.009 -0.ol.4 
0.051 0.031 

25 

-0.126 

-0.074 

-0,001 

-0.020 

-0.055 -0.082 
-0.04? -0.071 
-0.043 -0.060 
-0.038 -0.048 
-0.028 -0.031 
-0.008 -0.005 

-0.009 

i 

-0.064 -0.095 
-0.056 -0.087 
-0.053 -0,075 
-0.044 -0.061 
-0.035 -0.049 
-0.027 -0.034 
.0.013 0.000 

-0.111 
-0.094 
-0.075 
-0.052 
-0.026 
-0.007 

+ 5.0 
- 3.1 

a = 00 
- 5.1 
-10.0 

0.022 
0.021 
0.026 

-15.0 0;033 
-20.0 
-25.0 
-30.1 

+ 5.0 
- 0.1 0.021 l---r - 5.1 0.022 

a = I.00 -10.0 
-15.0 0.024 
-20.0 
-25.0 

-0.146 
-0.130 

-0.080 
-0.032 

-0.117 
-0.109 
-0.099 
-0.084 
-o.os? 
-0.032 
-0.004 

I \-3kij 
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a = o” 

a = 100 I - 
TAB liDiCE hlOPIX~TS. GAP = 0.0025c 

Measurefi oq section 2, other soctmns at 0' 

no 8 
1 
+ 5.0 
- 0.1 
- 5.1 
-10.0 
-15.0 

-r 

+ 5.0 
- 0.1 
- 5.1 
-10.0 
-15.0 

-5 

0.029 
0.033 
0.038 
0.053 

-0.006 
-0.005 
-0.001 
O.OOl+ 
0.015 7 - 

PO v” -5 

t 5.0 
- 0.1 0.022 

a = o" - 5.1 0.023 
-10.0 0.028 
-15.0 0.042 

+ 5.0 

0 5 10 
- 

-0.006 -0.036 -0.068 
-0.002 -0.031 -0.058 
-0.004 -0.027 -0.051 
-0.003 -0.024 -0.039 
0.007 -0.018 -0.028 

a=100 - 0.1 -0.007 -0.03s -0.072 
- 5.1 -0.002 -0.030 -0.061 
-10.0 -0.001 -0.025 -0.0% 
-15.0 0 -0.022 -0.041 

5 10 

-0.049 -0.078 -0.039 -0.072 
-0.031 -0.059 -0.028 -0.046 

I 

-0.014 -0.034 

-0.046 -0.081 
-0.034 -0.070 
-0.028 -0.059 
-0.022 -0.046 
-I_ 

Y- 

1 -- 
- 

15 

-0.u 
-0.104 
-0.087 
-0.067 
-0.041 

-0.120 
-0.105 
-0.090 
-0.071 
-- 

- 
I - 

20 

-0.155 
-0.l42 
-0.12.$ 
-0.102 
-0.058 

-0.163 
-0.l.43 
-0.130 
-0.105 I 

25 

-O.lEq 
-0.16: 
-0. utc 

15 j 20 j 25 1 
-0.099 -0.126 
-0.087 -0.111 -0.l45 
-0.072 -0.091 -0.127 
-0.052 -0.068 -0.095 
-0.027 -0.030 

10. 



TABLFi IV 

EFFECT ON TAB fXNGE MOHENTS OF SETTING. 8', 

OFOmRTAZS. GAP = O.OOlc, a = 0' 

UXBALAJTCED TAB 

F” -5 0 5 10 15 20 25 

11 s -0.10 p' = oo 0.026 -0.005 -0.034 -0.066 -0.098 -0.137 -0.173 
p’ = 25O 0.024 -0.011 -0.042 -0.070 -0.102 -0.l.42 -0.174 

VI= -15.00 P’ = 00 0.045 Q.OlL+ -0.013 -0.033 -0.041 -0.054 -0.074 
(3' = 25O,O.O43 0.011 -0.019 -0.036 -0.044 -0.058 -0.074 

-M3AK'EZ TPB 

p" -5 0 5 10 15 20 i 25 

q = -0.10 0' = 00 -0.001 -0.026 -0.048 -0.071 -0.094 -0.126 
p' = 250 -0.009 -0.031 -0.055 -0.078 -0.103 -0.134 

q = -15.00 p' = 00 0.033 0.010 -0.015 -0.028 -0.031 -0.026 
p' = 25' 0.028 0.000 -0.020 -0.035 -0.037 -0.029 

Wt.2078.CP112.X3. Prtnted WI Oreot Brt tam. 
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FIG.3 

FIG. 3. TAB-HINGE MOMENTS v ELEVATOR 
ANGLE, UNBALANCED TAB, 

GAP~0.001~ 



FIG. 4 

,- 0.10 

cH 

Is 0.05 

-5 
0 

-0 05 

-0.c 

-0. I5 

i- 

CH 
0.05 

l% .- 5 0 

*I 

-0 05 
-0.10 

I I ’ 
UNBALANCED TAB 

j 20 p” 25 

TA6 HINGE MOMENTS REQUIRED 

BALANCED TA8 

C3 w = -O*l)=-0.27 I 

I 

FIG.4. TAB HINGE MOMENTS v TAB ANGLE, 

GAP=O-OOlc,o( -0” 



C” 0.05 
!!Q 

-5 

L -0*2c 

FIG. 5 
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