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SUMMARY

Hinge moments have been measured on tabs of 4..7% local chord on
a tailplane with 1.° trailing edge angle. The range of investigation
covered the effects of 32% nose balonce and of the gap between tab and
glavator.

For small deflections of the control surfaces o ond oy are
negligible whilst oy is «0,36 and ~-0,28 for the unbaloncod ond
balanced tabs respettively.

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

Volugs of ¢q ond c; calculatod by thick serofoil theory, with
Bryant's empiricol boundary- layer terms, ore in good agreement with
measured values for smoll deflections.
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1 Introduction

The use of servo tabs on large transport aircraft has mede 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 tailplanec of the Bristol 175 aircraft was mounted in the
2 't wind tunnel, and tab hinge moments were measured, Previous
tests of clevator hinge moments had been made,t  The mcan tab chord,
aft of hinge lino, is 44% of the tailplane mean chord, but the tab
is of constant chord whilst the tailplane tapers, The main tests
were made on one quarter of the %ab, and on this the tab chord, aft
of hinge line, was 43% of the local tailplanc chord. Thc tests
included an investigation of clliptic nose balance and of gap size,

2 Doscription of Model and Tosts

The tests wore made during April and May 1951, The model is
shown in Fig,1l, and its dimensions are givon in Table I,  The mean
chord of the modol tailplanc was 3.58 ft, and since the open jet
24 £% wind turmel was usod, no corrcctions to hingo moments have
been applied. It will be secn in Fig,2 that the model was a half
tailplane with endplate rather than a half tailplane completely
reflected., The geometric incidences tested were 0° and 10°, but
the model 1ift slope would only correspond to 9° of the completely
raoflected wing. Since the effects of incidence on hinge moments
is s=mall, no correction has been epplied.

The tests were made at 160 ft/sec giving a Reynolds number =
3.6 (10)°, based on mean tailplane chord. Transition wires werse
fitted at 15% chord on both surfaces of the tailplene.

The elevator hings line was at 65% of the tailplane chord with
30% nose balance, Up to dcfleotions of 20° the elovator nose gap
was sealed by sorbo rubber attached to the nose, For defleotions
greater than 20° the balance nose projectod boyond the profile.

This elevator had a full span tab which was divided into four
equal parts spanwise, each having two hinges. The hinge moments
on section 2 of the tab were measured (sece Fig.l1).

Two types of tab were tested, one having a 32% elliptic nose
balanca, the other being an unbalanced teb made by cutting away the
balance to leave a semi-circular nose. The tab hinges were made
as frictionless as possible in order to measurs the true hinge moment
ooefficient, In full scale aircraft there would probebly be e
larger frictional forcc, Bach tab was tested with gaps of 0,001
and 0,0025 of +ths local tailplane chord c'.

The angular position of those parts of the tab which were not
comnected to the balance could be pre-set. In most of the testis
they were fixed at 02 to the elevator, but some tests were made with
a tab setting of 25° to enable the results to be corrected to a
full-span tab.

The maximum error involved in setiting the tab angle B was
+%, which corresponded to an error of +0.002 in the hinge moment
ooefficient (Cy). The maximum error involved in reading the balance
corresponded to an error in Gy of 0,0005, giving a total of +0,0025.
This error would be increoased ot large elevator angles due o un-
steadinass,
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3 Results and Discussion

For small chord tabs the values of ¢, ¢p and 03 (the partial
derivatives of Cy with respect %o a , n and tab angle B) are con~
stant for small ranges of « , n and B . These constant values of
the derivatives are much smaller than the velues calculated without
consideration of the boundary layer, and are in fact the values for
the tab embedded in 2 thick boundary layer. Yor large angles of
the surfaces, and when hinge gaps are open (and act as slots), the
curves will revert to the values they would have with thinner boundary
layer, causing unsystematic looking curves (Figs,3~7).

3,1 Small Anglaes

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

Tail incidence Tab
(a®) balance Tab gap °1 o2 o3
0 unbalanced | 0.001lc 0,01 | -0.02 | -0.35
0.0025¢c -0,01 ~0,05] -0.38
balanced 0,.001c 0,01 6] -0, 27
0.0025ec | =0,02 | =0,01 | -0.31
10 unbalanced | 0.001c - ~0,05 | ~0,38
0,0025¢ - =0,07 | =042
balanced 0.001c - ~0.02 | =0, 30
0,0025c - ~0,06 | =0,35

These would be 1ittle altered if the full span tab had been
used. This was checked by some tests shown in Fig.8 in which the
remainder of the tab was set at 25°, so that the "full span" curve
would run from the point representing 0° on all tabs to that repre-
senting 25° on all tabs. This would increase the negative value
of ez by 0.0},  op would be unaltered, since the variation of Oy

with 7 1is not changed.
The effect of 30% nose balance is %o reduce ©3 by 20%.

These values of o1, ¢p and e¢3 for unbalanced tabs have been
compared with the following calculations:=

() Bent plate theoryZ,

(b) Thick wing theoryY This is only available for a single
flap, giving o) and ¢3 but not cp.

(c) Bryants empirical corrections for boundary layexr.-

The comparison found is:~



Fo/om | o Ch cz

2 3
Bent plate theory 1,00 ~0, 1. | =0,19 | =0.85
Thick agrofoil theory 1,106 | -0,09 - -0.56

Thick aeroforl theory with Bryant | 0.865 | ~0,04 - -0, 36
empirical corractions

lieasured values - ~0,01 | ~0,02 | 0,36

This demonstrates the large boundary layer offect., To estimate how
much the change from model to full scalec Reynolds Number will effect
this, thec Bryant method has been applied to calculate ¢y and 3 at

6 .
R = 20 x 10°, giving:-

6 ¢ Without
R = 3.6 210 R=202x10 Boundary
Layar
o1 ~0 O ~0.05 ~C,09
o3 -0.36 ~C. 39 -0.56

so that the model resultsz will be substantrally applicable to
flight conditions,

3.2 Uon-linear Paris of Ilinge Momeni Curve

In Pig.3, hinge moments are plelied ageinst slevator angle:
the elevator gap was ssaled until the nose began coming out soon
after 20°.  Tho hinge is behind the moximum thickness of the
eglovator, accentuating the bulge outside the wing contour as the
elevator rotates, Fig.3 shows 1lhat ¢ 1s only small for quite
small velues of 7 and B  and shows large changes feking place
even with small tab angles between ~15° and -25° elevator anglec.
In Fig,9 some results from ssction 3 of the tab are given, thesc
wore made with elevator gap open, and ithere was o oubt out in the
elevator nose. The elfect of the gap is to give 2 higher value
of oo for 7 > 80, this value being of the order sstimated for
"without boundary layer".

In Figs.4-7 hinge moments arc plotted against teb angle, and
the value of ¢z ic nearly constent and 1s small up to 209 or 25°
of £ es long as the elevaetor apgle iz small. In a very crude
way this .s cxplained by 1lho thack boundary layor, over the last
5% of the wing, ombedding lhe tab end being carried round vath it
as 1t moves,

The effoctivoncess of the balanced tab is 1llustrated in Ref.l
(F1g.28). It is secn that 200 ol balonced tab will give =259 of
elevator whilst 10° of tab give 15° of elevator. Such points are
jowned in Pig,h(b) by the broken curve, This curve shows tho tab
hinge moment required to producoe the requisite elcvator defloction.

5.



4 Conclusions

(1) The values of o and c3 for small angles are correctly

estimated by the method of weference 3, in vhich however the bhoundary
layer tcrms arc cmpirical,

(2) The boundary layer torms arc large, but a calculation shows
rclatively small change up to full scale Reynold's number.

(3) The effect ol 30% balance from an clliptic nosc is to roduce
c3 by 20%, -

(4) Thc hinge moment curves are non-linear with elovator anglc;
and oz for a servo tab with the correct clevator setting may bocome
loss stable with inercasing angle, becoming unstable within the prac-
tical range,

(5} Since the small-angle valucs dopond on being in a thick
boundary iayecr, the only hope of cbtaining more lincar curves would
be in providing slots at the hinges or remeving the boundary laycr
in some other manncr.  The hinge momcnts would then bc much heavicr.

LIST OfF SYMBOLS

c mean tailplanc chord

c! local tailplane chord

24 tailplane incidenco
il alevator angle
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0
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TARLE T

Modal Deotarls

Tailplane
Area per side 32,70 sq.ft,
Semi-cpan 9,17 £+t
Mean chord 3.57 £t
Roo ¥t chora .78 £%
Aspect ratlo S¢143
Section (symmetricel) R.4.P. 28 (modified)
Tailplane thickness C.125c
Sweepback of leading edge 109
Sweeplforwvard of irailing cdge 59
Taper ratio 2,00
Trailing cdge angle 1.0

Elevator
Area aft of hings 9,07 sq.ft.
Span per side 7.43 T,
Swecpbeck of leading edgo 20
Positicn of hings line 65% tailplane chord
Nose balance 30%

nek
Area al't of hinge 0. 284 sq.Tt.
Span por quardcr tab 1.8,8 £+,
Chord af% of hings (constan®) 0,154 £t
Nose bolanoc 32%
Tailplans chord ot centre of 1ab 3,40 £%
Tailplane chord at centre of seotion 2 of tab 3.25 f't
Tailplanc chord at centre of section 3 of tab 3,7 £t



Measured on

TABLE TT

TAB-HINGE MOMENTS,

GAP = 0,00lc

section 2, other seoctions at 07,

UNBALANCED TAB

o]
;5\? ~5 0 5 10 15 20 25
+ 5.0 {0,027 {~0,00L {=0,038 | ~0.070 | 0,108 |=0,145
- 0,1 0,026 [«0,005 |=0,034 | =0,066 | «0,098 |=0,137 {=0.173
o |= 5,110,032 |-0,003 |-0.031}| ~0,056 |-0,090 |{-0.125 {~0.159
=0 |-10,0 (0,036 | 0,001 | -0,027 | =0.046 | -0,072 |=-0,101 { -0,129
~15,0 {0,045 | 0,014 {~0,013 | 0,033 | =0.041 {=0,054 | ~0.074
-20.0 0,067 | 0,044 | 0.022 |-0,012 |{-0.021
-25,0
~30.1 0,110 | 0,080 -0,027 ~0,053
+ 5.0 {0,019 [=0.0%L |=~0,047 | =0,081 |=0,117 |-0,156
-~ 0,1 {0,025 [~0,007 |~0,041{ ~0,074 {~0,108 |[=0,148 | =0,185
= 100 .9+ 10,027 | =0.,003 | ~0,0%4 | ~0.057 | ~0.098 }-0.157 | -0.17%
- -10.0 -0,002 | =0.029 | ~0.057 | -0,086 | -0,126
~15,0 {0,035 | 0,008 | =0,020 | =0.044 | -0,069 | -0,100 | -0.129
-20,0 0.015 | ~0,012 | =0.031 | ~0.049 | =0,072 | =0,0%
-25.0 0,054 | 0,036 | 0,013 | =0.011 } =0.029
-30,1
BALANCED TAB
o’
" -5 0 5 10 15 20 25
+ 5.0 -0,003 { 0,030 | =0,055 |=0.082 |~0.111
~ 0,1} 0,022 {=0,002 } =0,026 | =0,04% |~0,071 |=0,09 |~0,126
5| = 5:1]0.02%}-0,003 |-0,02 |~0,043 |-0,060 |=0,075
=0 | =10.0 0,026 | -0,001 | =0,023 | -0,038 |-0,048 {~0,052 | -0,074
~15,0] C.033 | 0.010 | -0,015 | =0,028 |~0,03L {-0,026
-20,0 0,049 | 0,028 { =0,008 {-0.005 | -0,007 {-0.001
25,0
-30, 1 0,090 | 0.056 -0.009 -0,020
+ 5.0 ~0,013 | -0,038 | -0.064 | -C,095 {-0.117
- 0,170,021 '00003 =0,031 -0.056 “0.087 -0.109 -O.ll{-6
- 5.1]0.022 | -0,002 | -0,025 | =0.053 | =C,075 | =0,099 |=~0.130
= 109 -10,0 0.001 | =0,022 | =0,04% | =0,061 | -0, 08k
~15,0 1 0.024 | 0,002 | =0,018 | =0.035 | =~0.049 | ~0.053 |=0.080
-20.0 0.009 | =0,0Lk { =0,027 | ~0,034. | =0,032 |=0.032
-gg.p 0.051 | 0.031|.0.013 | 0,000 | -0, 00L
- oL

NO
.




TAB HINCE MOMENTS,

TABLE IIT

GAP = 0,0025¢

. . . A0
Measured on section 2, other sections at O

UNBALANCED TAB

-5 0 5 10 15 20 25
+ 5,0 =0.006 | ~0.048 | =0,078 | =0,11} | -0.155
0| = 0,110,029 -0.005 | ~0.039 | =0,072 | =0,10L | -0, 142 | =0.187
&= “ 5,110,033 «0.001 | «0,031| «0,059 | -0.087 | =0,12. | =0, 165
«10,0 | 0.C38| 0.004 | =0.028! =0,0hE | =0,067 ] ~0,102 | -0.140
~15.C { 0,053 | 0.015 | =0,0%4 | -0,03L | ~0.041 | =0.058
+ 5,0
- 0.1 ~0,007 | =0,046 | =0.081 | ~0,120 | =0.163
a=10°| - 5.1 0,000 | -0.034 | -0,070 | =-0.105| -0, 143
~10,0 0.000 | -0,028{ ~0.059 | =0.090{ =0, 130
~15.0 0,003 =0.022 | =0, QW61 ~0.071 [ =0.105
BALINORED Tub
BD
1© -5 0 5 10 15 20 25
+ 5,0 -0,006 | =0,03%6 | =0,068 | -0,099 [ -0,126
~ 0.1 ]0.022 }=0,002 | ~0,031 | 0,058 | =0,087 | =0,111 |~0,145
a=0%|= 510,023 |=0.004 | ~0,027 | =0.05% | =0,072 | ~0.091 |-0.127
~10,0 {0,028 |{-0,003 § -0.024 | -0.0%9 | ~C.052 |-0,068 }|=0,095
~15.0 [0.042 | 0.007 { =0.018 | ~0,028 | 0,027 | -0,030
+ 5,0
a0/~ 0.1 -0,007 | =0.039 | =0,072 | <0,202 | -0.129
=107 _ 51 ~0.002 | 0,030 | -0.061 | -0,091 | -0.118
~10.0 =0,001 | =0,025 | ~0,054 | ~0,076 | -0.,100
"15. O O "03022 "'On Ol{"l -O. 058 "00075
|

10,




EFFECT ON TAB HINGE MOMENTS OF SETTING, 8!,

TABLE

IV

OF OTHER TABS,

GAP = 0,00le, # = 0°

UNBATANCED TAB

go -5 0 5 10 15 20 25
= -0,1° | B' = 0° |0,026|«0.005|~0,034| ~0,066|-0,098|-0.137[-0.173
Bt = 25°10,024|=0.011] -0, 042} =0, 070]~0.202{ -0, 142{-0, 174
= =15,0°) 8¢ = 0° 10,045) Q.0Lk4}-0.013|~0,033)~0.04L| =0, 05k | -0, 074
B' = 25°10.043! 0,0111-0,019|~0.036|=0.0L4|=0,058(-0.074
FALANCED TAB
g° -5 0 5 10 15 | 20 25
= -0,1° |8t = Q° -0, 001 =0, 026| =0, 048! =0, 071{ ~0,094 | =0,126
gt = 25° ~0.009( ~0,031} -0,055{~0,078( ~0, 103 | =0. 134
= =15,0% |B! = 0% {0.033| 0.010!-0,015]-0,028|=0,031|~0.026
B' = 25°/0,028| 0.000{-0,020|-0.0%5{-0.037{-0.029

Wt.2076.CP112.K3.

11,

Printed in Great Britain.
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