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STUDY OF BALANCED RUDDERS 

OBJECT 

The object of this study was to discover to what 
extent the rudder can be balanced without causing 
pilots to complain of an overbalanced condition. 

DISCUSSION 

The dimensions of the various rudders in use on 
military airplanes were collected and an expression 
was developed to show the relative extent to which 
these rudders are balanced. The development of this 
expression assumed a uniform load distribution on 
the balanced portion and a gradually decreasing load 
from the hinge to the trailing edge. The coefficient 
Kb is, therefore, a ratio of the balanced area to the 
area aft of the hinge, due weight being given to the 
effectiveness of both areas. Pilots observations on 
the action of these rudders were also obtained and are 
given under the heading of "Remarks" in the table 
below. 

CONCLUSIONS 

This study shows no definite relation between the 
balanced coefficients and the pilots remarks.    It may, 

therefore, be that rudders which are reported as over- 
balanced are really not overbalanced, and that other 
yaw characteristics of the airplane have resulted in 
producing that impression on the pilot. Again it 
may be that the shape of the balanced area influences 
its effectiveness in a way which we are unable to under- 
stand, still another possibility is that the area aft of 
the hinge may be shielded to various extents in the 
different airplanes by the fuselage, stabilizer, and 
elevators, also to an extent which we can not quanti- 
tatively determine. It is noteworthy that the XO-6 
airplane has the smallest balance coefficient and yet 
is criticized by the pilots for being overbalanced. 
In view of our further study of the yaw characteristics 
of this airplane it is fairly safe to conclude that the 
overbalanced feeling is due to certain irregularities in 
the yaw moment curves for which either the nose of 
the airplane or the nose of the fin may be responsible. 
It is also worthy of note that the DH-4, the rudder 
characteristics of which are satisfactory, shows the 
highest value of balance coefficient and that this 
coefficient is more than three times as great as that 
of the alleged overbalanced XO-6. 

DATA ON RUDDER BALANCES OF VARIOUS AIRPLANES 

\~«>fdf?m\ 
{&f* 0/Jrff/Jfr/aH- 

At = Total Area of Rudder 
Aa = Area aft of hinge center line 
Ab=Area of balance fore of hinge center line 
Ca=Mean Chord of Aa 
Gb=Mean Chord of Ab Q 
Xa=-^=Dist. to C. P. of Aa (approximate) 

Xb 

Kb 

= Distance to center of area Ab 
Moment of Load on Ab_2 Ab Xb 

" Moment of Load on A„      AaXa 

Airplane ' Rudder Remarks Reference . At A. Ah C. Cb X. Xb Kb 

Original  
Reduced  
Present  

do 

Overbalanced   
0. K  

Captain Brower  
Sq.ft. 
14.82 
14.27 
18.41 
13.70 
9.35 

12.20 
11.80 
10.80 

13.75 

36.40 
34. 00 
13.32 

17.27 

14.92 
14.49 

Sq.ft. 
12.73 
12.73 
16.50 
12.32 
7.69 

10.40 
10.60 
9.32 

11.90 

30. 54 
30.54 
11.98 

15.80 

13.65 
12.65 

Sq.ft. 
2.09 
1.54 
1.91 
1.38 
1.66 
1.80 
1.20 
1.48 

1.85 

5.86 
3.46 
1.34 

1.47 

1.27 
1.84 

In. 
25.50 
25.50 
28.60 
24.95 
22.15 
23.60 
22.00 
22.18 

29. 6,0 

46.90 
46. 90 
28.80 

26.90 

25.00 
26.50 

In. 
12.10 
8.88 

15.30 
8.25 

10.12 
12.50 
10.13 
16.40 

7.82 

20.85 
23.70 
16.05 

8.39 

9.50 
14.15 

In. 
8.50 
8.50 
9.53 
8.32 
7.38 
7.87 
7.33 
7.39 

9.87 

15.63 
15.63 
9.60 

8.97 

8.33 
8.83 

In. 
7.02 
4.94 
8.60 
3.93 
5.24 
7.87 
5.94 
6.65 

3.97 

12.51 
14.20 
8.24 

4.32 

5.09 
7.33 

0.260 
 do  .141 

CO-5      0. K. (small A0> 
O.K             

Lieutenant Johnson 
 do.   

.209 

 do  .306 
Present  

do 
0. K   do  .34,9 
0. K   do  .184 

do 0. K.     do  .286 

/....do  
\.._.do  
Original  
Reduced  
Present  

do  

Lieutenant Dichman...! 
Lieutenant Johnson / 
Mr. Laddon..  
 do..:   

A-l3  
.307 

0. K  .206 
Very good   Lieutenant Johnson  

 do \ 
.192 

.089 
 do  
a.mm No. 1 bv T. M. Co 

Lieutenant Hutehtnson./ 
.114 
.241 

' 
i Triangular distribution of load is assumed for A«.   Uniform distribution is assumed for Ab. 
* Insufficient total area for control at low speeds. 
J Ambulance. 

46290—27 (1) 



C6a/>pe Si/ppes/ec/J?y 
Z/cCoo/- /7e/d Dwp. S/fr/os?3 

4a =/ZiS 
46 = /.#■? 
4f = /4.4? 

P/p*se/>fZ)w?. x/o/oso 
4a=/s.so 
46 * /.*7 
4/=/zsz 

46 = Z.&9 
/?/=/■*£>? 
d?/y?/>?a/ 

/?a*4rea4ffof///6pe g 
46=4/zv of^o/a/rce 
4/= To/a/4rea 

Cto/rpeAb./ St/ppes/et/ 
Jiy 76<?/r?as//arse Co. 

/fa = /J.6S 
46 = /?? 
4/°/-A9Z 

JYG. 1 (C/jange Order/oe% 
XO-6 /?Bza>£7l      Contract f/Sj 

&rese/?/ 
4a=-/?.7jS?.rY. 
46 = /.jjjp./'/ 

rse. 2 
JCCO-6 XODZtEg DW& X-J/S£? 

> H 

~\ »< 

146 

^V 

^Prese/?f 
4a=/Z&S?rt 
46~ /.je fyr/ 
4/= /3.70 3? Ft 

f  46 

4<? 
4a =/<S.SO 
46= /.?/ 
4/*-/fit/ 

1 ,' \    r 
\    \ 
\ 

4a          \ 

'"/— 
/ 
/ 
/ 
i 

/St 4r//c/e'              1 
ß/o/sc 7es/                   j 
fte/>or/-4dm JS4J     J 
4a = Z£9                    l 
46=/.66                      j 
4/ = ?3S                     ' 

\l 
f\ 
/ l 
/   i 

/"/p.   ~3 
CO--* ffudder 

/4/easured Trc/n 36//)J 
COS ft udder 

(l>U/p X-SaPtt 7?e/>or/s-4d/n.S67 4dm.7JtZy) 



a 

/fa 

^>; 

4a =/a 40 s<?.r/. 
46 = /*<? fe/X 
4/ =/■?■?£>■?? W 

4a=/a60S?Pt 
46 = /.f<?S?-rt 
4/ = //.S0sp.rfi 

0-/ PaaVer 

>* 

Ja /fa 

4a =9.JS Sa.P? 
46 =■/■■** SfSV 
4/ =/a.#0s?ffi 

4a=//.9S 
46 =/.J4 
4/ =/33Z 

/%>.   7   , 
,   P-/&P-? Packer 

(Divfr.  Cvr//ss JTX-34/0Z) 

r/p. <? 
PT-/ fft/c/c/er 

fDWfr. - Costso/yob/ec/ /T003J 



Ja=30.S4 

A/ = J4.00 ' ^ 

A4 
Ja 

/It *>3t.4o 

4a~//.903p.r/ 
zf4 = /.#ss?.n 
J/=/3-7SS?fX 

A-/ 640r6t/A?/rcz) SPocfc/e/' 
jy»/fr. COX-taSAf/A/ X-79068 

/a 

r/g. -/o 
GAX-/ Pc/dc/er 

3/Q//C res/Peporf/UW-474 

o 


