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1. 
The invention relates generally to propellers 

for aircraft, and more particularly to a method 
of, and devices for, Statically balancing the blades 
about their longitudinal axes. 

In practice the moments of the Weights of the 
blades of a propeller about its axis of rotation 
should be equal in order to minimize unbalance 
and prevent Vibration stresses which may exceed 
the designated limits and cause failure in af 
fected parts of the engine-propeller-airplane com 
bination. It is likeWise necessary that each pro 
peller bla de be balanced around its longitudinal 
axis for the same reasons. It is possible to bal 
ance a propeller blade about its axis of rotation 
and at the Same time have the propeller blade 
un balanced about its longitudinal axis. In the 
manufacture of propeller blades it has been found 
relatiVely easy to correct one or the other of these 
unbalances individually, but dificult to corrector 
maintain both, balances. It is now common pro 
cedure in correcting un balance to addan amount 
of metal or maSS, usually Solder, lead or type 
metal, in the cavity of the shank of the propeller 
bla de proportional to the un balance of the pro 
peller blade. If the blades of a propeller, are 
balanced about its axis of rotation and any blade 
is un balanced about its longitudinal axis, metal 
added to correct the un balance about its longi 
tudinal axis may destroy the balance moment 
about the axis of rotation of the propeller. The 
present invention contemplates the fabrication 
of blades by the addition of the same or a prede 
termined weight of metal to al blades and varia 
tion of its radial position around its longitudinal 
axis for balance momentaround the longitudinal 
axis at a uniform distance from the axis of rota 
tion of the propellerso as tomaintain the balance 
between the blades of a propeller. The efect of 
the Weight is varied by a change of its position 
around the longitudinal axis of the blade without 
increase or decrease of the weight, for correction 
of any un balance about the longitudinal axis. 
The addition of Weight of an equal amount to 
each.blade for said purpose Will not change the 
balance of the bladearound the axis of rotation 
of the propeller so that relatively the balance 
remains lunchanged. 
One object of the invention is to provide a 

method of correcting an unbalance condition in 
a propeller blade about its longitudinal axis with 
out afecting the balance of the blades about the 
axis ofrotation of the propeller. 
Another object of the inventionisto provide 

a method of statically balancing propeller blade 
about their longitudinal axes by adding massin 
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correct positions to rectify the unbalance accord 
ing to the magnitude and radial direction of the 
unbalance caused by variation in the physical 
dimensions of the blades so that the blades after 
being balanced around their longitudinal axes are 
of uniform balance and Will bestatically balanced 
relative to each other. 
Another object of the invention is to provide 

a mass of predetermined Weight With component 
parts whichare adapted respectively to be fixedly 
placed in any radial direction in the shank of 
a propeller bla de So that the resultant moment 
of the mass Will be equal in magnitude and in 
opposite, direction to the un balance moment of 
the blade. 
Another object of the invention is to provide 

eccentric Weights of equal balancing moment 
which by positioning relatively to each other can 
be made to correct any unbalance from an un 
balance equal to the Sum of the balancing mo 
ments of the eccentric Weights to no umbalance 
incluSiVe. 
Another object of the invention is to provide 

a mass for adding Weights for balance around 
the longitudinal axis of the blade, which is com 
posed of eccentric Weights of diferent radii and 
equal balancing moments which canbe rotatively 
positioned to al radial positions before being 
permanently fixed in the blade. 
Another object of the invention is to provide a 

standard set of Weights for compensating for the 
unbalance about the longitudinal axis of the 
blade produced by loads of diferent magnitudes 
and located in any radial direction. 
Other objects of the invention Will appear fron 

the detailed description. 
The invention consists in the several novel fea 

tures. Which, are hereinafter Set forth and are 
more particularly defined by claims at the con 
clusion hereof. 
In the dra Wings: 
Fig. 1 is an elevation, partially in section, of 

a propeller bla de embodying the invention. 
Fig. 2 is a longitudinal section of the shank 

portion of the blade and the balancing Weights 
on an enlarged scale. 

Fig. 3 is a perspective of one of the balancing 
sections Which comprises a ring and a Weight. 

Fig. 4 is a perspective of the other balancing 
section with the Weight thereon. 

Fig. 5 is a section taken online 5-5 of Fig. 2. 
Figs. 6, 7, 8, 9 and 10 are similar sections, re 

spectively, showing the balancing Weights in dif 
ferent positions in the blade. 
Fig. 11 is a diagram of the paralelogram of 
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forces through the use of Which the efective mag 
nitude and position of the load Which causes the 
unbalance maybe determined. 

Fig. 12 is a diagrammatic view ilustrating a 
propeller indicating the location of the balancing 
Weights relatively to its axis of rotation and the 
longitudinal axis of the blade. 
The invention is exemplified in connection with 

a Steel propeller bla de a haVing a hollow Shank 
al. The shank of the blade maybe secured in a 
propeller hub in any Well known manner. The 
blade is completely fabricated before the mass for 
statically balancing it about its longitudinal axis 
is added. The Shank al is counter-bored as at 
aº to an annular shoulder aº to receive the bal 
ancing mass. The longitudinal axis of the bla de 
is indicated by the line Z-Z in Fig. 1. A plural 
ity of blades are usually secured in a hub and are 
rotatable together on the axis indicated at R-R. 
in Fig. 12. In practice the blades are usually fin 
ished to a predetermined balance noment about, 
the axis of rotation R-R before they are Statical 
ly balanced about their longitudinal axes Z-Z. 
The invention provides for the addition of a 

standard mass for al production blades of a simi 
lar character and Which massis composed of Sec 
tions for statically balancing the blade about its 
longitudinal axis to compensate for any un bal 
ance. Dueto production methods the un balance 
in diferent blades Will probably be of difering 
magnitudes and require diferent positioning of 
the Standard mass. Generally the un balance is 
produced by inaccuracies in physical dimensions 
and may be located in any radial direction fron 
the axis. These sections comprise two eccentric 
Weights of equal balancing moment about the 
axis Z-Z and Which can be separately positioned 
in any radial direction relatively to the axis Z-Z 
of each bilade. By adding to each blade, the 
standard mass or eccentric Weights at an equal 
distance from the axis R-R, for static bailance 
about axis Z-Z, the moment of all blades about 
the axis R-R. Will be the Same. If there is no 
unbalance about the longitudinal axis Z-Z, the 
weights are located in mutually balancing radial 
positions in the blade but the bla de Will have the 
same moment about the axis R-R. as the blades 
Wherein it was necessary to balance about the 
axis Z-Z. The Sections of the mass hereinafter 
described are adapted to add to each bilade, mass 
of uniform Weight. 
For brevity, the balance about the longitudinal 

axis Z-Z of the bla de is hereinafter referred to 
as the vertical balance and the balance of the 
blades about the axis of rotation R-R is referred 
to as the horizontal balance. 
The maSS for vertical balance of the bla de com. 

prises a pair of separate sections C and b, each of 
Which has an integral Weight. The Weights are 
on the sections, respectively, and adapted to be 
circumferentially positioned in the counterbore 
aº of the shank in any radial direction through 
360°. Section b comprises a ring 4 of metal 
Which has an end-face 5: Which is adapted to 
abut against the annular shoulder alº in the shank 
a to position it longitudinally in the Shank and 
a cylindrical periphery 16 Which is adapted to 
fit into the bore dº So that the ring Will fit and 
is rotatable concentrically to any, position in the 
Shank. Section b has an eccentrically located 
weight bl which is integral With ring 4 and 
adapted to be rotatively positioned at a uniform 
distance around the axis Z-Z, projects longitu 
dinallyinward from the ring 4, and has an outer 
arcuate face concentric With the longitudinal axis 
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4 
of the bla de and a Chordal inner face. The Sec 
tion c comprises a wall 7 which has a circular 
periphery concentric With axis Z-Z and fitting 
in ring 4. Section c is formed With an annular 
fiange (8 Which fits in a counterbore 9 in the 
outer face of ring 4, and with an integral Weight 
c!. Said weight clis eccentrically located, is ro 
tatable around axis Z-Z to any radial direction 
With Section C, projects longitudinally in Ward 
from ring 7, and has an arcuate outer face con 
centric with the said axis, and has a chordal in 
ner face. These Weights alre located on diferent 
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radii So they are rotatable past each other and 
So that each can be set into any radial direction 
around the axis of the blade, before being fixed 
therein, and are preferably of the Same length. 
The balancing efect of each weight about the 
longitudinal axis of the bla de is a product of its 
mass, times the distance of the center of ma.SS 
from the longitudinal axis of the blade, The 
mass of the inner Weight cl, Cn the shorter radius 
is greater than the mass of outer Weight b1 on 
the greater radius, and they are proportioned to 
produce equal balancing moment about the lon 
gitudinal axis of the blade. Ring 4 and cross 
Wall 17 are each provided With sockets e for re 
ceiving a turning tool or Wrench for rotating 
them in the shank into the radial directions de 
sired. This construction adapts the sections for 
rotative positioning of the Weights in the shank 
and relatively to each other into any radial direc 
tion to efect static balance of the blade around 
its longitudinal axis and for permanent attach 
ment to the bla de thereafter. 
In carrying out the invention, the magnitude of 

unbalance and the location of the load which 
produces it, for calculation of the radial direc 
tions in Which the eccentric Weights must be 
placed to compensate for the un balance, are first 
determined. For this purpose, the blade is suc 
cessively supported for movement across radial 
planes perpendicular to each other and the un 
balance ineach planeis measured. Any suitable 
testing apparatus may be used for this purpose. 
The unbalance is usually measured in units of 
an ounce inch which is the unbalance due to a 
Weight of one ounce located a radial distance of 
One inch from the axis of the blade. The tWo 
rectangular components of the force Which pro 
duces the un balance by the tests in axial planes 
Which are perpendicular to each other, are meas 
ured. The location of the force and its magni 
tude Which produce the un balance are determined 
by laying out vectors from these components. For 
example, in Fig. 11, assuming the load which 
causes the un balance to be located at W the load 
across the plane X-X is uJac and the load Which 
causes the un balance across the plane Yº-Y to 
be vg, then the unbalance of the load would be 
equivalent to a Weight Win the angular direction 
o and at a distance r from the axis Z-Z. The 
angular direction o and the magnitude of the 
load W canthen be calculated from the paralelo 
gram. From these resultants the radial direc 
tions in Which the eccentric Weights of predeter 
mined moment must be placed oppositely to said 
load in order to add mass to accurately com 
pensate for the unbalance produced by said load, 
are calculated. The bilade is indexed or marked 
for the planes in Which the measurements are 
taken, The compensating angles or radial direc 
tions for the Weights are indexed on the ring b 
and section c. The ring b and section care then 
placed in the bore aº With the ring seated on the 
Shoulder alº and the section c seated on the ring b 
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ºso that the centers of mass of the Weights bºcº 
Will be positioned in the indexed radial directions 
in which they will compensate for the measured 
unbalance caused by the load W according to its 
position in the blade and its magnitude. 
The construction of the ring b and section c 

adapts each of the eccentric Weights to be posi 
tioned in any radial direction from the axis Z-Z 
of each blade so that measured loads of difer 
ing magnitude and in any portion of the blade 
may be accurately compensated for. The bla de 
with the Weights set in compensating radial direc 
tions may then be again tested in perpendicular 
planes to determine Whether the Weights have 
been set for accurate static balance around the 
longitudinal axis of the blade. If the unbalance 
is accurately compensated for, the sections band 
c are permanently secured in the shank a by 
brazing or soldering. Figs. 6, 7, 8, 9 and 10 ilus 
trate some of the diferent radial positions in 
Which the weights are adapted to be fixed for 
compensation for the unbalance of diferent mag 
nitudes caused by loads in diferent portions of 
the blade. If the Weights as shown by the Second 
test indicate anyslight error in calculation, they 
can be rotated until they are radially directed for 
accurate balance before they are fixed in the 
blade. If the initial tests in planes perpendicular 
to each other indicate no unbalance, the Weights 
are located in diametrically opposite positions, as 
ilustrated in Fig. 5 or 8, Where they Will add 
mass to correspond to that added to other blades 
for balance around axis R-R. In thus statically 
balancing the blades, a plurality of sections of 
masses of uniform Weight are added to eachblade 
and the Weights are rotated into positions to com 
pensate for the un balance. Each pair of sections 
provides a standardized Weight-construction for 

40 al blades. 
In carrying out the foregoing method the total 

weight added to Ceach of the blades for vertical 
balance and the distance each Weight is located 
from the axis of rotation R-R is identical in al 
blades. The change of the longitudinal center 
of gravity caused by the addition of the Weights 
for vertical balance is the same in al blades so 
that they Will have the same moment of force to 
avoid disturbance of the static balance of the 
blades in the propeller. As a result, the vertical 
balancing of the bla de is attained Without dis 
turbing the horizontal balance. 
A screw-stud 23 is threaded through the Cross 

Wall 7 of section c for longitudinally balancing 
the blade Within precision limits to compensate 
for production limits or tolerances of the Sections 
b and c. The sections b and c With the stud 23 
therein, When secured in the shank of the blade, 
form a closure or plug for Sealing the chamber 
in the working portion of the blade which pre 
Vents the admission of oil to Said chamber from 
the hub in Which the blade is mounted, and also 
excludes molisture and prevents resultant corro Sion. 
The invention exemplifies a method for produc 

ing vertical balance of a propeller bla de Which 
comprises adding to and fixing in the shank of 
al blades of one type a uniform mass composed 
of a plurality of Sections provided With eccentric 
Weights and positioning the Weights in diferent 
radial directions to compensate for the unbal 
ance of the particular blade in Which the Weights 
are positioned and maintaining the horizontal 
balance of all of the blades substantially the 
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6 
same, The same total Weight is added to al 
blades and at the same distance from R-R. 
The invention also exemplifies simple and efii 

cient construction of balancing means Which 
comprises a plurality of eccentric Weights Which 
are adapted to be placed and fixed in the blade 
in any radial direction to compensate for un bal 
ance in any portion of the blade. The invention 
also provides a pair of sections With eccentric 
weights of standard construction for statically 
balancing blades about their longitudinal axes for 
quantity productión. The inventionalso provides 
a páir of Weight-carrying sections Which function 
as a closure or seal which excludes oil and mois 
ture in the chamber in the Working portions of 
the blade, 
The inventión is not to be understood as re 

stricted to the details set forth, since these may 
be modified within the scope of the appended 
claims Without departing from the spirit and 
Scope of the invention. 
Having thus described the invention, What we 

claim as new and desire to secure by Letters 
Patent, is: 

1. A propeller blade, provided in its Shank With 
a cylindrical bore which is concentric With the 
axis of the shank, comprising a plurality of ele 
ments, each provided with a mass of fixed Weight 
having its center of gravity radially displaced 
from the elements having means for confining 
then for rotative positioning around the axis in 
the bere and relatively to each other, with the 
radii and the weight of the masses remaining 
constant and Whereby Such positioning Will com 
pensate for unbalancing loads of diferent mag 
nitudes located in diferent portions of the blade, 
the elements being adapted to be fixedly secured 
in the bore of the blade, for balancing the blade 
about its longitudinal axis, each mass extending 
and projecting at a diferent radius from the 
other and from the confining means and intó 
the bore of the blade. 

2. A propeller blade, provided in its shankwith 
a cylindrical bore which is concentric with the 
axis of the shank, comprising: an element pro 
vided with an annulus rotatively fitting in and 
adapted to be permanently secured in the bore 
and with a mass of fixed weight having its cen 
ter of gravity on a fixed radius from the axis; 
and a second element rotatably fitting and 
adapted to be permanently Secured in said ring 
and provided with a mass of fixed weight having 
its center of gravity on a fixed radius from the 
axis said elements being adapted to be rotatively 
positioned in the bore, for compensating for un 
balancedloads of diferent magnitudes located in 
diferent positions of the blade to balance the 
blade around its longitudinal axis and, Whén se 
cured in the bore, to balance the blade airound its longitudinal axis. 

3. A propeller blade, provided in its shank with 
a cylindrical bore Which is Concentric With the 
axis of the shank, comprising: an element pro 
vided with an annulus rotatively fitting in and 
adapted to be permanently secured in the bore 
and with a mass offixed weight having its center 
of gravity on a fixed radius from said axis; and 
a second element rotatably fitting and adapted 
to be permanently secured in said ring and pro 
vided With a mass of fixed weight having its 
center of gravity on a fixed radius from Said 
axis, Said elements being adapted to be rotatively 
positioned in the bore, for compensating for un 
balanced loads of diferent magnitudes located 
in substantially al portions of the blade to bal 
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ance the blade around its longitudinal axis and, 
When Secured in the bore, to balance the bla de 
around its longitudinal axis. 

4. A propeller blade, provided in its shank 
With a cylindrical bore which is concentric With 
the axis of the Shank, comprising: an element 
provided With a ring confined in the bore and 
provided With a fixed Weight extending longi 
tudinally from the ring and having its center of 
maSS on a fixed radius from the axis; a Second 
element having a part rotatively fitted in the 
ring and provided With a fixed Weight extending 
longitudinally from Said part With its center of 
mass on a fixed radius; Said elements being 
adapted by rotative positioning in the bore to 
compensate for un balancing loads of diferent 
magnitude located in diferent positions of the 
blade and to be permanently Secured in the bla de 
to balance it around its longitudinal axis. 

5. A propeller blade, provided in its shank With 
a cylindrical bore Which is concentric With the 
axis of the Shank, comprising: an element pro 
vided with a ring confined in the bore and pro 
vided with a fixed Weight extending longitudinal 
ly from the ring and having its center of mass 
on a fixed radius from the axis, a Second element 
having a part rotatively fitted in the ring and 
provided With a fixed Weight extending longi 
tudinally from Said part With its center of mass 
on a fixed radius, said elements being adapted. 
by rotative positioning to compensate for unbal 
ancing loads of diferent magnitude located in 
Substantially all portions of the bla de and to be 
permanently Secured in the bla de to balance it 
around its longitudinal axis. 

6. A propeller blade, provided in its shank With 
a cylindrical bore Which is concentric With the 
axis of the Shank, comprising: an element pro 
Vided With a ring confined in the bore and pro 
vided with a fixed Weight extending longitudinally 
from the ring and having its center of mass on 
a fixed radius from the axis, a second element 
having a part rotatively fitted in the ring and 
provided with a fixed Weight extending longi 
tudinally from said part With its center of mass 
on a fixed radius shorter than the radius of the 
Weight on the ring, Said elements being adapted 
by rotative positioning to compensate for un 
balancing loads of diferent magnitude located 
in diferent positions of the blade and adapted 
to be permanently secured in the bla de to balance 
itaround its longitudinal axis. 

7. A propeller blade, provided in its Shank With 
a cylindrical bore which is concentric With the 
axis of the Shank, comprising: an element pro 
vided With a ring having its periphery fixedly 
Secured in the bore and a fixed Weight extending 
longitudinally outwardly from the ring With its 
center of mass on a radius from the axis; and 
a second element having a part fixedly Secured 
in the ring and provided With a fixed Weight ex 
tending longitudinally outWard from said part, 
With its center of mass on a radius from the 
axis, the said elements being adapted to be rota 
tively positionedaround the axis to points where 
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8 
the Weights Will compensate for un balancing loads 
of diferent magnitude located in diferent por 
tions of the blade, before the elements are se 
cured in the bla de to balance it around its longi 
tudinal axis, 

8. A propeller blade, provided in its Shank With 
a cylindrical bore Which is concentric With the 
axis of the Shank, comprising: an element pro 
Vided With a ring having its periphery fixedly 
Secured in the bore and a fixed Weight extend 
ing longitudinally outwardly from the ring with 
its center of mass on a radius from the axis; 
and a Second element having a part fixedly Se 
cured in the ring and provided with a fixed weight 
extending longitudinally outWard from Said part, 
with its center of mass on a radius from the 
axis, the said elements being adapted to be ro 
tatively positioned around the axis to points 
Where the Weights Will compensate for un bal 
ancing loads of diferent magnitude located in 
substantially al portions of the blade, before the 
elements are secured in the blade to balance it 
around its longitudinal axis, 

9. A propeller blade, provided in its shank With 
a cylindrical bore which is concentric With the 
axis of the Shank, comprising: an element pro 
vided With a ring having its periphery fixedly 
secured in the bore and a fixed Weight extending 
longitudinally outWardly from the ring With its 
center of mass on a radius from the axis; and 
a second element having a part fixedly secured 
in the ring and provided with a fixed Weight ex 
tending longitudinally outWard from said part, 
With its center of maSS on a Shorter radius fron 
the axis, the Said elements being adapted to be 
rotatively positioned around the axis to points 
Where the Weights Will compensate for unbal 
ancing loads of diferent magnitude located in 
diferent portions of the blade, before the ele 
ments are secured in the blade to balance it 
around its longitudinal axis. 
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