
July 31, 1934. J. SQUIRES 1,968,540 
METHOD OF BALANCING PROPELLER BLADES 

Filed Jan. 19, 1931 2. Sheets-Sheet l 

W. 

INVENTOR 
72 A 7-7 52 Z/Z. 7te 5. 

BY 

ser's 44444 ATTORNEYS. 

  

  



July 31, 1934. J. squires 1,968,540 
METHOD OF BALANCING PROPELLER BLADES 

Filed Jan. 19, 193l 2. Sheets-Sheet 2 

23 mm. a?6 

tsunlim ) 
m NE 

INVENTOR 
El C. 2. Jo 7777 52.2/z 7-65. 

Coa,(2-re?ent 4, - , ATTORNEY 5. 

  

    

  
  



Patented July 31, 1934 

UNITED STATES 

1,968,540 

PATENT OFFICE 

1968,540 
METHOD OF BALANCING PROPELLER 

BLADES 

John Squires, Hagerstown, Md. 
Application January 19, 1931, Serial No. 509,63 

8 Claims. (CI, 29-156.8) 
This invention relates to an improved method 

and apparatus for balancing propeller blades. 
The main objects of the invention are to obvi 

ate both statically and dynamically unbalanced 
5 conditions in propellers of the type used on air 
planes; to provide an improved balancing method 
for this purpose by Which corrections are indi 
Widually made in each blade of the propeller; and 
to provide a method of this kind for rendering 

0 identical the moment characteristics of propeller 
blades with respect to a corresponding reference 
plane of each so that one or both blades of a pro 
peller may be removed and replaced without re 
quiring the assembled propeller to be rebalanced 

15 or even necessitating an investigation of its 
balance. 

Further objects of the invention are to provide 
an in proved balance-testing apparatus for pro 
peller blades; to provide apparatus of this char 

20 acter which is adapted to definitely indicate, in 
Selected units, the degree that a propeller blade 
is unbalanced with respect to a predetermined 
standard; to provide means in apparatus of this 
kind for accurately measuring the out-of-balance 

25 of a propeller blade in units which can be con 
veniently converted to linear units that designate 
the change in the position of the center of mass 
of the blade required to bring the latter into per 
fect balance with the standard; and to provide 

30 a blade-holding member in balance-testing appa 
ratus of this kind for supporting a propeller in 
a manner similar to that in which it is normally 
held by the hub of a propeller. 
An illustrative embodiment of the invention is 

35 shown in the accompanying drawings, in which: 
Fig. 1 is a side elevation of a propeller blade 

blank, partly in section, illustrating the initial 
balancing operation thereof. 

Fig. 2 is a vertical Section taken on line 2-2 
40 of Fig. 1. 

Fig. 3 is a transverse Section of a propellerblade 
and forming die showing the relation in which the 
heaviest side of the stock, as determined by the 
initial balancing Operation, is arranged with re 

5 spect to the die parts, 
Fig. 4 is an outer end elevation of a propeller 

blade. 
Fig. 5 is a reduced side elevation of a propeller 

to blade balancing device illustrating the balancing 
operation to which the blade is subjected after it 
is formed in its final shape. 

Fig. 6 is a side elevation showing the propeller 
blade balancing device in detail. 

55 Fig. 7 is a vertical section taken on the line 7-7 

Of Fig. 6 showing the balancing device in end 
elevation. 

Fig. 8 is a plan view of the balancing apparatus 
illustrated in Figs. 5 and 6. 

Fig. 9 is a vertical section taken on line 9-9 of 
Fig. 6. 

Fig. 10 is a fragmentary sectional view of the 
inner end portion of a propeller blade illustrating 
One location on the blade at which corrections 
for over-balance may be made. 

Fig. 11 is a fragmentary sectional view of the 
inner end portion of a propeller blade illustrating 
another location on blade at which corrections 
for Over-balance may be made. 

Fig. 12 is a fragmentary section similar to Figs. 
10 and 11, illustrating the usual locations at 
which corrections for over-balance are required. 
The high speeds at which propellers of the type 

used on aeroplanes are rotated demand that the 
blades of the propeller be balanced within close 
limits. Thus the moments created by the mass 
of each blade with respect to the axis of rota 
tion of the propeller must be substantially equal, 
and the mass of each blade must be distributed 
evenly on the respectively opposite sides of the 
longitudinal axes of the blades in order to elimi 
nate, as far as possible, an unbalanced condition 
Within each blade itself which, under the cen 
trifugal force to which it is subjected, would 
otherwise set up undesirable stresses in it. 
The latter requirement of propeller blade con 

Struction is conveniently complied with in the 
manner illustrated in Figs. 1 to 4, inclusive, of 
the drawings in which is illustrated an expedient 
Way of determining the location of an unbalanced 
mass in a propeller blade blank and positioning 
it at a location in the blade, during formation 
thereof, where it is substantially evenly dis 
tributed with respect to the longitudinal axis of 
the blade and ineffective as a factor in the in 
herent balance of the blade itself. 
After the tubular blank 1, shown in Fig. 1, from 

which a propeller blade is formed, is machined to 
true Outer dimensions, there may still be an uneven 
distribution of the mass of the material of which 
the blank consists due to non-uniform thickness 
of the material at certain locations in the blank. 
In order to locate the position of the unbalanced 
mass of the blank 1, it may be placed upon spaced 
supports 2 and 3 which have knife edges 4 and 5 
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extending normal to the longitudinal central axis 
of the blank, and the blank is allowed to roll with 
unobstructed freedom until it comes to rest. When 
the blank ceases to roll upon the knife edges 4 and 
5 the thickened portion 6 of its material which 10 
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assumes the lowest elevation is marked in any 
Suitable manner. 
The intermediate and outer end portions of the 

blank are then flattened by compression between 
a pair of complementary die parts and 8 having 
opposed faces 9 and 10. The blank 1 is placed 
between the die parts 7 and 8 with the marked 
portion which reclines upon the knife edge after 
the blank ceases to roll located at the mid-por 
tion of the face 10 of the die part 8. The die part 
8 urges this thickened portion of the blank sub 
stantially into alignment with the central longi 
tudinal axis 11 of the propeller blade 12 which 
results from flattening of the blank. The side 
of the blank 6 is thus located where its non-uni 
form thickness is ineffective as an inherent un 
balancing factor in the blade itself, and this 
Weight is Somewhat evenly distributed on the re 
Spectively opposite sides of the longitudinal axis 
11 of the blade. 
Formed on the hub end of the blank 1 is a 

peripheral flange 13 which is shown in detail in 
Fig. 6. This flange has a radial inner side 14 and 
an inclined outer side 15, and provides a means 
of Securing the blade to a hub member, not shown. 
In order to maintain a propeller which is made 

up of interchangeable blades in dynamic balance, 
it is essential that the moment which the mass 
of each blade creates with respect to the axis of 
rotation of the propeller be equal. The moment 
created by a blade is a function of its mass and 
the distance of its center of mass from the axis 
of rotation of the propeller and therefore changes 
in the moment of a blade may be produced by 
shifting it outwardly with respect to the axis of 
rotation of the propeller. In the present instance 
the moment arm, or distance between the axis 
of rotation of the propeller and the center of mass 
of the blade is increased by trimming off the outer 
face 14 of the flange 13 which is received in a 
groove of a propeller hub an amount necessary to 
bring it to accordance with a fixed standard. 
The grooves of the propeller hub in which the 

flanges 13 of the blades are received, are accu 
rately machined and they are accurately located 
at equal distances from the axis of rotation of 
the propeller hub. Only the side faces 14 and 15 
of the flanges of the blades are engaged by the 
walls of the groove and thus either the Outer or 
inner side faces of the flanges may be relied upon 
to determine the locations of the centers of maSS 
of the blades from the axis of location of the 
propellers. In practice, the flanges 13 are inten 
tionally made thicker than the grooves of the 
hub so as to permit corrections to be made in the 
locations of the centers of mass of the blades, 
and the Outer side faces of the flanges 13 initially 
occur in too close proximity to the centers of mass 
to allow the blades, as originally formed, to bal 
ance the Standard moment differential of the 
testing apparatus. As the blanks from which the 
blades are formed are machined accurately both 
internally and externally the distribution of 
weight in all blades is substantially alike and 
therefore only slight corrections in the locations 
of their centers of maSS are required. 
In Figs. 5 to 12, inclusive, is illustrated a method 

and apparatus for equalizing the moments of the 
blades of a propeller with respect to the axis of ro 
tation thereof. This apparatus includes a block 16 
of substantial weight having a tapering dovetailed 
groove 17 at one end which extends between and 
is open at the respectively opposite sides 19 and 
20 of the block 6 for receiving the flange 13 of 
the propeller blade 12. The groove 17 is under. 

1,968,540 
cut in parallelism with the side edges thereof, as 
best shown at 18 in Fig. 6, the undercut portion 
being shaped in section complementary to the 
Section of the flange i3 SO as to removably re 
ceive the flange therein and thereby enable the 
blade to be secured relative to the block without 
contact of the block With the Shank of the blade. 
Formed on the respectively opposite sides 19 

and 20 of the block 16 are trunnions 22 and 23 
which rest upon the knife edge supports 24 and 
25 respectively and pivotally support the block. 
The trunnions 22 and 23 are in alignment with 
each other but they are in misalignment with 
the center of mass of the block 16. They are 
located in closer proximity to the end of the 
block in which the flange receiving groove 17 
is formed than to the opposite end of the block. 
This arrangement sets up a moment differential 
between the portions of the block on respectively 
Opposite sides of the trunnions 22 and 23 which 
is of a predetermined amplitude. 
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A threaded stem 26 is provided on the left end 
of the block 6, as viewed in Fig. 6. Threaded 
On the stem 26 is a variable weight 27 of cylin 
drical shape which, when in its extreme left hand 
position in Fig. 6, augments the noment differ 
ential of the block 16, producing a standard mo 
ment differential equal to the moment desired to 
be created by the blade 12 with respect to the 
axis of the block 16. The weight 27 may be placed 
closer to the block so as to balance a propeller 
blade. A Scale 28 having linear graduations 29 
is provided with flanges 30 by which it is clamped 
by bolts 31 to the left end of the block 16. This 
Scale is parallel to the axis of and lies in close 
relation to the periphery of the weight 27 which 
is provided with cooperating micrometer gradu 
ations 32. 
One revolution of the weight 27 corresponds 

to One unit of the linear scale 28. Thus the 
number of whole units is indicated on the 
Scale 28 at the left edge of the weight 30 
and the micrometer scale indicates in hundredths 
of a unit, the position of the weight between suc 
ceSSive Whole units of the linear Scale. 
These Scales may be calibrated in units of 

moment if desired and in this case a graph, (not 
shown) is used in connection with the apparatus 
to convert the units of moment to linear units 
indicating the amount of metal to be removed 
from one of the side faces of the flange 13 to 
bring the center of mass of the blade at a pre 
determined distance therefrom. Such a graph 
may include a curve which shows the reduction 
in the thickness of the flange 13 required to shift 
the center of mass of the blade outwardly so as 
to compensate for each unit the propeller blade 
is out of balance with respect to the standard 
in Oment differential. 
The linear and micrometer scales 28 and 32 

respectively may, however, be calibrated so as 
to read directly in terms of the amount of metal 
required to be removed from a face of the flange 
13 to Overcome the deficiency in the moment of 
the propeller blade. This calibration of the scales 
may be conveniently accomplished by attaching 
a blade to the apparatus which has a substantial 
deficiency in moment and then trimming down 
the thickness of the flange a known amount in 
Successive Steps So as to move the center of mass : 
of the blade outwardly and noting the position 
of the weight 27 which balances the propeller 
blade after each reduction in thickness of the 
flange. 
By testing each blade in the above described 
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apparatus the distance which it is necessary to 
trim back the Outer side face of the end flange 
13 is accurately determined either directly in 
linear units or in units which can be conveniently 
converted to linear units with the aid of a suit 
able graph. If the blade upon testing exactly 
balances the standard moment differential of 
the apparatus then the inner side face of the 
flange 13 and the inner extremity of the blade is 
trimmed, as illustrated in Fig. 10, so as to pro 
duce a flange of predetermined thickness shown 
at 33 without changing the location of the Outer 
side 4 of the flange. If the Cut required at the 
Outer side face 14 of the flange is sufficient to 
reduce the thickness thereof to its predetermined 
thickness then the inner side face 15 of the flange 
is left unaltered. These two cases are not usual 
ones. Generally the Outer side face 14 is trimmed 
off Sufficiently to bring the blade into exact bal 
ance with the moment differential of the appa 
ratus and then the inner side face 15 and inner 
extremity of the blade is machined slightly, as 
indicated in Fig. 12, to produce a flange of pre 
determined thickness. 
In some cases the inner side face 15 of the 

flange is used as the reference plane for deter 
mining the location of the center of mass of a 
blade from the axis of rotation of a propeller hub 
during the mounting of a blade upon a hub. Un 
der these circumstances the inner side face 15 is 
machined first during modification of the flange 
to bring the blade into balanced relationship with 
a standard moment differential and then Sufi 
cient metal is removed from the outer side face 
14 to bring the flange to a predetermined thick 
6SS. 
It will be apparent from the above that by the 

method disclosed herein it is possible to form any 
number of propeller blades so that their center 
of mass will be located at a fixed distance from 
the center of rotation of the propeller of which 
they are to form a part. It is to be particularly 
noted that this feature is, as far as I am aWare, 
entirely new in the art. Furthermore, in view 
of the fact that, at least in its more specific forms, 
the propeller employed is of a thin walled hollow 
construction, formed of steel or other ferrous al 
loy wherein the density of the metal is substan 
tially uniform throughout, the center of mass of 
the blade will always be exceedingly close to a 
predetermined distance from the axial line of 
the blade in a direction normal thereto, and will 
always lie in the same direction therefrom rela 
tive to the face of the blade. 

Heretofore in order to obtain a propeller which 
is dynamically in balance, it has been the prac 
tice to either mount blades in a hub member, or 
the equivalent, when the blades are of the re 
movable type, and then spin the propeller, or 
when the blades are not of the removable type, 
to spin the propeller as is, in Suitable apparatus 
designed to indicate the location and amount of 
the unbalanced force therein, and which appa 
ratus is well known in the art, and then by either 

s removing metal from a thus located position, or 
adding weight to the propeller in a thus located 
position, as for instance, by drilling a hole therein 
and plugging it with a heavier metal, to SO vary 
the original characteristics of the propeller as to 
place it in dynamic balance. It will be readily 
understood that in following such conventional 
methods the distance of the center of mass of one 
blade of the propeller may be substantially dif 
ferent than the distance of the Center of mass of 
the other blade or propeller from the center of 

3 
rotation, and although the ultimate results ob 
tained, that is a propeller in substantially perfect 
dynamic balance, may be the same as that ob 
tained in the method covering the present appli 
cation, the method of obtaining it involves a more 
lengthy and costly process than by the process 

80 

disclosed herein. Furthermore it is relatively un 
important in employing such conventional meth 
ods of balancing that the distance of center of 
mass of each and every blade from the center of 
rotation of the propeller of which it forms a part 
accurately conforms with a predetermined stand 
ard distance. Consequently, it will be apparent 
that in providing a propeller blade having its 
center of mass at a predetermined distance from 
its center of rotation, or as it is herein apparent, 
from its point of attachment with a hub member, 
that a new article is accordingly provided herein. 
The result is that propeller blades of the same 
size manufactured in accordance with the pres 
ent invention may be assembled to a suitable hub 
structure with the assurance that the resulting 
propeller assembly will be in substantially perfect 
static and dynamic balance. 
Although but one specific embodiment of this 

invention has been herein shown and described, 
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it will be understood that numerous details of the 
construction shown may be altered or omitted 
without departing from the Spirit of this inven 
tion as defined by the following claims. 
I claim: 
1. In manufacturing a propeller having a hub 

and having blades provided at their inner ends 
with attaching members for securement thereto, 
the method of bringing the monent of each blade 
to a predetermined value which consists in de 
termining the correction in the distance between 
an attaching member of each blade and the cen 
ter of mass thereof required to secure Said prede 
termined moment, and altering the attaching 
member so as to change the distance between the 
same and the center of mass of the blade the 
determined required amount. 

2. In manufacturing a propeller having a hub 
and having blades provided at their inner ends 
with attaching members for securement to said 
hub, the method of bringing the moment of each 
blade to a predetermined value which consists 
in determining the correction in the distance 
between the center of mass of each blade and 
the axis of rotation of the propeller required 
to secure said predetermined moment, and alter 
ing the distance between said attaching inem 
bers and the center of mass of each blade by 
a machining operation on said members So as 
to effect the required change in the distance 
between said center of mass and said axis of 
rotation. 

3. In manufacturing a propeller having a hub 
and having blades each provided at its inner 
end with a radial flange for securement to said 
hub, the method of bringing the moment of each 
blade to a predetermined value which consists 
in determining the correction in the distance 
between the center of mass of each blade and 
the axis of rotation of the propeller required 
to secure said predetermined moment, and re 
ducing the thickness of the flange of each blade 
so as to effect said correction. 

4. In manufacturing a propeller including a 
hub and having propeller blades each having 
an element securable to said hub and provided 
with a reference face for predetermining the 
location of the center of mass of each blade 
with respect to the axis of rotation of said pro 
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peller, the method of bringing the moment of 
each blade with respect to said axis to a prede 
termined value which consists in determining the 
correction in the distance between the reference 
faces and the center of mass of each blade re 
quired to secure said predetermined moment, and 
machining back the reference faces of said blades 
to effect the determined correction. 

5. In manufacturing a propeller including a 
hub and including detachable blades each pro 
vided with a flange Securable to said hub and 
having a reference face adapted to predetermine 

5 

20 

the location of the center of mass of the blade 
with respect to the axis of rotation of said pro 
peller, the method of bringing the moment of 
each blade to a predetermined value which con 
sists in individually supporting each blade from 
the flange thereof, determining the correction in 
the distance between the flange and center of 
maSS of each blade required to secure said pre 
determined moment by balancing each blade in 
dividually while Supported in Such manner against 
a standard moment of said predetermined value, 
and altering the position of the reference face 
of each flange during modification of the latter 
to a predetermined thickness so as to effect the 
determined correction required in the distance 
between the reference face and the center of 
maSS of each blade. 
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6. In manufacturing a propeller having a hub 
and interchangeable blades, the method of bring 
ing the moment of each blade with respect to 
the axis of rotation of said propeller to a pre 
determined value which consists in initially pro 
viding each blade with an excessively thick flange 
for Securement to Said hub, determining the cor 
rection in the distance between the outer side 
face of the flange and center of mass of each 
blade respectively required to bring the moment 
of each blade to a predetermined value, machin 
ing off the outer side face of the flange of each 
blade a layer of material equal in thickness to 
the correction determined for each blade respec 
tively, and trimming the flanges to a predeter 

1,968,540 
mined thickness by machining their inner side 
faces. 

7. In manufacturing a propeller including a 
hub and including propeller blades each provided 
with a flange for securement to said hub having 
a reference face on one side for predetermining 
the location of the center of mass of each blade 
with respect to the axis of rotation of said pro 
peller, the method of bringing the moment of 
said blade with respect to said axis to a pre 
determined value which consists in initially pro 
viding the flange of each blade with an excessive 
thickness, determining the correction in the dis 
tance between the center of mass of each blade 
and the reference face of the flange thereof re 
quired to secure said predetermined moment, and 
altering the position of the reference face of 
each flange during modification of the latter to 
a predetermined thickness so as to effect the 
determined correction required in the distance 
between the reference face and the center of 
mass of each blade. 

8. In manufacturing a propeller having a hub 
and having blades formed from tubular blanks 
provided at their inner ends with flanges for 
attachment to said hub, the method of bringing 
the moment of each blade to a predetermined 
value whereby to render such blades interchange 
able with respect to each other and to diverse 
propellers which consists in locating the heaviest 
side of each tubular blank, compressing each 
blank to blade shape between complementary dies 
with the heaviest side of the blank located, sub 
stantially at the mid-point of the die parts which 
form that plane of each blade which is closest 
to its central longitudinal axis, determining the 
correction in the distance between the flange 
of each blade and the center of mass thereof 
required to secure said predetermined moment, 
and altering the flange of each blade So as to 
change the distance between such fange and 
the center of mass of the blade the determined 
required amount. 
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