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1. Claims. 

This invention relates to improvements in pro 
peller manufacture. 
An object of this invention is to produce a pro 

peller in which the center line of the blade end 
passes through the center of gravity of the blade. 
Another object consists in provision of a means 

and a process for reducing the labor required, and 
otherwise facilitating the production of propeller 
blades which shall be in dynamic and static bal 
ance in various pitch Settings. 

Further and other objects and advantages will 
be apparent from the specification and claims 
and from the accompanying drawing which illus 
trates what is now considered the preferred en 
bodiment. 

Fig. 1 is an elevation, showing the means and 
method of locating a line through the Center of 
gravity of a propeller blade. 

Figs. 2 and 3 show means for Suspending a 
blade of another type, 

Fig. 4 is a perspective view of balancing and 
checking means. 
This invention is particularly applicable to 

propellers of the detachable blade type, such as 
those shown in Patents Nos. 1,608,755; 1,769,775 
and 1,836,700. In this type of propeller, the 
blades are detachably Secured in a hub and are 
adapted to be adjusted in the hub to give various 
pitch settings. The portion of the blade which is 
Secured in the hub is of circular transverse cross 
Section and is called the blade-end and in turn 
ing the blade in the hub to secure a pitch adjust 
ment, the entire blade is turned about the longi 
tudinal center line of the blade-end. 
By shaping the blade-end so that its longi 

tudinal center line passes through the center of 
gravity of the blade, the dynamic forces of the 
blade will always pass through the same point of 
the blade hub So that pitch adjustment will not 
vary the dynamic balance of the blade. 

Furthermore, a set of blades in which the 
longitudinal center line of the blade-ends passes 
through the center of gravity of the respective 
blades, when secured and statically balanced in 
a properly machined hub, will be found to be in 
dynamic balance and will remain in dynamic bal 
ance for various pitch Settings. This is neces 
sarily so because if the propeller is statically 
balanced, the dynamic forces are necessarily 
equal, and if the center of gravity of each 
blade lies on the longitudinal center line of the 
blade end, the equal dynamic forces all act in 
a single plane normal to the axis of the shaft in 
which the hub is mounted and there are, there 

(C. 29-156.8) 

fore, no unbalanced forces to give dynamic 
balance. 

In the drawing, a pair of brackets to and 2 
are Secured in vertically spaced relation upon 
any suitable means such as a wall or post 4. 
The bracket 0 is provided with an aperture 6 
which is covered by a plate 8, which plate is held 
in adjusted position by means of screws 20. The 
plate f8 is provided with enlarged holes 22 to 
permit adjustment. 
The bracket 2 is provided with a bushing 24 

in which a prick punch 26 is slidably retained. 
One end of a wire 28 passes through the center 

of an externally threaded plug 30, and is secured 
thereto as by brazing and an externally threaded 
plug 32 is similarly attached to the other end 

n 

of the wire. These plugs are adapted to be 
threaded into plate 8 and propeller blade 34 
respectively so that the propeller blade may be 
suspended by the wire 28 from the plate 8. 

In case the propeller blade end is hollow, as 
shown in Figs. 2 and 3, a circular plate 36, hav 
ing screws 38 extending radially therefrom, is 
adapted to be secured in the opening in the blade 
end by backing the screws 38 out until they 
firmly engage the blade-end. The plate 36 has 
a threaded hole in the center thereof which is 
adapted to receive the plug 32 and is also 
countersunk to receive a lathe center. 

In Order to locate the center of gravity of a 
propeller blade upon the center line of the blade 
end, a propeller blade is shaped to substantially 
the contour desired in the finished article with 
the blade end, however, left slightly oversize. 
The propeller blade is then supported in a lathe 
or other suitable machine, and in the type of 
propeller shown in Fig. 1, a hole is threaded and 
tapped at the center of the blade-end. This 
may be conveniently done by clamping a block 
to the blade-tip to receive the head center of the 
lathe and supporting the blade-end in a steady 
rest. 

In the type of propeller shown in Figs. 2 and 3, 
the blade may be Supported between centers in 
the lathe, the hole in the center of plate 36 serv 
ing to support the propeller on One of the lathe 
centers. The plate 36 is then adjusted by means 
of the screws 38 until the Outside of the blade 
end runs true. 

Plug 32 is then screwed into the accurately 
centered tapped hole in the blade-end, and plug 
30 is screwed into the tapped hole in plate 8. 
This tapped hole in plate f8 has previously been 
accurately centered directly above the center of 
the prick punch 36, by suspending a plumb bob 
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from the center of the hole in plate 18 and ad 
justing the plate until the plumb bob and the 
prick punch register. 
The propeller is allowed to hang freely from 

the wire 28 which passes through the center of 
the blade-end. The center of gravity of the 
blade, indicated by the letters C. G. on the draw 
ing, will be directly under the point of suspen 
sion and as the prick punch 26 is located directly 
under the point of suspension, the prick punch 
point, the center of gravity of the blade and the 
center of the blade-end, from which the blade is 
suspended, will all fall in the same straight line. 
The prick punch may now be hit with a hammer 
to locate the point on the blade tip where this 
imaginary line emerges. 

If this point should be outside of the blade tip, 
a suitable block may be fastened to the propeller 
tip to receive the prick punch mark. If it be 
comes necessary to add this block, care should be 
taken to make Sure that the propeller blade is in 
the same lateral position at the time the mark 
is made, that it was, when it was hanging free 
without the addition of the block. This may be 
accomplished either by clamping the blade in its 
freely Suspended position and then adding the 
block, and prick punching it or adjusting weights 
On the block so that the propeller assumes the 
same position after the addition of the block 
that it had before the addition of the block. 
After the center has been located and marked 

, at the propeller blade tip, the blade is hung beh 

40 

45 

50 

55 

60 

65 

70 

75 

tween centers in a lathe or other suitable ma 
chine on the line connecting the center of the 
blade-end and the center marked at the blade tip 
and passing through the center of gravity. The 
blade-end may nOW be machined around this line 
to fit its supporting hub with the assurance that 
the center of gravity will lie on the longitudinal 
center line of the blade-end. As this is Sub 
stantially the last operation to be performed 
upon the blade as far as any operations that 
would affect the center of gravity are concerned, 
as the blade has previously been brought to the 
correct size and shape, the center of gravity of 
the finished blade will still be on the longitudinal 
center line of the blade-end of the finished blade. 
Any finishing Operations, such as buffling and pol 
lishing that may be later performed, will have 
either no or Only a negligible effect upon the 
location of the center of gravity. 
The above described process is of particular ad 

vantage in producing a propeller such as that 
described and claimed in my Patent No. 1769,767, 
July 1, 1930. After a blade of the desired con 
tour has been produced so that the centers of 
gravity of all the sections lie on a straight line 
as called for by that patent, the use of the above 
described process will enable the machining of 
the blade end with the assurance that the center 
line of the blade end will pass through the center 
of gravity of the blade. For all practical pur 
pOSes, in a properly designed blade, this center 
line will then pass through the center of gravity 
of all the blade sections. 
The position of the center of gravity in the 

finished blade may be checked in the following 
manner; the blade 34 is mounted in one socket 
of a holder which is preferably a two way hub 
40 and an accurately sized cylinder 42 is mount 
ed in the other socket.. The hub with the blades 
therein is then mounted on a shaft 44 which in 
turn is placed on balancing knife edges 46. The 
blade 34 is so mounted that it may be turned in 
the hub socket and about its longitudinal axis 

2,039,211 
through 360. The cylinder is chosen of such a 
size that its statical moment about the hub sup 
port is the same as the statical nonent of the 
blade. The center of gravity of the cylinder will 
fall on the center line Wf the cylinder and hence 
serves as an accurate and simple means of check 
ing the position of the center of gravity of the 
blade. The cylinder 42 is commonly referred to 
as the master cylinder, or if an accurately sized 
and finished blade is used instead of the cylinder 
for determining the balance of the newly finished 
blades, this accurately sized and finished blade 
is known as the master blade and indeed both 
the master cylinder and the master blade are 
often referred to simply as master. 
The blade is balanced in various positions in 

cluding horizontal and vertical positions. In the 
vertical position the blade is turned by steps 
or intervals through 360° in the hub socket. It 
is, of course, theoretically possible to determine 
the balance of the blade by moving it by steps 
through 180° providing the master is perfect. 
Movement through 360° will also, however, indi 
Cate any inaccuracy of the naster or the hub. If 
the center of gravity of the blade is on the center 
line of the blade end, the blade will be in balance 
with the cylinder in all the various positions of 
the blade in the hub SOcket. 

If, however, the center of gravity is off of this 
center line and the blade is turned in the Socket 
to a position Such that a plane containing this 
center and the Center line of the blade end is at 
an angle to the plane containing the center line 
of the blade end and cylinder and the center line 
of the shaft 44, a condition of unbalance is 
created. Any variation of the center of gravity 
from the center line of the blade end can thus be 
readily checked and corrected. 

It is to be understood that the invention is 
not limited to the specific embodiment or steps 
herein illustrated and described, but may be used 
in other Ways, and the steps performed in a 
different Sequence without departure from its 
Spirit as defined by the following claims, 
What I claim is: 
1. In the manufacture of a propeller blade 

the steps of shaping the blade to substantially 
the shape and size desired in the finished blade, 
locating a point at substantially the center of 
the blade-end, freely suspending the blade from 
that point so that the center of gravity of the 
blade will be directly under the point of sus 
pension, marking a point at the blade tip of the 
Suspended blade Substantially on the continua 
tion of the straight line passing through the 
point of suspension and the center of gravity 
of the blade, supporting the blade upon the line 
between the said points at the blade-end and at 
the blade tip, and machining the blade-end while 
SO supported So that the longitudinal axis of the 
blade-end will coincide with said line. 

2. The method of forming a propeller blade 
which includes shaping the blade to substantially 
the shape and size desired in the finished blade, 
marking a point at the blade tip substantially 
on the continuation of the line connecting a point 
in the center of the blade-end and the center 
of gravity of the blade, supporting the blade at 
the center of the blade-end and at the point 
marked at the blade tip, and forming the blade 
end So that its longitudinal axis coincides with 
said line. 

3. In producing a propeller blade the steps of 
shaping the blade portion to substantially finished 
size and shape, supporting the blade on a line pass 
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2,089,211 
ing through the center of the blade-end and the , 
Center of gravity of the blade, and shaping the 
blade-end while So Supported so that the longi 
tudinal axis of the blade-end will coincide with 
the line of support. 

4. The method of forming a propeller blade 
which includes shaping the blade to substantially 
finished shape and size and then shaping the 
blade-ed to Substantially circular transverse 
cross-section about a center line passing through 
the cente : gravity of the olde. 

5. The Rietiod of manufacturing propeller 
blades 7:icia ircludes shaping the blade por 
tion to Sassantially finished size and shape, suga 
porting the blade frogr: a goini, at substantially 
the center of the blade-eid, 23ing a poist St. 
the blade ii on the line connecting the center of 
gravity Erie poisai, Cs slipcox, &rad ici"Yixg 
the patie-exad about, s2.iii. Sige as 3, 333 ate S.2. 

6. The ineliod of forizii;ng 5.3i'oeiler occes 
7hich includes locating a poigas, &, SisteSatis: 
the center of the blade-e:2d y'eely Si3S2323ixig 
the blade frox. Raat, goint 23rking 3, 320is at a t}. 
blade tip substantially directly 32nder the oiza 
of suspension of the blade, Supporting the blade 
upon the line between the said points asad for n 
ing the cade-end with hat, line as 2 centei in3. 

7. In tine railufacture of , togeer blade the 
staps of locating a center at the blade-end Zinai:- 
ing a point at the blade tip on the contialistion 
o: a line connecting the center of gravity of 2.2e 
blade with the center at tie blade-endi Sad 22 
chining the oiade-end to suistantially circula. 
transverse cross-section with said iiie 3.S. tae 
center line of Said section. 

3. She tethod of making propeller blades hay 
ing blade ends of circular transverse cross-section 
adapted to be adjusted and held in a huo which 
cCaprises shaping the blade-end to circular 
transverse cross-section about a center line pass 
iing through the center of gravity of the blade. 

9. The method of making a propeller blade 
which comprises suspending s, propeller blade 
from approximately the center of the blade-end, 
marking a point at the blade tip substantially dia 
rectly under the point of Suspension and forning 
the blade-end so that its center line coincides 
with a line connecting said point and said cena 
ter. 

10. In manufacturing propeller blades the step 
of shaping the blade-end of a Substantially fin 
ished propeller blade about a center line passing 
through the center of gravity of the substantially 
finished blade. 

11. In the manufacture of a propeller blade 
the steps of shaping the blade to substantially 
finished shape and size except at the blade end, 
suspending the blade from substantially the cen 
ter of the blade-end, and marking a point at the 

3 
other end of the propeller blade on the continu 
ation of the line connecting the center of the 
blade-end and the center of gravity of the blade. 

12. Means for locating a line through the center 
of a propeller blade-end and the center of gravity 
of the propeller blade comprising means from 
which a blade may be suspended, a flexible con 
nection between Said means and the center of the 
blade end, a prick punch directly under the point 
of suspension of the flexible connection and 
adapted to mark a point at the blade tip which 
Will lie on said lie. , 

13. Means for locating a line passing through 
the center of a propeller blade-end and the cen 
tes of gravity of the propeller blade comprising, 
in ears on which a propeller blade asy be sup 
2Orted frog in a poizat, a 22.92xing device ecg.ed 
in Spaced relation with respect to said means, 
Srid 220a,34s 2dapted to 32 adjusted so that the 
sia of 33 peogra and Sae rariigg 

'fertical aligninexat, 2nd nears ior supporting a 
3Gioeller lade on said poi, of support, gi. She 

ceater of gravity of the blade substantially (a kae 
iiie between the point; cf support, and tie inails. 
ing device. 

14. Means for locating a line passing through 
the center of a propeller blade-end and the cen 
ter of gravity of the propeller blade corneris 
irag Gaeans from which a propeller blade aay be 
SliSpended SOE a poi:33, 8, Sarking device located 
in Spaced relation with respect to said means, and 
adapted to anarik a point la vertical alignment 
With Said point of St.Sperasioi, Eileans for locating 
the center of the propeller blade-end and Raeans 
fo3 Suisiarding the propeller blade from said point 
of Suisgensios and on said center of the propeler 
19te eat Wit, the certex of gravity of the bille 

sustaitially on the line connecting the center 
of the blade-ead and the narking device poigt. 

5. In the manufacture of a propeller blade, 
the Step which comprises balancing the biade 
through 360 degrees about a vertical axis, ex. 
tending longitudinally of the blade. 

16. In the manufacture of a propeller blade, 
the step comprising balancing the blade against 
a master which step comprises balancing the 
blade through 360 degrees about a vertical axis, 

17. A method of making a propeller blade which 
comprises arranging a holder, Supporting a blade 
and a master, in a balancing device, balancing 
the blade against the master in a horizontal posi 
tion, placing the blade in vertical alignment with 
the master, rotating the blade by steps through 
at least 180° about a vertical axis and adding ma 
terial to or removing material from the blade 
until it is in balance with the master in all verti 
cal positions and the horizontal position. 

FRANK w. CALDWELL, 
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