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Patented Feb. 17, 1948 2,436,096 

UNITED STATES PATENT OFFICE 
2,436,096 

APPARATUS FOR TESTING THE STATIC 
BALANCE OF PROPELLER BLADES 

Leroy B. Chubb, Toledo, Ohio, assignor to Avco 
Manufacturing Corporation, a corporation of 
Delaware 

Application May 14, 1943, Serial No. 487,000 
- (C. 73-66) 20 Claims. 

The invention relates to apparatus for use in 
making propeller blades. 
In the fabrication of hollow steel propeller 

blades it is desirable and important for the proper 
performance of the blade to finish the tubular 
Shank end of the blade, which is usually rotat 
ably confined in a radial socket in the hub for 
pitch variation, according to the hanging Wertical 
center line of the blade when it is suspended in 
vertical hanging balance rather than according 
to its physical longitudinal axis. In the fabrica 
tion of these blades in production equipment dis 
crepancies between said axis and said hanging 
center line are practically unavoidable and this 
renders it necessary to machine the shank for 
its proper performance in the hub. 
One object of the invention is to provide im 

proved apparatus for measuring the variation at 
the tip of the blade between the physical longi 
tudinal axis and the hanging vertical center line 
for use in machining the internal and external 
peripheries of the shank so that the axis of the 
shank, when installed in a hub, will be coincident 
with the true vertical center line of gravity or 
hanging Wertical center line of the blade. 
Another object of the invention is to provide 

improved apparatus for expediting the manipu 
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lation of the propeller blades for determining the 
variation between the physical longitudinal axis 
and the true hanging vertical center line. 
Another object of the invention is to provide 

a simple, efficient and quickly attachable and de 
tachable device for internally gripping the shank 
of the blade for hanging the blade on an abut 
ment on the flexible suspension element. 
Another object of the invention is to provide 

a device which is adapted to grip, and is quickly 
attachable to and detachable from the flexible 
Suspension element such as a wire, for hanging 
the blade from its shank while making measure 
ments at the tip. 
Other objects of the invention will appear from 

the detailed description. 
The invention consists in the several novel 

features which are hereinafter set forth and more 
particularly defined by claims at the conclusion 
hereof. 
In the drawings: 
Fig. 1 is a front elevation of apparatus em 

bodying and for carrying out the invention. 
Fig. 2 is a vertical central transverse section. 
Fig. 3 is a vertical Section of the device detach 

ably secured in the shank of the blade and the 
detachable device for gripping the suspension 
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wire for suspending the blade from a hanging 
center in the shank of the blade. 

Fig. 4 is a section taken on line 4-4 of Fig. 3. 
Fig. 5 is a section taken on line 5-5 of Fig. 3. 
Fig. 6 is a section taken on line 6-6 of Fig. 3. 
Fig. 7 is a plan view of parts of the device which 

are secured in the shank of the blade for Suspen 
sion of the blade from the wire. 

Fig. 8 is a section taken on line 8-8 of Fig. 5. 
Fig. 9 is a vertical section of the viewing and 

measuring device. 
Fig. 10 is a section taken online 0-0 of Fig. 9. 
Fig. 11 is a plan of the lens and the Casing in 

Which it is mounted. 
Fig. 12 is a diagram illustrating the manner of 

determining the location of the hanging vertical 
center line at the tip of the blade from the physi 
cal longitudinal axis of the blade. 
In the fabrication of the blade a the Working 

portions of the blade are finished to airfoil con 
tour and the shank at is rough finished. A point 
a2 is pricked in the tip at the physical longitudi 
nal axis for use in measuring the hanging ver 
tical center line at the tip of the blade. The 
blade is then elevated and suspended So it Will. 
hang in vertical balance. While hanging in ver 
tical balance, the tip end of the blade is viewed 
and the location of the hanging Wertical center 
line is micrometrically measured from the point 
a. These measurements are then used in ma 
chining the interior and exterior peripheries: of 
the shank so its axis will conform to the true 
hanging center line of the blade. The blade is 
placed in a cylindrical fixture or jig with the true 
hanging center line congruent With Or lying along 
the center line in the jig. The jig is then placed 
in suitable equipment so that the internal and 
external surfaces of the hub may be machined 
parallel to the hanging center line of the blade. 
In assembling the blade into the jig the point 
a2 is again utilized by positioning it a Way from 
the center line of the jig according to the meas 
urements as determined by the micrometer read 
ings taken when the blade was in hanging balance 
in the hanging fixture. 
The apparatus exemplifying the invention com 

prises, generally: a flexible element Such as a 
wire for suspending the blade in hanging bal 
ance; a detachable abutment device on the Sus 
pension wire on which the blade is free to hang 
in vertical balance; a device which is detachably 
secured in the bore of the shank of the propeller 
for Suspending the blade in hanging balance 
from the abutment device; hoisting mechanism 
comprising a winding drum for the wire for rais 



2,436,096 
3 

ing and lowering the blade from its shank into its 
hanging position; a columnar supporting struc 
ture; an overhead device for gripping the Wire 
above the blade for holding the latter in an ele 
Wated hanging position; a device controlled from 
floor level for Operating the Overhead gripping 
device; an optical unit for viewing from below 
the tip of the blade; and means for measuring 
the variation between the point indicating the 
physical longitudinal axis and the hanging ver 
tical center line when the blade is suspended in 
hanging balance. 
The supporting structure comprises a Solid con 

crete base 20 which is usually built on a solid 
foundation under the shop floor 2: ... a pair. of 
concrete Columns 23 built on the base 2 and 
spaced apart to provide between them a ver 
tically extending space in which the propeller 
blade a can be suspended; a plate 22 rigidly. 
mounted on the base 2 at Convenient working 
level for the operator; and I-beam 24 which rigid 
ly connects the top of the columns.23; and a frame 
25 rigidly mounted on the top of I-beam 24 for 
Supporting a sheave 2 which is journaled in a 
bracket. 28 which is Welded to the top of the 
frame 25. A suspension wire 26 has a portion 
which depends from the sheave 2 for attach 
ment to the propeller blade. An overhead elec 
tric hoisting mechanism 29 is mounted on the 
beam. 24 and comprises a drum 3 on which the 
wire 26 is Wound to hoist the blade connected 
to the free end of the Wire 26 from the floor into 
suspended position between the columns 23. 
Rungs 9 secured in the base 20 and columns 
form a ladder on which an operator can climb 
to the upper portion of the supporting structure. 
The abutment-device for supporting the shank 

end of the blade for vertical hanging balance 
from the wire. 26. comprises a body or thimble 35 
through which the wire 26 passes and which is 
provided with a notched gripping fiange or wheel 
38, a conical socket 39, and an internal screw 
thread 37. A gripping member 32 comprises a 
stem 32a which is threaded to the screwthread 31 
in the thimble 36 and provided with a Wheel or 
grip 33 at its lower end, a series of longitudinally. 
extending radial slots. 35 which form contractible 
jaws for gripping the Wire 26, and a conical por 
tion 40 fitting: in the conical socket, 39 in-the 
thimble 36. Thimble 36. and: member 32 have 
a central opening through which the wire 26 
passes. In attaching the abutment device to 
wire 26, the wire is threaded through thimble 36. 
and member 32 and the thimble 36 is then ro 
tated around member 32 which will. Cause the 
conical socket 39 to contract the jaws on mem 
ber 32 and force, them into firm gripping relation 
with the wire. Reverse rotation of the thimble 
will permit the jaws on member 32 to expand and 
release the wire. The upper end of thimble 36. 
has a hemispherical bearing surface. 4 for Sup 
porting the blade in hanging vertical balance. 
This exemplifies an abutment device which is 
adapted to be clamped on the wire or suspension 
element for supporting the blade from the Sus 
pension wire, and to be detached therefrom. 
The expansible device, which is adapted to be 

secured in the bore in the shank of the blade 
for suspending the blade on the hemispherical 
abutment surface 4 of the thimble 36 comprises 
a cylindrical body. 46, which is adapted to extend 
freely into the bore of the shank of the blade. 
and is provided with a peripherally notched 
fange 4 adapted to abut against the end of the 
shank; a series: of wedges 50 which are radially 
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4. 
slidable in slots 54 in the body 46; and an ex 
panding sleeve 45 which extends through body 
46 and comprises a cone 5 which engages and 
is adapted to spread the wedges 58 in the bore 
of the blade for internally gripping the shank. 
Sleeve 45 is slidable in the body 46 and is con 
nected thereto against rotation by a spline 49. 
A nut 48 is screw-threaded to the upper end of 
the expanding sleeve 45, abuts against the upper 
face of flange 47 on body 46, and is adapted to 
slide the sleeve 45 in body 46 so that cone 5 will 
expand the wedges 59 into internal gripping en 
gagement with the bore of the blade. Spring 
rings 53. are adapted to contract the wedges 50 
when the nut 48 is rotated on member 4 to re 
lease the Wedges 50. A bearing block 42 is seated 
against the shouldered upper end of a socket 5a 
in the expanding sleeve 45 and is provided with 
a conical Surface 43 which engages the hemi 
spherical surface 4 on the member 36 of the 
Wire gripping device so that the blade and the 
device clamped in the blade are free to permit. 
the blade to hang invertical balance. The thim 
ble 36 extends into the socket 45a in sleeve 45 
So that the bearing line between block 42 and 
Said thimble. Will be adjacent the end of the 
shank. A characteristic of this device for in 
ternally gripping the Shank of the blade is that 
its axis, when attached to the blade, remains 
centralized or coaxial with the shank of the blade, 
The abutment device is held coaxial with the 
wire 26. As a result the center from which the 
blade hangs is coincident with the axis of the 
Shank. This expansible gripping device exem 
plifies one which is adapted to be clamped in 
the bore of the blade for freely suspending the 
blade from the abutment device which is clamped 
to the Wire: 26, so that the blade will pass into 
true vertical hanging balance. 

In using the invention the shank gripping de 
Vice With the bearing block 42 therein is secured 
in the blade while the latter is on or near the 
floor and after the wire 26 has been threaded 
therethrough and the abutment device has been 
Secured on the Wire. The drum 30 will then be 
Operated by the hoisting device 29 to wind the 
wire 26 on the drum. The abutment, device on 
the wire will engage the gripping device in the 
shank of the blade and elevate the blade until 
it is freely suspended in hanging balance with 
its tip d above the base 20 of the supporting 
Structure. 
The invention comprises. a device for gripping 

the wire 26 to support the blade in hanging bal 
ance for the determination of the discrepancy 
between the physical, longitudinal axis and the 
hanging vertical center line of the blade. This 
device is supported above the hanging blade by 
an I-beam 55 which extends between the columns. 
23 and is secured to angle irons: fixed to said, col 
unns. This gripping device is supported in a 
frame which comprises a block 56, bars 57 welded 
to the top of said block, and a bar 58 secured by 
screws 59 to the bars 57. The frame is supported 
from the I-beam 55 by bolts 60, which extend 
through block 56 and bars 57 and 58. A bearing 
block 6 is seated in a shouldered recess in block 
56 and is provided With an upwardly facing con 
ical bearing surface. The Wire 26 between the 
sheave 27 and the end on which the blade is sus 
pended extends through a thimble or sleeve 63. 
The lower end of sleeve 63 is provided with a 
hemispherical bearing surface 64 which engages 
the conical Surface 62 in the block 6. A stem 65 
is screw-threaded at. 66 to the sleeve 63 and is 
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provided with a conical lower end 67 which fits 
in a conical bore 68 in the sleeve 63 and With 
longitudinal slits 69 so that the portions between 
the slits constitute contractible jaws for gripping 
the Wire. The cone 67 formed on the stem 65, fits 
in a conical socket 68 in the sleeve 63, and is 
adapted to contract the jaws on said sleeve. . 
The stem 65 is provided at its upper end with 

a flange or wheel 82 for rotating the stem 65 
relatively to the sleeve 63. When the stem 65 is 
Screwed into sleeve 63, the conical bore 68 in said 
sleeve Will contract the jaws on said stem and 
cause them to grip the wire 26. Reverse rotation 
of the stem will release said jaws to permit the 
wire to slide through the block 6, sleeve 63 and 
stem 65. Lugs 70 fixed to block 56 extend loosely 
into notches 7 in a flange on the upper end of 
sleeve 63 to hold said sleeve against rotation. 
Sufficient play of the lugs 7) in notches 7 is 
provided to permit the sleeve 63 and the stem 65 
therein to tilt on the bearing block 6 so that the 
Wire will hang truly vertical from the sleeve 63. 
This cable gripping device is elevated for sus 

pending the blade above the base 2 and mech 
anism is provided for operating it conveniently 
by an operator on the floor 2. This mechanism 
comprises a hand wheel 72 fixed to the lower end 
of a shaft 13 which is journaled in a bracket 
Which is fixed to the front side of one of the 
standards 23; a vertical shaft 74 journaled in the 
block 56 and bar 58 and connected by a universal 
joint 75 to the upper end of shaft 73; a pinion a 
keyed to shaft 74 between bar 58 and block 56; 
a gear 77 meshing with pinion 76 and journaled 
on a hollow stud 8 which is secured by a nut 79 
in the bar 58; and a series of pins 80 fixed in and 
depending from gear 77 and extending loosely 
into holes 8 in the flange 82 on the upper end 
of the stem 65. Holes 8 are enlarged to permit 
the sleeve 63 and the stem 65 to tilt. The Wire 
26 extends through the stud T8. Before the hoist 
ing device is operated to wind wire 26 on the 
drum 30 for hoisting the blade to its elevated 
hanging position, the operator on the floor 2 
Will rotate the wheel 2 in one direction which 
will cause pinion 76 to rotate gear 77 which car 
ries the pins 80 and the latter will rotate the stern 
65 to cause the Screw-thread 66 to move, the sten 
65 upwardly in the sleeve 63. This will cause the 
jaws on the stem 65 to spread so that the Wire 
26 will pass through the stem 65 and sleeve 63. 
When the blade has been elevated to its hanging 
position below the block 55, rotation of the hand 
wheel 72 in the opposite direction will rotate the 
stem 65 into the cone 68 in the sleeve 63 and jamb 
the jaws on said stem into firm gripping relation 
With the wire 26 so that the blade will be sus 
pended at the fixed elevation desired. After the 
hanging center line of the blade has been deter 
mined as hereinafter set forth, the hand wheel 
2 may be again operated to release the wire 26 

so that the blade can be lowered to floor level. 
This exemplifies means accessible from the floor 
for Operating the device for locking the depend 
ing portion of the wire 26. 

Before the blade is hoisted to its hanging posi 
tion a point a? is pricked in the tip on the physical 
longitudinal axis of the blade. When the blade 
is elevated and suspended the Wire 26 permits it, 
to hang in vertical balance around a vertical line 
extending through the center of the bearing be 
tween the sleeve 63 and the bearing block 6. 
When the point a on the tip of the blade in hang 
ing balance is not coincident with the hanging. 
vertical center line, said point will be horizontally 
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6 
Offset from the vertical hanging center line in 
distance and direction according to the discrep 
ancy between the vertical hanging Center line 
and the physical longitudinal axis resulting from 
variations in the distribution of mass in or in the 
machining of the blade. 
An optical device is provided for viewing the 

tip of the blade and micrometric means for 
measuring the variation between the point a 
which indicates the physical longitudinal axis 
and the hanging vertical center line at the tip 
of the blade While it is Suspended in Vertical 
hanging balance. This optical device is mounted 
over the plate 22 at convenient working level 
for the operator and comprises a mounting or 
casing 9; a lens 85 carried by a tube 90; a pinion 
92 which engages rack-teeth 93 on tube 90 for 
focusing the lens 85 on the tip of the blade; a 
thumb wheel 92a for rotating pinion 92; screws 
94 engaging a shoe 95 for securing tube 90 with 
its lens therein in its adjusted position; an up 
wardly and forwardly inclined tube 86 with a 
suitable lens and eye-piece; and housed prisms 
87 and 88 which provide for vision from tube 86 
of the tip of the blade through the lens 85. The 
lens 85 is provided with hair lines 96, 97 at right 
angles to each other which intersect in the cen 
ter of lens 85 and tube 90. The optical device 
with the lens 85 therein is mounted for move 
ment in planes at right angles to each other 
corresponding to the lines 96, 97 so that the 
intersection of lines 96, 97 may be shifted longi 
tudinally and transversely into vertical align 
ment with the point a on the physical longi 
tudinal axis of the blade, 
The mounting 9 is detachably and fixedly 

carried by a plate OO which is slidable hori 
zontally and transversely under the tip of the 
blade in a plane parallel to the line 97 on lens 
85 over a plate 05 which is slidable longitu 
dinally on the fixed plate 22, so that by com 
pounding the movements of the plates 00 and 
05 the intersection of the lines 96, 97 may be 

brought into vertical alignment with the point 
a on the tip of the blade while the latter is 
viewed by the operator. A screw 07 is connected 
to plate 05, threaded to a lug 68 which is fixed 
on the plate 22, and provided with a stem 07 
for turning the screw to positively shift plate 95. 
A screw 09 is connected to plate 90, threaded 
to a lug if 0 which is integral with the plate 05, 
and provided with a handle 09a for turning the 
Screw to positively adjust the plate OO over the 
plate O5. The position of the plate 05 on the 
plate 22 is indicated by a pointer liff and a scale 

2 fixed to plate 22. The position of the plate 
00 on the plate fo5 is indicated by a pointer f3 

on plate 0 and a scale 4 fixed to plate 105. 
These scales are marked to indicate when the 
mounting 9 is adjusted to vertically align the 
intersection of lines 96, 97 on lens 85 with the 
hanging vertical center line of the blade when it 
is in true vertical hanging balance and also to 
indicate the distance which the mounting and 
lens are moved horizontally in directions at right 
angles to each other to vertically align said inter 
section with the point a on the tip of the blade. 
As a result, when the intersection of the lines 96, 
97 is shifted horizontally into Vertical align 
ment with the point a on the tip of the blade, 
the coordinates X and Y, as illustrated in Fig. 
12, will be measured on the scales 4, 2, 

In this manner the variation or 
discrepancy between the physical longitudinal 

  



2,486,096 
7 

axis and the hanging vertical Center lines at the 
tip. of the blades will be accurately determined 
and measured. The mounting. 9 is, provided 
with a base flange 99 which is detachably secured 
by clamping lugs. 98 to plate: 00. A circular 
plate to is clamped between the flange 99 and 
plate. 00. The base flange.99 is provided With a 
stud O2, which fits into a hole in the plate G 
and the latter is provided with a cylindrical 
stud 03 which fits into a corresponding: opening 
in plate 100. The base flange. 99 is provided with 
notches 04 which, when the clamps: 98 are 
loosened and the fiange 99 is rotated to bring the 
notches into alignment with lugs 98, will permit 
the mounting 9 to be removed from the plate 
00. 
The optical device is partially enclosed in a 

housing 6 which is provided with an opening 
in itStop for exposing the tip of the blade. 
After the X and Y coordinates have been thus 

measured, the hand... wheel 2 is operated to 
release the Wire, 26 and the blade is lowered. 
The shank gripping device is then released from 
the blade and left on the Wire 26. The blade is 
then positioned in a suitable fixture or jig in 
accordance with the true hanging center line of 
the blade coincident with or lying along the 
center line of the jig. This jig is then placed in 
a Suitable equipment and the internal and exter 
nial. Surfaces of the shank are machined parallel 
to... the hanging center line of the blade. In 
assembling the blade into the jig the blade is 
positioned from the point, a and the center line 
of the jig according to the measured coordinates 
X and Y as determined by the micrometric read 
ings taken. When the blade was in the hanging 
fixture. 
The invention exemplifies apparatus for ex 

peditiously and accurately determining and meas 
uring the discrepancy between the physical lon 
gitudinal center line and the vertical center line 
of a propeller blade at its tip, when the blade is 
in hanging balance for use in machining or re 
machining the Shank of the blade in accordance 
with its true hanging center line to facilitate the 
fabrication of propeller blades within permis 
sible tolerances for mounting the blade in a hub. 
in accordance. With the hanging vertical center 
line and: which results in reducing the tolerance 
range. The invention also exemplifies: a fixture 
for conveniently handling the blade for hanging 
it in Vertical balance; a conveniently operable 
device for controlling an: overhead device for. 
gripping the wire to. Support the blade-in ele 
wated position; an abutment device. adapted to 
be clamped to the suspension wire; and a device 
which is adapted to internally grip the shark 
of the blade for suspension from the abutment 
device on the wire; 
The invention is not to be understood as 

restricted 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 I 
claim as new and desire to . Secure by Letters 
Patentis: 

1. Apparatus for use in making propeller blades 
provided with a . shank for connection to a 
hub comprising; a supporting structure, means 
adapted to be connected to the shank of tile 
blade for suspending the blade from: said. Struc 
ture so it is free to hang vertically with the tip 
at its lower end; and an optical device: On Said 
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8 
structure for viewing the tip of the blade. fromi 
below, including means...for measuring the devia 
tion between the vertical line of the hanging 
center and a mark on the physical longitudinal 
axis at the tip of the blade in different angular 
directions, 

2. Apparatus for use in making propellerblades 
provided with a shank for connection to a 
hub Comprising, a supporting structure, means 
adapted to be. connected, to the shank of the 
blade for suspending the blade. from said, struc 
ture so it is free to hang vertically With the tip 
at its lower end, and an optical. device on said 
structure: for viewing the tip of the blade from 
below including means for moving, said device 
in horizontal planes in directions at right angles 
to each other, and means: for measuring in said 
planes the deviation between the vertical line of 
the hanging center and a mark on the physical 
longitudinal axis at the tip of the blade in dif 
ferent angular directions. 

3. Apparatus for use.in making propeller blades 
provided with a shank for connection to a 
hub comprising, a Supporting structure, means 
adapted to be connected to the shank of the 
blade. for Suspending the blade from. Said struc 
ture so it is free. to hang vertically with the tip 
at its lower end, and an optical device. on said 
structure for viewing the tip of the blade: from 
below comprising a lens below the blade and pro 
vided with means movable to vertical coincidence 
with a point on the tip of the blade, an eye-piece 
in offset, relation to the blade, prisms between 
the lens and the eye-piece, and means for meas 
uring the deviation between the vertical hang 
ing center line and a mark on the physical longi 
tudinal axis at the tip of the blade in different 
angular directions. 

4. Apparatus for use in making propeller blades 
provided with a shank for connection to a 
hub comprising, a Supporting structure, means 
adapted to be connected to the shank of the 
blade for suspending the blade from said struc 
ture so it is free to hang vertically with the tip 
at its lower end, an optical device on said struc 
ture for viewing the tip. of the blade from below 
including, a lens below the blade, an eye-piece 
in offset relation to... the blade, prisms between 
the lens and the eye-piece, and a mounting for 
the lens, eye-piece and prisms, .movable in hori 
Zontal planes in directions at right angles to 
each other to position the lens in Vertical align 
ment with a marked physical center on the tip 
of the blade, and means: carried by said mount 
ing for measuring in said planes the distance 
between the vertical line of the hanging center 
and a mark on the physical longitudinal axis at 
the tip of the blade. 

5. Apparatus for use in-making propellerblades 
provided with a shank for connection to a 
hub comprising, a rigid columnar supporting 
structure, a flexible suspension element for the 
blade carried by the structure and having a 
depending end-portion, hoisting mechanism Sup 
ported on the structure and connected to said 
element for raising the blade into a freely hange 
ing position, means on the depending portion 
of the element, for supporting the blade, a device 
on the supporting, structure for gripping said 
element to hold the blade in a predetermined 
hanging position, means. for operating the grip 
ping device to Secure and release. Said element, 
and means below and for determining the de 
viation of a mark on the physical longitudinal 
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axis from the vertical hanging center line at the 
tip of the blade. 

6. Apparatus for use in making propeller 
blades provided with a shank for connection to 
a hub comprising, a rigid columnar supporting 
structure, a flexible suspension element for the 
blade carried by the structure and having a 
depending end-portion, a sheave at the top of 
the structure around which the element extends, 
elevated hoisting mechanism supported on the 
structure and connected to the other end of said 
element for raising the blade into a freely hang 
ing position, means on the depending portion 
of the element for supporting the blade, a de 
vice on the Supporting structure for gripping 
said element to hold the blade in a predeter 
mined hanging position, means for Operating the 
gripping device to secure and release said ele 
ment, and optical means below and for deter 
mining the deviation of a mark on the physical 
longitudinal axis from the vertical hanging center 
line at the tip of the blade. 

7. Apparatus for use in making propeller blades 
provided with a shank for connection to a 
hub comprising, a flexible element having a de 
pending portion for a hanging connection to the 
shank of the blade, a device for gripping said 
element to support the blade in hanging position 
comprising a member provided with contractible 
ja:WS for gripping said element and a body to 
which said member is screw-threaded and pro 
vided with means for contracting the jaws to 
grip the element, said body and member having 
a Central Opening through which said element 
passes, bearing-means for supporting said body 
member so the member and body tilt in any 
direction, means for holding the body against 
rotation, and means for rotating said member in 
the body. 

8. Apparatus for use in making propeller blades 
provided with a shank for connection to a 
hub comprising, a flexible element having a 
depending portion for a hanging connection to 
the shank of the blade, a device for gripping 
said element to support the blade in hanging 
position comprising a member provided with con 
tractible jaws for gripping said element and a 
body to which said member is screw-threaded 
and provided with means for contracting the jaws 
to grip the element, said body and member hav 
ing a central opening through which said element 
passes, bearing-means for supporting said body 
member so the member and body are free to tilt 
in any direction, a stationary support for the 
bearing-means, means between the support and 
body, for holding the body against rotation while 
permitting it to tilt, and means for rotating 
said member in the body. 

9. Apparatus for use in making propeller 
blades provided with a shank for connection to a 
hub comprising, a flexible element having a de 
pending portion for a hanging connection to the 
shank of the blade, a device for gripping said 
element to support the blade in hanging position 
comprising a member provided with contractible 
jaws for gripping said element and a body to 
which said member is screw-threaded and pro 
vided with means for contracting the jaWS to 
grip the element, said body and member having 
a central opening through which said element 
passes, bearing-means for supporting said body 
member so the member and body are free to tilt 
in any direction, a stationary support for the 
bearing-means, means between the support and 
body, for holding the body against rotation, and 
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gearing for rotating said member mounted on 
the support, and a loose driving connection be 
tween the gearing and said member which per 
mits said member to tilt in any direction. 

10. Apparatus for use in making propeller 
blades provided with a shank for connection to 
a hub comprising, a flexible element having a 
depending portion for a hanging connection to 
the shank of the blade, a device for gripping 
said element to support the blade in hanging 
position comprising a member provided with a 
Screw-threaded stem having contractible jaWS 
for gripping said element and a body member 
with a screw-thread for said stem and provided 
with means for contracting the jaws to grip the 
element, said stem and body having a central 
opening through which said element passes, 
bearing-means for supporting said body so the 
body and stem are free to tilt in any direction, 
means for holding the body against rotation, and 
means for rotating said member in the body. 

11. Apparatus for use in making propeller 
blades provided with a shank for connection to a 
hub comprising, a flexible element having a de 
pending portion for a hanging connection to the 
shank of the blade, a device for gripping said 
element to support the blade in hanging position 
comprising a member provided with contractible 
jaws for gripping said element and a body to 
which said member is Screw-threaded and pro 
vided with means for contracting the jaws to grip 
the element, said body and member having a 
central opening through which the element 
passes, a stationary support, a bearing carried by 
the support which permits said body and mem 
ber to tilt in any direction, means between the 
support and the body for holding the body 
against rotation while permitting such tilting 
movement, and gearing carried by Said Support 
for rotating said member in the body while per 
mitting said member to tilt. 

12. Apparatus for use in making propeller 
blades provided with a shank for connection to 
a hub comprising, a supporting structure includ 
ing a pair of rigid columns extended upwardly 
from a working floor and spaced apart laterally 
to provide between them space for hanging the 
blade, a flexible suspension element for the blade 
having a depending end-portion between the 
columns, means for detachably supporting the 
blade on the end of the depending portion of the 
element, hoisting mechanism supported on the 
structure and to which the element is connected 
for raising the blade into hanging position be 
tween the columns, an overhead device on the 
supporting structure for gripping the element to 
suspend the blade in its hanging position, means 
operable from a point adjacent the floor level for 
operating the gripping device to release and lock 
said element, and means below the hanging blade 
for measuring the variation between a mark on 
the physical axis and the vertical line of the 
hanging center at the tip of the blade. 

13. Apparatus for use in making propeller 
blades provided with a shank for connection to a 
hub comprising, a supporting structure including 
a pair of rigid columns extended upwardly from 
a working floor and spaced apart laterally to pro 
vide between them space for hanging the blade, 
an overhead guide on the structure, a flexible 
Suspension element for the blade extending 
around said guide and having a free depending 
portion between the columns, means for detach 
ably supporting the blade on the end of the de 
pending portion of the element, hoisting mecha 
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inism:supported on the structure and to which the 
-element is connected for raising the blade into 
-hanging position between the columns, an over 
head-device:On the supporting structure for grip 
ping the element to suspend the blade in its 
hanging position, means operable from a point 
adjacent the floor level for Operating the gripping 
{device to release and lock said element, and 
means below the hanging blade for measuring the 
variation between a mark on the physical axis 
and the vertical line of the hanging center at the 
'tip of the blade. 

4. Means for hanging a propeller blade with 
a tubular shank from a flexible suspension ele 
inent Comprising, a body provided with a mem 
iber adapted to extend into the shank of the pro 
peller, a flange on said body, gripping members 
slidably mounted in said body for internally grip 
-ping the shank, a sleeve provided with means for 
-expanding Said members and slidably mounted in 
said body, a nut threaded to said sleeve for shift 
ing it to expand said gripping members, a bear 
ing-Inember in the sleeve having a downwardly 
facing conical surface, a stern provided with con 
(tractible jaws for gripping said element and a 
thimble extending into the sleeve and having 
means at its upper end for engaging the conical 
Surface. On the bearing-member and means for 
'contracting the jaws, the thimble and stem being 
connected by a screw thread, the sleeve, thimble 
and stem being provided with an opening 
through which said element passes. 

15. A device for supporting a propeller blade 
having a tubular shank from a flexible suspen 
sion element provided with an abutment com 
prising, a body adapted to extend into the shank 
of the blade, elements mounted to slide radially 
in Said...body for internally gripping the shank, 
a sleeve slidably mounted in and extending 
through Said body and provided with means for 
Spreading the gripping elements, a nut on the 
sleeve for shifting the sleeve in the body, and a 
bearing in the sleeve for tiltably supporting the 
device and blade from the abutment on the sus 
pension element. - 

if. A device for supporting a propeller blade 
having a tubular shank from a flexible suspen 
sion element provided with an abutment, com 
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prising, a body adapted to extend into the shank . 
of the blade, elements mounted to slide radially 
in said body for internally gripping the shank, 
a holding flange on the body on the outside of 
the blade, a sleeve slidably mounted in, and ex 
tending through said body and provided with 
means for spreading the gripping elements, a 
nut on the sleeve for shifting the sleeve in the 
body, - and a bearing in the sleeve for tiltably 
supporting the device and blade from the abut 
ment on the suspension element. 
J7. Means for hanging a propeller blade pro 

vided with a tubular shank, from a flexible sus 
pension element so it will be free to hang verti 
cally, comprising: a device including means for 
detachably gripping said element, and provided 
with a bearing; a device including a body in- 6 
sertable into the shank of the blade, means car 
ried by the body for internally gripping the 
shank, and a bearing fixed in said body, as a sup 
port therefor having a bore which is clear of the 
element; said bearings being separable and pro 
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Vided. With engaging faces for universal tilting 
of, and solely supporting, the blade and the blade 

12 
“gripping device on the element gripping device, 
So that the blade will be free to hang vertically, 

18. Means for hanging a propeller blade pro 
vided with a tubular shank, from a flexible sus 
pension element so it will be free to hang verti 
cally, Comprising: a device including means for 
detachably gripping said element and provided 
with a bearing; a device including a body in 
Sertable into the shank of the blade, means car 
ried by the body for internally gripping the 
Shank, and a bearing fixed in the body as a sup 
port therefor having an opening for clearing the 
element; Said bearings being separable and pro 
Vided with conical and arcuate engaging faces for 
universal tilting of, and Solely supporting, the 
blade and the blade gripping device on the ele 
ment gripping device. So that the blade Will be 
free to hang vertically, 

19. Means for hanging a propeller blade pro 
vided with a tubular shank, from a flexible sus 
pension element so it will be free to hang verti 
cally, comprising: a device including means for 
'detachably gripping said element and provided 
With a bearing; a device including a tubular body 
insertable into the shank of the blade, expansible 
ja:WS carried by the body for gripping the shank, 
a member slidably mounted in the body for ex 
spanding the jaws for internally gripping the 
$hank, and a bearing fixed in said body as a 
support therefor having a bore which is clear of 
the element; said bearings being separable and 
provided with engaging faces in said member for 
universal tilting of, and solely supporting the 
blade and the blade gripping device on the ele 
ment gripping device so that the blade Will be 
free to hang vertically, 

20. Means for hanging a propeller blade pro 
vided with a tubular shank, from a flexible sus 
pension element so it will be free to hang verti 
cally, comprising: a device including means for 
detachably gripping said element and provided 
with a bearing; a device including a tubular body 
insertable into the shank of the blade, means in 
the body for internally gripping the shank, and 
a bearing having a bore which is clear of the 
element, said element gripping member being 
adapted to extend into the tubular body, said 
bearings being disposed in the tubular body, and 
being separable and provided with engaging faces 
for universal tilting of, and solely supporting the 
blade and the blade gripping device on the ele 
ment gripping device so that the blade will be 
free to hang vertically. 

LEROY B. CHUBB. 
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