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a corporation of New Jersey 
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5 Claims. 

This invention relates to a copying machine 
and particularly to a machine for duplicating 
aeroplane propeller blades by a milling opera 
tion. 
A primary object of the invention is to pro 

vide improved, simple, convenient and rapidly 
operating mechanism for generating correct 
cross sectional contours upon a blank for aero 
plane propeller blades to correspond with por 
tions of Surfaces of a model blade. 
A feature, which enables me to accomplish the 

above named object is that a model and Work 
blank for the desired blade are simultaneously 
rotated in the same direction and at the same 
speed by Suitable manually operated means and 
during this rotation a tracer point engages the 
Surface of the model and a milling cutter en 
gages and cuts into a similar portion of the Work 
piece. 
Another object of the invention is to provide 

an improved carriage mounting the tracer and 
cutting tool enabling the cutting tool and tracer 
to be manually adjusted directly toward and 
from the work piece and model during the rota 
tion thereof, the carriage being mounted on a 
Saddle which may be traversed laterally relative 
to the model and work piece during its forward 
and back movement. 
And finally it is an object to provide rapid 

traversing neans for reciprocating the table 
Supporting the rotating means for the work 
piece and model past the cutter and tracer to 
position the Work piece and model So that dif 
ferent portions of the work blank may be op 
erated on by the cutter. 
With the above and other objects in view, my 

invention includes the features of construction 
and operation set forth in the following specifi 
cation and illustrated in the accompanying 
dra WingS. 
In the accompanying drawings annexed here 

to and forming a part of this specification, I 
have ShoWn and deScribed my invention en 
bodied in a machiiie Specifically designed for 
Operation upon elongated metal blades for aero 
plane propellers but it will be understood that 
the invention can be otherwise embodied and 
that the drawings are not to be construed as 
defining or limiting the scope of the invention, 
the claims appended to this specification being 
relied upon for that purpose. 
In the drawings: 
Figure 1 is a front elevation of the complete 

machine, the Work and model supporting and 

(C. 90-13.4) 
rotating means being shown approximately in 
mid position. 

Fig. 2 is a side elevation of the complete ma 
chine, a part being Sectioned to more clearly 
illustrate the construction, and 

Fig. 3 is a plan view of the complete machine. 
In the above mentioned drawings I have shown 

but One embodiment of the invention which is 
now deemed preferable, but it is to be under 
stood that changes and modifications may be 
made Within the Scope of the appended claims 
Without departing from the Spirit of the inven 
tion. 

Briefly, and in its preferred aspect, my inven 
tion may include the following principal parts: 
First, a base having vertical ways upon its front 
Surface; Second, a knee or blacket mounted for 
reciprocatory movement thereon; third, Sup 
porting and rotating means on the upper surface 
of Said bracket for a model and work blank 
respectively; fourth, driving means for simul 
taneously rotating these means in the same di 
rection and at the same Speed; fifth, a carriage 
Supported on the upper Surface of the base and 
movable toward and from the Supporting and 
rotating means for the model and work blank; 
Sixth, a tracer. On the carriage; Seventh, a, cutting 
tool, both tracer and cutter being mounted in 
fixed relation to each other on the carriage; and 
eighth, a Saddle on which the carriage is Sup 
ported upon the upper Surface of the base, this 
saddle being movable laterally relative to the 
model and work blank and in a direction normal 
to the direction of movement of the carriage. 
In the manufacture of metal blades for aero 

plane propellers, it is the practice to form the 
surfaces thereof in accordance with predeter 
mined contOurS. Preferably and usually a metal 
propeller blade is made so that it Will conform 
accurately to desired specifications and it is the 
particular object of this invention to provide 
means for copying a blade from a complete 
model blade previously made by any well-known 
or Standard methods. Usually metal blades for 
aeroplane propellers are made of relatively soft 
metals Such as aluminum or magnesium alloys 
Which may be cut at a relatively high surface 
Speed relative to a cutter. It is not usually 
neceSSay to generate the entire Surface of the 
blade being made by the machine described but 
the present machine may preferably be used to 
Cut a plurality of Successive contour lines ex 
tending completely around the periphery of the 
blade in planes at Spaced distances from the hub 
and milled to the proper depth to define the 
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proper contour at each successive plane. These 
lines are scribed or cut by an end mill, and, 
after a numbel of these lines have been thus cut 
into the work piece the blade may be renoved 
from the machine and intermediate portions 
may be finished by hand operations. The scribed 
peripheral lines determine the contours at the 
particular planes along the length of the blade 
and So indicate to what depth intel'mediate por 
tions of the blade are to be cut to produce 
Smooth continuous helicoidal or Warped surfaces 
including the contours cut by the machine. 

Referring more in detail to the figures of the 
drawings, I provide a base to having vertical 
Ways ff upon its front Surface. Along these 
ways is adapted to be vertically traversed 
a bracket or knee 2 having work supporting 
and rotating means f3 upon its upper surface. 
Preferably these means 3 are in the form of 
rotatable chucks, one of which may engage a 
model M and the other a work blank W shown 
in Fig. 2 to be milled to conform to the model. 
Within the bracket 2 are driving means for 

the supporting members i3, these means being in 
the form of a laterally extending shaft 4 which 
may be driven by any means from the Side of the 
machine, as by means of the vertical shaft S 
having a hand wheel at its upper end. Bevel 
gears 6 are mounted upon these shafts f4 and 
5 in intermeshing relation, the one upon the 

vertical shaft engaging a suitable spline: therein 
So that the bracket 2 may be traversed verti 
cally while the transverse shaft A is being 
rotated. MeShing With a bevel gear 7 on the 
inner end of this transverse shaft is a bevel 
gear 8 on the lower end of a vertical centrally 
disposed shaft 9 having a spur gear 20 upon 
its upper end. This spur gear 20 engages with 
corresponding spur gears 2 having equal tooth 
numbers on opposite sides thereof. One of these 
gears 2 is drivingly connected to one of the 
work supports 3 and the other to the opposite 
Work Support 3. By means of this mechanism 
the two Work Supports 3 are rotated in the same 
direction and at the same speed. As the present 
machine embodying the invention is designed 
primarily for propeller blades the rotation of the 
Supporting members 3 is controlled manually. 
For that purpose the vertical shaft is provided 
With the hand wheel 22 conveniently disposed 
for the operator to slowly rotate the same dur 
ing operation of the machine. Preferably this 
hand wheel 22 is at the upper end of the shaft 
and the shaft is rotatable within bearings in 
members attached to the base 0. The bevel 
gearS S drivingly connecting the vertical shaft 
5 to the transverse shaft 4 may be enclosed 

within a housing mounted on and moving ver 
tically with the bracket or knee. 
In order to traverse the bracket 2 vertically, 

a screw 23 is provided disposed vertically and 
centrally of the machine which engages a nut 
24 in the bracket member 2 so that rotation of 
the screw 23 will raise or lower this bracket 2 
and the work supports f3 mounted thereon. To 
rotate the Screw 23 a bevel gear 24 is provided 
on the lower end of the screw 23 engaging a 
COrresponding bevel gear 24 upon the forward 
end of a horizontal rearwardly extending shaft 
25 mounted within the base 0. This horizontal 
shaft 25 may be rotated by a suitable motor or 
other means (not shown) to traverse the bracket 
and work Supports rapidly up or down. 
Mounted upon the upper surface of the base 

0 on laterally extending guideways 27 thereon 

2,005,508 
is a saddle 28. Freferably this saddle is pro 
vided with a number of rollers 29 engaging upper 
and lower bearing Surfaces of the ways 27 So 
that the saddle 28 may be moved laterally of 
the machine with a minimum of resistance. 
Mounted on the upper Surface of this saddle 
28 upon suitable guideways 30 provided there 
for is a tool supporting carriage 3. This car 
riage 3 is adapted to move on its ways 30 
directly toward and from the work Supporting 
and rotating means 3. Rollers 32 Similar to 
those for the Saddle 28 are provided engaging 
the Ways 30 on the Saddle 28 to eliminate fric 
tion and to facilitate movement thereof. By 
means of this construction the carriage 3 may 
be moved in any direction in a horizontal plane 
Within the limits of the machine. In order to 
manually control the position of the carriage 
3 toward and from the axes of the work Sup 
porting and rotating means f3, a rack 33 ex 
tending forward and rearward of the carriage 
3 is mounted on the lower surface of the car 
riage. This rack 33 meshes with a Small gear 
34 mounted on the inner end of the transversely 
extending shaft 35 rotatably supported within 
the saddle 28. Rotation, therefore, of the gear 
34 will advance the carriage 3 directly toward 
or from the axes of the work Supporting and 
rotating members f3. Lateral movement of the 
carriage 3 with the saddle 28 may take place 
Simultaneously with forward movement of the 
carriage 3f on the saddle 28. In order to oper 
ate this gear 34 to control the position of the 
carriage 3 toward or from the work rotating 
members 3, a hand wheel 36 is mounted on the 
Outer end of Shaft 35. 
Mounted on the upper Surface of the car 

riage 3 are brackets 40 and 4, one of which 
is directly in back of the axis of the model 
mounted in one of the Supporting and rotating 
members 3 and the other bracket directly in 
back of the Supporting and rotating member 3 
for the Work piece being operated on. In the 
first bracket 40 is adjustably mounted a tracer 
point 42 preferably on the forward end of a 
bar 43 slidably mounted and clamped within a 
recess provided in the bracket 40. The other 
bracket 4 houses a milling cutter spindle 44 
having a cutting tool 45 at its forward end and 
preferably driven by a small electric motor 46. 
The Spindle 44 is housed within a sleeve 47 on 
the rear end of which may be mounted the 
motor 46. This sleeve 47 may be adjusted with 
in itS bracket 4 and clamped in adjusted posi 
tion therein. So that the distances of the tracer 
point 42 and milling cutter 45 from the axes 
of the model and Work rotating means will be 
equal. 

In operation a moden M of the blade or other 
article to be duplicated is mounted in one of 
the Work Supporting members f3 and a work 
blank W is mounted in the other. With a tracer 
point 42 in the bracket 40 in rear of the model 
M and a milling cutter 45 in the other bracket, 
the knee 2 is raised or lowered to a desired 
position and the model M and work blank W. 
rotated slowly by manual operation of the wheel 
22. While rotating the model M and blank W 
with one hand the operator also operates the 
carriage 3 mounting the milling cutter 45 and 
tracer point 42 by continuously forcing it to 
Ward the model and work blank. This may be 
done by rotating the wheel 36 on the saddle 
28, and, by forcing the wheel 36 laterally the 
cutter 45 and tracer 42 may be moved laterally 
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to traverse these members over the work blank 
and model. After traversing the tracer 42 and 
cutter 45 entirely around the model and work 
blank respectively at one setting of the knee 
2, the knee is raised or lowered a short dis 

tance and the traversing about the model and 
work blank repeated in the same manner. After 
repeated operations on the Work blank at Suc 
cessive distances apart, the work blank may be 
removed from the machine and the interme 
diate portions finished by hand, the SCribed 
contours being made use of to determine the 
surface of the blade at their respective distances 
along the blade. 

It will be understood that in setting up the 
machine the distances of the milling cutter 45 
and the tracer 42 from the axis respectively 
of the support for the work piece W and the 
model M will be equal. Also the rack 33 is 
positioned equidistant from the axis of the mill 
ing cutter 45 and tracer 42 so that the pressures 
of the milling cutter and tracer exerted by for 
ward operation of the carriage 3 by hand wheel 
36 Will be substantially equal. 
What I claim is: 
i. A copying machine comprising in combina 

tion, a base, a table novable thereon, a pair of 
Work Supporting and rotating members thereon, 
means to simultaneously rotate said members 
upon parallel axes in the same direction and at 
the same speed, means to traverse Said table on 
said base parallel to the axes of rotation of Said 
members, a carriage having a tracer adapted to 
contact With a model mounted in One of Said 
members and a cutting tool mounted for 3ngage 
ment With a work piece mounted in the other of 
Sai members, a Saddle on Said base on which 
Said carriage is mounted, means to adjust the 
position of said saddle laterally of said members, 
means to manually adjust said carriage on said 
Saddle toward and from Said members, and a 
single manually operated member for controlling 
movements of Said carriage and Saddle. 

2. A copying machine comprising in combina 
tion, a base, a table vertically movable thereon, 
a pair of parallelly mounted Work Supporting and 
rotating members thereon, means to sinul 
taneously rotate said members at the same speed, 
means to traverse Said table on said base, a car 
riage having a tracer adapted to contact with 
a model mounted in one of said members and a 
cutting tool mounted for engagement With a 
Work piece mounted in the other of Said mem 
bers, a saddle on which said carriage is mounted, 
said carriage and saddle having ways disposed 
at right angles to each other whereby said car 
riage may be moved toward and from and 
laterally relative to the work supporting men 
bers during operation and a single manually 

3 
operated member for controlling movements of 
said carriage and Saddle, 

3. A copying machine comprising in combina 
tion, a base, a table movable vertically thereon, 
a pair of work Supporting and rotating members 
thereon, means to simultaneously rotate said 
members about parallel vertical axes, manual 
means to traverse Said table, a Saddle on Said 
base movable in One direction, a carriage. On Said 
saddle movable in a direction normal thereto and 
having a tracer adapted to contact with a model 
mounted in one of Said members and a cutting 
tool mounted for engagement With a Work piece 
mounted in the other of Said members, Said car 
riage being manually movable in any direction 
in a horizontal plane whereby said tracer and 
cutter are freely movable toward and from said 
members and laterally thereof during operation 
of the machine and a single manually operated 
member for controlling movements of Said Car 
riage and Saddle. 

4. A copying machine comprising in combina 
tion, a base, a table movable vertically thereQn. 
a pair of Work Supporting and rotating members 
thereon, means to Simultaneously rotate Said 
members, means to traverse said table on said 
base, a saddle movable in one direction upon the 
base, a carriage thereon movable in a direction 
normal thereto, said carriage having a tracer 
adapted to contact with a model mounted in One 
of said members and a cutting tool mounted fol' 
engagement with a work piece mounted in the 
other of said members, said carriage and Saddle 
being manually movable, and controlling means 
for said saddle and carriage comprising a rotat 
able shaft extending laterally through said 
saddle and connected to Said carriage, whereby 
said shaft controls movement of said carriage 
in any direction in a plane. 

5. A copying machine comprising in combina 
tion, a base, a table movable vertically thereon, 
a pair of work supporting and rotating members 
thereon, means to simultaneously rotate Said 
members, means to traverse said table on Said 
base, a saddle muwable in one direction upon the 
base, a carriage thereon movable in a direction 
normal thereto, said carriage having a tracer 
adapted to contact with a model mounted in Ont 
of said members and a cutting tool mounted for 
engagement with a work piece mounted in the 
other of said members, said carriage and saddle 
being manually movable, and controlling means 
for said saddle and carriage comprising a rotat 
able shaft extending laterally through said 
saddle and having rack and gear connection 
with said carriage, whereby said shaft controls 
movement of said carriage in any direction in a 
plane. 

ROBERT D. SHAW. 
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