
Dec. 29, 1964 P. E. BARNES ETAL 3,163,231 
TWO-PART PITCH CHANGING MECHANISM 

Filed April 29, 1963 4. Sheets-Sheet 1 

F. G. s/6 

2 5% /2 2 3. 30 % a2 / .34 32 2 /2\\NZ%. % Ž S. ses, Ali citz, Éef7%k NS-2 % Q Zaats 2 assify % SS 22 3 N 27 2 S 33 &N 

40--- Salist2.7%%S a 

(2% 2 3 e - % --- Avaaa. 

FIG-4 
/27727C 

1 
A41H IT YMHazs 

Haz 
7-H2-2 

-a, -/2 O /02 22 30 407 302 60 72 af2 9(7 

40 

42A2asa 1211212a2 asa-2.121/2a-2a2a2a2S 
Waa/AZ724/ 2a aaZazaaa/424 4% agaz aa/242A 

NVENTORS 
PHL FP E. BARNES 
RCHARD F2 PTEs a DDO 
SEPPO V K N saLO 

244& 2 sy % ATTC) RNEY 

  

  

  

  

  

  

  

  

  

    

    

  

  

  



Dec. 29, 1964 P. E. BARNES ETAL 3,163,231 
TWO-PART PITCH CHANGING MECHANISM 

Filed April 29, 1963 4. Sheets-Sheet 2 

FIG 2 

adaaZ2// a 21%asa/at 
ap42 a 42.5oza772// 

Sp/vala ap2a 72 /o/ 
AA CZ-2 C42A3 20 

2a22%. 2262 7y-2/Ca2/ 27,272.57% 
2Z SCAA/2a 

22 

(27%f AC/222a 
2é5. aada as-2/2 

SA//a/ a 72 /2% 
42 oz22 6223 

20 

Mas 22 25 32 36 a2 

az2%2 aza2 424%za - 42625 

in VentORS 
PHL P E Earnes 

RC HaRD P. Fo TEB Ladd O 
SEPPO V 13 NSA LO 

EY “2 a52.26. 
attorney 

    

  

  



Dec. 29, 1964 P. E. BARNES ETA 3,163,231 
- - - - - TWO-PART. PITCH CHANGING MECHANISM . . . 

Filed April 29, 1963 4. Sheets-Sheet 3 

FG3 

Spazaay 2274. 7a 42A-1 
a C77p12 C-2aaa 

-N 
N 

71a2/424 

40 

2. 21aszaaaS/6 
36-22 SOAZ (Za 

Z225 aga/CS2/7 
42A273 252622// 

225. aapa a 5% 

aaaZ/A2 4-222 

27 

/2 22 2a5. 3O 3a5. 422 

aaAa2 afaa 1/1/2Za-4a2a2S 

aT TORNEY 

  
  

  

  

  

  



Dec. 29, 1964 P. E. BARNES ETAL 3,163,231 
TWO-PART PITCH CHANGING MECHANISM 

Filed April 29, 1963 4. Sheets-Sheet 4 

F G5 

62 a.27%242% 
V% M45 ZA 72 a 2a2az72//02a aza 

czazz Sze 
422% 422 

///a2a12 ea /2 

w N - 242624%224226 
// C2 C2a aaa Gao 

-Z-247 24 

Ca2a3a Saa 

zz 424 
G1241,227/aa-2124 

2422%2 aza 

22 2a422/2a44242 

Aavaza/24 

462/7Za C2/2/721/ 

Y4/26/4%2 4Zé 

G%24/24227%26 222 Z21/2 4.226% 

At TORNEY 

  

  

  

  

  

  



United States Patent Office 3,163,231 
Patented Dec. 29, 1964 

1. 

3,163,231 
TWO-PART PTCH CHANGENG MECHANESM 

Philip E. Barnes, North Granby, and Seppo J. Wiikiasato, 
Thompsonviiie, Coaa., and Richard B. Pitbladdo, 
Horseheads, N.Y., assignors to United Aircraft Corpo 
ration, East Hartford, Co., a corporation of Delaware 

Filed Apr. 29, 1963, Ser. No. 276,641 
23 Clairas. (C. 170-135.24) 

This invention relates to propeller pitch changing mech 
anism and particularly to mechanism for changing the 
pitch together of two sets of blades and changing the pitch 
of one set with respect to the other. 
An object of this invention is pitch changing mechanism 

for a variable pitch, variable camber propeller. 
A further object is mechanism which will automatically 

change the propeller effective camber. 
A further object is mechanism which will control the 

propeller pitch and at a preselected position change the 
propeller effective camber. 

Other objects and advantages will be apparent from th 
following specification and the attached drawings in 
which: 

FIG. 1 is a schematic view showing the pitch changing 
mechanism of the invention mounted in a hub support 
ing the two sets of blades; 

FIG. 2 is a diagram showing one set of blade motions 
during pitch change switch over; . 

FIG. 3 is a diagram similar to FIG. 2 in which the 
switch over is initiated at the same forward blade angle 
for either increase or decrease pitch; 

FIG. 4 is a diagram showing the relation of the two 
sets of blades over the entire range; and 

FiG. 5 is a schematic cross-section showing the blade 
alignment for several operating conditions. 

In operating a propeller of the type shown in Rosen 
Patent 2,982,361, issued May 2, 1961, it is desirable, un 
der certain conditions, to change the effective camber of 
the propeller at preselected positions of the blades in their 
pitch changing movements. One such set of conditions 
would be in an airplane where it is desired to have the high 
effective camber for takeoff and a low effective camber 
for loiter and cruise conditions, in which the highest 
governing forward blade angle in the high camber regime 
is almost equal to the governing forward blade angle 
the low camber loiter regime. The present invention pro 
vides a structure which will accomplish the above results 
with a minimum of complications and mechanism. 
As shown in FIG. 1 a hub () carries a forward set of 

blades 2 and a rearward set of blades i4 both mounted 
for pitch changing movements in the hub 10. Although 
only one blade of each set has been shown it should be 
understood that each set can contain any desired number 
of blades. The hub 10 and the blades 12 and 4 mounted 
therein provide a propeller indicated generally at 5 which 
is driven in any suitable manner by the shaft 18 and the 
engine 20. Secured to and depending from the blade 2 
and eccentric to the pitch changing axis thereof is a roller 
22. Mounted on an inturned projection 24 of the hub 
10 is a piston 26 which may be reciprocated axially along 
the hub axis 28 but held in a predetermined rotative posi 
tion with respect to the hub G by means to be described 
hereinafter. Carried on the piston 26 and cooperating 
with the roller 22 is a slotted member 30 which may be 
either a scotch yoke or a cam track. Reciprocation of the 
piston 26 will thus impart pitch changing movements to 
the blade 12. Depending from and secured to the blade 
14 is a similar roller 32. - Mounted for reciprocation 
along the axis 26 of the hub is on extensions 34 and 36 
of the hub 10 is a piston 38 telescoping with and freely 
movable with respect to the piston 25. Mounted on the 
piston 38 and cooperating with the roller 32 is a slotted 
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member 40 which may be a cam slot or a scotch yoke. 
Piston 38 carries a spline member 42 mating with a spline 
member 44 carried by the hub 6 to prevent relative ro 
tation of the hub 10 and the piston 38. A similar spline 
connection 46 connects the pistons 26 and 38 to thus 
locate the piston 26 circumferentially with respect to the 
hub 10. These splines are preferably axially extending 
splines. The piston 26 carries a depending flange men 
ber 48 received between the lip 50 and the face 52 of 
the piston 38 and with the piston 38 forms a hydraulic 
motor having an expansible chamber 54. The depending 
flange 48, the lip 50 and the face 52 form a lost motion 
connection between the piston 26 and the piston 38. This 
connection has a limited motion or travel, one limit of 
which is determined by the contact of the flange 48 with 
the lip 50 and the other limit of which is determined by 
the contact of the fange 48 with the up-standing por 
tion 56 of the face 52 of piston 38. Motion of the piston 
38 along the axis 28 of the hub 10 will impart pitch 
changing movements to the blades 14. 
The extensions 24 and 36 of the hub 1e form with the 

depending flange 48 of the piston 26 and the portions 58 
of the piston 38 and expansible or enclosure 60. In a 
similar manner hub extensions 34 and 36 together with 
hub extensions 62 form with the portions 64 of the piston 
38 an expansible chamber 66. A governor 68 which may 
be driven in timed relation with the propeller 16, by being 
connected with the drive shaft 18, may in a manner well 
know in the art selectively introduce hydraulic fluid under 
pressure into the hydraulic motors formed by chambers 
60 and 66 to actuate the pistons 26 and 38 to change the 
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propeller pitch to control the propeller speed. Hydraulic 
fluid may be introduced into these chambers by means 
well known in the art such as drilled holes in the hub or 
tubes in the propeller. shaft, but for the sake of simplicity 
the fluid connections are shown schematically. A fluid 
reservoir 70 is associated with the governor. A restricted 
orifice 72 in the flange member 48 connects the chambers 
54 and 63. A conduit 74 in the piston 26 connects the 
hydraulic motor chamber 54 with a valve indicated gen 
erally at 76. The valve 76 comprises a land 78 on hub 
extension 24 which cooperates with an opening 80 con 
nected with the conduit 74 in the piston 26. Slots or 
recessed areas 82 and 84 are formed in the hub extension 
24 and are connected by conduit 86 with the reservoir 70 
and act as drains. The opening 80 and the drains 86 have 
a larger capacity than the orifice 72. Hence the pressure 
in the chamber 68 and the opening 80 blocked by land 
78 pressure will build up in the chamber 54 equal to 
that in chamber 60 and twisting moments operating on 
blades 12 will separate the pistons 26 and 38 moving the 
lost motion connection to its limit 50. Pressure acting 
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against the forward face of piston. 38, including face 52 
tends to move both blades toward a higher pitch posi 
tion. Movement of the piston 26 and accordingly, the 
blade 2 to a predetermined pitch position, determined by 
the land 78 and the opening 80, will connect the opening 
88, conduit 74 and the chamber 54 with drain thus reliev 
ing the pressure in chamber 54. The centrifugal twisting 
moment acting on blade 4 together with the low pitch 
oil pressure in the chamber 66 will tend to reduce the pitch 
of blade 14 and force the piston 38 toward the piston 26 
thus moving the lost motion connection between the two 
pistons to its other limit as determined by the up-standing 
portion 56 of the piston 38. Such a movement will reduce 
the propeller pitch of the rearward blade 14 with respect 
to the forward blade i2. 
From the description of the propeller as contained in 

the above cited Rosen Patent 2,982,361 and in accordance 
with the showing of FIG. 5 it will be appreciated that. 
when the two pistons 26 and 38 are separated and the 
rear propeller blade is at a higher pitch than the front 



3 
propeller blade the propeller 16 will be in its high effec 
tive camber position and when the two pistons are forced 
together by the draining of chamber 54 the propeller will 
be in its low effective camber position such as in the em 
bodiment illustrated in FIG. 5 with the front and rear 
blades at substantially the same pitch angle both in the 
loiter position and in the reverse position. It will be 
apparent that in both the high effective camber and in 
the low effective camber positions the pistons 26 and 38 
act as a unit with two sections so that the governor con 
trols the pitch of both blades to control the propeller 
loading and hence the propeller speed. During filling 
and draining of the chamber 54 there is a relative pitch 
change between the front and rear blades. . . 
As shown in FIGS. 2 and 3 the change from optimum 

take-off blade phasing to optimum loiter blade phasing 
requires an increase in forward blade angle and a de 
crease in the aft blade angle. It will also be noted from 
FIGS. 2 and 3 that this increase in forward blade angle, 
which is primarily the blade which is controlled by the 
governor, will, because of the reduction of blade angle of 
the rear propeller blade and the decrease in effective 
camber, result in reduced power absorption of the propel 
ler. This action would normally result in an increase in 
propeller speed and an attempt by the governor to further 
increase the forward blade angle. By making the response 
to relative pitch changing movements of the two blades 
i.e. the rate of filling or emptying of the chamber 54 
slower than the response of the blade pitch to the governor 
the blades in reducing effective camber can be caused to 
take a path indicated by the arrows 88 in FIG. 2 so as to 
fall along a line of substantially constant power absorp 
tion while changing from the optimum high camber take 
off blade phasing. A to the optimum low camber loiter 
blade phasing B while increasing the forward blade angle 
and decreasing the aft blade angle. Power may then be 
reduced to change the blade angle from the position in 
dicated by the point 90 on line 92 to reduce the angle of 
both the forward and aft blades along the line 92 to the 
optimum loiter blade phasing position B. In returning 
from the optimum loiter blade phasing B to the optimum 
take-off blade phasing A the blades while being controlled 
by the governor would take the path indicated by the 
line 94 and the power would then have to be increased 
to bring the blades back to the optimum take-off posi 
tion. By proper control of power while the blades are 
changing camber it would be possible to have them fol 
low along the line indicated by 96 but it would be prefer 
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off and during loiter or cruise conditions and have pro 
vided mechanism for automatically changing the effec 
tive camber of the propeller at a preselected position of 
the forward set of blades. 

It is to be understood that the invention is not limited 
to the specific embodiment herein illustrated and described 
but may be used in other ways without departure from its 
spirit and that various changes can be made which would 
come within the scope of the invention which is limited 
only by the appended claims. 
We claim: - 

1. In combination with a propeller having two axially 
spaced blade parts mounted in the same hub, a first hy 
draulically actuated piston, pitch changing mechanism 
connecting said piston with one of said parts, a second 
hydraulically actuated piston, pitch changing mechanism 
connecting said second piston with the other blade part, a 
cylinder in said first piston receiving said second piston, 
stops limiting movement of said second piston in said 
cylinder, and valve mechanism controlled by said first 
piston, controlling hydraulic fluid in said cylinder. 

2. In combination with a propeller having two sets of 
blades, a pitch changing unit connected with both sets 
comprising, means changing the pitch of both sets in 
unison in accordance with a preselected schedule, and 
means, controlled by the position of one set of blades 
and operative at a preselected position of said one set, 
modifying said unit and changing the pitch of the other 
set relative to said one set. 

3. A combination as claimed in claim 2 in which the 
propeller is a variable camber propeller, and changing the 
pitch of one set of blades relative to the other changes 
the effective camber of the propeller. 

4. A combination as claimed in claim 3 in which chang 
ing the pitch of both sets in unison changes the pitch of 
the propeller in any effective camber position, 

5. A combination as claimed in claim 1 in which both 
pistons and the cylinder are in the hub. 
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able to effect the camber change independent of the power 
change. As shown in FIG. 3, which is a specialized case 
of the generalized case shown in FIG. 2, the camber 
change is initiated at the same 25 point on the forward 
blade angle. For decreasing camber movements as well 
as increasing camber movements the blades would theo 
retically follow along the line 98 in going from take-off 
phasing to loiter phasing and also along the line 98 in 
going from loiter phasing to take-off phasing. In the same 
manner as described in connection with FIG. 2, the blade 
pitch will be constrained to follow the paths indicated 
by lines 88 and 94. 
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FIG. 4 shows the relative relation of the forward and . 

rearward blade angles from their reverse position to their 
forward position with the take-off, loiter, and cruise ranges . 
indicated and the reverse and feather positions indicated. 
It will be noted that the relative blade angles change at 
about a 25° angle of the forward blade in changing be 
tween take-off and loiter or cruise conditions and that 
they again change at about 8 in changing from take-off 
to reverse positions. This latter change is of course ac 
complished by the co-action between the other edge of the 
land 78 and the opening 80 opposite to that which accom 
plishes the change at the 25 point. 
From the above description it will be apparent that we 

have provided a hydraulically actuated pitch changing 
mechanism suitable for governing a propeller during take 
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6. A combination as claimed in claim 1 in which the 
propeller is a variable camber propeller and the first pis 
ton changes the pitch of the propeller and the second pis 
ton changes the effective camber of the propeller. 

7. In combination with a propeller having a reverse 
pitch range, a take-off range and a cruise range, a pair of 
cooperating variable pitch blades, having relative posi 
tions providing a high effective camber and having other 
relative positions providing low effective camber, pitch 
changing mechanism including a first motor movable with 
respect to and connected with one of said blades, separate 
pitch changing mechanism including a second motor mov 
able with respect to and connected with the other blade, 
means connecting said pitch changing mechanisms in 
cluding said motors for simultaneous and equal movement 
by said first motor and including means providing for 
limited movement of one mechanism relative to the other, 
means for holding said mechanisms in one relative posi 
tion throughout reverse and cruise ranges to provide low 
effective camber and means, including said second motor 
for holding said mechanisms in the other relative position 
throughout take-off range to provide high effective camber. 

8. In a propeller as claimed in claim 7, means respon 
sive to the position of one of said blades controlling the 
relative position of said mechanisms. 

9. In a propeller as claimed in claim 8 in which said 
position responsive means is effective to control said 
Second motor and hold said mechanisms in said other rela 
tive position throughout the take-off range. 

10. In combination with a propeller having two axially 
Spaced blade parts mounted in the same hub, a first hy 
draulically actuated piston, pitch changing mechanism 
connecting said piston with one of said parts, a second 
hydraulically actuated piston, pitch changing mechanism 
connecting said second piston with the other blade part, 
means connecting said pistons and providing for limited 
relative movement, means continuously urging said pis 
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tons to one limit of said relative movement, and other 
means, controllied by the first piston, overriding said urg 
ing means and moving said pistons to the other limit of 
said relative movement. 

11. In a propeller having two sets of variable pitch 
blades, hydraulically actuated mechanisms for changing 
the pitch of one set, means connected with said mecha 
nism by a lost motion connection having a limited travel 
for changing the pitch of the other set, means continuously 
urging said lost motion connection to one limit of travel, 
hydraulically actuated means for overriding said urging 
means and urging said lost motion connection to the other 
limit of travel, and means controlled by the position of 
said one set of blades controlling said hydraulically actu 
ated means. 

12. In a propeller as claimed in claim 11 in which said 
position controlled means comprises a valve responsive to 
the position of said one set of blades selectively connect 
ing said hydraulically actuated means with a source of 
pressure or a drain. 

13. A variable camber, controllable pitch propeller 
comprising two sets of controllable pitch blades mounted 
in a hub for rotation together in the same direction with 
said hub and in which the effective camber may be varied 
by changing the pitch of one set with respect to the other 
set, a first pitch changing device for one set of blades, 
a second pitch changing device for the other set of blades, 
means connecting said devices including a lost motion 
connection having a limited movement, limits defining the 
extent of said limited movement, a first hydraulically ac 
tuated means acting on said first device and moving both 
devices to change the pitch of the blades in one direction, 
normal operating forces including said hydraulically ac 
tuated means and blade centrifugal twisting moment 
urging said connection to one limit, hydraulically actu 
ated mechanism connected with said devices and together 
with said normal forces moving one device relative to 
the other and forcing said connection to the other limit, 
valve means controlled by one of said devices controlling 
said mechanism for controlling the propeller effective 
camber, a speed responsive governor selectively direct 
ing hydraulic fluid to said hydraulically actuated means, 
for controlling the propeller pitch. 

14. A propeller as claimed in claim 13 in which said 
one set of blades is a forward set and said other set of 
blades is a rear set and said first hydraulic means in 
creases the pitch of both sets and said hydraulically 
actuated mechanism increases the pitch of said rear set 
with respect to said forward set. 

15. A propeller as claimed in claim 14 including a 
second hydraulic means acting on said second device for 
decreasing the pitch of both sets. 

16. In combination with a variable effective camber 
propeller having two blade parts mounted in a single hub, 
a pitch changing unit in said hub and having two sections 
freely movable relative to each other, means connecting 
said sections and limiting relative movement of said sec 
tions including a lost motion connection, means me 
chanically connecting one section to one blade part, means 
mechanically connecting the other section with the other 
blade part, means continuously urging said sections to 
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one relative position and one limit of the lost motion 
connection, means for moving said sections as a unit to 
change the pitch of both blade parts, means overcoming 
said continuously urging means and relatively moving 
said sections to another relative position and the other 
limit of the lost motion connection to change the pitch 
of one part relative to the other part. 

17. A combination as claimed in claim 16 in which said 
overcoming means comprises an expansible chamber be 
tween said sections and means for introducing fluid under 
pressure into said section. 

18. A combination as claimed in claim 17 in which said 
means for moving said sections as a unit comprises an 
expansible enclosure formed partially by a portion of 
one section and means for conducting pressure fluid into 
said enclosure, and said means for introducing fluid into 
said chamber comprises a bleed orifice connecting said 
enclosure chamber. 

19. A combination as claimed in claim 17 including a 
drain for said chamber and valve means controlled by the 
position of one section relative to said hub for controlling 
draining of said chamber. 

20. A combination as claimed in claim 19 in which said 
means for controlling draining includes valve mechanism 
blocking said drain during a selected portion of the travel 
of said one section and connecting said drain with said 
chamber during the remainder of the travel of said one 
section. 

21. A combination as claimed in claim 20 in which said 
one blade part is located in said hub forward of said other 
blade part, and said valve mechanism blocks said drain 
from approximately 8 degrees pitch to approximately 25 
degrees pitch of said one blade part. 

22. A combination as claimed in claim 16 in which 
mechanism responsive to a selected pitch angle of one 
set of blades controls said relatively moving means. 

23. A combination as claimed in claim 16 in which a 
governor responsive to the speed of the propeller controls 
said means for moving said sections as a unit to control 
the pitch of both sets of blades and control the propeller 
speed. 
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