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SHAFT PHASE CONTROL MECHANISM 

-;rids inven.tion relates to a phase control mecbanism for 

controlling a pre4ete:rmiDed phase relationship of at least 

one output. 

5 Ila.DY situations exist in industry amt t:ansport where it is 

neceaaaxy to be able to a1ter the phase relationship 

between concentric rotating shafts, parallel shafts or 

other similar elements while they are in motion an.d unc!er 

load.. 

10 Bnmples of this need., :Lnclu4e the control of the pitch of 

propellers of aircraft an.d boats, particularly ships, 

controlling the pitch of power producing winamills; opening 

and closing lathe and d.rill chucks while they are in motion 

during production Z'UDS; con.trolling the eccentricity of 

15 some forms of continuously variable transmissions and 

determining the valve timing of cam shafts in internal 

combustion engines. 

Operations of t.b.e ·tne mention.eel above is usually achieveCl 

by using electric devices or sliding mechanical mechanisms. 

20 'Rhese mecbani.sas a11 bave difficulty with high levels of 

torque, and :l.n general, with reliability. 

A naeCl therefore exists for a mechanical rotating mechanism. 

which is able to alter the phase relationship between two 

or more concentric or parallel sbaf ts while they are in 

25 motion and under load. 

~ invention may be said to reside in a phase control 

mechanism including: 

an input for supplying input rotary power; 

a plurality of outi>ut.s each for proviCling output 

30 rotary power; 

a. plurality of first gear members each coupled to 
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a corresponding output of the plurality of outputs; 
drive means for transmitting rotary power from 

the input to the outputs so tbat wben the input is driven, 
power is supplied to the outputs for driving the outputs1 

a phatse a4justing means for causing the first 
gear members to advance or regress relative to one anothar1 
and 

means for actuating the phase adjusting means to 
thereby cause the f irat gear members to advance or regress 

10 relative to one another to change the phase relationship 
between the outputs. 

'.rhus, in order to change the phase relationship between the 
outputs the actuating means is moved to adjust tb.e position. 
of the ad:iusting means which in turn causes the first gear 

15 members to regress or advance relative to each other to 
change the phase relationship between the outputs. The 
pbase between the outputs can therefore be adjusted to not 
o:nly supply rotazy power from the input to the outputs but 
also to alter the position of a device or article coupled 

20 OD the outputs relative to cm.a another. 'ft1e phase 
relationship can be changed with the mechanism operating 
(that is supplying rotary power) or wi.th the mechanism 
stat:l.onazy. It is not necessary to stop the mechanism to 
change the pb&ae relationship and tberef ore the phase 

25 relationship of the input and output can then be adjusted 
during operation as required. 

%:n one i~t :ls integral 
with a first of the output shafts and a second of the 
output shafts is mounted concentrically on the first output 

30 aha£t, the drive means comprises: 

35 

in respect of the first output, the integral 
coupling of that output to the input, and 

in respect of tb.e second output comprises; 
(a) a fixed spur gear having a first set of 
teeth which mesh with teeth of tbe first gear 
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member on the first output, tbe fixed spur gear 
having a second set of teeth which mesh with 
teeth on an idler gear rotatable relative to the 

outputs; 
s a second spur gear which has a first set of teeth 

mashing with the idler gear and a second set of teeth 
meshing with the first gear member coupled to the second 
output; and 

wherein said second spur gear is JDOU11ted in a 

10 yoke pivotal relative to the outputs and wherein the second 
spur gear fozma said phase adjusting means and the yoke 
forms said actuating means so that when the yoke is pivoted 
relative to the input and outpu.tr the second spur gear is 
driven around the first gear on the secon4 output and the 

15 idler gear to cause the first gear on the secon4 output to 
regress or advance relative to the first gear on the first 
output to alter the pbase relationship between the input 
and output. 

:tn a second embodiment of the invention, the input has a 
20 cage which supports at least one pinion gearr the pinion 

gear engaging a first bevel gear mounted on first output 
and a second bevel gear mounted on a secom output; 

wherein said pinion gear and said first and 

second bevel gears foDL said drive means; 
25 said £irst gear member coupled to the first 

output being arranged on said cage and being coupled to the 
first output by the cager the pinion gear and. the first 
bevel gear. the first gear member on the cage engaging a 

first set of teeth of a fixed spur ge&rr the fixed spur 
30 gear having a seaond set of teeth for engaging an idler 

gear rotatable relative to the outputsr a second spur gear 
mounted in a yoke p:l.votable :ralat:ive to the outputs, the 

second spur gear having a f irat set of teeth engaging said 
idler gear and a second set of teeth engaging said first 

35 gear member coupled to the second shaft; and 

wherein said second spur gear f oz:ms the pbase 
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adjusting means and wherein the yoke forms the actuating 
maans so that upon p:i.votinci movement of the yoke, the 
second spur gear is rotated around the idler gear and the 

first gear member on t:he second output to therel>y cause the 
5 second gear member on the seccmd output and the second 

bevel gear to advance or regress relative to the first gear 
member on the cage and the first bevel gear on the first 
output to thereby alter the phase relationship between the 
outputs. 

10 %11 the second embodiment of the invention, the bevel gears 
and pinion gears, together wit:h the intermediate shaft, 
take up a reaction caused by torque in the system rather 
than having the reaction applied against the moveable yoke. 

Furtl:Ler, t:he bevel gears also distribute the torque equally 

15 between the output shafts. l'Urtberatill, these 
arrangements cause both shafts to be counter-rotated 
equally during .the phase change operation. 

:r::n a third embodiment of the invention, the drive means 
comprises a cage coupled to the input which carries at 

20 least one planet shaft, the planet shaft careying a first 
plan.et gear which meshes with the first gear f ize4 to the 

first output, t:be planet shaft also carey:i.ng a second 
p1anet gear which meahea w.ith the f.irst gear mounted 011 the 

second output1 

25 a firat orbit .gear arranged for rotation relative 
to the ou.tputa and aeah:l.ng with the first planet gear and a 

second orbit gear arrange4 for rotation re1ative to the 
outputs ana engag:i.ng the aecone planet gear, one of the 
first or second orbit gears bez~g fixed and the other of 

30 the first or second orbit gears .being moveable relative to 
the said one of the orbit gears; 

wherein the phase ad~usting means comprises the 
moveable or.bit gear which, upon rotation relative to the 

fixed orbit gear, causes the first gear fixed to the first 
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output to advance or regress relative to the first gear 
fixed to the second output to in turn cause the phase 
ralat:Lonah:l.p between the outputs to change; and 

wherein the actuating means comprises a hand1e on 
5 the moveable orl:>:Lt gear for 1DOY:i.ng the aoTeable orl:>it gear 

relative to the fixed orl:>it gear. 

%n a fourth eml:>odiment of the invention, a first of the 
output shafts iDCludes a first cage and a second of the 
output shafts iDCludea a concentric second cage: 

10 the plurality of f :Lrst gear members comprising a 
plurality of first bevel gears and. a plurality of second 
bevel gears; 

the first plurality of bevel gears being mounted 
on the first cage, and the second plurality of bevel gears 

15 being mounted on the seconcl cage: 

20 

the input having a first .bevel gear for engaging 
the first plurality of bevel gears on the first cage for 
driving the first cage to in turn rotate the first output 
shaft; 

the !Qput having a second bevel gear ~or engaging 
the second plurality of bevel gears on the second cage for 
rotating the second cage to in turn rotate the second 
output s~t; 

the dZ':Lve means comprising the first and second 
25 bevel gears of the input and the first and second plurality 

of bevel gears mounted on the first cage and the second 
cage. 

:Ill the fourth embodiment of t:he invention, the phase 
adjusting aeana comprises at least one control rod having a 

30 bevel gear thereon for engaging the first plurality of 
"bevel gears or the second plurality of bevel gears so tbat 
upon rotation o~ the contro1 rod, the .bevel gear on the 
control rod is rotated to causes the first plurality of 
bevel gears to advance or regress relative to the second 

35 plura1ity of bevel gears to thereby change the phase 
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relationship between the first and second output shaft.a. 

Preferably the means for actuating tbe pbase adjusting 
means c~riaes a bevel gear moun.ted on the control rod and. 

a motor for driving the beTel gear on the control rod to in 

s turn rotate the control ro4. 

Preferably first and second control rods are included each 
carrying first and second bevel gears for era.gaging 
respectively the first plurality of bevel gears on the 
inner cage and the second plurality of bevel gears on the 

10 outer cage ana preferably first and second motors ana first 
and seconcl bevel gear arrangements are arranged for 
rotating the first and second control rods to cause the 

first plurality of bevel gears on the inner cage to advance 
or regress relative to the seco::nd plurality of bevel gears 

15 on the outer cage to therel:Jy change the phase relationship 
between the first and second output shafts. 

'-'he invention in a further aspect ma:v be said to reside in 
a phase control aecbanism, including: 

an input for supplying input rota:r:y power; 
20 a plurality of outputs. each for providing output 

rotary power; 
a plurality of first gear :members each coupled to 

a corresponding output of the plurality of outputs; 
Clrive memua for transmitting rotaz:y power from 

25 the inputs to the output.a ao that when the input is driven, 

power is supplied to the outputs for driving the outputs; 
a transfer gear for rotation or operation 

independent1y o:f the input, the transfer gear being 
meahincrly coupled to the first gear members for al1owing 

30 rotary motion to be trans~erJ:ed between the first gear 
members; and 

phase adjusting means for causing the first gear 
:members to advance or :regress relative to one another to 
change the phase re1aticnship between the outputs. 
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Xn some embodiments o:f the :l.D.vention,. the trana:fer gear may 
f oxm part of the drive means and be one of the gears in tbe 
drive means for transmitting rotary power :from the input to 
the outputs. :en other embodiments,. the transfer gear may 

5 he separate from the drive :means and not directly be 
involved in transmitting drive from the input to the 
outputs. 

Preferably the transfer gear is meshingly coup1ed with the 
:first gear members by being enmeshed with ancillary gears 

10 fixedly attached to the first gear members. 

Preferably the trar.usfer gear is mounted on the input. 

Pref erred embodiments of the invention will be described, 
by way o:f example, with reference to the accompanying 

· drawings in which: 
15 Figure 1 is a view of a phase control mechanism 

according to a first embodiment of the invention1 
Figure 2 is a view of a phase control mechanism 

according to a second embodiment of the invention; 
Figure 3 is a view of a phase control mechanism 

20 according to a third embodiment of the invention; and 

Figure 4 is a view of a phase control mechanism 
according to a 

With reference to Figure 1, an input shaft 1 carries an 
integral first output shaft la which is provided with a 

25 concentric second output shaft 2 which are hoth supported. 
in a suitable casing (such as casing 7 which is only partly 
shown in Figure 1). ~e iJJput shaft 1 and output shaft 2 
can rotate freely relative to one another a:ad thus the 
output shafts la and 2 rotate freely relative to one 

30 another. 

'rb.e output shaft la is provided with a first gear 3 which 
may be integral with the output shaft 1a or mounted on the 
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shaft la for rotation with the abaft 1a. "l'he output shaft 
2 :I.a also provided with a f :Lrst gear 4 which may be 

integral with the output shaft 2 or fixed to the output 
shaft 2 for rotation with the output shaft 2. 'l'b.e casing 7 

5 supports a fixed lay shaft 6 upon which is rotatably 
mounted. a fixed spur cluster 8. 'l'he fixed spur cluster 8 
has a first set of teeth 8a wh:Lah mash with teeth on the 

gear 3 and a second set of teeth 8b which mash with a 
transfer gear S which :La mounted on the shafts la and 2 for 

10 rotation relative to the shafts la and 2. 

A yoke 10 is rotatably mounted on the sbafts la and 2 for 
pivoting movement about the shafts 1a and 2. 'l'he yoke 10 

supports a lay shaft 11 upon which is mo1111ted a spur 
cluster 9. 'The cluster 9 has a first set of teeth 9a which 

15 engage teeth on tbe gear 4 and a second. set of teeth 9b 
whieh engage the transfer gear 5. 

A predeteJ:mined ratio exists between the teeth 9a and 9b, 
the purpose of which will be described in more detail 
hereinafter. 

20 Drive is transmitted from the input shaft 1 to rotate the 

sba:ft la by virtue of the integral nature of shafts 1 and 

la. Rotation. of shaft la rotates the gear 3. Rotation of 
the gear 3 drives the spur cluster 8 which in.turn rotates 
the transfer gear s. The transfer gear 5 therefore rotates 

25 the spur cluster 9 whicb. in tuz:n. rotates the gear 4 and. the 

output abaft 2. ~s, drive is tran•mitted from. the input 

Sha:ft-1 to the output shaft 2. ::tf the yoke 10 is held in 

one position. and the input shaft 1 rotated, drive is 
therefore tranaaitted. to the output shafts la and 2 as 

30 described above so that the output shaft 1a and output 
abaft 2 rotate in unison. 

!?o alter the phase relationship between the output shaft la 
and output shaft 2, the yoke 10 is pivoted about the shafts 
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la and 2. Thus, :1.:f the yoke 10 is now rotate4 through some 

arc, the spur gear 9 and lay shaft 11 are moved with the 
yoke·10 about the shafts la and 2 and transfer gear 5 and 

11ear 4. Movement of the spur 119&r 9 against the transfer 
5 gear S will cause the gear 4 to advance or regress its 

rotation in relation to the 11ear 3. This will therefore 
alter the phase relationship between the gear 3 and the 
gear 4 and therefore between the output shaft la and the 

output shaft 2. 'l'his action occurs both with the shafts 
10 rotating or stationa:y. 'l'hus. in order to change the phase 

relationship between the output shaft la and output shaft 
2, it is not necessa:y to step a machine to which the 
mechanism is connected and the phase relationship between 
the shafts can be adjusted or changed simply by pivoting 

15 the yoJce 10 about the shafts 1 and 2. 'l'he yoke 10 may be 

manually pivoted or depenc!ing 011 the envirozmt.ent in which 
the mechanism is used, pivoted or fully rotated by a 
suitable actuating mechanism (not shown). 

The transfer 11ear 5 fozma a truisfer gear which, as 
20 explained above, meshes with the gears 8 and 9 which in 

turn mesh with the first gears 3 and 4 attached to the 
output shafts la and 2. The transfer gear is :mounted on 

the input but is able to rotate or otherwise operate 
independently of the input and allows rotary motion to be 

25 transferred between the gears 3 and 4. 

:En the embodiment of Figure 1, the torque of the system 
wi11 cause a reaction in the moveable yoke 10 which, in 

some environments, may make it difficu1t or uncomfortable 
to :move the yoke 10. 

30 :Pigure 2 shows a aecon.4 embodiment of the invention in 
which this problem is overcome. J:n :l'igure 2, similar 
reference numerals indicate similar parts to those 
described with reference to Pigure 1. 
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%n. this embod::l.m.ent of the invention. the input sbaf t 1 

carries a pinion cage 15. 'l'he pinion cage 15 carries the 

first gear 3 which meshes with the teeth Ba of fixed spur 
8. 'l'he cage 15 carries a pair o:f sbafts 15a upon-which 

S right angl.ed pinion gelU's 1' are mounted. 

Gear 4 which is coup1ed to second output shaft 2 carries a 
bevelled gear 12 which mashes with the pinion gears 15a. 
First output shaft la is arranged concentrical1y in the 

output abaft 2 and carries a pinion gear 13 which also 
10 :meshes with the gears 15. The shaft 2 is hollow to 

accommodate the intermediate shaft la. '!he shaft la has an 
extension lb which is accommodated rotatably within the 

input shaft l so the shafts 1, la and 2 can rotate relative 
to one another. 

15 As in the earl.ier embodiments, the yoke 10 carries the 

moveable cluster 9 which has teeth 9a in intermeshing 
engagement with the transfer gear 5 which in turn meshes 
with teeth 8b of fixed cluster 8. Tb.a moveable cluster 9 
also meshes with gear 4 as in the previous embodiment. 

20 :tn the embodiment of rigure 2, the yoke 10 is designed so 

that it sits over the cage 15 so tbat the yoke 10 can ])e 
pivoted on the sha~ts 1 and 2 relative to the shafts la and 
2 an.Cl cage 15. 

When the iuput shaft 1 is rotated,. cage 15 :i.s also rotated 
25 to cause the pinion gears 14 to rotate the gears 12 and 13 

so that the output shaft 2 :ls rotated. ae pbase 
re1ationship bet,. ~en the output abaft 1a and out.put sha~t 2 
is ad~usted by s~1y pivoting or fully rotating the yake 
10 to cause the a:pur gear 9 to rotate about gears 4 and 5 

30 to cause the gear 4 and therefore the bevel. gear 12 to 
advance or regress rel.ative to the gear 3 carried by cage 
15 and therefore the bevel gear 13. Thus, the phase 
relationship between the output shaft la and output shaft 2 
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can again be aa]usted by rotating the yoke 10. 

'l'be amount of phase change upon a predetermined amount of 
pivoting of the yoke 10 is set by the gear ratio between 

the teeth 9a and 9b on the cluster 9. Thus, the ratio 
5 between the teeth 9a and 9b can be set to provide a large 

amoun.t of phase shift between the shafts 1 and 2 upon. a 
predetermined amount of pivoting of the yoke 10 or a small 
amount of phase shift with the same amount of rotation of 
the yoke 10. 

10 'l'he arrangement 4eacribaa with reference to Figure 2 
reduces the reaction baak to tbe moveable yoke 10 thereby 
making the moveable yoke 10 more easy to move particularly 
if manual adjustment of the yoke 10 is desired. 

'l'he transfer gear 5 in this embodiment also fo:cms a 
15 transfer gear which operates iD a similar manner to the 

transfer gear S described with reference to Figura 1. 

A third embodiment of the invention :Ls shown in Pigure 3. 
once again, like reference numerals indicate like parts to 
those described with reference to Figures 1 and 2. 

20 In this embocU.aent of the invention, the input shaft 1 
carries a moveable circular cage le. Arranged in cage 1c 
are planet sbafts ld upon which two sets of planet gears 18 
an4 18' are arranged. one aet of planet gears 18 mesh with 
first gear 3 connected to first output shaft la and the 

25 other set 18 • meshes with gear 4 coupled to second output 
shaft 2. A fixed orJ:»it gear 16 meshes with the planet 
gears 18' and a :moveab1e orbit gear 17 meshes with the 
planet gears 18. 'l'he moveable orbit gear l? can have a 
handle 19 to facilitate its rotation relative to gear 16. 

30 When the input shaft 1 is rotated, the cage le ia also 
rotated to thereby rotate the plane~ gears 18 and 18'. 
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This causes the gears 3 an4 4 to rotate iD unison. .:cf the 

moveable orJ:>it gear 17 is rotated, it wi1l a1ter the phase 

relationship J:>etween the gears 3 and 4 and therefore 

between the output la and output 2. 

5 :tn 1'1gure 3, the orbit gears 16 and 17 form transfer gears 
which perform the same function as the gears 5 described 
with reference to Pigurea 1 and 2. :en this embodiment, as 
explained above, the gear 17 is moveable relative to the 
gear 16. 

10 Figure 4 shows a further embodiment of the invention which 
is adapted for use in outboard motors for controlling the 
pitch of a propeller. 

In this embodiment, the phase control mechanism has an 
input shaft 50 which carries a f 1rst beTel gear 52 and a 

15 sec:oncl bevel gear 54 wh:l.ch are a:r::r:anged in back to back 
relationship as seen in P:l.gare 4. The first bevel gear 52 
meshes with a plurality of :bevel gears 56 which are 
arranged on axles 58 coupled to an inner cage 60. '!he 
inner cage 60 forms part of an output shaft 61 and the 

20 output abaft 61 also includes an integral. output abaft 

portion 62. 

~ second beTel gear 54 meshes with a plurality of bevel 
gears 64 wb.:lch are mounted on azles 66 coupled to an outer 

cage 68. "rhe oute:r cage 68 has a front cover plate 70 and 
25 :fonas part of a second concentric: output shaft 71 which 

also includes an integral second output shaft portion 72. 
The cover plate 70 is bolted to a :flange 72 of the cage 68 
by bolts or screws 74. 

As can be seen in Pigure 4w the first output shaft 62 is 
30 concentric with the shaft. 72 and arranged within the shaft 

72. fte shaft 72 is obviously hollow to acc02n0date the 
shaft 62. 
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The input sba:ft SO is ho11ow and a first control rod 80 is 
arranged within the input sba£t SO for rotation relative to 
shaft SO and passes through the bevel gears 54 and 52. A 

bevel gear 82 is fixed to the shaft 80 and meshes with the 

5 bevel. gears S6 which are coup1ed to the inner cage 60. 'l'he 

shaft 62 has a recess 84 for accommodating the enc! of the 
control rod 80. The control rod 80 is not couplec! in the 

recess 84 so that the control rod 80 can rotate relative to 
the shaft 62. 

10 A second control rod 86 is provided with a bore 88 and is 

arranged on the input shaft 50 and. controller rod 80 as 

shown in Figure 4 for location relative to the shaft 50 and 

rod 80. The second control rod 86 has a bevel gear 90 

which meshes with the bevel gears 64 coupled to the outer 
15 cage 68. 

The control rod 80 is provided with a bevel gear 92 and the 
control rod 86 is provided with a bevel gear 94. 'l'he bevel 
gear 92 engages with a bevel geez 96 which is coupled to a 
drive rod 98 which in turn can be driven by a :motor 100. 

20 'l'he bevel gear 94 ·engages with a bevel gear 102 which is 

mounted on a drive rod 104 which in turn can be rotated by 

a motor 102. 

J:D order to provide output drive to the shafts 62 and 72, 
the input shaft 50 is driven by a power supply (not showri) 

25 such as the outboard motor (not shown) with which the phase 
control mechanism shown in Figure 4 can be used. Rotation 
of the input sha£t SO wi11 rotate the bevel gears 52 and 54 
which in turn wi11 drive the bevel gears 56 and 66 so tbat 
the i:aner cage 60 and outer cage 68 are rotated about the 

30 longitudinal axis of the input shaft 50 to in turn rotate 
the output shafts 72 and 62 to provide output power. 

Xn order to ad)ust the phase of the shaft 62 with respect 
to the shaft 72 to, for example, alter the pitch of a 
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propeller driven by the outboard motor, (not shown) either 
tbe control rod 80 or control rod 86 is rotated or, ind.eed, 
both control rocla 80 and 86 can be rotated. B.otat::l.on of 

the control rod 80 will rotate the bevel gear 82 wbiah will 
5 cause the bevel gears 56 to &Clvance or regress relative to 

tbe bevel gears 64 to in turn cause the inner cage 60 to 
rotate relative to the out.er cage 68 to thereby change tbe 

phase relationship between the sbaZts 72 and 62. 

Similarly, if the second control rod 86 is rotated, the 

10 bevel gear 90 will be rotated to cause the bevel gears 64 

to advance or regress relative to the bevel gears 56 to 

also cause the cage 68 to rotate relative to the cage 60 to 
thereby change the phase relationship between the shafts 62 

and 72. Thus, the phase relationship between the shafts 62 
15 and 72 can be altered by rotation of the control rod 80, or 

rotation of the control rod 86 or rotation of both control 
rods 86 and 80. 

-nie control rods 80 and 86 are preferably controlleCI by 

motors 100 and 102 which are preferably electric aotora 
20 which can be actuated by an electric supply (not shown). 

Actuation of the motors 100 and 102 will rotate drive 
shafts 98 and 104 to in tu~ rotate bevel gears 96 and 102 

so that the beve1 gears 92 and 94 are driven to rotate the 

control rod 80 or control rod 86 about their respective 
25 longitud.ina1 axes. 

'!rims. in the caae of an. outboard motor. the motors 102 and 
100 can be actuated to selecti"Yely shift the phase of the 

rods 62 and 72 relative to one another to place a prcpe11er 
(not shown) at a predetermined pitch suitable for take-of£ 

30 so that the outboard motor need not be higb1y revved in 

order to propel the boat from a stationary position. AS 
the boat picks up speed, the pitch of the propeller can be 

altered accordingly by adjustment of the control rods 80 or 

86 under the influence of motors 100 and 102 to set the 
35 pitch of the propellers for conti1111ed propulsion as the 
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boat continues to move. 

J:n Figure 4, the bevel gears 52 am1 54, which are 
effectiveJ.y integral with one another being proTided on the 
input shaft 50, foZ"DL transfer gears which operate in the 

5 same manner as tbe gears 5 described with reference to 
Figures 1 and 2. 

The phase control mechanism of Figure 4 may be positioned 
beneath water level so it is water cooled and appropriate 
seals may be include4 to ensure that the mechanism is 

10 water-tight. A bearing 106 may be disposed between the 
control rod 86 and the cage 68 for supporting relative 
rotation of the cage 68 with respect to the control rod 86. 

Xn the preferred embodiments of the inTention described 
above, the phase relationship between two output shafts is 

15 adjusted. :Ct would also be possible to alter tbe phase 
relationship between more than two output shafts by ad.ding 
additional output shafts concentric with the output shafts 
la and 2 and duplicating the mechanism described above so 
that there would be a series of yokes 10 or moveable orbit 

20 gears 17 which can be adjusted to alter the phase 
relationship between three or more shafts. 

Since modi£~cations within the spirit and scope of the 
invention may readily be effected by persons skilled within 
the art, it is to be understood tbat this invention is not 

25 limited to the particular embodiment described by way of 
example herein.above. 
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A phase contro1 mechanism including: 
an input for su.pp1ying input rotary power; 
a plurality of outputs each for providing output 

5 rotary power; 

a plurality of first gear members each coup1ed to 
a corresponding output. of the plurality of outputs; 

drive means for transmitting rotary power from 
the input to the outputs so that when the input :ls driven., 

10 power is supplied to the outputs for driving the outputs; 

a phase ad~usting means for causing the first 
gear members to advance or regress relative to one another; 
and 

meaDS for actuating the phase adjusting means to 
15 thereby cause the f irat gear members to advance or regress 

relative to one another to change the phase relationship 
between the outputs. 

2. 'l'he phase control mechanism of claim 1 wherein 
the input is integral with a first of the output shafts and 

20 a secOD4 of the output shafts :Ls mounted concentrically on 
the first output shaft, the drive means comprises: 

25 

30 

in respect of tile first outputr the integra1 
coupling of that output to the input, and 

in respect of the second output c~rises1 
(a) a fixed spur gear having a first set of 
teeth which mesh with teeth of the first gear 
member on the first output, the fixed spur gear 
having a second set of teeth which mesh with 

teeth on an idler gear rotatable relative to the 
outputs; 
a second spur gear which has a first set of teeth 

meshing with the idler gear and a second set of teeth 
meshing with the first gear member coupled to the second 
output; and 

35 wherein said second spur gear is mounted in a 
yoke pivota1 relative to the outputs and wherein the second 
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spur gear f oz:ms said phase adjusting means and the Yoke 
forms said actuating means so that when the yoke is pivoted 
re1ative to the input and output, the second spur gear is 
driven around the first gear on the second output and the 

5 idler gear to cause the first gear on the second output to 
regress or advance relative to the first gear on the first 
output to a1ter the phase relationship between the input 
and output. 

3. 'l'he phase contro1 mechanism of claim 1 wherein 
10 the input has a cage which supports at least one pinion 

gear, the pinion gear engaging a first bevel gear mounted 
on first output and a second bevel gear mounted on a second 
output; 

wherein said pinion gear and said first and 

15 second bevel gears fom said drive means1 
said first gear member coupled to the first 

output being arranged on said cage and being coupled to the 
first output by the cage, the pinion gear and the first 
bevel gear, the first gear member on the cage en.gaging a 

20 first set of teeth of a fixed spur gear, the fixed spur 
gear having a second set of teeth for engaging an. idler 
gear rotatable relative to the outputs, a second spur gear 
mounted in a yoke pivotable relative to the outputs, the 
second spur gear having a first set of teeth engaging said 

25 idler gear and a second set of teeth engaging said first 
gear member coupled to the second abaft; and 

wherein said second spur gear foz:ms the phase 
acl:lusting means aDCl wherein the yoke forms the actuating 
-ans so that upon pivoting movement of the yoke, the 

3 0 second spur gear is rotated around the idler gear and the 
f irat gear member on the second output to thereby cause the 
second gear member on the second. output and the second 
beve1 gear to advance or regress relative to the first gear 
member on the cage and the first bevel gear on the first 

35 output to thereby a1ter the phase relationship between the 
outputs. 



. 
; 

Hllllll llllll lllll lllll ll llll 
* C L M S * 

W097130813 PCT/AU96/00763 

- 18 -

4. !l'he phase contro1 mecbanism of c1aim. 1 wherein 
the drive means comprises a cage coup1ed to the input which 

carries at least one planet shaft, the p1anet shaft 

car:cying a first planet gear which meshes with the first 
5 gear fixed to the first output. the planet shaft also 

carzying a second planet gear which meshes with the first 
gear :mounted on the secoDCl output; 

a first orbit gear arranged for rotation relative 
to the outputs and meshing with the first p1anet gear and a 

10 second orbit gear arranged for rotation relative to the 
outputs and engaging the second planet gear, one of the 
first or second orbit gears being fixed and the other of 

the first or second orbit gears being moveable relative to 
the said one of the orbit gears; 

15 wherein the phase adjusting means comprises the 
moveable orbit gear which,. upon rotation relative to the 

fixed orbit gear,. causes the first gear fixed to the first 
output to advance or regress relative to the first gear 
f :Lxed to the second output to in turn cause the phase 

20 re1ationahip between the outputs to change 1 and 

wherein the actuating means comprises a handle on 
the moveable orbit gear for moving the moveable orbit gear 
relative to the fixed orbit gear. 

5. 'l'he phase control mechanism of claim 1 wherein a 
25 £irat o:f the output shafts inc1udes a first cage and a 

second of the output shafts includes a concentric second 
cage: 

the plurality of first gear members aomprising a 
plurality of f irat bevel gears and a plurality of second 

30 bevel gears1 
the first plurality of bevel gears being mounted 

on the first cage, and the second plurality of bevel gears 
being mounted on the second cage; 

the input having a first bevel gear for engaging 
35 the first plurality of bevel gears on the first cage for 

driving the first cage to in turn rotate the first output 
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shaft; 

the input having a second bevel gear for engaging 
the second plurality of bevel gears on the second cage for 
rotating the second cage to in turn rotate the second 

s output shaft; 

10 

the drive means comprising the first and second 
bevel gears of the input and the first and second plurality 
of bevel gears mounted on the first cage and the second 
cage. 

6. ~e phase control mechanism of claim S wherein 
the phase adjusting means comprises at least one control 
rod having a bevel gear thereon for engaging the first 
plurality of bevel gears or the second plurality of bevel 
gears so that ·upon rotation of the control rod, the bevel 

15 gear on the control rod is rotated to causes the first 
plurality of bevel gears to advance or regress relative to 
the second plurality of bevel gears to thereby change the 
phase relationship between the :first and second output 
shafts. 

20 7. '!he pbase control mechanism of claim 6 wherein 
the means for actuating the phase adjusting means comprises 
a bevel gear mounted on the control rod and a motor for 
4riving the bevel gear on the control rocl to in turn rotate 
the control rod.. 

25 8. '!be pbase control mechanism of claim s wherein 
first and second control rods are included each carrying 
first and second bevel gears for engaging respectively the 
first plurality of bevel gears on the inner cage and the 
second plurality of bevel gears on the outer cage and 

30 preferably first and second motors and first and second 
bevel gear arrangements are arranged for rotating the first 
and second control rods to cause the first plurality of 
bevel gears on the inner cage to advance or regress 
relative to the second plurality of bevel gears on the 
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outer aage to thereby cballge the phase relationship ~etween 
the first and aeaond output sbafts. 

9. A phase contro1 mechanism, including: 
an input for supplying input rotary power; 

a p1urality of outputs, each for providing output 
rota:r:y power; 

a p1urality of first gear members each aoupled to 
a corresponding output of the p1urality of outputs; 

drive means for transmitting rotary power :from 

10 the inputs to the outputs so that when the input is driven, 

power is supplied to the outputs for driving the outputs; 

a transfer gear for rotation or operation 
independently of the input,· the transfer gear being 
:meshingly coupled to the first gear members for allowing 

15 :rotary motion to be transferred between the first gear 
members; and 

phase adjusting means for causing the first gear 
members to advance or regress relative to one another to 
change the phase relationship between the outputs. 

· 20 · 10. 'l'he phase control mechanism of claim 9 wherein 
the transfer gear is meshing1y coupled with the first gear 
members by being enmeshed with anci11ary gears f ixed1y 
attached to the first gear members. 

11. The phase control mechanism of c1a:lm 9 wherein 
25 the transfer gear is mounted on the input. 


