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Constant Speed Ixrive Unlt
DUNTICH

Modern aircraft elecirical systems demand csnsiderable electrical power.
Research has shown that constant frequency alternator systems are well suited
for aircraft basic power supplies. When alternaters are operated in parallel
better reliability and flexibility are obtained. A distribution system in which
there are ammber of power sources with one or more power lines to important
load points, and a means of isolating a section of the syctem under fault con-
ditions, contributes to its reliability. Alteraating power offers distinct
advantages, among these buing:=

(a) Voltages can be stepped up and down ty transformers

(b) Sparking and arcing problems are reduced.

(¢) A.C. motors are simpler, reliable,more compact and lighter.
(d) Dry plate rectifiers may be used for D.C. supply.

(e) TBrush gear problems are greatly eased.

(f) Inverters can be made redundant.
GENERAL INFORMATION
' The introduction of this the Constant Speed Drive lnit, has been followed
by the production of a system consisting of one or amecre altaernators driven irresp-
aotive of engine speed, at a constant spead by an automatically controlled,

continuously variable, hydro-mechanical, transmission unit.

Basically the C.S.D.U. is a hydraulic transmission unit comprising a vari-
sble displacemsnt pump, driven by the aircraft engine, and an hydraulic pump,
driven by the aircraft engine, and an hydraulic motor which is coupled to the
alternator. Pump and motor are combined in the same housing, and are arranged
to operate as a differential.

QFERATION

 The diagram shows in schematic form the arrangement of the drive and its oil
system. The drive comprises a variable displacement, axial-piston type pump and
a Tixed displacement axiaml-piston type motor housed in a common cylinder bleck

assembly and belted together, with the port plate positioned in between to direot
the eil flow between pump and motor.

The cylinder block assembly is rotated by the engine througa the input shaft.

Initial rotation of the input shaft causes the cylinder blick assembly to
retate as well as the CHARGE and SCAVENGS oil pumps. The gsar type charge oil
pump is used to deliver oil to the pump and motor assembly and the governor system.
THis charge oil supplies the inlet of the pump and motor so that the pistons and
p}lh-—rudn will be held in contact with their swash-platos at all times.

" The variable displacement pump consists of the eylinder block assewbly, the
Pﬁmp wwash-plate assembly and the manifold assembly. As the charge pressure holds
the pistons against the swash-plate agsembly, pisten stroking is accomplished
whien the cylinder block is rotated. The displasenent of the pump is regmlated
by the angle of, the swash-plate shich is determined by che govarnor systam througn
& hydraulic signal. The manifold assambly serves to deliver charge oil %o the
pump and working pressure ocil to the Charge Relief Valve.

Cont/ The fired-displacement....
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The fixed-displacement motor consists of a cylinder block assembly and the
motor drive shaft. The motor cylinder block assembly receives working prassure
0il which forces the pistons to move out againat the fixed angle swash-plate, thus
converting axisl-piston mevement iffto rotary motion. Tne swash-plate is free to
rotate independantly of the cylinder block and hence can operate at speeds in
excess of, or below that of, the rotating oylinder bleck assembly. The off sat of
the motor valve plate is always in the same position sith respect to the angle of
the swash-plate, this position being such that the motor pistons are exerting a

“ dockwise torgque upon the swash-plate.

The speed signal for the governor system is taken from the owtput shaft. The
alternator is driven through a clutch located in the output shaft ef the trans-
mission. This ensures that the drive and alternator will not transmit "Keverse
power".

DIFFERENTIAL SPEED
From the diagrams the following pointa should b5s notedi-

(a) The Pump

(i) The fixed wvalve plate and eccentric pin.
(ii) ‘The direction of rotation.
(iii) The variatle angX of the swash-plate.

(iv) That charge oil pressure is constantly supplied to the centre of
the valve plate through the manifoid.

(v) That any cylinder at B.D.C. or T.B.C. will be btlanked eff.
(b) The Motor

(i) The eccentric pin and motor valve plate are part of the swash-
plate shaft and rotats with it. \

(11) fThe fixed angle of the swash-plate.

(iii) The eccentric pin and valve plate rotate in phase with the motor
swash=-plate shaft.

(e) 0il Flow

It will be seen that some of the pistons aro in communication with the
cantre of the valve plate and othsrs with the working prevsure annulus cutside
the valve plate rim. Oharge pressure oil is supplied to the cylinder blocks
by the manifold keeping the pistons in contact witn their respective Buash=
plates. On being reciprocated the working pressurs eil frem the pump causes
the motor pistons to exert a thrust on the metor swash-plate. This thrust is
tmmnsmitted to the motor swash-plate drive shift. The spees of the metor
shaft relative to thecylinder block speed iz governed by the quantity of oil
flowing through the motor per revolutien of the eylinder blocks. This is
the DIFFZRENTIAL SPEED. With oil flowing from pump to motor the differential
speed will be poeitive as the action of the pistons in the motor are rotating
the motor shaft in the same smanse as the cylinder bigek:.frE:-:;:r,n:n tze
pump swash-plate changes ite angle so that oll now flews motor to
the pump, tga metor shaft will be rotating in tha oppesite sense to the cylinder
blocks and the differential speed will be negativa. The resultant speod of
the motor shaft will tharafere be the sum of the differential speed armd the
speed of the cylinder blocks. In conolusien therafore the pump swash-plate
angle determines the speed and direction of rotation of the motor shaft with
respect to “the cylinder blocks.

OVERIRIVE

With the swash-plate in the maximum overdrive positien the seutput sheft is over-
speeding the input shaft. This overspeed is the ratio of maximus pump &isplacement
to the fixed displacemesnt of the motor. The swash-plate remains in this position
until output speed reaches 6,000.
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#ith further increase in input spsed, the normal tendenc; is to increase the
output speed still further. At this peint however, the governor ragulates the con-
trol piston and swash-plate assembly to decrease pump piston stroke. Less oil then
flows from the pump to the motor and therefore the differential speed between the
nnt:i shaft and the oylinder block assembly is reduced to retain constant output
‘p‘ .

UNDERIRIVE

When the input speed exceede the output epeed tha cylinder assemoly will be
turning faster than the motor shaft. Relative motion betweon the cylinder bleck
and the motor shaft will now be in a reverse direction since it is now necessary
to subtract from input speed to masintain governed output spesd. Due to the cylinder
block overspeeding the motor shaft, the pump swash-plate is held ia an underdrive
position (negative angle) which permite an oil flow from motor to pump. In effect
the pump is now metering the oil flow from the motor block.

STRAIGHT IRIVE

The pump ewash-plate is no longer at an angle and therefors does not cause
any pumping action between the pump and motor. The motor shaft will therefere
rotate at the same spsed as tle cylinder block assembly.

GOVERNOR SYSTEM
| The Gevernor system performs two essential functions:i-
(a) Control of output speed for constant frequency.
(b) Load equalisation for parallel operation.

(¢) In addition it is desirsble that during starting the drag of the C.5.D.U.
and the Alternator on the engine is & minimum. Thie is achiaved when the
C.S.D.U. is in the maximum underdrive condition.

(a) The control function is bandled by two separate governcrs, both being driven
at the same speed from the output gear trains vizi- the BASIC GOVERNCR and
the LIMITING . GOVIRNCH.

During normal running the drive is controlled by the basic govermor which is
of the centrifugal type. This governor controls au hydraulic servo system
which includes the underdrive and overdrive control pistons and cylinders,

a trip valve and a pressure switch. The limiting governor gives both under
and overspeed protection.

(b) Load equalisation and precise frequency adjustment is accomplished alectrically
ento the bi-asing spring of the basic governor.

(¢) The underspeed protection is simply that the governor will not allow any load
te be taken Ly the alternator until its frequency is above 355 c.p.s. This
frequency is transmitted to the limiting governor as an indication by R.F.M.
Below 35 Cep.s. ths flyweight in the limiting governor cannot compress the
overspeed spring and this keeps the valve at the botiom of its stroke. The
valve keeps the trip valve and pressure switch free frem charge oil and
therefore oil directed by the basic governor to the overdrive cylinder cannot
pass the trip valve.

The overspeed protection is acheived by the limiting govarnor valve being
1ifted and allowing the charge pressure in the trip wvalve and pressure svyitch
lines to drain away so causing the contacts in the pressure switch to opem.
The oil in the overdrive cylinder can now drain througn the trip valve and
allow the C.S.D.U. to move inte the maximum underdrive vostion. This action
ig permanent in duration and can enly be cancelled by shutiing down the drive.
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