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POWER PLANT
DESCRIPTION

The powerplant in the Model 212 helicopter is a twin-pac installation

designed by United Aircraft of Canada Limited (UACL) and designated
e@s the PT6T-3 Turboshaft engine.

The PT6T-3 engine consists of two accessory gearboxes, two %dentical
free-turbine turboshaft power sections, and a single combining
gearbox,

- AIR MANAGEMENT SYSTEM

The air management system is a dual system of ducts and valves

to provide inlet air to each power section, and through an ejector,
carries away exhesust gases. Control of the airflow to the ejector
is provided by a two position control valve, downstream of the
engine inlet duct. During normal operation, the control valve

is open and a portion of the air entering the inlet duct is bypassed
to the ejector to carry away most foreign particles.

POWER SECTION AIRFLOW

" Inlet air from the air management system enters each power section
through a circular plenum chamber formed by the compressor inlet
case, and is directed to the compressor.

The compressor consists of three axial stages and a single centri-
fugal stage of compression, acting as a single integral unit.
Compressed air from the centrifugal compressor passes through
diffuser pipes and straightening vanes to the combustion chamber.

The combustion chamber is an annular, reverse flow type unit with
various sized perforations for entry of compressed air into the
combustion chamber., Expanding gases of the combustion moves
forward, changes direction 180° and passes through the compressor
turbine nozzle guide vanes to the compressor turbine. The expanding
gases from the compressor turbine pass rearward through the power
turbine nozzle guide vanes to the power turbine. The exhaust gases
from the power turbine is directed through the exhaust plenum into
the air management system bypass air, into the atmosphere.

MAJOR DIVISIONS

There are three major divisions of the PT6T-3 powerplant installa-

tion; two power sections, left and right; and a single reduction
gearbox.

An accessory gearbox section mounts to the front of each power
section, and houses the input shaft from the power section and the
reduction gearing for the tachometer generator, fuel control unit
and starter-generator. Each gearbox contains the oil reservoir and
pumps for the lubrication system of the accessory gearbox, the
power section input section of the reduction gearbox.
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The two power sections are identical free-power turbine turboshaft
engines. Each power section uses two separate turbines, a gas
producer turbine to drive the compressor and accessory gearbox,

and a free-power turbine to drive the turbine shaft that is coupled

to the power output shaft to the reduction gearbox. Each power

section is composed of a compressor inlet case, compressor assembly,
gas generator case, combustion chamber and turbines, and the exhaust

duct.

The two power sections drive a single gearbox output shaft to the

transmission through separate halves of a common reduction gearbox,

often referred to as a combining gearbox, combining the output of
both power sections into one. The reduction gearbox provides a
5:1 reduction of the power turbine speed to output shaft speed by
means of a three-stage gear train for each power section, Each
power section reduction gearing contains a sprag clutch unit that
drives in one direction only, so that with one power section
inoperative, the sprags disconnect the inoperative power section.

FUEL SYSTEM

The powerplant fuel system consists of separate but identical power

section hydro-pneumatiec fuel control systems and fuel pumps,

with a common torque control unit. Each power section fuel system

is made up of a fuel pump, a manual fuel control unit, and auto-
matic fuel control unit, power turbine governor, flow divider,
manifolds and nozzles.

The fuel pump is a positive displacement gear-type unit with a 10
micron plested paper fuel filter mounted on the pump body. The
output of the pump in excess of power section requirements is
returned to the inlet.

The manual fuel control unit is mounted with the fuel pump and
sutomatic fuel control unit on the accessory gearbox. Its func-
tion, normally, is to pass fuel from the pump to the automatic
fuel control, and from the sutomatic fuel control to the flow
divider. It has a transfer valve, combination metering valve and
shut-off valve controlled by the power control throttle lever, a
pressurizing valve and bypass valve.

The automatic fuel control establishes the proper fuel schedule,

in response to the power requirements, by controlling the speed of

the gas producer turbine.
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AIRBLEED SYSTEM

Each power section contains an interstage airbleed system to provide
anti-stall characteristics by dumping a part of the compressed ailr
from the compressor 3rd stage vane assembly. A bleed valve mounted
on the gas generator case at the 5 o'clock position controls dumping
of the air.

IGNITION SYSTEM

Each power section has its own separate ignition system, consisting
of an ignition exciter, shielded igniter plug cables, and two igniter
plugs. : .

POWER LEVER CONTROL SYSTEM

The power lever controls system consists of two parallel mechanical
linkages, connecting the dual control twist grip of the collective
stick to the manual fuel control units on the accessory drive sections.
The linkages extend down through the collective stick to a sector gear,
under the cabin floor to the manual fuel control unit on each
accessory gearbox. The upper twist grip is the Engine #1 control, the
lower is the Engine #2 control. A flight idle stop is in the linkage
on the work deck to prevent inadvertant shut-down of the power section
when retarding the twist grips.

POWER TURBINE GOVERNOR CONTROL SYSTEM

The linkage for the power turbine governors of each power section
consists of a mechanical input from the collective pitch control
through a droop compensator, an electrical linear actuator control for
speed selection, and a jackshaft to the power turbine governors for
control of power turbine speed of both power sections. The droop
compensator maintains and stabilizes the pre-selected Ny RPM by
changing governor control as collective pitch is increased or de-
creased. The linear actuator provides control of Ng RPM selection

by changing the position of the lever on the power turbine governors.

Notes

o
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The power turbine governor for each power section is mounted on the
rear of the reduction gearbox, driven at a speed proportional to the
power turbine speed. It causes a change in governor reset air to
the automatic fuel control to change the compressor speed when it
senses a power turbine speed change.

A single torque control unit mounted on the reduction gearbox receives
torque-meter pressure from each power section and by controlling the
governor reset air both limits the total torque output and main-

tains equal torque output of the two power sectlons.

A flow divider is mounted on the gas generator case to provide
metered fuel to the primary and secondary manifolds and the 14 simplex
fuel nozzles.

LTUBRICATION SYSTEMS

The PT6T-3 powerplant has three separate lubrication systems,
identical systems provide lubrication for the two power sections,
accessory gearbox sections and their respective input sections of
the reduction gearbox. A third oil system provides lubrication for
the cutput sections of the reduction gearbox.

Integral oil tanks and oil pumps, oil filters, visual oil level
indicators, filters and drain facilities are provided for each oil
system. Individual oil coolers are provided aft of the powerplant
for each system, with two blowers driven by the reduction gear
train of each power section.

Power Plant — Right Side View



POWER SECTION AIRFLOW

Inlet air from the air management system enters each power section ‘
through a circular plenum chamber formed by the compressor inlet

case,

The compressor
fugal stage of
Compressed air
dif fuser pipes

The combustion

and is directed to the compressor.

consists of three axial stages and a single centri-
compression, acting as a single integral unit.
from the centrifugal compressor passes through
and straightening vanes to the combustion chamber.

chamber is an annular, reverse flow type unit with

various sized perforations for entry of compressed air into the com-
bustion chamber. Expanding gases of the combustion moves forward,
changes direction 180° and passes through the compressor turbine,

pass rearward through the power turbine nozzle guide vanes to the .
power turbine. The exhaust gases from the power turbine is directed
through the exhaust plenum into the air management system bypass air,
into the atmosphere.
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COMPRESSOR BLEED VALVE

Each power section contains an interstage airbleed system to
provide anti-stall characteristics by dumping a part of the
compressed air from the compressor 3rd stage vane assembly. A
bleed valve mounted on the gas generator case at the 5 o'clock
position controls dumping of the air.
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AIR MANAGEMENT SYSTEM INSTALLATION
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Left transition duct
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Left engine inlet duct
Right engine inlet duct
Right forward duct
Right induction baffle
Right valve assembly
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AIR MANAGEMENT SYSTEM ¥

The air management system is a dual system of ducts and valves

to provide inlet air to each power section, and through an
ejector, carries away exhaust gases. Control of the airflow to
the ejector is provided by a two position control valve, down-
stream of the engine inlet duct. During normal operation, the
control valve is open and a portion of the air entering the inlet
duct is bypassed to the ejector to carry away most foreign

particles.

AIR MANAGEMENT SYSTEM SCHEMATIC
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IGNITION SYSTEM
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INTER-TURBINE TEMPERATURE AND COMPENSATOR ™

Inter-turbine temperature is sensed by eight Chromel-Alumel
probes located between the gas producer turbine and the

power turbine guide vanes. Shielded leads connect the probes
to an external terminal block which is connected by leads to

a T-5 temperature compensator mounted on the reduction gearbox.
The adjustable temperature compensator is used to standardize
ITT indications, using power section data plate temperature as
a reference.

TS5 TEMPERATURE COMPENSATOR

—

7

e

©

0 1. Power input cable
2. Thermocouple input cable from TS5 system

3. Thermocouple output cable to instrumentation
4. Bolt and self-locking nut

5. Temperature compensator

6. Mounting bracket
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ACCESSORY GEARBOX

An accessory gearbox section mounts to the front of each power
section, and houses the input shaft from the power section and
the reduction gearing for the tachometer generator, fuel control

unit and starter-generator. Each gearbox contains the oil
reservoir and pumps for the lubrication system of the accessory
gearbox, the power section, and the power section input section
of the reduction gearbox.

(EXEl]
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REDUCTION GEARBOX

The reduction gearbox, also known as the combining gearbox,
provides a 5:1 reduction of the power turbine speed to output
shaft speed by means of a three-stage gear train for each power
section. Each power section reduction gearing contains a sprag
clutch unit that drives in one direction only, so that with one
power section inoperative, the sprags disconnect the inoperative
power section.

Each gear train drives three accessories; the Ny power turbine
governor, N, tachometer generator and an oil cooler blower for
that power section. Two torque pressure transmitters and a

torgque control unit receive torguemeter oil pressure from the
gearbox.

TORQUE PRESSURE TRANSMITTER

=)
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Lot (877 Jan et [ ] = —— VALVES
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SETTING INSTRUCTION PLATE)

BOTTOM VIEW OF TORQUE TRANSMITTER
SAMPLE TORGQUE TRANSMITTER SETTING
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POWER PLANT FUEL SYSTEM
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POWERPLANT FUEL SYSTEM

The powerplant fuel system consists of separate but identical
power section hydro-pneumatic fuel control systems, with a i
common torque control unit. Each power section fuel system 1is
made up of a fuel pump, a manual fuel control unit, and auto-
matic fuel control unit, power turbine governor, flow divider,

manifolds and nozzles.
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FUEL PUMP AND FUEL CONTROL UNITS

FUEL PUMP
AUTOMATIC FUEL AND FILTER
CONTROL UNIT (AFCU}
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FUEL PRESSURE
REGULATOR VALVE
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FUEL PUMP AND FUEL CONTROL UNITS

The fuel pump is a positive displacement gear-type unit with a
10 micron pleated paper fuel filter mounted on the pump body.
The output of the pump in excess of power section requirements
is returned to the inlet.

The manual fuel control unit is mounted with the fuel pump and
automatic fuel control unit on the accessory gearbox. Its function,
normally, is to pass fuel from the pump to the automatic fuel con-
trol, and from the automatic fuel control to the flow divider. It
has a transfer valve, combination metering and shut-off wvalve con-

trolled by the power control throttle lever, a pressurizing valve
and bypass valve.

The automatic fuel contrecl mounted to and driven by the fuel
pump, establishes the proper fuel schedule, in response to the

power reguirements, by controlling the speed of the gas producer
turbine.

FUEL CONTROL ADJUSTMENTS

O

PART POWER TRIM 5TOP
STOWED POSTION

seeviEw A

Zar/o—W

| PART POWER TRIM
I STOP "IN USE™

POSITION
viEw A

see view B

1. Manual = automatic fuel control : view B

interconnect linkage .
2. Datum line 7. Stop arm, manual fuel control 11. Cotter pin
3. Specific gravity adjuster B. Stop, manual fuel control S Tt pentinmon
4. Automatic fuel control 9. Maximum stop screw. manual 13. Cotter pin .
5. Manual fuel eontrol fuet control 14. Maximum stop adjustment
6. Minimum stop screw, manual 10. Fuel control arm, sutomatic screw, automatic fuel

fuel control {uel control conirol
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TORQUE CONTROL UNIT

A single torgue control unit mounted on the reduction gearbox
receives torgue-meter pressure from each power section and by
controlling the governor reset air, both limits the total torque

output and maintains equal torque ocutput of the two power sections.

TORQUE CONTROL UNIT
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FUEL FLOW DIVIDER

The fuel flow divider is located on the gas generator case

and directs metered fuel to the fuel nozzles. During the start
cycle, fuel is directed only to the primary nozzles and then as
N, speed increases, fuel is directed to all nozzles. When

t}ie engine is not operating, the flow divider serves as a dump
valve, allowing the manifold to drain overboard.
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FUEL MANIFOLD

The 14 fuel nozzles, 7 primary, 7 secondary are connected by
tubes to form a dual manifold around the gas generator case.

The primary nozzles are located for the best spray pattern for
starting and are supplied fuel through the forward manifold tubes.
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ENGINE OIL SYSTEM SCHEMATIC
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ENGINE OIL SYSTEM

The powerplant has three separate lubrication systems; identical

systems provide lubrication for the two power sections, accessory

gearbox sections and their respective input sections of the
reduction gearbox. A third oil system provides lubrication for

the output section of the reduction gearbox.

Individual oil coolers are provided aft of the powerplant for
each system, with two blowers driven by the reduction gear train

of each power section.
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OIL COOLERS AND LINES

. Transmission oil lines 11. Drain valves

1
2. Reduction gearbox and transmission oil cooler 12. Left power section oil outlet line
3. Leht power section oil cooler 5 13. Direct reading gage attachment point
4. Check valve 14. Reduction gearbox oil inlet line
5. Oil temperature switch 15. Reduction gearbox oil cutlet line
6. Left power section il inlet line _16. Direct reading gage attachment point
7. Direct reading gage attachment point 17. Right power section oil inlet line
B. Drain valve 18. Right power section oil outlet line
9. Drain valve 19, Check valves
10. Drain manifold 20. Right power section oil cooler

412662-5 )
/
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OIL COOLERS

The three powerplant oil systems are connected by external
lines to three oil coolers located aft of the powerplant. The
upper cooler is a dual unit with separate isolated sections for
the reduction gearbox and transmission systems. The reduction
gearbox is connected to the left side and uses the lower 60%
of the upper cooler. Separate coolers are provided for each
of the power sections. The reduction gearbox oil temperature
switch is located in a line from the cooler.
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OIL COOLER BLOWERS

6-39

PENO N EWN S

Shield

Qil cooler blower
Boot

Oil cooler duct

Screw

Washer (ANS60C10L)
Mut

Nut

Packing



. OIL COOLER BLOWERS

Two oil cooler blowers are mounted to and driven by the reduction
gearbox. Each blower circulates air through one half of the
cooler installation when the respective power section is operating.
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SECTION

Starter-generator
Low fuel pressure sensing hose
. High fuel pressure sensing hose
. Tachometer generator
Deleted

. Deleted

. Fuel inlet hose

. Scupper drain

. Fuel filter drain hoss
10. Fuel pump seal drain
11. Tube assembly

12. Cross fitting

13. Mount fitting

14, Oil drain valve

15. Seal drain

WMk

64l

16.
17.
18.
18.
20.
21.
22.
23.
24.
25,
26.
27.

29.
30.

sEE DETAIL A

(=)

7

°

-
- =

T
- st

LEFT POWER
SECTION

Govarnor bleed hose
il 1ank drain hose
Moont fitting

Fuel pump seal drain
Fuel filter drain hose
Scupper drain

Seal drain

Governor bleed hose
Fuel inlet hoss

Tea fittings

Seal drains

Elbow :

Nut

Elbow

Union



ACCESSORY GEARBOX COMPONENTS

Components installed on the accessory gearboxes include accessories,
fuel hoses, an oil drain valve, oil drain hoses and lines, and

engine mount fitting.

The oil filler cap and oil level sight gages may be installed on
either side of the accessory gearbox to pesition them outboard
when a power section is installed.

AC_CESSURY GEARBOX SERVICING AND CHIP DETECTOR
20

r?:;.
o| o ©

oY o FILLER CAP

O O OIL LEVEL
INDICATOR

o o [SEE VIEW B) 1
o 1& =
O O

\_/
w
VIEW B OIL TANK DRAIN PLUS

ACCESSORY GEARBOX
OIL LEVEL INDICATOR

CHIP DETECTOR

(EE]
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REDUCTION GEARBOX COMPONENTS

32
3
n
DN/
H :--.«5--. 1

%

@

R
e

LEFT POWER
SECTION

W

=

i

mpwN o

6. Dil filler valve
7. Techometer generator
B. Dil pressure port fitting

10. Torquemater pressure transmitte
hose {vent)} .

11. Ofl pressure switch

12. Blower seal drain hose

13. Oil temperature bulb

14. Packing

643

15.
16.
17.
18.

18.

21.
22,
23.

24,

Control tube

Lever

Bracket

90 degree oil pressure
switch elbow

45 degree oil inlet elbow

. Droop compensator jackshaft

Blower seal drain hose

Driveshaft seal drain hose
Torquemeter pressure transmitter
hose [vent)

Torquemeter pressure transmitter
hose [pressure]

&

25,
26.

27.
2B.
29,
30.
31.

32.
33.
34,

35.
36.
37.

RIGHT POWER
SECTION

=]

Control tube @
Driveshaft seal

drain tube

Tube assembly

Tube assembly

Laver

Lower bracket
Reduction gearbox
filter bypess indicator
Upper bracket
Tachometer generator
J0il pressure port
fitting

Oil pressure switch
Tee fitting

Oil pressure switch 412062-22



_HEDUCTIDN GEARBOX COMPONENTS

Components installed to *I-:he.- reduction gearbox includes accessories,
control jackshaft, engine mount bearings, oil system components

N

aﬁﬂ hoses. .

The oil level sight gage is located at the gearbox's lower center
and is viewed from the right side. The gearbox is serviced
through a filler hose extending up to a filler adapter on the
gearbox top cowling.

REDUCTION GEARBOX SERVICING AND CHIP DETECTOR )
OIL LEVEL INDICATOR

REDUCTION GEARBOX

CHIP DETECTORS GREEN BAND i 228
BOTTOM OF
GREEN BAND
IS MINIMUM
DILLEVEL VIEW A
REDUCTION GEARBOX
OIL LEVEL INDICATOR
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FIREWALL INSTALLATION

. Forward firewall assembly

. Middle firewall assembly

. Canterline firewall assembly
. Aft firewall assembly

. Right power section
sccessory case vent hose
Left power section
accessory case vent hose

. Combining (reduction] gearbox
vent hose

. Left power section
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-
5
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2
-
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s
o | , o \
P ™ S\
% [ >
= N
X3 > ‘Q
13
o
A 1L
. | H )
\
B
i ILE=
-
4 [

Ei
See TB 412-950-89 for inspection of mid
firewall blind rivets.
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FIREWALL INSTALLATION

The firewall installation consists of the forward, middle, center-
line and aft firewalls. This installation isolates the two power
sections, reduction gearbox area, drive shaft tunnels, and each
power section gas generator and power turbine/exhaust sections.
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ENGINE MOUNTS

1. Fitting (on accessory getrbnx-i.
2. Bearing (on reduction gearbox)
3. Bipod

4. Tripod,

5. Deck fitting

6. Tube

7. Fitting -

B. Stop "
9. Deck fitting "

T e T i g e S
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ENGINE MOUNTS

The reduction gearbox is supported by a tripod on the left and
a bipod on the right. Each accessory gearbox is supported by
a vertical tube interconnected through bellcrank fittings by a
horizontal tube. Shims located between deck fittings and the
engine deck align the engine to the transmission. )
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o DEPTH GAGE _
[ STA 1. Support assembly
3 129.00 r} cﬂi::ﬂﬂ DETAIL 2, Blower drive pad (2 places)
' A, 3. Beam assembly
s e 4, Oil pressure transmitter pad
. JACKS 6. Wire (MS20995C41 std)
. 7. Plate
14 8. Transmission input drive quill
dad 9. Bracket
. < 10, Blower installed
4= LIFT LINK ¢
' DETAIL
| - I b WAL 54.0 B
C!E] IF—
FROM BINDING

Posltioning Pylon for Drive Shaft Allgnment

" =ﬁ.{t{::r\“l\t':

Ve, B
* "

Z Allgnmient

Note Wire nusi
ot touch

edpe of hole,
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POWERPLANT TO TRANSMISSION ALIGNMENT CHECK

A check of the powerplant to transmission alignment is required
when any of the following conditions exist:

a.

h.

Main driveshaft coupling splines show excessive wear.
Indication of main driveshaft couplings overheating.
Replacement of the transmission isolation mounts.

Hard landing.
Replacement of engine mounts.

Major repair or replacement of components is regquired
in center fuselage, tail boom or pylon support structure.

Main driveshaft misalignment is suspected for any
reason.

Alignment check is not required after engine replacement, pro-
vided the engine mount and/or shim stack-up is not changed.
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15-9

. IDLE STOP REL switch

ENGINE 1 throttle grip and friction
ENGINE 2 throttle grip and friction
Collective jackshaft

(copilot stick not shown)

Control tube

Control tube

Bellcranks

Control tubes

Baellcranks

Control tube

Control tube

Jackshaft

. Control tube

Jackshaft
Control tube

Jackshaft

Link

Lever

Manual fuel control unit
Boot

. Control tube
. Torque tube

Solenoid and bracket
Control tube

. Bellcrank

Boot
Control tube
Torque tube
Control tube
Boot

. Lever

Manual fuel control unit
Solenoid and bracket

W3LSAS TOHLNOD L-N



POWER LEVER CONTROL SYSTEM (N-1)

The power lever controls system consist of two parallel
mechanical linkages connecting the dual contrel twist grips

of the collective stick to the manual fuel control units. The
linkage extends down through the collective stick to sector
gears, inboard to the center, then aft under the cabin floor

into the pylon island, then up to the manual fuel control on
each accessory gearbox. The upper twist grip is the Engine No. 1
control, the lower is Engine No. 2 control. A flight idle stop
is located in each system to prevent inadvertant shut-down of

a power section when retarding a twist grip.
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LOCATION OF LEVERS ON MANUAL FUEL CONTROLS

MID POINT
MID POINT
BETWEEN STOP m‘tﬁ’;.““'
ARMS 215" M -
AND i AND q‘
LEVER LEVER

LEFT ENGINE LOOKING INBOARD RIGHT ENGIME LODKING OUTBOARD

212060=15A
THROTTLE CONTROL GEAR SECTORS SHIMMING AND BACKLASH
— COLLECTIVE E:g_rﬁlfé’" / : j

p

VIEW I i \

MATE
MARKED TOOTH
OF FLEX SHAFT
IN TENTH

TOOTH SPACE
OF SECTOR

FLEX SHAFT

SUFPORT

GE#H SECTOR

SHIM TO
0.003
TO
SPACER (212-001=146) BACKLASH :
EACH GEAR ?

SECTOR . -,
MaX ML

PULL FORCE
OF 4.5 -LB.

SHIM (120—009C20E8)



N-2 CONTROL SYSTEM !

MIN POWER
STOP SCREW

MAX POWER
STOP SCREW

351 OF STOP ARM

G OF LEVER
0.010 INCH CLEARANCE

AT FULL INCREASE
AND UP COLLECTIVE

DETAIL A GOVERNOR LEVER

OMPENSATION ADJUSTMENT

CAM SLOT SHOWING
WITH COLLECTIVE
FULL UP OR FULL
DOWN

pETAiL. B camBox

Collective Control Bellcrank 14. Governor
Control Tube 15. Control Tube
Idier 16. Lever
Control Tube 17. Governor
Bellcrank

Control Cable

Support

Cambox

Boot

10. Actuator

11. Jackshaft

12. Control Tube

13. Lever :%bi%:‘

SRUDOALN

pETaiL C CONTROL TUBE

See TB 412-90-87 for improved clamping
arrangement for droop compensator cable,
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DROOP COMPENSATOR CONTROL SYSTEM (N-2)

The droop compensator control system consists of a mechanical
input from the collective pitch control, through a droop
compensator cam assembly, an electrical linear actuator, a
jackshaft and control tubes to the power turbine governors.
The droop compensator cam maintains and stablilizes the pre-
selected N-2 RPM by changing governor control as collective
pitch is increased or decreased. The linear actuator provides
for N-2 RPM selection hy repositioning the lever on both power
turbine governors.
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SECTION | : A\
INTRODUCTION
The [ollowing notes describe the PT6T-3 Twin Pac'” Section is defined as the Section of the engine on the
engine and its operating principles, For a comprehen- left when the engine i6 viewed from the reduction
sive description of gas turbine engine fundamentals, gearbox end, lacing towards the accessory gearbox.
the reader is relerred to ‘The Aircralt Gas Turbine Terminclogy used is described as follows:

Engine and its Operation’, PWA Operating Instruc-

tions Z00.

Twin-Pac engine - Reduction gearbox and two
power sections,

Notes and illustrations herein are prepared for the

basic engine and are generally applicable to the Power Section - Accessory gearbox, gas
current model. However, since these engines are generator assembly, power turbine and exhaust
undergoing continuous improvements in design and - assembly,

manufacture, it is anticipated that the appearance of

parts may change as refinements are introduced, Reduction Gearbox - Reduction input gearbax

Design changes introduced too late for inclusion in

section for each power section plus the output sectioe

these notes will be included in subsequent issues,

Terms ruch as clockwise, counter-clockwise

For approved directional, positional and basic right and left, apply as from the same view

terminclogy refer to Figure 1-1-1,

The No. 1 Power point.

The following is a list of abbreviations used in these notes,

FCU
AFCU
MFCU

Fuel Control Unit \]
Automatic Fuel Control Unit

Manual Fuel Control Unit

Power Turbine Rotational Speed

Compressor Turbine Rotational Speed

Output Shaft Rotational Speed

By-pass Fuel Pressure

Fuel Pump Outlet Pressure

Metered Fuel Pressure

Diffuser Pipes Outlet Air Pressure

Compressor Interstage Air Pressure

Ambient Air Pressure

Pneumatic Pressure to Ny Governor and TCU
Regulated Pneumatic Pressure (Source of P‘}
Pneumatic Pressure Controlled by Enrighment Valve
Pneumatic Pressure Controlled by Governor Valve
Inter-turbine Temperature

Torque Control Unit

i-1-1
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ACCESSORY
GEARBDX

ACCESSORY
GEARBOX

NO.1 POWER SECTION
NO.2 POWER SECTION

=)

e Gt = FLANGE A’
1 REDUCTION
REDUCTION GEARBOX | geArepx | REDUCTION GEARBOX
INPUT SECTION - | guTPUT |INPUT SECTION/ -
. ' SECTION . /

REDUCTION GEARBOX

3001

Figure 1=1=-1 PT8T-3 Twinned Turboshaft Engine Assemblies Deaignation
1-1-3
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SECTION 2

LEADING PARTICULARS AND SPECIFICATIONS

GENERAL

1

Leading particulars of the PT6T-3 Twinned Turboshaft Engine are as {ollows: (Refer to Table 1-2-1.)

Rotation (Looking Forward)
Configuration
Gear Ratio (to Free Turbine)

Compressor Pressure Ratlo
Marimum Total O] Consumption

Specification Weight - Dry
Weight of Additional Equipment = Dry

Welght of Ol to Wet Engine and
Fill Tank - approzx.

Total Weight - approx.

Clockwiae
Extarnally Splined
1:5

T:1

0.4 b, /br, (0.18 Eg./hr.) measured over a
10-hour period

835 lbs. (288 Eg.)
36.3 Ibs. (15.47 Kg.)

37.3 Ibe. (16.91 Kg.)
708. 6 lbe. (321.4 Kg.)

MAXIMUM SFC
OUTPUT SHAFT SHP _Ibs/shp/hr.
RATING SPEED (Ms) RPM | TWIN SINGLE TWIN SINGLE
Taka-off 8,800 1,800 900 0.555 0.803
. Maximum Continuous 8,600 1,600 800 0.588 0,809
Cruise A’ Rating 8, 800 1,250 €25 0.828 0.840
Cruiss "B' Rating 8,800 1,100 550 0,853 0.687
NOTE
Standard day, sea level, static conditions with no installation
loases and no air bleed or airframe accessory power absorption.
Type Twin Power Section - Free Turbine Turboshalt
. Type of Combustion Chamber Annular
Engine Dimensjons, B.ui: at Room Temperature:
Length 65,75 inches (1670 mm)
Width 43,47 inches (1104 mm)
Helght 32,61 inches (828 mm)
Output Shaft:

Table 1-2-1 PT8T-3 Engine Specificatons

1-2-1
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\ 2 Imip?nlmm: of the PT6T-J engine accessory and reduction gearbox drives are as follows: (Refer
* %o Table 1-2-2.

ACCESSORY GEARBOX DRIVES 100% Ng = 38,100 RPM

FRotation Speed Ratio
1 Starter-Generator c 0,2911
2 Tachometer-Generator (Ng) C 0.1103

REDUCTION GEARBOX DRIVES MAX, Ny = 33,000 RPM

3 Tachometer-Generator (Nf) cc 0.1279
4 Blower Drive c 0.2435

Table 1-2-2 PTET-3 Engine Acceasory and Reduction Gearbox Drives - Leading Particulars

3 The FTST-3 engine fuel and lubrication aystem specifications are as follows: (Refer to Table 1-2-3.)

Fuel Specification PWASZ2, CPW4S,
Aviation Gasoline MIT.-G-5572 (for a maximum of 150 hours
between overhauls if PWA522 {snotavailable), Refer to
Engine Service BulletinNo, 5144 for i.pprnwd engine fuels,
\\ Oll Specification PWAS21,
Refer to En;inu Service Bulht:ln No, 5001 for approved
olls, z
Accessory Gearbax Oil 1.680 U.5, Gallons {1.33 Imp. gallons or 6,05 liters)
Tank Capacity
Usable Quantity 0.75 U.5. Gallon (0,62 lmp. gallons or 2.83 liters)
Reduction Gearbax Ol 1,25 U.5, Gallons (1.04 Imp, gallons or 4.73 liters)
Tank Capacity
Usable Quantity 0.25 U.5. Gallon (0.21 lmp. gallons or 0,95 liter)

Table 1-2-3 Fuel and Lubrication Systems - Specifications

4 The engine, power section and reduction gearbox shipping container leading particulars are as follows:
(Refer to Tables 1-2-4, 1-2-5 and 1-2-6.)

Length B0 inches (2032 mm)
Width 84 inches (1626 mm)
Height ' ST inches (1448 mm)
Weight - approximate 750 lbe, (340.2 Eg.)

Table 1-2-4 Engine Fiberboard Shipping Container - Leading Particulars

1-2-2



PRATT & WHITNEY AIRCRAFT OF CANADA LTD.

Length
Width

Helght

Weight - approximate

Pressure Tested at

Material Specifieation

Paint, Primer Coat as per

Paint, Finish Coat (semi-
gloss) as per

Fiberboard (Non-reusable)

831 1be (285 Kg)

10 paig
BAE 1010 - 1020
TT-P-684

MIT.-E-TT29

83 inches (1800 mm)
32 inches (814 mm)
45 inches (1144 mm)
556 Ibs (253 Xg)

Table 1-2-5 Power Section Shipping Containers - Leading Particulars

Length
Width

Height

Weight - approximate

Pressure Test at

Material Specification

Paint, Primer Coat as per

Paint, Finish Coat (Semi-
gloss) as per

Metal (Reasable)

Fibarboard (Non-reusable)

53 inches (1346 mm)
36 inches (914 mm)
33 inches (B3E mm)
562 1bs (2568 Eg)

10 paig

SAE 1010 - 1020
TT-P-684

MIL-E-TT28

48 inches (1212 mm)
32 inches (B14 mm)
31 inches (788 mm)
232 1bs {108 Kg)

Table 1-2-§ Reduction Gearbox Shipping Contalners - Leading Particulars

1-2-2A
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SECTION 3 . w
GENERAL INFORMATION

GENERAL

1 The PTET -3 Twinned Turboshalt Engine consists of
two identical free-turbine turboshaft power sections
driving 2 single output shaft through identical gear-
trains in a commaon reduction gearbax, Each power
section includes the associated input driving section
of the reduction gearbox. Each power section has
two separate turbines; one driving 2 compressor,
and the other driving a turbine shaft coupled to a
reduction gearbox input shaft, An accessary gearbox
on eich power section houses lubrication system
pumps and provides mounting pads for fuel control
system units, One power section, its accessory -
gearbox and associated reduction gearbox geartrain,
is shown on Figure 1-3-1,

2 Inlet air enters each power section through an
annular plenum chamber lormed by the compressor
inlet case and is directed to the compressor, The
compressor, which consists of three axial and a
single centrifugal stage assembled as an integral
unit, provides a compression ratio of 7:1 at maximum
continuous rating,

3 Rowsa of stator vanes, located between rotor
stages, diffuse compressor alr, raise its static
pressure and direct it to the next rotor stage,
Compressed air from the final centrifugal stage
passes through diffuser pipes which turn its flow
direction through 90 degrees, It is then led through
straightening vanes to the combustion chamber liner
(see Figure 1-3-1),

4 The combustion chamber liner consists of an
annular, reverse-flow weldment, with varying sized
perforations to allow entry of compresaed air, Air
is mixed with fuel and the mixture is ignited within
the combustion chamber liner, Air in excess of that

" required for combustion is directed over the liner
surfaces to cool them, Airflows to and from the
liner are in opposite directions, and this reversal,
together with a second air flow reversal beyond the
combustion chamber liner, eliminates the need for a
long shaft between compressor and compressor
turbine, Power section overall length and weight are
thus reduced.

] Fuel is injected into the combustion chamber
liner by 14 simplex nozzles supplied through a dual
manifold, Air and fuel mixture i=s ignited by two
spark igniters which protrude into the combustion
chamber liner, and resultant gases expand from the
combustion chamber liner through compressor turbin:
guide vanes to the compressor turbine, The guide
vanes ensure that expanding gases impinge on the
turbine blades at the cptimum angle and velocity for
minimum energy loss throughout the turbine operatin,
speed range, Expanding gases from the compressor
turbine pass rearward through power turbine stator
guide vanes to drive the power turbine,

[ Compressor and power turbines are siteated

in the approximate center of the power section with
their shafts extending in opposite directions, Exhaust
g2a from the power turbine la directed through an
exhaust plenum to atmosphere via an exhaust duct
and port,

T Engine-driven accessories, with the exception
of the Nf governor, Nf tachometer generator and ofl
cooler blower, are mounted on the accessory gearba:
They are driven from the compressor by means of

a coupling shaft, which extends the drive into the
accessory gearbox, and geartralns within the gearbo:
End location of these components provides sim~ “TH
maintenance,

] The engine oll supply iscontained inthre. .
rate oil tanks, Eachaccessory gearbox contains an
integral 1.6 U .5, gallon oil tank, and the reduction gear
box contains an integral 1.25 U5, gallonoil tank, Visua
level gages and drain plugs are provided on the oil tanks

9 The power turbine of each power section drive:
the reduction gearbox output shaft through a three-
stage reduction geartrain, Incorporated in each gear
train are: an integral torquemeter device to indicate
engine torque,an Ny governor to regulate power turb:
rpm, a tacho-generator drive,and a sprag clutch to
isglate an inoperative power section.

ENGINE MAIN STATIONS, FLANGES AND
BEARING NUMBERS

10  Main stations, flanges and bearing numbers
are shown on Figure 1-3-2,

1-3-
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SECTION 4
DETAILED CONSTRUCTION

GENERAL

1 This Secton describes in detall all major
items of a power section and reductHon gearbox,

COMPRESSOR INLET CASE

2 The compressor Inlet case (see Flgure 1-4-1)
is a circular aluminum alloy casting which forms a
plenum chamber for passage of compressor inlet alr,
A circular large area wire-mesh screen is secured
over the case inlet to an inlet fairing supported by
six brackets attached to fange F, and to flange G
fireseal, On Post5,B,5019 engines,a spray ring 1s
secured to 2 mounting ring and front fireseal by four
nuts and bolts, It is located cutslde and around each
power section to form a ground-operated compressor
wash system, A tube cap seals off the inlet connection
when oot in use,

& L]
3 Ho,1 bearing, bearing supports, and labyrinth
air seal are contained within the inlet case cecter-
bore, The bearing outer support ia bolted to the inlet
case centerbore flange and forms a compressor hub
assembly cover together with the bearing inner

FLAMGE &

FLAMEGE F

MO.1 BEARING COVERS

SCAYENGE OIL
OQUTLET PORT

housing, A ring nat and locating rivet retain the
bearing cuter race in its suppart housing (see
Figure 1-4-2),

4 An oil nozzle, located at the end of a passage
in the acceasory gearbax housing, provides lubri-
catng oil for Mo, 1 bearing at approximately the

11 o’clock position, A cored cutlet port at the 8
o’clock position takes scavenge oll to the accessory
gearbax sump, il is prevented from entering the
compresscor by the labyrinth alr seal, and com-
pressor interstage pressure alr for this is vented to
the accesaory gearbax through pasaages in the seal
assembly and breather holea in the inlet case center

bore flange,

5 The accessory gearbox is secured to the com-
pressor inlet case at flange G on inlet case studs,
A shoulder pin at approximately the 8 o'clock
position ensures correct locaton of the accessory
grarbox on the inlet case, The inlet case Ia aecured
to the gas geperator case at flange F,

COMPRESSOR ROTOR AND STATOR ASSEMBLY

8 The compreassar rotor and stator assembly
conalsts of three axial rotor stages, three inter-

SHOULDER PIN

Figure 1-4-1 Compressor Inlet Case
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Flgure 1-4-2 Compresaor Assembly Cross-Section

Stage spacers, three stator assemblies and a single-
stage centrifugal impeller and housing, First stage
rotor blades are manufactured of titanium, second
and third stage blades of cadmium plated stainless
steel, Blades fit Into dovetall grooves machined in
rotor disk rims, and the limited clearance between
blade root and groove produces the characteristic
metallic elickdng heard during compressor rundown,
Blade axial movement is limited by interstage spacers
between digks, The airfoil cross-secton of first
astage blades differs from that of second and third
stage blades, and blade length decreases progres-
Bively {rom firat stage to third,

7.  Each set of compressor stator assembly vanes
is held in position by a eircular ring through which
vane ends protrude and to which they are brazed, The
first stage compressor stator assembly provides a
shroud for the first and second stage rotor blades,
and the third stage vane and shroud assembly provides

1-4-2

a shroud for the third stage bladea, First and third
stage assemblles are bolted together, and the third
stage vane and shroud assembly is secured to the
impeller bousing, The second stage compressor
stator assembly is housed between first and third
stage assemblies and located by a single staked pin,
Interstage pressure air (Pz s) is vented to the
compressor bleed valve chamber in the gas generator
case through slots in the third stage vane and shroud
asasembly,

8 Compressor stubshaft, centrifugal impeller,
and impeller housing are positioned in that order,
followed sequentizlly by an interstage spacer, a
stator assembly and a rotor diak, The rotating
assembly is stacked and secured together by six

te rods which are numbered during imitiz] assembly,
The impeller housing 1s secured in the gas generator
case by a retaining ring, The head of a stainleas
steel pin in the gas generator case locates in an



MHIWMOFM“D.

impeller housing alot and prevents housing rotation
in the case, The compreasor stubahatft is a bhollow
steel forging, machined externally to accommodate
No, 2 hearing and bearing double labyrinth air seal
rotor, The bearing, a roller type, supports the
compressor stubshaft and its attached turbine in the
g=s generator case centerbore, The outer flinge of
the bearing is attached to the gas generator center-
bore by bolts and tab-washers, The bearing inner
race is located between labyrinth air seal rotors,
These rotors are butted against a shoulder on the
compressor stubshaft and a shoulder on the compres-
sor turbine stubshaft,

9 The compressor hub is an integral part of the
first stage compressor rotor disk, It s a hollow steel
forging, machined externally to accommodate No, 1
bearing, labyrinth air seal rotor and a spacer, The
bearing, a ball type, supports the compressor hub
assembly in the inlet case centerbore, The bearing
outer race is held in position against a shoulder in
the bearing support inner housing, and secured by a
ring nut and rivet, The bearing labyrinth air seal
rotor, a spacer, and bearing aplit inner race are
secured in that order against a shoulder on the com-
pressor hub assembly by a cup washer and spanner
nut. A groove on the cutside circumference of the
split inner race facilitates removal by means of a
puller, A short, hollow, steel coupling, externally

FLAMGE C

Py PRESSURE TUBE SUPPLYING
AUTOMATIC FUEL CONTROL UNIT

PRESSURE DIL TUBE

SCAYENEE 0IL TUBE

Py BLEED PORT:

STRMEHTEMING YANE

splined at ita protruding end, 18 secured within the
bub by a transverse pin through bub and coupling,

10 The complete compressor rotor and stator
assemhbly is installed in the gas generator case,
which forms a compressor housing, and secured by
the impeller housing and the compreasor inlet case,

GAS GENERATOR CASE 2

11  The gus generator case consists of two stainlena
steel sections fabricated into a single structure (see
Figure 1-4-3), Diffuser pipes, brazed inside the case
center section, increase the static pressure of
compressed alr from the compressor impeller and
direct it through straightening vanes to the combustion
chamber, P3 alr for the fuel control popeumatic
system is vented from a diffuser pipe at the B o'clock
position and taken by an internal pressure tube to an
outlet at the T o'clock position on the gas generator
case, A second boss at the T o'clock position opens
directly into the pressurized area of the gas genera-
tor case and providea Pjs to pressurize internal

carbon seals in the reduction gearbox, Pressurized
air to operate the compressor bleed valve, which is
secured by four bolts to a port at the 5 o'clock
position on the case, 1s taken via an Internal
pressure tube from the space behind the diffuser
pipes, A boss at the 11 o'clock positon makes

Py BLEED PORT

PRESSURE (L TUBE

SCAVEMGE DI TUBE

2067

Figure 1-4-3 Gaas Generator Case
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P3 air from diffuser pipes avallable for aircraft
use,

12 Mo, 2 bearing and its two labyrinth alr seals
are located in the cass centerbore, The bearing has
a flanged outer race bolted to the case centerbore,
Bolts secure the xingle labyrinth air seal stator to
the centerbore and a retaining ring secures the
double labyrinth air seal stator, Pressure oil to
lubricate No, 2 bearing is conveyed from an inlet
port at the 7 o'clock position through an internal
pressure tube to a passage In the case centerbare,
and then to a double nozzle assembly at the 10 o'clock
position, Scavenge oil is taken through an internal
tube at the & o’clock position to an outlet at the

5 o'clock positon,

13  Part of the gas generator case forms the outer
housing for the combustion chamber lUiner, The case
is circular, with mounting bosses for 14 fuel nozzle
assemblies and two drain valves, Two spark igniters
protrude through the case and into the combustion
chamber liner at 4 o'clock and 11 o'clock positions
to ignite the fuel/air mixture,

COMBUSTION CHAMBER LINER

14  The combustion chamber liner is an annular
heat-resistant steel liner, open at one end and domed
at the other (see Figure 1-4-4), Rings of plain,
plunged and shielded perforations, located around
inner, outer and domed circumferences, allow air

to enter the liner and provide optimum fuel/air ratics
{for starting and sustained combustion, Cooling ringa
control air flow within the liner and, together with
the perforations, ensure an even temperature distri-
bution at the compressor turbine inlet, The domed
end of the liner is supported inside the gas generator
case by seven of 14 fuel nozzle sheaths, and located
by the rwo spark igniters, Open end inner and cuter
circumferences are located by sliding joints in small
and large exit ducts respectively,

LARGE (OUTER) AND SMALL (INNER) EEIT DUCTS

15 Largeandsmall exit duct assemblies together
{orm an envelope which changes gas flow direction
by providing an outlet to compressor turbine guide
vanes (see Figure 1-4-5), The large exit duct
2ssembly contains a heat shield assembly that forms
a passage through which ccoling compreasor discharge
air is routed, Brackets, located on gas generator
case diffuser pipes, retain the outer circumference
of the duct, and bolts secure it to the case center-
bore flange, The small exit duct assembly is bolted
to the compressor turbine guide vane support,

COMPRESSOR TURBINE GUIDE VANE RING

16  The compressor turbine guide vane ring consists
of 14, integrally cast, cooled vanes between inner

and outer securing rings, External contours of the
wvanes direct expanding gases from the combustion
chamber to the compressor turbine blades at the
optimum angle for turbine drive, The vane ring is
secured between combustion chamber large exit duct

1-d=-4

Figure 1-4-4 Combustion Chamber Liner

and No, 2 bearing cover at the gas generator case
centerbore, The compressor turbine shroud housing
locates the compressor turbine vane ring outer
circumference,

17 Cooling air from around the inoner combustion
chamber liner wall passes through 14 ports in the
amall combustion chamber exit duct securing flange
to matching holes and integral vents in 14 lugs on the
vane outer ring, Air then passes through internal
passages in each vane to be vented axdally from the
vane trailing edge root at the inner ring, A blankdng
plate on each cutlet port ensures axial venting and
directs the air onto the compressor turbine disk,

18 The compreasor turbine shroud housing extends
toward the power turbine and is grooved to receive
two interstage sealing rings, These provide a point
of mechanical separation and power seal between

gas generator and power turbine in the power secton,

COMPRESSOR TURBINE

19 The compreasar turbine conaists of 2 two-plane
balanced turbine disk with a single shaft extension,
blades and classified weights, (See Figure 1-4-5),
The turbine drives the compressor in a clockwise
direction through its shaft extension which 1s extern-

. ally splined to fit within the compressor stubshaft,

A master spline ensures relocation of the disk
assembly in the same position, to retain original
balance, A center bolt and cup washer secure the
disk and compressor stubshaft together, The disk
embodies a circumferential groove to enable disk
growth to be checked, The blades of the turbine are
secured in fir-tree serrations machined in the disk
outer circumference, and held in position by indi-
wvidual tubular rivets, Blades are machined from
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nickel-cobalt alloy castings, and Include aquealer
tips to ensure minimum damage should blades contact

shroud segments, A spot face machinedoneach blade
tip enables blade atretch to be checked, Classified
balancing welghts are riveted to relevant flanges on
the diak during balancing procedures, An inter-
stage baffle between compressor and power turbine
disks directs cooling air flow up the trailing face of
the compressor turbine disk and the leading face of
the power turbine disk and acts 28 2 sea] between
the two turbine stages,

POWER TURBINE GUIDE VANE RING

20  The power turbine guide vane ring is located
by a flange on its outer ring that is retained between
the power turbine shroud and the stator housing
flange inside the exhaust duct Flange D (see Figure
1-4-5), Lugs on the lnner ring prevent baffle
assembly rotation relative to the guide vane ring,
and alots in the outer ring flange mate with the lugs
of the stator houaing, The combined assembly is
retained by fange ring securing bolts through the
exhaust duct Oange, Slots through the cuter ring,
upstream of the guide vanes, allow T5 temperature
probes access to inter-turbine gases, Integrally
cast vanes direct gas flow to the power turbine at
the optimurm angle for turbine drive,

POWER TURBINE

21 The power turbine disk assembly consists of a
turbine disk,blades and classified weights. (See Fig-
ure 1-4-5, JThe dlsk drives a redoction gearbax ioput
shaft,through a power turbine shaft and a coupling
shaft, in a counterclockwise direction. The disk em=
bodies a circumferential groove to enable growth
measurements to be taken. Turbine disk and shaft are
splined together, and the disk extension shaft is
secured inside the turbine shaft by a single center-
locking bolt and cup washer. A master spline ensures
that the turbine disk is alwayas installed in the same
posaition. The required number of elassified balaneing
welights are riveted to a flange on the leading face of
the turbine disk during balancing procedures, Power
turbine blades diffar from compressor turbine hlades
in that they are cast with notched and shrouded tips.
The blades are held in fir-tree serrations in the tur-
bine disk and secured by individual tubular rivets.
Blade tips rotate inside a double knife-edge shroud
to form an air seal when running, thereby increasing
turbine efficiency by reducing leakage,

POWER TURBINE SHAFT HOUSING

22  The power turbine shaft housing is a fabricated
steel cylinder which provides support to the power
turbine shaft, No.2 and No. 4 bearings, a labyrinth
air seal at the power turbine disk end, and irternal
pressure and scavenge ofl tubes (see Figure 1-4-6),
The housing is attached at flange B to the No. 3 and
Mo, 4 bearing housing support. No. 3 bearing, a roller
type, supports the turbine ahaft and disk at the turbine
disk end, and No, 4 bearing, a ball type, supports

the shaft at its gearbox end. No.3 bearing cuter race
is secured inside the turbine shaft housing assembly

1-4-8

by bolts and keywashers, and its inner race is
secured on the turbine shaft between 2 shoulder

and the labyrinth seal rotor. No.4 bearing outer race
is also secured Inside the turbine shaft housing by
bolts and keywashers, and its split inner race is
pecured between a shoulder on the turbine shaift, a
positioning ring and the coupling shaft. These are
secured by a cup washer and spanner nut.

NO. 3 AND NO. 4 BEARING HOUSING SUPPORT

23  The bearing housing support is a conical
casting which s secured, together with the exhaust
duct assembly, to the reduction gearbox by studs
through [ange A. (See Filgure 1-4-8.) Passages in
the housing support carry pressure oll from the
reduction gearbox output housing at the 11 o'clock
position for lubrication of No. 3 and No. 4 bearings,
and to supply the ejector-type pump that scavenges
these bearings. As the sjector pump is only eflicient
at operating pressures, a spring loaded ball-type
check valve prevents oil flow which might llood Ne. 3
and No, 4 bearing compartment during run-up and
run~-down. During normal operation the check valve
is fully open. Scavenge ail i{s withdrawn from the
bearing area by the ejector-type pump, and sprayed
into 2 sump area formed at the bottom of the housing
support and reduction gearbox housing.

EXHAUST DUCT i

24  The exhaust duct (ses Figure 1-4-7) consists
of a divergent heat-resistant sateel duct, with a single
outlet port on top, An Insulation blanket {s Interposed
between the inner cone of the exhaust duct and the
outer cone of the power turbine shaft housing and
support assembly to reduce transmission of exhaust
g23 heat to the power turbine shaft and bearing area.
The power turbine guide vane ring is bolted to the
exhaust duct at flange D, and at its outer section the
exhauat duct {5 bolted to the gas generator case at
flange C. At flange A, the exhaust duct assembly is
secured to the reduction gearbox output housing
assembly by studs. A drain hole at the 6 o'clock
position allows fuel, accumulated during engine shut-
down, into the gas generator case and out through
the drain valve.

REDUCTION GEARBOX

25  The reduction gearbox (see Flgure 1-4-8) con-
alsts of Hive castings, an ouwtput housing, a diaphragm,
an ioput housing, and two covers, The output housing
is secured to each power section at flange A. Input
and output housings are secured together by studs,
and the diaphragm is interposed between them. Covers
are secured to the Input housing to provide accessory
mounting pads, and to protect reduction gearshaft
bearings. Each power section reduction geartrain
consists of three gearshafts, driving a common out-
put shaft, Accessory drives, for Ni governor, tacho-
generator, and blower are taken from the second
stage of each reduction geartrain,

26  Each gearbox input shaft carries a single spur
gear, and is supported by Mo. 5 and MNo. & bearings.
Ho. 5 bearing is a duplex ball bearing mounted on the

F=
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Flgure 1-4-7 Exhavat Duct

diaphragm, and No. 6 bearing is a roller bearing
mounted on the input housing. The imput ahaft spur
gear meshes with the larger of two spur gears on the
second stage shaft, which 18 supported by No. T and
No.B bearings, No. T bearing is a roller bearing
mounted on the diaphragm, and No.8 is a duplex ball
bearing mounted on the input housing. The larger spur
gear on the second stage shaft transmits drive to an
independently mounted clutch gear on the composite
third reduction stage shaft, and the smaller second
stage spur gear transmits drive to a blower gear
through an idler gear, and to the power turbine
governor gear through the tacho-generator drive
gear. Idler gear and blower gear are mounted in
roller bearings, and tacho-generator and governor
gearshafts are supported in journal bearings,

27  The clutch gear {s supported In roller bearinga
Mo, 10-1/2 and No, 12-1/2 which are mounted on
the input housing and dlaphragm, respectively, A
sprag clutch, housed in the elutch gear, tranamits
the drive {rom this"gear to the clutch drive shaft
(see Flgure 1-4-B), The center of gravity of each
sprag is arranged in relation to the centers of
curvature so that under centrifugal force the sprag
tiles toward the upright position, causing the sprags
to engage the inner race (shaft}) and outer race
(clutch gear), Under normal operatng conditons,
i.e., when the clutch gear (outer race) is driven
by the engine, the clutch sprags are engaged,
transmitting the drive from the clotch geardirectly
to the shaft (inner race), Should cne power section
fail, the clutch drive shaft of that section will
assume the driving instead of the driven mode. This
action allows the spragse to tilt in the opposite
direction, leaving the clutch and the elutch gear
{outer race) ifree, The clutch drive shaft is sup-
ported in the clutch gear by ball bearings No, 11
and No,12. No. 10 bearing transmits axial
movement from clutch drive shaft to torquemetsr
plston during changes in torque. (See Flgure
1-4-8.) An intermediate drive shaft, splined

1-4-8

within the clutch drive shaft, is secured against a
shoulder of the shaft by a nut and keywasher at the
torquemeter end, A helical gear, mounted within
roller bearings No, 13 and No, 14 on diaphragm and
output housing, respectively, is splined onto the
intermediate drive ahaft, Spiral retaining rings, In
slots within the helical gear, secure the gear to the
shaft,

28 The helical gear meshes with the output ahaft
gear, Changes in transmitted torque are thus converted
into axial movement of the hellcal gear, intermediate
drive sha?t, clutch drive shaft and torquemeter piston,
A torquemeter valve on the plston cover moves within
& sleeve to produce a change in oil pressure signal to
torque control unit and airframe instruments (see
Figure 1-4-10), The output shaft has a single hell-
cally toothed spur gear with which third stage gears
mesh (see Figure 1-4-8), The shaft i{s supported on
roller bearings No, 15 mounted on the diaphragm,

and roller and ball bearings No, 16 and No, 17,
respectively, mounied on the output housing, An
insert in the output shaft extends into the input
housing to drive the reduction gearbox oll system

pump,

23  Three lubrication systems supply the reduction
gearbox, each power section oil system lubricates
its gearbox input sectlon, and the reduction gearbox
oll system lubricates gutput shaft and third stage
bearinga, A linking, tube housing, at the bottom of
each input section, connects a pressure oil transfer
tube from each power section accesscory gearbox lo
a transfer tube to the all cooler, The ocutput housing
bas internal passages to carry pressure oil {rom
each oil filter to an external transfer tube, and
separate oll passages to take pressure oil internally
from eack filter to No, 3 and No, 4 bearings, and the
bearings of each input section, Scavenge oil from
Ne, 3 and No, 4 bearings 18 sprayed into 2 sump area
formed at the bottom of the gearbax output housing,
and scavenge oll from gearbax input section bearings
drain under gravity into this area,

30  The gearbax lubricating oil pump s a gear
type pump mounted on the Input housing aide of the
diaphragm, It circulates oil to output shaft
bearings, and the bearings of each power section
third stage reduction composite shaft, Oil from
bearings returns under gravity to an oil tank at
the bottom of the Input housing for recirculaton
by the pump,

ACCESSORY GEARBOX

31  The accessory gearbax is formed from housing
and cover magnesjum alloy castings, Cover and
bousing are secured together by studs, and the
bousing is secured to the compressor inlet case

at flange G by studs, (See Figure 1-4-11,) Roller
bearings supporting ldler, starter, fuel pump,

and Ng tacho-generator gearshafts are mounted

on cover and housing, The ball bearing supporting
the accessory gearbax input shaft is mounted on the
cover, An integral oll tank ia incorporated in the
gearbox housing,



DUPH RAG 1

OUTFUT NOUSINE

3d DR STSTEM

oI Fume
L-f_‘ '
==

— ”Tl _:

SMLAG CLUTCH
TORQUEMETER I

COVER MSTONM
TOROUEMETER VALYE t
¥

Wd STAGE HELICAL GEAR

RETAINWG RINGS

BLOWER iy o
DRIVE PAD ' "L—T ] :
_a-_pr"g' = —— . 1
o gl Sty 2 ) = INTERMEDATE
TORQUEMETER r \ = : DAIVE SHAFT
VALVE SLEEVE e _
IOLER BEAR CLUTCH DRAVE SHAFT

TACHO-GENERATOR

=== ZT¢
ap

Tt STAGE GEAR
INFUT SHAFT

CLUTCH GEAR
QUTPUT SHAFT

Ard STAGE HELICAL GEAR
CLUTEH GEAR SHAFT

Ind STAGE GEAR

BLOWER SHAFT

IOLER GEAR st STAGE GEAR INFUT SHAFT

Fc GOVERNOR SKAFT TACHO-GENERATOR SHAFS
b [

Figure 1-4-8 Reduction Gearbox
1-4-9



PRATT & WHITNEY AIRCRAFT OF CANADA LTD.

,
e

SPRAG CLUTCH

ASSEMBLY
CLUTCH GEAR
CLUTCH GEAR CLUTCH GEAR
PAWLS {DRIVING) [FREE}

e A

T B r4a R g

Y, _‘-‘: h s." -.lh
t' ? \ SPRING it 1S

CLUTCH SHAFT {DRIVEN) CLUTCH SHAFT (OVERRUMNING)

CLUTCH ENGAGED CLUTCH DISENGAGED

Jal A

338
Figure 1-4-9 Sprag Clutch Operation

1-4-10



PRATT & WHITNEY AIRCRAFT OF CANADA LTD,

CLUTCH DRIVE SHAFT

TORQUEMETER MSTON ﬁ

TORQUEMETER YALYE : : T

iy

B
¥

T R S
e T L A gt
LN Lan A

e

m Py .:‘f
=
.

TOROUEMETER VALVE SLEEVE

IR0, STABE MELICAL GEAR

SPRAG CLUTCH CLUTCH BEAR

CONSTANT POWER

I

iy
=
. /i I
Il

M

POWER INCREASED

014

Figure 1-4-10 Torguemeter Operation

1-4-11



: PRATT & WHITNEY AIRCRAFT OF CANADA LTD.

32  Internal cored passages and pressure tubes take the bouaing casting, and those not in use, the inner

pressure oll to No, 1 bearing, and return scavenge ones, are blanked off, A centrifugal breather impeller
oil, by gravity, to the accessory gearbax sump, mounted on the starter-generator drive gearshaft
Pressure oll to the power section and reducton gearbax  separates oll and power section breather alr in the
imput section bearings, and scavenge oll from them, grarbox bousing, A cored passage allows air to be
is takken through external pipea, All three scavenge vented from the top of the housing, A carbon face
pumps and the pressure pump are mounted on a seal oo the gearbox housing end of the gearshaft
common shaft driven from the first stage idler gear prevents oll leakage through the bearing assembly,
as shown on the geartrain schematie, (See Figure An external line takes preasure oll from the
1-4-11,) Oil tank filler tubes and apertures for acceasory gearbox check and regulating valve
visual contents gages are situated on either side of bousing to the fuel heater,
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Figure 1-4-11 Accessary Gearbox
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SECTION 5
AlIR SYSTEMS

GENERAL

1 Each power section has three basic internal air
systems; 2 compressor interstage air bleed system,
labyrinth air sealing for No, 1, 2 and 3 bearing
compartments, and a turbine vane and disk cooling
system, Compressor discharge alr for the pneumatic
fuel control system, and pressurizing carbon seals
in the reduction gearbox, ls taken from bosses on
the gas generator case, An optional source of
compressor discharge air 1s provided on the gas
generator case at the 11 o'clock position, but may

be blanked off if not required,

COMPRESSOR BLEED VALVE

2 The compressor bleed valve {s secured by
bolts over a port at the 5 o'clock poaition on the gas
generator case inner secton, The valve opens to
spill interstage compressor air (P2,5) at low
compressor speeds, and thereby provide anti-stall
characteristics, At higher speeds the valve remains
closed,

3 The valve is a piston-type ln a ported housing,
The piston ia supported by a rolling diaphragm which
permits full travel in either direction, while effect-
ively sealing the compartment below the platon (see
Figure 1-5-1). Compressor interstage air is supplied
directly to the valve from slots in the compressor
third stage vane and shroud assembly, and compres-
sor delivery air (P3) is supplied from gas generator
case diffuser pipes via an internal pressure tube,

GAS GENERATOR P.s

v INTERSTAGE AIR

PRIMARY ——41"
ORIFICE

COVER //L\{jh =AD

CONTROL PRESSURE
CLOSED

R

P, 0
COMPRESSOR
DISCHARGE AIR

ROLLINE
DIAPHRAEM

4 Compressor interstage 2ir (P2 5) pressurizes
the top side of the piston; P3 air is taken through a
primary orifice to a convergent-divergent orifice,
which vents to atmosphere, The control pressure
(Px) arrived at between primary and convergent-
divergent orifice s used to preasurize the underside
of the piston, When P3j reaches a pre-selected value,
the convergent-divergent orifice becomes choked and
pressure below the piston increases to cloae the
valve, Below the pressure at which the orifice be-
comes choked, interstage pressure moves the piaton
down sufficiently to allow venting to atmosphere,
Compreasor operation is dependent on ambient inlet
preasure, and the use of a choked orifice allows
automatic altitude compensation, The ratio between
amblent and P3 pressure necessary to choke the
convergent-divergent orifice i3 constant, and
consequently, the valve will close at 2 slightly lower
P3 pressure at altitude than at ground level,

BEARING COMPARTMENT SEALS, TUREINE
COOLING SYSTEMS

5 Pressurized air is used to seal No, 1, 2 and

J bearing compartments, and to cool compressor
and power turbines and compressor turbine guide
vanes (see Figure 1-5-2), Labyrinth airseals protect
bearing compartments, and consist of plain rotating
surfaces within stadonary circular seals with deep
annular grooves machined inside the bore, When
parts are matched, and the clearance between rotating
and stationary parts kept a3 small as possible, the air
pressure drop across the seal prevents passage of
oil when the power section is running,

Py

INTERSTAGE AIR

DISCHARGE TO
ATMOSFHERE

CONVERGENT-
DIVEREENT ORIFICE

OPEN

o

Figure 1-5-1 Compressor Bleed Valve Schematic
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] Compressor interstage air is used to provide a
pressure drop across the No, 1 labyrinth air seal, The
air is taken, via boles in the third stage compressor
spacer diak through the center of the compressor
disks to outlet boles in the compressor hub, The
compressor hub and sleeve have alots which allow
air to the center of the double stator seal assembly,
and air passes cutward across both halves of the
aeal, Alr acroas one half of the seal is returned to
the main air flow before the compressor first stage
rotor, Air acroas the other half seal passes through
holes in the air seal stator, and matched holes in
the compressor inlet case centerbore flange, to the
accessory gearbox housing,

T No, 2 bearing compartment is sealed by a
double labyrinth air sexl, and a aingle labyrinth air
seal, P3 air from around the combustion chamber
outer exit duct passes through holes in the gas
generator case centerbore outer flange, and prea-
surizes the double labyrinth air seal via hollow struts
in the bearing compartment support houaing, Alr
passes from the seal central groove outward through
half the seal to rejoin the main air stream at the
centrifugal impeller exit, and inward through half
the seal, to be scavenged with oil,

1-5=-2

8 The P3 air stream which pressurizes the seal,
also panses down the leading face of the compressor
turbine to cool it, Pressure differential acroas No, 2
bearing seal is provided by part of this air stream
flowing into the bearing compartment, The main air
flow is through holes in the compressor stub shaft
to the centerbore of both turbine disks, Air passes
outward between the disks to cool their surfaces,and
throagh boles in the power turbine stub shaft to
pressurize No,3 bearing labyrinth seal,

] No,3 bearing compartment s sealed from the
power turbine by a double labyrinth seal, Alr passes
outward through half the stator to join the main air
stream through the power section,and inward to seal

the bearing compartment,

10 Compressor discharge air for the fuel control
system ls taken from a diffuser pipe to & boss at the
T o'clock position on the generator case to an air
manifold adapter and the resetregulator of the AFCU,
Metered air from the regulatar is taken to the power
turbine governor and torque control unit on the
reduction gearbox, Compressor discharge air for
pressurization ¢f clutch carbon seals in the reduction
gearbax istaken from a secondboss atthe T o'ziock
position on the gas generator case, directly to the
reduction gearbaox,
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Figure 1-5-2 Bearing Compartment Seals, Turbine Cooling and Alr Bleed Systems
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SECTION &
LUBRICATION SYSTEMS

GENERAL

1 The PTET-3 has three separate lubricating
systems, Identical systema lubricate their associated
power section and input secton of the reduction gear-
box. A third system lubricates the reduction gearbaox
output section. Oll lubricates and cools bearings and
conducts any foreign matter to oll filters where it is
precluded from further circulation. Calibrated oil
nozzles are used on main engine bearings to ensure
that an optimum oil flow i8 maintained, A maln pres-
sure pump supplies oll in each system, and scavenge
pumps retrieve oll from power section bearings.Chip
detector units, three in the reduction gearbox andone
in each accessory gearbox, incorporate a self-closing
device to eliminate draining oll, when removing chip
detector for inspection (see Figure 1-8-1),

POWER SECTION LUBRICATION SYSTEM

2 The power section lubrication system pressure
pump and three scavenge pumps are mounted in the
accessory gearbox, which also houses an integral oil
tank, The [ilter i3 mounted on a cover of the reduction
gearbox,

OIL TANK

a The oil tank iz an integral part of the accessory
gearbax assembly, its faces being formed by the com-
pressor inlet case and the accessory gearbox housing
casting (lower half), The tank has a total capacity of
1,6 U.5, gallons of which 0,75 U.3. gallon is usable
oll. An expansion space of 0,5 U, S, gallon is pro-
vided,

4 The oil tank s provided with an oil filler neck
on either side, one of which is blanked off, and houses
bosses for two visual oil level indicators, one of
which ia blanked off, A snap-type filler cap and
strainer element is fitted in the tank flller neck

in use. A drain plug in the bottom of the tank
facilitatea oil drainage,

OIL PUMP

5 Pressure oll is circulated from each integral oil
tank through its respective power section lubricating
system by a sell-contained gear-type pressure pump
mounted on a boss on the rear face of the accessory
gearbox housing casting. An oil pump inlet, with
removable screen, is supplied with oil from the
lowest part of the tank. An outlet supplies pressure
-ofl to a cored internal passage on the housing
which connects with the main check and pressure
regulating valve mounted underpesth the housing,
The drive gear of the main pump and also those
of the three scavenge pumps, are mounted on a
common shaft,

OIL FILTER ASSEMBLY

8 The oll filter assembly consists of a cartridge-
type filter element mounted in a cover assembly
secured to the reduction gearbox cover by studs,
Pressure oil flows inward through intermal cored
passages to the space between filter and cover,
through the {ilter, and out through the open filter end
to internal casting passages and an external pressure
tube to the power section bearings and accessory
gearbax, Should the filter restrict the flow a apring-
loaded bypaas valve, normally closed, will open with
increasing pressure against the valve spring toallow
oll to bypasa the filter {rom inlet to outlet passages,
A small screened orifice on the inlet side of the
filter allows controlled leakage of oil and venting of
oil vapor into reduction gearbox Internal cavities,

(See Flgure 1-8-2.)
PRESSURE OIL SYSTEM

T Oil pressure is regulated by a pressure relief
valve which forms part of the combined check and

regulating valve housing mounted underneath the
accessory gearbox, An oil preasure adjustment va)-
for minor external adjustment i3 mounted at the to
the accessory gearbox, A pressure sensing line,

a tee-piece in the main pressure return line from
the reduction gearbox mounted [ilter, controls move-
ment of a piston to allow pressure oil directly back
to the maln tank if system pressure exceeds a pre-
determined value, (See Figure 1-8-3), Preasure
oll from the pump normally holds open a checkvalve
piston to allow oil out through an cutlet port and
external pressure lines to the system [llter and to
the oll/fuel heater, The check valve cylinder isopen
to a second eylinder which i3 normally blocked by a
piston controlled by return line pressure; When
return pressure {rom oil system filtersis sufliciently
high this piston is moved against spring pressure to
open a second port and allow pressure oil to flow
through a cored passage in the gearbox housing back
to the main oil tank. Ol flow through cooler and
filter is therefore limited by demand rather than

pump capacity,

B Lubricating oil for power section bearings,
other than No, 3 and 4 bearings, is supplied from
the ofl filter via an external transfer tube that runs
the length of the power section, Oil for accessory
bearings in the accessory gearbox and No. 1 bear-
ing is taken via internal passages in gearbox cast-
ings to two oll jets, Ome jet sprays bearings

in the upper part of the gearbox, and the other sprays
bearings in the lower part and No.l bearing. No.lbe
ing oil is sprayed through a fine strainer and nozzl
assembly directly on to the bearing races, and on |
the compressor hub assembly coupling shaft to run

grooves to the split inner race (see Figure 1-6-4).
1-6-1
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Flgure 1-6-2 Filter and Bypass Valve Schematic

9 No.2 bearing lubricating coil is taken from a tee-
piece in the external transfer tube through a boss on
the gas generator case at the T o'clock position. It

is taken internally through a cored passage in the gaa
generator case centerbore to an oil gallery with two
nozzles to Jubricate both faces of the bearing. .

Oil for No.3 and 4 bearings is taken via inter-
» pal cored passages in reduction gearbox castings
through 2 minimum pressure valve to an oil

gallery at the 12 o'clock position in the bearing hous-
ing. Nozzles direct oil to both faces of No,3 bearing
and one face of No. 4 bearing,

11 Pressure oll for reduction gearbox input section
bearings is taken from a focal point through four
separate casting passages. One pasaage sprays oil
inside the reduction gearbox input shaft to lubricate
No. 4 and No.5 bearings centrifugally, and an offshoot
from this passage lubricates No, 6 bearing. Another
paseage takes oil to cool the meshing teeth of input
and second stage gears. The third passage takes oil
to cool the meshing teeth of sscond stage and
clutch gears and lubricate bearings No. 7 and No. 8.
A fourth passage takes oil to pressurize the

torquemeter chamber and lubricate accessory
gearshaft bearings.

SCAVENGE OIL SYSTEM

12  The scavenge ol system for each power section
includes three scavenge pumps, One pump scavenges
oll from No.3 and No. 4 bearings and the reduction
gearbox Input section, a second scavenges oll from
No.2 bearing, and the third scavenges oil fromacces-
sory gearbox sump to main oll tank, (See Flgure
1-6-4.) All three pumps are gear-type, with a
common drive shaft that also drives the main pres-
sure pump. One scavenge pump |s mounted externally
on the accessory gearbox cover; the other two are
mounted internally in the gearbox {tself.

13  Oi! from No. ! bearing is returned by gravity
to the bottom of the compressor inlet case, and from
there through an internal cored passage to the acce
sory gearbox sump. Oll from No, 2 bearing isretun
via an internal scavenge tube to the bottom of the ga
generator case, and {rom there viz an external %
scavenge line, the check and regulating valve block

1-6-2
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Figure 1-8-3 Check and Regulating Valve Schematic

on the accessory gearbox, and a further external
scavenge line to the externally mounted scavenge
pump. Oil from No,J and 4 bearings is returnedfrom
the reduction gearbox output housing sump area via
external scavenge line, check and regulating valve
block, and external and internal pagsages to the large
internally mounted scavenge pump.

14 A ball-type valve, mounted in the pump hous-
ing provides a bypass for the externally mounted
scavenge pump, and allows excess oll vapor from
No. 2 bearing to bypass the pump. The pump
delivers oll to the accessory gearbox sump, to be

=avenged together with oll from No, 1 bearing and

& Accessory gearbox bearings by the smaller of the

internal pumps, and returned through an internal

» ~8age 1o the main ofl tank, The larger pump
also delivers oil through the same internal passage
directly to the main ofl tank,

1-6-4

15 In addition to the three main scavenge pumps,
an ejector pump boosts scavenge oil from No.3and 4
bearings. The pump operates on the venturi principle
and utilizes pressure oil from the supply line to
No.3 and 4 bearings, The pressure oil in {lowing
through a restrictor nozzle (see Figure 1-6-5) in the
pump housing at high velocity causes sufficient
reduction in pressure at the throat area to suck the
scavenge oll along the scavenge tube from the bear-
ing area, Scavenge and pressure oil from the ejector
pump are sprayed into the sump area at the bottom
of the reduction gearbax input secHon, and scavenged
from there by the scavenge pump in the accessory
gearbaox,

BREATHER SYSTEM

1§  EBreather air from power section bearing com-
partments and gearboxes 18 vented through a centri-
fugal breather located in the accessory gearbox. Air

s ]
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Figure 1-68-5 Ejector Pump QOperation

irom the main oll tank enteras the gearbox through
breather passages in the housing casting, and air
from No. 1 bearing compartment enters with scavenge
oll through the cored scavenge passage from the com-
pressaor inlet case.

CENTRIFUGAL EREATHEER

17  The centrifugal breather consists of a shrouded
aluminum alloy impeller located by three pins to the
face of the starter-generator gear, and secured on
the shaft by a retaining ring. Oll vapor in the gear-
box is pleked up by vanes on the rotating impeller
face, and thrown outward by centrifugal force, The
oll draing to the bottom of the gearbox and alr vents
overboard through a vent shaft in the accessory gear-
bax housing casting to atmosphere.

CIL-TO-FUEL HEATER

18 The oll-to-fuel heater assembly is basically
a plate and {in constructed heat exchanger which
utlizes heat from the power section oll to maintaln
huel temperatures within 2 specified range.  The
assembly consists of collectors, heat exchanger
=+, and a valve body, which are integral with
:at exchanger, (See Figure 1-6-8.) A thermal
mt, guide, valve sleeve, and spring are con-
sned In the valve body by a retaining cap which is

aecured by lockwire,

1-6-6

139 Fuel flow through the ofl-to-fuel heater passes
from inlet to outlet connections via a thermal element.
The element consists of 2 highly expansive material
sealed in a metallic chamber, the expansion force
being transmitted through a dlaphragm and rod to the
beater valve sleeve. Since the element exerts an
expansive force only, it {s counter-balanced by a
spring which provides a force to return the sleeve
when the fuel temperature decreases, When fuel
temperatures decrease below 21, 1°C (TO®F) the
aleeve valve is closed, and oll through the inlet con-
necton flows through the heater core to increase fuel
temperature, The element senses cutlet fuel tempera-
tures and, at temperatures above 21, 1°C (T0°F),
starts to move the valve sleeve to gradually close the
core exit while at the same time opening a bypass
flow, At fuel outlet temperatures above 32,2°C
(90°F), the core exit is fully closed forcing the

entire oil flow to bypass the core.

REDUCTION GEARBOX OUTPUT SECTION OIL
SYSTEM

20 A single gear-type pressure pump, driven

{rom the engine output shaft, provides lubricating
oll to output shaft bearings and two gearbox compo-
site third stage shaft bearings (see Flgure 1-8-T),
01l 15 drawn through an inlet screen from an oll tank
formed between input and output housings and deli-
vered to an oll cooler. Return oil from the cooler
is passed through a filter identical to those in power
section oll systems and delivered to bearings. A
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spring-loaded pressure relisf valve, downstream
from the filter, regulates system pressure by
allowing ofl into the tank (Pre-SB5054) when pres-
sure becomes excessive,

21 On engines (Post-SB5054, the oll pressure
pump has widar gears and runs at a lower speed but
retains the original capacity. In addition, the pres-
sure relief valve 13 installed within the pump inlet
bousing and allows filtered pressure oil to augment
pressure pump inlet flow, This feature prevents oil
cavitation and reduces the risk of bearing erosion,

22  Casting passages take pressure oil from the
filter to an annulus in the output housing, and an off-
shoot from these passages supplies cooling ofl to the
mesh of two reduction gearbox third stage gears and
output shaft gear. Two passages from the annulus
take oil to nozzles spraying inside the two No. 10

bearings under centrifugal flow, znd to collect
integral reservoirs of each sprag clutch, Fro,
clutch reservoirs, oll flows outward to lubricate
bearings No. 10-1/2, 11, 12 and 12-1/2. Two jets,
fed by transfer tubes, provide additional lubricaton
to the No. 10-1/2 bexrings (Post-SB5084), Bearings
No, 13 and 14 are splash-lubricated from aprays
directed onto cutput shaft gear meshes, Bearings
Mo, 15, 16 and 17 are lubricated from the annulus,

-

23  The system relles on gravity to scavenge
lubricating ofl from bearings, oll returning directly
to the reduction gearbox ofl tank, Carbon seals
mounted on the eluteh gear, and pressurized by P3
air, prevent ofl entering either reduction gearbox
input section, Seals are pressurized by P3 air from
whichever power pection has the higher operating
pressure, A breather tube in the output housning
vents to atmosphere,

1-8-9



e

PRATT & WHITNEY AIRCRAFT OF CANADA LTD.

SECTION 7
IGNITION SYSTEM

GENERAL

1 The ignition system consists of two spark
igniter systems; one for each power section, The
system has been developed and adapted to provide

the englne with an ignition system capable of quick
Ught-ups over a wide temperature range, Each spark
igniter system consists of an exciter bax, two ignition
leads and two spark ignitera, and will operate from a
9 to 30 wvalt de supply.

EXCITER BOX

2z The exciter box is remote-mounted, It converta
de imput to high voltage de through solid-state

TYMCAL COMMECTION

COMBUSTION
CHAMBER LINER

EAS GENERATOR CASE
A \ IGNITION LEADS
QE%%::IZ::::::. SR _ﬂ_.*,g#

SPARK IGNITER

clreultry, a transformer and rectifiers, When the
energy in a storage capacitor reaches a level equi-
valent to four joules, an internal spark gap in the

bex ares and allows the stored energy to be discharged
to the igniters through a dividing and step~up trans-
former network, The network is such that if one
igniter is open or shorted, the remaining igniter

will continue to function.

SPARK IGHITERS
3 The two spark {gniters are mounted in foating
boesings at the 4 o'clock and 11 o'clock positions on

the gas generator case, and protrude into the domed
end of the combustion chamber (see Flgure 1-7-1),

=

EAS GEMERATOR
CASE

\

—

SFARK

A IGNITER

COMBUSTION
CHAMBER LINER

EXCITER UMT

1035

Figure 1-7-1 Ignition System - Installation
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SECTICON B
FUEL SYSTEM

INTRODUCTION

GENERAL

1 The engine fuel system (see Figure 1-8-1)
congists of separate identical power section fuel
control systems and fuel pumps and a common torque
control unit, Each power section fuel control sys-
tem consists of an Ny governor, an automatic fuel
control unit and a manual fuel control unit. A dual-
fuel manifold and 14 simplex fuel nozzles supply fuel
to the combustion chamber, and two drain valves
ensure drainage of residual fluids from the gas gen-
erator case after power section shutdewn,

FUEL PUMP
GENERAL

2 This is a positive displacement gear type
pump, incorporating spring and fuel pressure loaded
bushings, driven off the accessory gearbox. Asplined
coupling transmits drive to pump gears and is lubri-
cated by oil mist from the accessory gearbox. Fuel
enters the pump through 2 10-micron screen and
passes to the pump gear chamber. A spring-loaded,
piston-type relief valve provides an alternative path
for unfiitered fuel in the event of 2 pressure build-
up caused by filter screen blockage, and two pres-
sure taps are provided o monitor pressure up-
stream and downstream from the screen, Bypass
fuel is returned to the pump inlet dowmstream {rom
the filter via 2n injector pump, This non-mechanical
injector pump takes the excesa flow {rom the fuel
control and transmits energy contzined in the higher
pressure of bypass fuel fow to pump inlet, thus
raising total pressure to gear inlet and reducing
vapours to a liquid allowing pump to operate at alti-
tude without cavitating. .

FUEL CONTROL SYSTEM

GENERAL

3 The fuel control system consists of four
separate units with interdependent functions: an
Automatic Fuel Control Unit (AFCU), a Manual Fuel
Control Unit (MFCU}, a Nt Governor, and a Torque
Control Unit (TCU)., The AFCU incorporates a com-
pressor turbine governor and a metering valve and
bellows assembly, and determines the proper fuel
schedule for power section steady-state operation
and acceleraton, The MFCU has two operating
conditions, automatic or manual, which are selected
by the pilot at his discretion for individual power
sections, Selection is effected by means of an elec-
tric solencid valve, When de-energized the valve is

closed giving control of fuel to the AFCU, Nf gover-
por and torque control, When energized the solencid
valve transfers control to the MFCU over which the
torque control unit and Nf governor have no effect
and fuel becomes a function of power lever position
only., The TCU compares and balances power sec-
tion output torques and imposes 2 maximum Umit

on engine torque.

AUTOMATIC FUEL CONTROL UNIT
GENERAL

4 The AFCU is mounted on the fuel pump and
driven at a speed proportional to gas generator speed,
It estahlishes a proper fuel schedule, in response to
power requirements, by controlling the speed of the
gas generator through regulation of fuel flow,

FUEL SECTION
GENERAL

5 The fuel control i3 supplied with fuel [rom the
fuel pump via a transfer valve in the MFCU, Fuel
flow is established by a metering valve and bypass
valve system, fuel at pump (P1) pressure being
applied to the entrance of the metering valve, Fuel
pressure immediately after the valve, metered ‘
(P2) pressure, 1s compared with Pl pressure b
bypass wvalve, and a constant differential (P] -

is maintained. The orifice area of the metering
valve changes to meet speciflic power section re-
quirements, and fuel pump output in excess of
those requirements is returned to the pump inlet.
Returned fuel is referred to as Pg. The bypass
valve consists of a sliding valve in a ported sleeve,
actuated by a diaphragm and spring. In operation,
spring force is balanced by P1 - P2 pressure dil-
{erential working on the diaphragm,

8 The metering valve consists of a contoured
needle working in a sleeve, 80 that needle movement
changes the valve orifice area, The bypass valve
maintains a3 essentlally constant differential fuel
pressure across the orifice, regardless of variatons
in fuel inlet and discharge presaures, Fuel flow is
thus a functon of orifice area, and consequently is
controlled solely by metering valve position.

T Compenaation for variations in specific gravity
of the fuel, caused by fuel temperature changes, is
provided by a bi-metallic disk under the bypass
valve spring. An external adjustment above the by-
panss valve is provided to adjust acceleration rate of
elther power section to within predetermined limits.

POWER INFUT, SFEED GOVERNOR AND
ENRICHMENT SECTION

8 For details of governor and enrichment lt g
see Figure 1-8-2. Views A and B identify indivi. .
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GOVERNOR VALVE
(CLOSED)

NOTE BAF
LOCATION

Lol
GOVERNOR WEIGHTS OVERCOME SMALL SPRING. GOVERNOR WEIGHTS OVEACOME BOTH SPRINGS.
ENRICHMENT AND GOVERNOR VALVES CLOSED ENRICHMENT VALYE CLOSED.

GOVERNOR YALVE DPEN

Figure 1-8-2 Power Input Speed Governor and Enrichment Levers Operation
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levers and their inter-relationship, Views Cand D
show the levers in operation. A speed-scheduling
cam depresses an internal lever to Its maximum
position during flight, and this cam follower lever is
connected by a spring to the governor lever. The
governor lever s pivoted, and a face on its free arm
operates against an orifice to form the governor re-
strictor. An enrichment lever is pivoted at the same
point as the governor lever. It has two extensions
which straddle a portion of the governor lever sothat
after a slight movement 2 gap will be closed and then
both levers must move together, A roller on the
enrichment lever drive arm contacts the end of the
governor spool, and a fluted pin on the free armoper-
ates against a "hat™ valve seating on the enrichment
orifice. A small enrichment spring connects enrich-
ment and governor levers.

9 The speed-scheduling cam applies tension to

the governor lever spring when increased power is
demanded, and applies a force to close the governor
restrictor, The enrichment restrictor opens at the
game time because enrichment spring tension ensures
that enrichment lever {ollows governor lever, As the
drive shaft assembly rotates, it turns 2 table on which
governor weights are mounted, Small levers on the
inside of the weights contact the bearing cap assembly
and, as N increases, centrifugal force causes the
welghts to apply lnereasing force against the cap.
This tends to move the cap outward on the shaft
against the enrichment lever, and when this forceover-
comes enrichment spring tension the enrichmentlever
moves and the enrichment valve closes,

10 Enrichment and governor valves operate when-
ever Ng increases sulficiently to overcome governor
spring tension, earichment valve closing and the
governor valve opening. At a point dependent on
speed-scheduling cam position, governor spring ten-
eion overcomes enrichment spring tenslon, and the
enrichment lever moves independently of the gover=
nor lever to close the enrichment valve, When the
gap between straddle extensions and governor lever
i3 taken up, governor lever and enrichment lever
again move together, At this point the hat valve i8
fully closed. The governor valve will open {f N
force continues to increase sufficiently. .

11  An 3ir pressure regulator and governor reset
section also controls movement of the governor lever.
The azir pressure regulator consists of 2 spring-
loaded, diaphragm-operated valve, Compresasor dis-
charge pressure (Pq) is applied to the entrance of this
valve, Spring-load and ambient alr pressure are
applied to one side of the regulator diaphragm causing
a force to open the valve; regulated air pressure (Pr)
is applied to the other side of the diaphragm causing
a force to close the valve, Thus, as Py rises, the
valve closes, and vice-versa,

12  Regulated air pressure (Pr} is alac applied to
one side of the governor reset diaphragm and passed
through the reset bleed to the other side of the dia-
phragm, where it is designated Pg. An external line
from the reset section Py outlet connects with the
Mf governor. When the governor resetvalve (orifice)

1-8-6

is opened, there will be 2 flow through the resetbleed
with pressure drop (Pr - Pg),and Pg will be reduced.
Movement of the reset d.'l.lpﬁ.l‘:l.gm will then cause the
reset rod to apply a force to the governor lever to
overcome the governor spring force and increase
bleed-off of Py.

13  The main governor body incorporates a vent
port to atmosphere (Py). Modified compressor dis-
charge pressures, Px and Py, will be bled to Pa
when enrichment and governor valves, respectively,
are open, :

+

BELLOWS SECTEON

14 The bellows assembly contains governor bellows
and evacuated acceleration bellows connected by arod,
The erd of the acceleration bellows opposite the con-
necting rod is attached to the assembly body casting
and the bellows provide an absolute pressure refer-
ence. The governor bellows are secured within the
body cavity, and their function is similar to that ofa
diaphragm. Bellows movement is transmitted to the
metering valve by a croas-shaft and associated levers,
The cross-shaft moves within a torque tube, which is
attached to the cross-shaft near the bellows lever.
The tube is secured to the body casting by means of
an adjustment bushing, and crosa-shaft rotational
movement 18 converted to torque change in the tube,
The tube forms a seal between air and fuel sections
of the control unit and is positioned during assembly
to provide a force tending to close the metering valve.
The bellows cppose this [orce through pressure of

on the outside of the governor bellows and Px on
the inside of governor bellows and outside of acceler-
ation bellows,

15  The governor bellows are shown as a diaphragm
on Figure 1-8-3. Py is applied to one side of the
diaphragm and Py to the other. Py is also applied to
the evacuated bellows attached to the diaphragm. An
area of pressure cancellation exists where Px pres-
gure on the acceleration bellows s cancelled by Py
pressure on the diaphragm; as a result,all pressures
can be resolved Into pressures acting on the dia-
phragm alone. These pressures are: Py actingalone
on one diaphragm surface, acceleration bellows

/'ﬂ
2%/
L

o
.

0

) &

\- u-lﬂ:l_

ez / e

3029
Figure 1-8-3 Bellowa Operation - Schematic
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internal pressure acting within the area of pressure
cancellation, and Py acting on the remainder of the
diaphragm surface, A change in Py ls consequently
more effective than an equal change In Py because it
acts on a larger area.

18 Py and Py vary with changing power section
operating conditions and environment. When both

increase, as during acceleraton, the bellows open
the metering valve, When Py decreases, as desired
N is approached, the bellows tend to close the meter-
ing valve, When both pressures decrease, as during
deceleration, the bellows close the metering valve to
its minimum flow stop,

MANUAL FUEL CONTROL UNIT

GENERAL

1T  The MFCU is mounted with the AFCU on the
accessory gearbox. In automatic mode it passes
fuel from the pump to the AFCU, and {rom the AFCU
to the fuel manifold and nozzles, If manual control
is desired, a solenoid valve {8 energized to operate
a transfer valve and direct fuel through the MFCU to
the manifold. ’

SOLENOID AND TRANSFER VALVE

18  The transfer valve consists of a spring-loaded
piston moving in a ported cylinder. Depending on the
posidon of the piston, fuel is passed {rom an inlet
port to an outlet port to the AFCU, or {rom the inlet
port to a2 manually controlled metering valve, Pres-
sures across the transfer valve piston are equalized
by a piston ecenterbore which allows fuel to fill the
space above the piston. A spring-loaded, pressure
relief valve in parallel with the transfer valve allows
fuel to be bypassed back to the fuel pump if inlet
pressure lncreases, -

19  The solenoid valve is spring-loaded to 2 closed
position and seals the space above the transfer valve
piston while de-energized, When electrical power is
applied to the =olenoid valve, it opens against spring
pressure to allow fuel from the transfer valve intothe
bypass line. The resultant drop in pressure above
the transfer valve piston causes it to move against
spring pressure and block the fuel outlet port to the
AFCU. At the same time, it opens a port to the
MFCU metering valve,

METERING AND CUT-OFF VALVE

20  The manual throttle lever controls a combined
metering and cut-off valve, A piston, mechanically
linked to the manual throttle lever, controls fuel flow
in the metering valve cylinder {rom inlet to outlet
port, Space below the piston is filled with fuel from
the transfer valve, and pressure of this fuel prevents
piston drift [rom any set position, A sultable mini-
mum fuel flow is ensured by a2 bypass restrictor
across metering valve inlet and outlet ports which be-
come effective when the valve approaches its mini-
mum position,

Revised 14 May 1973

21  The manual power lever also controls a piston
in a ported cylinder which, when in the "Off™ position,
completely cuts off fuel flow to manifold and nozzles.
There are two inlet ports to the cylinder, one from
the AFCU and cne from the manual metering valve,

In each line to the cylinder 18 a check valve, and back
pressure ensures that the inoperative system is sealed
off. In the "OIf" position, fuel reaching the cylinder
is directed to 2 bypass line,

PRESSURIZING AND BYPASS VALVES

22 A pressurizing valve in the line from cut-off
valve to manifold ensures that no fuel flows to the
manifold until a pre-set minimum pressure hasbeen
attained. A diaphragm bypass valve, similar tothe
one in the AFCU, controls bypass fuel {low to main-
tain P] - P2 constant.

PRESSURE REGULATING VALVE

22A A pressure regulating valve (see Figure1-8-3A)
1a installed between the automatic and manual fuel
control units to ensure that servo pressure is always
available to effect transfer to manual control.

22E Fuel preasure (P1) from the MFCU transfer
valve is applied to one side of the regulating valve
(6) through P1 Inlet, Force from valve spring (4)
and fuel bypass pressure Po is applied to the other
side of the regulating valve. When the fuel pressure
differential P1-Po reaches 100 to 120 psig, the reg-
ulating valve moves and 2llows fuel to flow through
holes in the sleeve (7) and passages in the valve body
(9) to the P1 outlet port. This ensures that fuel pres-
sure P1, upstream at the regulating valve is at least
100 psig above Po.

FLOW DIVIDER AND DUMP VALVE .J’«SSEMBL';r

GENERAL

23 The flow divider and dump valve receives
metered fuel from the MFCU and delivers it to pri-
mary and secondary manifolds. Initially, fuel enters
the unit and exerts sufficient pressure on the divider
cylinder composite piston to allow fuel flow to the
primary manifold. When pressure has built up suf-
ficiently, the inner piston is pushed back against
spring pressure to allow fuel flow to the secondary
manifold. (See Figure 1-8-4.) This way, a cool
start is ensured by igniting initially on seven nozzles
only.

24 When fuel is cut off from the unit, the compo-
site piston moves under spring pressure to block the
inlet and allows fuel in primary and secondary mani-
folds to drain through the dump outlet.

SURGE DAMPENER

GENERAL

25  To eliminate any possibility of power surge
during fuel control system transfer [rom automatic to

1-8-7



PRATT &WHITNEY AIRCRAFT OF CANADA LTD.

P INLET

P, PORT

0
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F‘] DUTLET
|

1 Fitting

2 Preformed Packing

3 Ehims

4 Spring 34

5 Preformed Packing

8 Regulating Valve

7 Sleave

8 Preformed Packing

8 Valve Body

Flgure 1-8-3A Pressure Regulating Valve
manual mode, a surge dampener {8 connected to the ' N; GOVERNOR
fuel delivery line to the flow divider, The surge
dampener {s basically a piston which balances fuel GENERAL
pressure against the pressure of a compressed spring.
Sudden increases in fuel pressure are prevented 268  The power turbine governor of each
power

from reaching the flow divider and dump valve section fuel control system is mounted on the appro-
assembly by the action of the pleton, which retracts priate side of the reduction gearbox and 1s driven at
to absorb pressure increases, 2 speed proportional to the power turbine (Hf), It
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FUEL NOZZLE
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J

PRIMARY AND SECONDARY FLOW POSITION

3030
Figure 1-8-4 Flow Divider, Inlet Manifold and Dump Valve - Schematc
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supplies 2 signal to the AFCU to change compressor
speed whenever it senses a power turbine load
change, and employs a drive body similar to that of
the AFCU. A difference {s the ellmination of the
enrichment mechanism.  Normally, the Nf governor
lever positons the governor so as to fully close the
governor valve. Any tendency of the Nt to change
load or speed results In the governor valve bleeding
off more or less Pg. I Nf overspeeds, the valve
bleeds off more Py, and the Py - Pg differential
Increases causing the governor reset rod to Increase
its {orce on the AFCU governor lever to lower P
and reduce [uel llow. The reverse ssquence wn-.id
oeecur If Ny were caused to underspeed.

TORQUE CONTROL UNIT
GENERAL

27 A single torque control unit, mounted on the
reducton gearbox, recelves torquemeter oll pres-

sure signals proportional to the torque outputs of tt
two power sections. By varylng Pg In each power -
section fuel control system, the torque control unit
Umits englne torque cutpet and maintalns power
aecton torque outputs eqgual.

28  Engine torque is limited by sensing torque-
meter preasures {rom the two power sections and
adding them in two summing bellows. At a specific
total, normally etosed poeumatic orifices are opened
to lower Pg in both power sections, and fuel flow
reduces.

280  Power section torques are equalized by means
of opposed bellows which sense any difference in
torques, and move a lever to restrict one of two
normally open poeumatie orifices. Each pneumate
orifice vents Pg from its power section fuel control
system, and closing an orifice resolts In increased
Pg in that power section and consequent fuel flow
increase. In the null position torques are equallzed.
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SECTION 9
ENGINE CONTROLS AND INSTRUMENTATION

GENERAL

1 The [ollowlng instruomentation and controls are
available and considered necessary for satisfactory
PTET-3 operation in flight, to macertain engine
mechanical condiion, and to ground check and
adjust engine power outpat.

POWER CONTROL LEVER

2 - Mannal apd automatic fuel control units on each
power secHon are mechanically interconnected and
linked to pilot-operated airframe controls. A lever
on each manual fuel control unit has 90* angular
movement, and a lever on the associated automate
fuel coptrol unit 18 slaved to it. At start, levers zre
moved from thelr minimum stops, which correspond
to no-luel flow, to a no-load positon through 50°
approdmately. In [light, levers are pormally set to
thelr 90° fully-open positions., If manual engine
control 13 selected, levers are moved within the 50°
to 907 range untl shutdown.

INTERTURBINE TEMPERATURE SENSING
SYSTEM (Ti5)

3 Interturbine temperature-sensing systems are
deslgned to provide continuous Indications of average
operatng temperatures of the gas path between com-
pressor turbine and power turbine.

3A On Pre-EBS5118 engines, each system conslsts
of shielded leada and bus bars, and 10 chromel-
alumel thermocouple probes connected in parallel
acrosa the bus bars. Each probe protrudes through
a threaded bosa {n the power turblpe stator housing,
into an area adjacent to the power turbdne vanes
leading edge. The probe {8 secured to #ts boss by
means of a fleating threaded fitting which 18 part of
the probe assembly. Shielded leads connect each
bus bar assembly to a terminal block which provides
a connectng point for external leads to an instru-
ment. The terminal block 18 located at the 10 o'clock
positicn on the gas generator case. Leads from bus
bara are supported by brackets on the stator housing
and exhaust duct. Alumel terminals are marked
A/L, and chromel termipala, C/R. To ensure
correct connection, terminal screws are of different
aizes,

JB  On Post-5B5118 engines, each system consiats
of an integral wiring harneas incorporating elght
chromel-alomel thermocouple probes connected In
parallel and a terminal block. The harness 18 en-

cased in 2 steel tube and 18 connected directly to
each probe and the terminal block. Each probe pro-
trudes through a threaded boss on the power turbine
stater housing, into an area adjacent to the power
terbine vanes leading edge. The probe ls secured to
the bose by means of a floating, threaded {itHng
which {8 part of the sensing system assembly. The

terminal Mock is bolted to the gas generator case,
Alumel and chromel terminals are marked A/L and
C/R, respectively, To ensure correct connection,
the chromel terminal block connecHon nut s smaller
diameter than the alumel. :

3IC  To standardize readouts, a2 Tis temperature
compensator unit is connected to the terminal block,
in parallel with the T{5 harness. Its functon 18 to
compensate for variations in power sections, in the
relationship between measured and calculated Tys,
and its setting is determined on engine test,

OIL PRESSURE AND TEMFPERATURE
INDICATORS

T4 Alrframe supplied oll pressure and tempera-

ture transducers are installed on the englne to
monitor power secton and reduction gearbox oll
systems. FPower sectlon oll pressure and temp-
erature are sensed by a transducer in the pressure
oil return Une in the accessory gearboax. ReducHon
gearbox cutput section oil pressure 18 sensed by 2
tranaducer above the putput shaft in the pressure
oil-annulus surrcounding the shaft. il temperatures
are sensed by airframe supplied thermocouple probet
in accessory and redusHon gearboxes,

N GOVERNOR LEVER

5 The Ny governor lever can be moved between
pre-tet maximum 2nd minlmum Stops on the gov-
ernor, to cootrol power turblne speed, Power tur-
blpe speed demand 18 normally held constant, and
output torque varied by changing rotor pitch.

TACHOMETER-GENERATORS

] Four airframe supplled tachometer -generators
generate electric signals proportonal to power
Bection gas generator and power turblne rpm. A
tachometer -generator can be mounted next to each
manual fuel control unit on accessory gearboxes,

and next to each power turbine governor on the re-
duction gearbox. The electrical signal {rom each
tachometer -generator 18 applied to a tachometer to
produce an rpm readout in percent.

TORQUEMETERS

i A torque-Indicating system, consisting of 2
torquemeter and an airframe supplied callbrated
torque preasure transmitter, provides indlcation of
each power section output torque, The torquemeter
develops an oll pressure dependent on Its power
gection output torque. This pressure and the reduc-
Hoo gearbox Internal pressure are applied to the
tranamitier to provide a read—out of differential
preasure on an alrframe gage,
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8 Both torguemeters in the reduction gearbox
are ipdividually calibrated at engloe test and an
assoclated index pumber s eatablished for each and
stamped on the reduction gearbox plate, When each
airframe supplied calibrated torque pressure trans-
mitter 18 installed on the reduction gearbox it muost
‘be adjusted to the asasoclated torquemeter index
number.

9  Transmission of drive from third stage to
output shaft through helical gears results in axal
movement of the cluich drive shaft in response to

1-8-2

torque changes, (See Figure 1-4-10.). Axial move-
ment I8 tranamitted through No. 10 ball bearing to
the torquemeter piston and piston cover, and thence
to the torquemeter valve. An increase in torque
moves the torquemeter valve inward in its sleeve
and incresses the colneldence of ports in (inlet)
sleeve and valve., Ol Nlow into the torquemeter
chamber is thus increased and pressure raised to

4 corTes higher value, Conversely, When
torque decreases the ports become less coincident
and oll flow decreases. A constant bleed of oll from
the torquemeter chamber ensures that no hydraulic
lock occurs,



POWERTRAIN SYSTEM

GENERAL

The power train is a system of drive shafts and gear boxes which
transmits power from the engine assembly to the main rotor and tail
rotor, and to transmission-mounted accessories. Principal components
are the wmain drive shaft, the transmission, the main rotor mast, and
the tail rotor drive shaft installation which includes a series of
drive shafts, bearing hangers, and two gear boxes.

Transmission
Main Rotor Mast

Main Drive Shaft

Tall Rotor Drive Shaft
42-degree Gear Box

. 90-degree Gear Box

O LR b el B3 e

Power Train



MAST AND MAIN ROTOR CONTROLS

The main rotor mast is a tubular
in the transmissicn by bearings.
duplex dual thrust ball type and
to a roller alignment bearing in

steel shaft supported vertically
The upper bearing assembly is a
the lower bearing inner race mates
the transmission. The mast,

splined to and driven by the transmission's mast driving adapter,-
rotates counterclockwise as viewed from above. Splines on the
upper portion of the mast serve to mount and drive the main rotor
and control assemblies.
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MAST ASSEMBLY — DISASSEMBLED VIEW

1. Mast 9. Shim

2. Screw (4) 10. Duplex thrust bearing
3. Lock ring 11. Bearing liner

4. Seal 12.. Screw (4)

5. Dil jet No. B 13. Oil slinger

6. Plate assembly 14. Bearing inner race

7. Wear sleeve 15. Retaining nut

B. Retaining nut 16. Cotter pin (2)
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MAST ASSEMBLY INSTALLATION

. Mast nut (BHT204-010-481-001)
. Mast

. Nut

. Thin steel washer

. Aluminum washer

. Retainer plate

. Lower bearing race

Hose

. Transmission

CONOMBWN -

WARNING

DO NOTLIFT MAST (2] WITH MAST
CAP(412-010-160-103). USE MAST
MUT{1)(BHT 204-010-481-0071).

412040-37
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TRANSMISSION
AND MAIN DRIVESHAFT

The transmission is located directly forward of the power-
plant and is supported by isolation mounts attached to the
fuselage pylon structure. The transmission is connected to
and driven by the powerplant through a main driveshaft. The
transmission provides a drive angle change, a speed reduction,
drives transmission mounted accessories and drives the anti-
torque system. Three gear stages provide a total speed
reduction of 20.38:1 to drive the main rotor 324 RPM at 100%
rotor speed. Transmission driven accessories include a rotor
tachometer generator, two hydraulic pumps, an oil pump and
the rotor brake gquill/disc if installed.
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COMPONENT RPM AT 100% N-2 ENGINE RPM
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Engine Output Shaft

Rotor Brake Disc

Hydraulic Pump #2 .
Hydraulic Pump #1 .

Tachometer Get}eratnr
Tail Rotor Drive Shaft

ol Pump . . .
Main Rotor Mast
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L300
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L300
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. Transmission Support Case
. Bolt Assy.

. Bolt {with Locking Insert)
. Shouldered Washer

. Eycbolt

. Washer

. Boot

. Filth Mount

. Laminated Plates

. Main Mount Assy,

. Flller Plate

. Friction Damper

« Fifth Mount Fitting

. Pylon Support
. Damper Fitting
. Mount Bolt

. Filler Plate

. Main Mount

. Doot

. Dushing

. Lift Link

. Bolt Assy,

Transmission Pylon Mounts

DETAIL OF
FIFTH MOUNT




TRANSMISSION MOUNTS

A lift link and four pylon isolation mounts are used to
attach the transmission to the fuselage. The forged steel
lift link has self aligning bearings at each end and is i
connected between a steel fitting on the forward underside
of the transmission support case and the fuselage lift beam
directly below. The four isolation mounts are secured to
the pylon structure and are attached to the corners of the
transmission support case. Each mount consists of a
cylindrical molded rubber core bonded between steel inner
and outer sleeves, with the outer sleeve flange secured to
the pylon structure by four bolts. A large bolt extends up
through the mount inner sleeve to seat in a tapered bushing
in the transmission support case corner arm and is secured by a
retaining bolt installed from the top through a large
special washer and threaded into the tapped end of the mount
bolt. Silicone rubber protection boots, with supporting
bushings, cover the ends of the mount. Both rear pylon iso-.
lation mounts are restrained by friction dampers, which are
cylindrical units connected between the lower ends of the
mount bolts and fittings in the pylon support structure.

e

&-4b



PYLON MOUNT DAMPER WITH REASSEMBLY TOOL

MNOTE: MAKE FROM ROUND STOCK
9 IN. LG. X 1-3/4 IN. DIA.
POLISH TAPERED SURFACE TO
ALLOW EASIER INSTALLATION
OF GARTER SPRINGS

1.05

7

CURYED wASHER
SPACER
DAMPER waSHER

GCARTER SPRINGS
DAMPER DISCS

4.B0
.75
DAMPER wASHER
CURYED wASHER
DAMPE R wWASHER 1.537 i
1.5
SHAP RING
—— BOOT ’
—— INKER MEMBER
1.55
1.50
1.288
1.282

667



TRANSMISSION
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Bolt

Top case

Packing

Collector

Retainer ring

Upper planetary
Mast driving adapter
Extension

. Upper bearing
10.
11.
12.
13.
14,
15.
16.

Outer liner
Upper sun gear
Retainer ring
0il deflector
Lower planetary
Outer liner
Lower bearing

a0
e * ~r— TOOLING HOLE
SR

\I

17.
18.
19.
20.
5 [
22.
23.

Inner liner
Lower sun gear
Dil tube

Jet housing

‘Gashet

Ring gear
Jet housing



TRANSMISSION (SHEET 2 OF 2) 4

. Input driven gear quill
25. Packing
26. Main case
27. Packing
2B. Retainer ring
29, Bearing
30. Chip detector
31. Support case
32. Plug
33. Packing
34. Mast bearing
35. Mast guide ring
36. Retaining ring
37. Offset accessory drive quill
38. Retainer ring
39. Gear shaft bearing
40. Lift link fitting
41. Splined adapter shaft
42. Gasket
43. Accessory drive and sump assembly
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SUMP AND ACCESSORY DRIVE ASSEMBLY

Mounted to the lower side of the support case, this assembly
serves as a sump for the transmission oil system and houses

an input drive guill, the tail rotor drive guill, the hydraulig
pump and tachometer drive quill, and the oil pump.

ACCESSORY DRIVE AND SUMP ASSEMBLY (SHEET 2 OF 2)

1. Nut 27. Washer, steel 54, Nut

2. Washer, steel 28. Nut 55. Packing

3. Washer, aluminum 29. Sump case 56. Elbow

4. Hydraulic pump and 30. Packing 57. Packing

tachometer drive quill 31. Packing 58. Nut

5. Packing 32. Jet No. 4 §9. Union

6. Nut 33. Washer, sealing 60. Packing

7. Washer, steel 34. Screw 61. Packing

B. Washer, aluminum 35. Screw 62. Union

9, Nut 36. Elbow 63. Tube assembly
10. Washer 37. Nut 64. Retainer

11. Oil filter 38. Packing 65. Packing

12. Packing 39. Packing (Two) 66. Glass

13. Bracket 40. Oil pump 67. Dil level indicator
14. Washer 41. Washer, aluminum 68. Filter scupper
15. Nut 42. Washer, steel 69. Retainer

16. Sump input quill 43. Nut 70. Packing

17. Nut 44, Bracket 71. Glass

1B. Washer 45, Washer, steel 72. 0Oil level indicator
19. Retainer = 46. Nut 73. Chip detector
20. Pump dri .haht 47. Washer, aluminum 74. Packing

21. Retainer ring 48. Nut 75. Pump screen
22. Packing 49, Tube assembly 76. Packing
23. Tail rotor drive quill 50. Union & 77. Packing
24, Washer, aluminum 51. Packing : 78. Plug, threaded
25. Spucer 52. Tee
26. Washer, steel 53. Drain valve
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VIEW LOOKING DOWN

Support Case

Quill Assy, Hydraulic Pump
Bevel Gear, Input Driven Quill
Lower Sun Gear

Lower Planctary Carrice
"Tpper Sun Gear

Upper Planetary Carricr
Rotor Mast

Mast Adapter

Planctary Assy, Upper
Flanctary Assy, Lower

Ring Gear Assy

. Quill Assy, Input Driven

.« Quill Assy, Input

Bevel Pinion, Input Quill

. Fifth Meunt Attach Point

. Quill Assy, Offser Accessory and
Tail Rotor Drive

. Quill Assy, Accessory and Tail

Rotor Drive

. Quill Assy, Tail Rotor

. Drive and Sump Assy

. Oil Pump

. Quill Assy, Hydraulic Pump
and Tach Gencrator

Lift Link Attach Point

21

Transmission Cross-Section
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INPUT DRIVE QUILL REMOVAL

15. Plug

. Transmission

1
2. Bearing 16. Packing

3. Work aid (rubber plug) 17. Set screw

4. Packing 18. Packing

5. Packing 159. Oil transfer tube
6. Main input quill 20. Packing

7. Aluminum washer 21. Packing

8. Screw 22. Cover

9. Aluminum washer 23, Aluminum washer
10. Clip 24. Steel washer
11. Nut ' 25. Bolt
12. Nut 26. Tube [seal drain)
13. Thin steel washer 27. Union

14. Aluminurm washer . 28. Packing
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INPUT DRIVE QUILL INSTALLATION

Yo 14
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HARD RUBEBER DISC, AFPROX,
2 18 INCHES IN DIAMETER AND
AT LEAST 14 INCH THICK

COTTER PIN

LIGHT CHAIN, APPROX.
& INCHES LONG,

pETAIL A

APPROX. 2 FEET OF SEMI—
RIGID WIRE— 0.041 INCH
DIAMETER OR HEAVIER

RED WARHNING FLAG, STENCILED.
REMOVE BEFORE CLOSING
TRANSMISSION,

£

1. Main rotor mast
2. Work aid plug
3. Bearing [roller) .
4. Bearing ouler race
5. Input gesr quill (driven gear)
6. Input quill pinion
7. Packing
B. Transmizsion main bevel gear case
9. Packing
10. Main input quill sleave
11. Spacer
12. Nut
13. Pusher set stud
{T101586-5)
14, Curvic coupling adapter
15. Drain tube union
412040-72

&-714



MAIN INPUT QUILL

. Pinion

Sleeve

. Packing

Shim

. Triplex bearing
Cap

. Union

. Packing

. Cap

DO BN
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10.
11.
12.
13.
14.
15.
16.
17.

Washer
Screw
Seal
Packing
Plug
Packing
Sleeve
Pin

0.085 IN
0.053 IN

pETAIlL A

Retainer ring

. Wear sleeve
. Adapter

. Nut

. Lockspring

. Packing

. Plate

. Retainer ring

212040->
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1. Retaining Ring 6. Nut 11. Boot

2, Retainer 7. Spring Retainer 12, Washer

3. Packing 8. Inner Coupling 13. Bolt

4. Spring 9, Cuter Coupling 14, Shaft

5. Lock Spring 10. Packing 15. Coupling Assembly

Main Drive Shaft Assembly

MAIN DRIVE SHAFT ASSEMBLY

The main drive shaft is installed between an adapter on the engine
combining gear box and the input drive quill on the transmission.
Flexibility of the couplings is provided by a floating-splined
method of attachment on the shaft, to accommodate movement of the
transmission on pylon mounts. A spring in each coupling assists in
centering of the shaft during operation and tends to extend couplings
when shaft is removed for maintenance. Shaft couplings are attached

to the engine adapter and the transmission input drive quill by bolts.

6-76



ROTOR BRAKE QUILL

auiLL
SLEEVE

[ e,

BRAKE
Asszum_vf
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TAIL ROTOR DRIVE QUILL

DETAIL A

. Nut

. Steel washer

. Spacer

. Steel washer

. Washer

. Jackscrew hole
Tail rotor drive quill

NOOhwN

6-78

10.
11.
12,
13.
14.

. Packing

Seal

Coupling

Sump assembly
Spring

Seal plate
Retainer ring



NO. 2 HYDRAULIC PUMP DRIVE QUILL

TAAMSHMISSION
MAIN CASE

6-19



HYDRAULIC PUMP AND TACHOMETER DRIVE QUILL

1. Nut
2. Steel washer
3. Hydraulic pump
4, Gasket
5. Nut
6. Steel wazher
7. Aluminum washer
8. Quill
9. Packing
10. Sump
11. Drive quill mounting studs
12. Gasket

13. Tachometer generator
. Steel washer

412040-12A
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TRANSMISSION OIL SYSTEM

s

COOLER LINE
DRAIN LINE 5 CONNECTS MERE
CONNECTS HERE
view A o
OIL SUMP DRAIN LEFTSIDE SUMP

%

e
-

TRAMSMISSIO
QIL COOLER

QIL FILTER

THERMO DIL
BY-PASS VALVE

I OVERBOARD [
{DRAIN FROM
OIL 5UmMP
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TRANSMISSION OIL SYSTEM

The transmission is lubricated by an oil system which is
independent of the engine o0il systems, except that oil coolers
are mounted together and use the same blowers. 0il supply

from the transmission sump is ecirculated under pressure by

a transmission driven gerotor type pump through internal
passages, through a filter to a sump outlet and external lines
to a thermo by-pass valve. Under normal conditions the oil is
routed to an oil coocler that contains a thermal bypass valve.
0il flows from the oil cooler to an externally mounted filter,
then to a manifold on the transmission main case. This manifold
is equipped with a relief valve to regulate system pressure

and distributes oil through jets and internal passages to lubri-
cate bearings and gears inside the transmission, where o0il
drains back to the sump. 0il temperature and pressure gage
indications are provided by a thermobulb and a pressure trans-
mitter. A thermoswitch and a pressure switch will light caution
panel segments lettered XMSN OIL TEMP and XMSN OIL PRESSURE

(low pressure) if such conditions occur. 0il system servicing
provisions are mainly accessible from right side of transmission.
Filler neck is at top right, under pylon fairing. 0il level
sight gages on sump case can be checked through a view port

on pylon island in cabin. Sump oil filter, pump screen, and
magnetic plug can be reached through access door at same
location. A drain valve is located under transmission sump.

Two cooler line drain valves are in bottom of fuselage compart-
ment just behind aft cross tube of landing gear.

BEE]
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TRANSMISSION OIL SYSTEM SCHEMATIC

CAUTION PANEL r |
' CAUTION PANEL f..-f st ?

{ xmsn o PrESSURE | /)ff.ff'f" 9,
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‘ D =
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3
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TRANSMISSION OIL JETS

0il jet assemblies are installed from the exterior of the
transmission at various points, passing through the walls of
internal passages which deliver oil under pressure, and extend
inside the transmission case to deliver directed o©il on gears
and bearings. Each jet is identified with its mounting port
by matching stamped numerals. Attaching screw hole indexes
the jet nozzle spray direction.

JET LOCATION AND FUNCTION

No. 1 Right aft on top case. Sprays mast driving
splines and upper stage planetary pinion
bearings.

No. 2 On housing at right aft on ring gear case,

with two auxiliary jets fed by external tubes
and located 120 degrees apart on ring gear
case. Sprays sun gear and pinion bearings of
both planetary stages.

No. 3 On bottom of o0il manifold at right aft on main
case. Sprays input pinion and input driven gear
leaving mesh and delivers oil to No. 6 jet
inside case.

No. 4 On left side of sump case. Lubricates accessory
drive gears and tail rotor drive guill.

No. 5 Left aft main case, beside input drive gquill.
Lubricates input pinion and input driven gear
entering mesh.

No. 6 Right side of main case, near oil manifold.
Receives oil from No. 3 jet inside case. Sprays
inboard bearing of input pinion.

No. 7 Lubricates the support bearing of the vertical
- shaft in the input driven gear support case.

No. B - Right rear side of upper mast bearing retainer
plate. Provides lubrication for upper mast bear-

ing assembly.



TRANSMISSION OIL PUMP ASSEMBLY

. Retainer ring B. Key

. Retainer plate 9. Retainer ring
. Bearing 10. Bearing

. Retainer ring 11. Body

. Outer gerotor 12. Insert

. Inner gerotor 13. Ring

. Shaft 14. Dowel pin

INTERNAL OIL FILTER

. Spring

. Ball

. Set screw

. Nut

. Washer

. Spacer

. Wafer screens
. Filter body

. Name plate

Do~ o bWk -

See TB 412-91-94 for main trans. full flow
debris monitor.

412040-23
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EXTERNAL OIL FILTER

=)

. Dutlet hose
. Fitting

. Packing

. Elbow

. Packing

. Checknut

. Union

. Packing

. Filter head
. V-band clamp
. Packing

Packing
. Filter element i
. Packing élD @
. External oil filter body \
‘?‘i :

. Inlet tube (.-)
—

. Reducer

. Packing
. Bypass indicator "‘@

. Spacer (4 places)
. Filter bracket
S—(18)

-
CUDNOE&EWN

. Thin aluminum washers {4 places) _@

Bolt (4 places)
. Bolt (4 places)
. Thin aluminum washers (4 places) Q@?’@ o

412040-5
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FROM EXTERMAL —
FILTER
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TRANSMISSION OIL SYSTEM COMPONENTS (SHEET 2 OF 2)

ONOMHWN

Plug

Line to mast jet

. Jet No. 1

. Jet No. &

. Jet No, 2

. Pressure switch
Pressure transmitter
. Thermoswitch

=

10.
Tl
12.
13.
14,
15.
16.

Inlet

Jet No. 7
Pressure relief valve
Temperature bulb
Jet No. 3
Sump filter

hose

Drain hose connection
Drain valve

17.
18.
19.
20.
21.
22.

Pump
Outlet hose
Jet No. 4
Jet No. 6
Filler cap
Auxiliary jet




MAIN DRIVESHAFT INSTALLATION
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MAIN DRIVESHAFT

The main drive shaft is installed between an adapter on the
engine reduction gear box and the input drive guill on the

transmission. Flexibility of the couplings is provided by a

floating-splined method of attachment on the shaft, to

accommodate movement of the transmission on pylon mounts.
spring in each coupling assists in centering of the shaft
during operation and tends to extend couplings when shaft

is removed for maintenance. Shaft couplings are attached to

A

the engine adapter and the transmission input drive quill by

bolts.

=
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MAIN DRIVESHAFT ASSEMBLY

Retaining ring

Retainer

Packing

Spring

Lock spring 1

Npwh -

Nut

Spring retainer
Inner coupling
Outer coupling
Packing

11.
12,
13.
14.
15,

Boot

Washer

Bolt

Shaft

Coupling assembly

=)
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MAIN ROTOR GROUP

GENERAL

The main rotor group includes a two-blade semi-rigid type rotor, a
stabilizer bar with dampers, a swashplate and support, a scissors and
collective sleeve, and interconnecting linkage. Rotor hub yoke is
underslung on its mounting trunnion through two pillow blocks which
provide a flapping axis, and the all-metal blades are attached through
grips which can turn on yoke spindles to change blade pitch. Hub
trunnion is installed on splines at top of mast, supported by a cone
set and ‘secured by a retaining nut which also serves as mast cap

and lifting eye. In operation, collective pitch control stick move-
ments cause angular changes of both blade grips equally and simul-
taneously. Tilting of main rotor for directional control is
accomplished by independent changes of each blade grip by means of
cyclic controls. Stabilizer bar, mounted with its flapping axis
crosswise to that of main rotor, is connected into rotor controls to
provide greater stability for all flight conditions. Without
restraint, bar would tend to stay in its original plane of rotation
and hold the rotor to one plane. Since this would limit controllability
too severely, this effect is modified by connecting bar to mast
through hydraulic dampers. This induces bar to follow movements of
mast, relative to rotor, with a slight time lag. Result is a compro-
mise providing both stability and controllability.

MAIN ROTOR HUB AND BLADE ASSEMBLY

The main rotor blades are all-metal bonded assemblies, set into hub
grips at a preconing angle and secured by a single retaining bolt in
each grip. Each blade is formed of four major sections: main spar,
honeycomb core, trailing edge extrusion, and nose block extrusions,
all bonded to the skin by adhesive applied under heat and pressure.
Reinforcing doublers, grip plates, and drag plates are attached on
the_blade butt end. Stainless steel strips cover leading edges for
resistance to abrasion. A trim tab is provided on the trailing

edge for tracking adjustments. A fitting on the blade tip, which is
used in the flag-tracking procedure, has a hole for attachment of

the rotor tie-down. An adjustable drag brace connects the trailing
edge of the blade to the hub, providing a means of aligning blades.
Blade grips and pillow blocks on the hub are lubricated with the same
oil as that used for the engine, transmission, and gearboxes. O0il
leve}s can be checked through the transparent covers. On the rotors,
torsion on the retention strap within each blade grip performs the
function of counteracting aerodynamic forces which tend to change

blade pitch. Control linkage connects to a pitch horn on the leading
side of each blade grip.

6-92



. Stabilizer Bar Assembly
. Mixing Lever

. Pitch Change Link

. Damper Link Tube

. Control Tube

Stabilizer Support

. Retaining Nut Lock

. Retaining Nut

., Washer

Main Rotor

. Mast

. Cone Set

. Stabilizer Dampers

. Scissors and Sleeve Assembly
. Swashplate and Support Assembly

ﬁmﬁl'ﬂ\-ﬁl«hﬂub""

bt
[ ol ™ |

[P —
LN . LS B

Main Rotor Installation
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1. Butt Cover 7. Tralling Edge Extrusion

2. Ballast Weights B. Main Spar
3. Main Retention Balt Hole 8. Leading Edge
4, Drag Link Bolt Hole 10. Trim Tab

5. Honeycomb Core

11, Ballast Weights

|

6, Skin 12. Trailing Edge Extension
Blade Assembly
Notes
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STABILIZER BAR

The stabilizer bar is attached to the mast at the main rotor hub
trunnion. The bar is connected into the main rotor system in such
a manner that the inherent inertia and gyroscopic action of the

bar is introduced into the rotor system and provides a measure of
stability for all flight conditions. If, while hovering, the
helicopter attitude is disturbed, the bar, due to its gyroscopic
action, tends to remain in its present plane. The relative movement
between the bar and the mast causes the hub and blade assembly to
feather and return the rotor to near its original plane of rotatioen.
If the bar were completely unrestrained it would remain in its
original plane of rotation and would induce stability to the point
of removing all control from the pilot. Due to a restraining by
dampening action, there is induced in the bar a mast following
characteristic. This following time i1s regulated by the predetermined
(built-in) dampening action of the two hydraulic dampers connected
by linkage to the bar in such a manner that a movement of the mast
1s transmlitted to the bar through the dampers at a rate determined
by the design of the dampers. A compromise is met in which the bar
provides the desired amount of stability and still allows the pilot
complete responsive control of the helicopter.

Centerframe
Weight
Cable Assembly
Tube Assembly
Fivot Bearing Set
Support Assembly
Lever Assembly

=1 o A s L) B e
RS S A -3

Stabilizer Bar
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STABILIZER BAR DAMPERS

Two rotary viscous type dampers are mounted on a pair of adapters,
which are attached on mast splines below main rotor. Levers on
damper wingshafts are connected by control tubes to each side of
stabilizer bar frame. Dampers are non-adjustable, being pre-set for
required stiffness of action. Each has a filler plug for such
occasional addition of hydraulic fluid, MIL-H-5606, as may be
necessary due to minor leakage. A WLndow is also provided through ~
which an indicator pin and a cam mark can be viewed for a check of

. timing.

Damper Assembly
Retainer Rings (2)
Adapter

Lever Arm

Filler Plug

A G LD B =
LI

Stabilizer Bar Dampers
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. Spacer
. Boot
. Scissors and Sleeve Assembly
. Mast

Swashplate and Support Assembly
. Mast Bearing Plate
. Shim

Collective Lever

Shim

Bearing and Liner Assemblies
. Spacer
. Trunnion Assembly

Swashplate and Collective Sleeve Installation

6-78



ROTATING CONTROLS

A swashplate and support assembly and a scissors and sleeve assembly
are installed together and mounted around the mast on top of the
transmission. The control unit thus formed transmits movements from
the cyclic and collective control systems mounted in the cabin

and fuselage to linkages which rotate with the main rotor. The
swashplate is mounted on a universal support for tilt according to .
the position of the cyclic control stick. The collective sleeve
moves vertically within the swashplate support, as actuated by the
_collective control stick. The combined effect on the scissor

levers and upper linkage determined main rotor tilt and blade pitch.

Notes
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ANTI-TORQUE SYSTEM

The tail rotor drive system consists of six shafts, four
bearing hanger assemblies, and two gear boxes connected in
line between the transmission tail rotor drive quill and the
tail rotor. Units of the system have mating curvic couplings,
secured together by V-band clamp sets.

=




POWER TRAIN

e _:-— MAIN ROTOR HUB
B g

ENGINE

® ®
® ©

f
Tiﬁi

1. Mast assembly 11. Tail rotor gearbox
2. Transmission 12. Intermediale gearbox
3. Input quill 13. Hanger assembly
4, Engine to transmission driveshaft 14. Hanger assembly
5. Tail rotor driveshaft 15. Hanger assembly
6. Tail rotor driveshaft (short section) 16. Hanger assembly
7. Tail rotor driveshaft 17. Tail rotor drive quill
B. Tail rotor driveshaft 18. Hydraulic pump and tachometer (system 1) (
9. Tail rotor driveshalt 19. Cover
10. Tail rotor driveshalt 20. Hydraulic pump drive quill [system 2)

412940-15
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TAIL ROTOR DRIVESHAFT

Each shaft section is an aluminum alloy tube with a curvic coup-
ling riveted to each end. Each shaft is dynamically balanced
with a data plate and metal strips bonded at desired external
locations. The forward shaft section extends through a tunnel
beneath the powerplant, with ends connected by V-band clamps to
mating splined couplings on the transmission tail rotor drive
guill and on the forward bearing hanger. Other shaft sections:
are mounted in similar manner along the tail boom and vertical
"fin between the hangers and the gearboxes.

EE A —
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Transmission Tail Rotor Drive Cuill
Shalt (Typical)

Shaft (Short)

Hanger (Typical)

Intermediate (420) Gear Box

Tail Rotor (909) Gear Box

Clamp Set

Hanger Filting



TAIL ROTOR DRIVESHAFT HANGER ASSEMBLY

1. Retaining ring 8. Seal

2. Cover plate 9. Rear coupling
3. Spring 10. Shaft

4. Retaining bolt 11. Retaining ring
5. Retaining plates 12. Bearing

6. Inner [spherical) coupling 13. Hanger

7

ﬁ) . Outer coupling
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DRIVESHAFT HANGERS

Four hanger assemblies are utilized for the drive shaft.
assembly consists of couplings on a short splined shaft,
mounted through a single-row sealed ball bearing in a ring-
shaped hanger, equipped with two mounting lugs for attachment on a

support fitting.

INSTALLING COUPLING SEAL

SEAL PARTIALLY SEATED

INTERNAL
SPLINES

INNER COUPLING USED
AS BACK-UP TO PUSH LIP

L

OF SEAL yp

/- WORKAID

LN

Each

N\

SEAL FULLY SEATED

OUTER COUPLING
INSTALLED
INVERTED ON INNER
COUPLING

(EXEN]
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CANPAD LN

Mut

Washer
Washer

Quill assambly
Quill assembly
Packing

Chip detector
Gashket

Ring

Glass

Packing
Indicator

. Pin

. Cap assembly
. Chain assembly
. Packing
Plate, identification

Case

Adapter, oil filler

Screw

. Shim plate

Washer seat

. Shim plate
. Stud

2100 =10l
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INTERMEDIATE (42°) GEARBOX

The forty-two degree gearbox is located on the tail boom, at
This gearbox provides a forty-two
degree change in direction of tail rotor drive shaft, with no
speed change. The gearbox assembly consists of a case with a
The case is fitted with a vented oil
filler cap, an oil level sight gage and a drain plug equipped’
with a magnetic chip detector.
flexible couplings for attachment of drive shafts.
provided by a cover with guick-release fasteners.

the base of the wvertical fin.

gear quill in each end.

==

Input and output gquills have
Access is

&-let



go1-9

WE Ao AW -

. Ring
. Plate
. Spring
. Spring
. Spacer

Retainer
Packing
Bolt
Washer

Coupling, inner
. Coupling, outer
. Seal
. Seal

Mut

15,
. Bearing, duplex ball
3 T
18.
19.
20.
21.
22,
23.

Packing

Sleeve

Clinch nut
Shim plate
Screw
Bearing, rollar I
Ring AL
Pinion i
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FORTY-TWO DEGREE GEARBOX CROSS SECTION
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TAIL ROTOR GEARBOX INSTALLATION

N

CLAMP SET GEARBOX

LINKAGE
-

=
L

i ,.r:{:
,—"f—"xr J FIN
7
=l
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TAIL ROTOR GEARBOX

A gearbox at the top of the tail boom vertical fin provides a
90-degree change in the direction of drive and 2.59:1 speed
reduction between the input drive pinion and the ocutput shaft

on which the tail rotor is mounted. The gearbox consists of
mating input guill and output gear and shaft assemblies set into
a gear case provided with a vented o0il filler cap, an oil level
sight gage, and a drain plug with a magnetic chip detector plug.
The input guill has a flexible coupling for attachment of the
driveshaft.

(BEN]

&-1t



Ti-9

19 U B L

. Stud

. Burhing

. Siud

. Washer, Seat

. Stud

. Shim

. Packing

. Sight Glass

.. Ring, Retaining
. Chip Detector
. Besring, Duplex

. Chip
. Mut
. Chip

. PRing, Aetaining

. Duil! Assembly
. Spacer

. MHut

, Packing

. Sleeve Assembly
. Clingh MNui

. Washer

Shalt
Bolt
Gear
Cap
Pin
Salety Chain
Pin

Paching
Caie Astembly
Adapter, il Cap

Serew

Sharm Plate

Gasket
Indicatar

Mt

Bearing

Packing

Tterm 24 shipping ypacers only.

Warher

. Mt
. Hearing

Fung Fetaming

. Seal
. Plare ldentilication
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90° GEARBOX INPUT QUILL ASSEMBLY

w = L

e
INSTALL WEAR SLEEVE WITH
ROUNDED END AS SHOWMN

1. Ring retainer 12, Seal

2. Plate 13. Seal

3. Spring centering 14. Nut

4. Spring lock 15. Packing

5. Spacer 16. Spacer

6. Retainer ' 17. Sleeve, wear
7. Packing 18. Bearing duplex
8. Bolt 19. Sleeve

9. Washer ; 20. Pinion
10. Coupling, inner 21. Cork plug
11. Coupling, outer

é6-113



ANTI-TORQUE CONTROLS PITCH CHANGE MECHANISM

il
-

Retainer

_. .
COBNANAWN -

. Bellcrank

. Link
. Boh

. Boh

e I I )
sl N Bk

Packing ™~

- h
Heousing
Bearing
Excluder
Housing

Pitch Change Tube
Bearing Race
Lever

Bolt

Boh
Idier

Bolt
Seal
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TAIL ROTOR INSTALLATION

DO LN -

Seraw

Washer

Lock

Ratsinar

MNut

Cotter pin
YWasher
Baaring
Special washer
Pitch Link
Crosshead
Counterweight link

USE CORROSION

PREVENTIVE COMFOUND

[C-101) BETWEEN

BUSHING AND HORN

&-ills

Shield
Retaining nut

. Cotter pin

Bolt
Washer
Washer
Nut

. Counterweight support

Barrel nut and retainer

. Stop

Bolt
Bushing

Pitch horn

. Hub snd blade
. Balance bracket
. Bolt

. Washear

Washer

. Nut

. Sleeve

. Pitch change control tubs
. Gearbox output shaft

. Split cone set

. Packing




TAIL ROTOR GROUP

DESCRIPTION

A single two-blade controllable pitch tail rotor is located on the

right side of the tail rotor gear box. It is composed of two assemblies,
the hub and the blades, and is driven through the tail rotor gear

box. Blades are all metal construction and are attached by bolts to
pitch change bearings in the hub yoke. The tail rotor hub is delta
hinge mounted to provide for automatic equilization of thrust on
advancing and retreating blades. Control links provide equal and
simultaneous pitch change to both blades. The tail rotor counteracts
torque of the main rotor and provides directional heading control.

Hub

Nut

Balance Washer
Washer

Blade

Pitch Horn

Bolt

Balance Washer
Bolt

Bolt

. Washer

. DNut

© 0 ~J D bW B
traliidttnalin: Ll bl

S N
N'-‘.CI

Tail Rotor Hub and Blade Assembly
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TAIL ROTOR CROSSHEADS CONTROLS

1. Cotter Pin 11 Nut

2. Nut 12. Cotter

3. Washer 13. Washer

4, Crosshead 14, Nut

&  Bolt 15. Coner Pin

6. Bol 16 Counterweight Link
*7. Weght 17 Pitch Link

B. Washer 18. Belicrank

9. Nut ' 19. Washer
10 Washer 20, Boh

See TE 412-B8-65 for correct tail rotor counterweight bellcrank installation.
"NOTE  There must be two weighls at each

of the four locauons for a total of
eight weights

&-l7T



TAIL ROTOR HUB

Sy /\\ 5

A/

. Bolts

. Housing

. Balance bracket
. Yoke

. Trunnion

. Bearing

. Thrust plug

. Shims

. Seal

. Race

. Blade retention
bearing

= O WBNOINHWN=

'212011-16

-t b

6-118



From the dual hydraulic servo actuator, mounted in the aft left
corner of the pylon area, the mechanical linkage of the flight
control coupling system transmits collective pitch change to the
evelic and directional control systems.

TAIL ROTOR COMTROL SYSTEM

The tail rotor control system transmits contrel movement from the
pilot and co-pilot's control pedals through mechanical linkage to
the tail rotor mounted on the top right side of the vertical fin.
The eystem includes, connected in series, control pedale, adjustor
accembly, sciesor bellerank, series actuator, hydraulic serve
actuator and a crosshead assembly. A rotary actuator and force
gradient are connected in parallel with the mechanical linkage.

The adjustor ssesembly provides fore and aft adjustment of the pedals
for pilot/co-pilot comfort. The rotary actuator, attached at the
adjustor assembly, transmite control movement commands, through the
force gradient, from the AFCS to the mechanical linkage. With the
AFCS dig-engaged the rotary actuator/force gradient provide a force
trim for artificial control fee. The scigsor bellerank introduces
the corrective compensation into the anti-torque system as a resulr
of collective pitch change. The seriles actuator, in addition to
the rotary actuater, tranemite control movement commands from the
AFCS to the mechanical linkage of the tail rotor system. The hyd-
raulic servo actuator reduces the effort required for tail rotor
control movement. The crosshead assembly, mounted on the output
mast of the 90 degree gear box, transmite control movements to the |
tail rotor. The counter weights, mounted on the crosshead assembly,
reduce the effort required for tail rotor control movement without
hydraulic assist.

FLIGHT CONTROL COUPLING SYSTEM

To reduce pilot work load during climbs and descents the flight
control coupling system introduces corrective compensation into

the mechanical linkage of the cyclic and tail rotor controls as

a function of eollective pitch change. TIhe amount of corrective
input wvaries with the amount of collective pitch change, airepeed,
gross weight and center of gravity. With full compensation, an
increase/decreace of collective pitch, within the capabilities of
the eystem, will not require a corrective input to the eyeclie and
directional controle by the pilot thereby reducing his work load.
The mechanical linkage of the flight control coupling eystem is
comprised of push-pull tubes, bellcranks, torque tubes and scissor
belleranks. By an attachment te the collective pitch hydraulie
servo actuator a change in collective pitch is transmitted to a
torque tube which introduces motion into the three sets of scissor
belleranks, fore-aft and lateral cyclic and tail rotor control
systems. Normal pilot inputs rotate the complete scissor bellcrank
while inputs from the coupling system rotates only one arm to
introduce the properly porportioned motion to the respective flight
control. .
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FLIGHT CONTROLS

L

==

Hydraulic boosted mechanical linkage systems, actuated from the
pilots station, are used to control the helicopters attitude and
direction of flight. An optional dual controls kit and copilot
instrument kit may be installed to provide a copilot station.

The controls include the collective and cyclic systems to the
main rotor and the anti-torgue system to the tail rotor. The
tailboom mounted elevator aids in controlability and is con-
trolled by airspeed and a spring loaded tube assembly.

An Automatic Flight Control System (AFCS) is integrated into the
cyclic and anti-torque controls to provide stability augmentation
and attitude retention. Aan optionally available Flight Director
Kit provides automatic flight path control.

=l
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COLLECTIVE CONTROL SYSTEM

Lo~ bWk =
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. Collective lever
. Flight control tube <eE DETAIL A
. Cylinder

. Bellcrank
. Flight control tube
. Bellcrank
. Flight control tube

v st } £e | J" =
. Support — i '-_I < ;]

. Friction adjustment

. Actuator lever

. Pin

. Swashplate support
. Transmission

pETAIL A

Flight control tube

’,.'-
r

Friction clamp

Filot collective
control stick

peTtaL C



COLLECTIVE CONTROL SYSTEM

The collective control system consists of the pilots stick attached
to a jackshaft, a series of push-pull tubes and bellcranks to a
dual hydraulic servo actuator connected to the collective lever of
the main rotor controls. Movement of the controls causes the pitch
of the four main rotor blades to increase or decrease collectively
cauzing the helicopter to ascend, descend or remain at a constant
altitude. :

At the left end of the jackshaft there is a minimum friction clamp
and provisions for installation of a copilots stick, a part of the
dual controls kit.

The dual servo actuator provides a hydraulic boost to the controls
and prevents rotor feedback forces from moving the controls.

When the Flight Director Kit is installed, a transducer is connect-
ed to the jackshaft to sense collective control movement.

=2l
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COLLECTIVE STICK AND JACKSHAFT

See ASB 412-87-60 for inspection of collective stick.

F

L

O

3_L Pt

| OFF RETR T

IDLE STOP .S
REL
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. Throttle grip
. Friction nut
Stick
Elbow

. Housing
Tube

. Arm
Support
Control tube
10. Tube

. Support

. Elbow

. Clamp
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CYCLIC CONTROL SYSTEM

-l el b b b ) e b
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Swashplate
Pitch link
Control tube
Control tube
Dual actuator
Support
Bellcrank (right)
Control tube (2)
Dual actuator

. Support
. Bellcrank (left)

Control tube (2)

. Mixing lever

. Linear actuator (lateral)

. Linear actuator (fore & aft)
. Copilot cyclic stick

. Jackshaft

Force gradient

STA.
74.30

. Rotary actuator

Balance spring

. Control tube

Boot

. Control tube

Rotary actuator
Force gradient
Bellcrank

. Transducers (2)

. Transducers (2)

. Friction clamp

. Pilots cyclic stick
. Control tube



CYCLIC CONTROL SYSTEM

The cyclic control system linkage transmits cyclic stick move-
ment to the main rotor controls causing the swashplate and rotor
to tilt in the desired direction of flight. The cyclic stick
actuates two systems of linkage, fore-aft and lateral, which are
independent systems to a mixing lever assembly. From the mixing
lever assembly to the swashplate horns, the linkage is not con-
sidered separate as to effect. AFCS related components including
a linear actuator, two transducers and a force gradient assembly
with rotary actuator are connected into each the fore-aft and
lateral systems.

Two dual hydraulic servo actuators provide hydraulic boost to the
controls and prevent rotor feedback forces from moving the controls.

When the dual controls kit is installed,.the copilots control stick
is connected by adjustable tubes to the fore-aft and lateral systems.

r=r= S
=l T

6-125



CYCLIC CONTROL STICK ASSEMBLY

&-126

CONONEWN

Screw

Lock washer
Clamp

Electrical wiring
Lever assembly
Cotter pin

Nut

Washer

Bolt

Stick assembly

. Cotter pin
. Nut
. Washer

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

Bolt

Support assembly
Gimbal

Cotter pin

Nut

Washer

Bolt

Bearing

Shims

Rivet

Bell

Friction material
Collar

Friction clamp



CYCLIC RIGGING

LATERAL
POSITION
) o
i
1.60 IN. ' 1.60IN
162IN. | I—mzm !
s g | S~
- - 2086 IN. || |= — m—
1.60 IN. I | | L
1.62 IN. 1.60 IN. FORE-AFT
; z ; Ei 1.62 IN. POSITION
| J i
G SHIP
CENTERLINE
OF
HELICOPTER

VIEW LOOKING AFT

T103262 RIGGING TOOL

{(PLATFORM FOR INCLINOMETER)

LEFT BELLCRANK ; LEFT BELLCRANK
STICK FORWARD LEFT STICK AFT RIGHT

RIGHT BELLCRANK RIGHT BELLCRANK
STICK FORWARD RIGHT STICK AFT LEFT

&-127



ANTI-TORQUE CONTROL SYSTEM

The anti-torque control system transmits control movement from
the control pedals to the tail rotor located on the upper right
side of the tail fin. Actuation of the system causes a hydraulic
power assisted pitch change of the tail rotor blades to offset
main rotor torgque and to control the directional heading of the
helicopter.

The system includes control pedals, pedal adjuster assembly,
linear actuator, hydraulic servo actuator and connecting linkage
to the pitch change mechanism at the tail rotor gearbox and
tail rotor. A transducer and force gradient assembly with a
magnetic brake connects to the pedal adjuster assembly which
has a connecting point for the copilot's controls when the dual
controls kit is installed.

(EEN

- va
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ANTI-TORQUE STOPS RIGGING .

0.005TO
0.015 IN.

0.005 TO
0.015 IN.

POSITION OF BELLCRANK POSITION OF BELLCRANK
WITH PILOT LEFT PEDAL AGAINST WITH PILOT RIGHT PEDAL AGAINST
EXTREME FORWARD STOP, EXTREME FORWARD STOP.

£-129
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Tail Rotor Control System
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0.40
; rﬂLEA RANCE

VIEW LOOKING
DOWN AND AFT

RIGGING DIMENSION

Anti-Torque Controls
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SYNCHRONIZED ELEVATOR CONTROLS

A synchronized elevator, which serves to increase controllability,
1s mounted on the tail boom and is connected to the cyclic control

system at the aft side of the swashplate inner ring by linkage
push-pull tubes and bellcranks.
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BOTH BOLT HEADS

IHBOARD

Synchronized Elevator Control Installation
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0%
100%

FULL FwD FULL AFT

-3 \

\ : 180% FWD STICK

'l“‘ = ——

WITH SYNCHRONIZE ELEVATOR

AT 0°, ELEVATOR UPPER SURFACE FULL AFT STICK 0%

1S PARALLEL TO WATERLINE

SYNCHRONIZED ELEVATOR

Notes
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ELEVATOR CONTROLS

HORIZONTAL
CENTER LINE OF FUSELAGE

6.4' NOSE DOWN WITH TUBE
6 15 EXTENDED

&E-135

A
HORMN POSITION WITH .

TUBE RETRACTED

W] dun b

LEFT

ELEVATOR —\

i———0.050 INCH

TUBE EXTENDED

. Right elevator

. Horn

. Bolt

. Elevator control tube

. Lockwire
. Lockwire
. Clevis

. Bolt

Washer ([ANSE0C416)

. Tube support

. Tailboom structure

. Nut

. Cotter pin

. Washer (ANSEDC416)

. Rod end locking washer (NAS513.7)
. Nut

E

20 TO 30 POUND

FROPELLER
PROTRACTOR
OR
INCLINOMETER =—p ; I.

I 22.0

HORN POSITION WITH LEET | INCHES

0
_|1ss l_
145

INCH
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FORCE TRIM COMPONENTS (ANTI-TORQUE)

A force gradient assembly is used in the anti-torque control
system in conjunction with a magnetic brake assembly. These
assemblies serve to give an artificial "feel" to the control
pedals and enable the pilot to trim the controls. The force

gradient is functionally similar to the cyclic force gradients

but does not have an electrical switch.
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FORCE TRIM COMPONENTS (ANTI-TORQUE)

6-137

AUGN MARKDON aRM D
WITH SHAFT MARE AS SHOWN
FOR DIRECTIONAL SYSTEM

\ SHAFT SHOWN IN

CENTER OF TRAVEL

MAGNETIC BRAKE

®

1. Spring assembly &, Slesve
2. Housing E. Bearing
3. Cap 6. Nuts

FORCE GRADIENT



The AFCS control panel on the pedestal, contains roll and pitch
trim wheels allowing the pilot to fine trim each axis without dis-
engaging the other axis. The roll and pitch attitudes may. also

be individually trimmed by the "hat" switch on the cyclic grip.

The control panel contains a yaw control allowing the pilot to fly
the aireraft to a new heading without disengaging the other channels.
The turn knob muset be depressed and then rotated to the desired
rate of turn. When the knob is depressed the yaw axis is automati-
cally disengaged allowing the aircraft to fly to the new heading.
When the turn knob is returned to the neutral position the AFCS
will hold the new heading.

Notes

—_———
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E TRiWM RELEASE /—'— AFCS PITCH & ROLL TRIM
FORCE TRI
[ELSD AFCS MOMENTARY DISENGAGE)

MHOSE DOWN

S ROLL RIGHT
LN::E:Ec'F:«::;;?'?inﬂ PFOSITION AOLL LEFT
- HOSE UF
SCAS - AFCS DISENGAGE
CARGO HODH RELEASE
FI1OT AND CO-PILOT CYCLIC CRIP3
MNotes
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AUTOMATIC FLIGHT CONTROL SYSTHEM

GENERAL

The Automatic Flight Control System (AFC) installed in the BHC
Model 212 IFR helicopter has two basic modes of operation:
stability, control augmentation (SCAS) and attitude retention.
The augmentation (SCAS) mode is effective about the roll, pitch
and yaw axes and provides precise response characteristics to
maneuvering commands while creating an airframe which is highly
dampened to external disturbances. The attitude retention mode
provides three-axis stabilization and provides a fly-through
capability.

STABILITY AND CONTROL AUGMENTATION SYSTEM

In addition to providing a highly damped airframe, the system

has high-quality control response characteristics for pilot

inputs and includes a short term attitude memory function for
external disturbances (e.g. wind gusts, etc). The SCAS inputs to
the airframe are operationally applied in series with the pilot's
controls and hence are not felt by the the pilot. A build-in safety
feature automatically centers and mechanically locks each series
.«ctuator in case of electrical/hydraulic failure or upon disengage-
ment of any channel(s).

.ne helicopter can be flown with the SCAS engaged without engaging

the attitude retention system, the attitude retention system cannot

be engaged without the SCAS engaged. The SCAS is armed, engaged

and disengaged on the control panel located on the pedestal. The
Eystem can also be disengaged with a switch of the cyclic stick

grip. With the SCAS only engaged, the helicopter can be flown in

the conventional manner. The SCAS is composed of the following

major components: a control panel, a sensor-amplifier unit, three
control motion transducers and three electro-hydraulic servo actuators.

ATTITUDE RETENTION URIT (ARU)

The Attitude Retention Unit (ARU) operates in conjunction with

the pitch, roll and yaw channels of the SCAS to provide three-axis
attitude stabilization. All three channels are interlocked with
the SCAS control circuitry such that if any or all of the SCAS
channel(s) are disengaged, the respective attitude channels are
automatically disengaged. Therefore, the total attitude system can
be disengaged with the SCAS cyclic stick disengage button switch.
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ELECTRICAL

MECHANICAL = =— =— —

HEADING
GYRO
o
3
|
| =1 SYNCHRONIZER [~
. w] CONTROL UNIT |
|
|
| AFCS
CONTROL
| PANEL
| !
| PARALLEL | _ | Fomce | | seRING | _ | AIRFRAME
| ACTUATOR [ GRADIENT SWITCH CONTROLS
* CONTROL i
MOTION - _
TRANSDUCER [ = I
' |
RATE H I
GYRO [ |
i |
11
|
™| SENSOR- ! |
- AMPLIFIER | i l
== SCAS PACKAGE—--J 1 I
ACTUATOR
* PRESENT IN SCAS MODE ONLY
212 AFCS YAW " IAGRAM




AFCS Control Panel
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LINEAR ACTUATOR ASSEMBLIES

ALL DIMENSIONS MEASURED HOLE CENTER TO HOLE CENTER
WITH ACTUATOR CENTERED.

' . 27.505

PITCH LINEAR ACTUATOR ASSEMBLY

56.295

/:@Im 56.345

ROLL LINEAR ACTUATOR ASSEMBLY

. 62.865

) GZG]]IHQ 62.915
=t =

YAW LINEAR ACTUATOR ASSEMBLY

ACTUATOR "~ TRAVEL - CONTROL AUTHORITY
PITCH +0.138 *7% 14% TOTAL
ROLL £0.157 £10.5% 21% TOTAL
YAW £0.197 *6.5% 13% TOTAL
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PILOTS

BELL 212 SPERRY I.F.R. AHX-BHF

AHX and BHF have dual start buss tie relays. These are
installed to enable D.C. busses to be isoclated in case of
relay failure.

1) . During the start mode the start control button is
operated and energises two start relays (K10 and K101).

2) This links main bus 1 and 2 and also illuminates on the
master caution "start buss release fail" light.

3) When the start button is released, the "light" will
extinguish, indication that both start relays have de-
energised.

The Flt/Interconnect override switch located on the overhead
circuit breaker panel allows manual operation of the
interconnect relay. (K37).

The starter generator relays are monitered by the addition
of two extra relays. While the generators are on, these two
monitoring relays are "energised.”

In the event of a failure, (one generator fails), the
respective monitoring relay will de-energise removing the
ground from the interlock relay, thus dropping off the
failed generator respective main bus. By placing the
interconnect override switch from Flight to Overide position
a ground is put back on the interconnect relay putting the
failed main bus back on line.
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C—-FAhk GROUND OVERKRIDE SW1TCH
C-FEHF ’

THE GROUND DVERRILE SWITCH (OVERHEAD FANEL)

MUST BE IN THE FLY FOSITION IN FLIGHT.

IF NO. 1 EMBINE OK ITS GENERATOR IS LOST OR OFF .
THERE 15 NO BATTERY CHARSING BY NO. 2 GENERATOR.
TO RESTORE CHARGING., EWITCH OVERRIDE SWITCH TO

GROUND (AFT FOSIT10OM:.

THE GROUND OVERRIDE SWITCH WHEN IN THE FLT. FOSITION,
INTERCONNECTS FPRIMARY BUSE ND. 1 AND Z. IF GENERATORS
1 AND 2 ARE FRODUTING [.C. VOLTE.

IF NJ.1 DA N3J.2 BEMERATOR 1S LO5T TRTERCONNECT AUTOM-
ATICALLY OFENS ANL SEFARATEEZ NDO. 1 FPROHM NG, 2 1Ry
EUSS.

IF THE SWiiCH 15 IN EROUND OVERFIDE (AFT FOSITIOND
THE INTERCZONMELT 1S CLOZED &NMD THE FRIMARY EBLUSZSEZ ARE
CONMNECTEL.
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SPERRY LINEAR ACTUATOR

- ION TAB —
ANTI—ROTAT DC MOTOR ROTATING BALL/NUT
STOPS ] [

BUSHING
LOCKNUT—\h \ M / l

D[,E .r\.. {LOCRNUT
i ik "
% rqjl‘%

END FITTING

y am—

LVDT £ :
-/ ELECTRIC BRAKE
EPOXY FRICTION JOINT
BEARING

==/
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FORCE GRADIENTS — CYCLIC SYSTEM

1)

T

FORE & AFT
VIEW B

SEEVIEW A OR B
FOR NUT INSTALLATION

6-149

.

TO SET SPRING PRELOAD

FREE LENGTH \ O

LATERAL
SPRING-FREE LENGTH
ASSEMBLY INCHES
LATERAL 4439
FORE & AFT 4.96
4 B4

— APPLY FORCE IN THIS DIRECTION

CONOBAWN

SPRING ASSEMBLY PRELOAD
ASSEMBLY POUNDS
LATERAL 35t045
FORE & AFT 751085

. Spring assembly
- Nut

Ball
Adapter
Retainer

Bearing
Shaft
Flat

. Guide [2)
. Spring
. Washer (2)

Nut (3)

. Actuator
. Nut

. Electrical cable assembly
. Cylinder




FORCE GRADIENT ASSEMBLIES (CYCLIC)

Two force gradient assemblies are used in the cyclic control
system in conjunction with rotary actuators. The assemblies
serve to give artifical feel to the flight controls and will
permit the pilot or co-pilot to override its respective rotary
actuator. The force gradient assembly is a mechanical device, but
incorporates an electric switch which is operated when the ’
spring is compressed to allow the override feature. The two
force gradients utilized in the cyclic controls are functionally
similar, but not identical. Ensure that parts are not inter-
mixed when both force gradient assemblies are disassembled at
cne time.

MICROSWITCH

ACTUATOR
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POSITIONING ARMS ON ROTARY ACTUATORS

ROTARY
—— ACTUATOR 180"
ARM —SHAFT
INDEX INDEX
MARK B MARK
armT E ) ARM INDEX
ey % MARK
o
ALIGN INDEX MARK ON
SHAFT —| . I ARMT 14 TEETH FROM

INDEX MARK ONSHAFT
FOR FORE AND AFT
CYCLIC SYSTEM [SHAFT

INDEX
' C
71'8° REF SHOWMN IN CENTER OF

ARM T—" TRAVEL)
---"""‘f
‘_// m

ALIGN INDEX MARK ON ARMT

\-\_-’

ETEETH FROM INDEX MARK ON
SHAFT FOR LATERAL SYSTEM ROTATED 180"
GHAFT SHOWMN IN CENTER VIEW LOOKING OUTBOARD
OF TRAVEL}
YCLIC CONTROLS
CYCLIC CONTROLS LATERAL L e,
AOTARY ACTUATOR ROTARY ACTUATOR

=
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ROTARY ACTUATORS

Two rotary actuators are used in the cyclic control system in
conjunction with force gradients. The rotary actuators auto-
matically keep the pitch and roll linear actuators near their
center of travel (+ 30%) to provide an automatic trim function.
when the Automatic Flight Control System (AFCS) is operating
in the attitude mode (ATT) or coupled mode (CPL) with the
flight director kit installed.

==

é6-152



HYDRAULIC SYSTEMS

DESCRIPTION

Two similar but separate hydraulic systems are used to provide
boost power to the flight controls. Both systems, System No.
1l and No. 2, operate the three dual hydraulic servo actuators
in the main rotor control system, System No., 1 only supplies
to the single actuator in the directional control system.

Although both systems supply boost power to the three dual hyd-
raulic servo actuators in the main rotor control system, there
is no connection between the two systems because each system
uses separate passages and chambers inside the dual actuators.
In the event that one system becomes disabled, the other system
can still operate normally.

In normal operation of each system, hydraulic fluid is supplied
from its non-pressurized reservoir, located beneath the trans-
mission cowling, by gravity feed and suction to a transmission
driven pump. The pump is a variable delivery type with internal
pressure compensation, preset to provide 1000, plus or minus 25,
psi output pressure. Pump line output is delivered to the inter-
grated valve and filter assembly, located in the pylon area below
the transmission, and passes through the pressure filter. A
relief valve in the intergrated valve and filter assembly protects
the system against excessive pressure, being set to open a 1100
psi. The system solenoid valve is a "fail safe' valve, with the
HYDR SYS switch in the cockpit positioned ON the valve is elec-
trically de-energized and is electrically energized when the

HYDR SYS switch is positioned oFF. 1In the event of an electrical
failure while the HYDR SYS switch is positioned OFF, the valve
would automatically return to the hydraulics ON position. From
the solenoid valve the fluid is directed through a check valve

to the hydraulic serve actuators of the flight controls, the
three series actuators of the automatic flight control system

and a pressure operated shut-off valve in the intergrated valve
and filter assembly. The valve is opened under increasing

fluid pressure, opening the return from the actuators, permitting
normal hydraulic system operation. Upon decreasing pressure

the valve is closed, blocking the return from the actuators
thereby trapping fluid in the actuators, this action along with
other functions prevents rotor feedback forces to be felt in the
flight controls with the hydraulic system off. The three dual
hydraulic servo actuators, right hand and left hand cyclic and
collective, are hydraulic powered by hydraulic system 1 and system 2
providing complete redundant hydraulic boost power to the cyclic
and collective flight controls. System 1l only supplies boost power
to the directional control system.
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Hydraulic pressure and temperature, for each system, is displayed
on the instrument panel by a dual indicator from a temperature

bulb at the reservoir inlet and a pressure transmitter at the
intergrated valve and filter assembly cutlet, Temperature switches,
located on both System No. 1 and No. 2 reservoir inlets, and press-
ure switches, located in the pressure transmitter line, will ill-
uminate the same segement, HYDRAULIC, on the Master Caution panel.
With a failure of Hydraulic System No. 1 boost power to the direct-
ional control single hydraulic servo actuator will be lost,

increased pedal forces would be noted with all other fllght controls
remaining powered. With a failure of Hydraulic System No. 2 all
flight controls would remain powered,

Motes
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1YDRAULIC SYSTEM 1

See TB 412-91-97 for replacement of system one
hyd. tube P/N 212-076-348-001.

WONOU & W -

. Reservoir
. Hydraulic pump

flareless tube fittings.

. Three way, two position, pressure operated

valve

. Directional flight control eylinder 11, Pressure transmitter
. Collective flight control cylinder 12. Integrated valve and filter assembly
. Inline check valve 13. Cyclic flight control cylinder
. Ground test fittings 14. By-pass check valve
. Cyclic flight contred cylinders 15. Hydraulic check valva

By-pass check valve 16. Temperature bulb

Accumulator 17. Temperaturs swilch

See TB 412-8B-70 for replacement of aluminum alloy 412976-2



.HYDRAULIC SYSTEM 2

1. Hydraulic pump

2. Beservoir

3. Pressure transmitter

4., Accumulator

5. Integrated valve and filter
assembly

6. Collective flight control eylinder

7. By-pass check valve

8. Cyclic flight control cylinder

9. By-pass check valve
10. Inline check valve
11. Ground test fittings
12. Cyclic flight control cylinder
13. Three way, two position,
pressure operated valve
14. Hydraulic check valve
15. Pulsation damper

412076=1

6-156



Hydraulic System 1 — L.F.R. Modification ) (
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HYDRAULIC PUMP INSTALLATION (SYSTEM 2)

see pETAIL A o

e
<
pETAIL A
1. Hydraulic pump 8. Aluminum washer
2. Reservoir 9. Gasket
3. Pressure transmitter 10. Hose
4, Accumulator 11. Transmission
5. Hydraulic check valve 12. Hose
6. Pump suction hose 13. Inline check valve
7. Nut 14. Pump pressure hose
412076-7
=} =} -
= E _ __SEE TB 412-91-100 FOR REFLACEMENT OF HYD. PUMP

__DRIVESHAFT,
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PULSATION DAMPER INSTALLATION

1T
s

--,‘%

b . i
- .
il A v
5 .-"h - - T A Tl } ¢
ol & b e 4

peETAaIL A

L =e=s

1. Hydraulic reservoir 9. Tube

2. Reservoir 10. Screw

3. Pulsation damper 11. Thin aluminum washer
4. Pump pressure hose 12. Clamp

5. Clamp 13. Brachket

6. Screw 14. Thin aluminum washer
7. Thin aluminum washer 15. Screw

B. Clamp

21 207K-9

= =0 f_’? -7
et FL Ny - = e

e b E T e e m— ——

5 b —— i — o 7 E— . S 1 .
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HYDRAULIC ACCUMULATOR DISASSEMBLED

Cap
Spring
Piston
Packing
Nut
Lock
Body

NopauN =

CROSS SECTION OF ASSEMBLY

212076-6

&E-l6l



ACCUMULATOR INSTALLATION (SYSTEM 1 TYPICAL)

1. Reservoir B. Bolt

2. Hydraulic pump 9, Aluminum washer

3. Accumulator 10. Bolt

4. Hydraulic check valve SEEDETAIL A 11. Lift beam

5. Tube 12. Aluminum washer

6. Clamp 13. Nut £12076-8
7. Aluminum washer

EEN
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DUAL SERVO ACTUATOR ASSEMBLY

A~ N~V

l’éﬁg} ﬂ E:E )l

6-1e3

<
KO

1. Right cyclic actuator
2. Left cyclic actuator
3. Collective actuator




DUAL SERVO ACTUATOR SCHEMATIC

1.

| <.

L PILOT INPUT

&E-16Y

i

Packing and channel seal
Cylinder

Piston

Packing and channel seal
Packing and channel seal
Bypass valve

Servo valve

Packing (Jo seal)
Packing (Jo seal)

Spring link assembly

. Check valve
. Pressure operated check valve

Bearing and cylinder support

. Filter

Lower mounting point

©) kel

LD o ,mr“(’
2 (YUL

N X

= =3 RETURN 'N’YV

=) <—— PRESSURE C,ﬂ



SERVO AND BYPASS VALVE LINKAGE

=— SEAVD OR BYPASS VALVE

JAM NUT —=

——COWVER PLATE

;?r—:, g r,,’?

JESRES S L S

- - A -
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DUAL SERVO ACTUATOR INSTALLATION (SHEET 1 OF 2)

SEEDETAIL A

=
g:lll : (b 18.45 IN.

22.2IN, l ﬂ
I -

(=] \@
=
e
BOTH =
cycLic =
=
=

~———SEE DETAIL B

e seepeTAlL C

(W

COLLECTIVE

RIGHT
cycLic
19{”“

1.75 1IN,
LEFTCYCLIC

7 \““\-x._d__/_/./k" see peTaiL E

et \ pETAIL B

1. Deleted 9. Bolt 17. Universal

2. Deleted 10. Washer (AN960C516) 18, Bolt

3. Swashplate horn 11. Washer [AN960CE16) 19. Washer (AN960C516}
4. Collective lever 12. Washer (AN960C516) 20. Upper piston

5. Support 13. Washer [ANS60C516L) 21, Washer {AN960C516)
6. Collective actuator 14. Nut 22. Nut

7. Left eyclic 15. Cotter pin 23. Cotter pin

B. Deleted 16. Tube 24, Boot
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DUAL SERVO ACTUATOR INSTALLATION (SHEET 2 OF 2)

see peTAIL F—et ™

/"‘;-.F

peTaiL F

. Nut

. Aluminum washer
. Support bracket

. Aluminum washer
. Nut

. Bolt

. Preformed packing
. Elbow

. Preformed packing
. Preformed packing
. Elbow

. Preformed packing
. Bolt

. Hose

. Lever

. Washer

. Washer

. Nut

. Cotter pin

. Preformed packing
. Bypass check valve

petalL D

-

peTtaiL E

. Hose

. Cotter pin

. Nut

. Aluminum washer
. Support

. Bolt

. Hose

. Tube

. Spring clip

. Bolt

- Spring (collective only)

Hose

. Bypass check valve
. Preformed packing

Actuator

. Lower piston

. Lock

. Nut

. Rod end bearing
. Nut

MNut : k_
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ANTI-TORQUE SERVO ACTUATOR INSTALLATION

-

SCoENOIMAWNS

Control tube
Clevis

MNut

Cylinder

Hoses

Spacer
Bellcrank
Support
Trunnion plates
Cylinder lever

212001-29C

e . = s — — -
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~ANTI-TORQUE SERVO ACTUATOR HYDRAULIC SCHEMATIC

Packing and channel seal
Cylinder

Piston

Packing and channel seal
Packing and channel seal
Bypass valve

Servo valve

Packing (Jo seal)
Packing (Jo seal)

. Spring link assembly

. Check valve

] 12. Filter

13. Check valve

e
:

&

bd

000 ol o O 0 Q0 Y o

:

-

eI A

9D
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-
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e\
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PILOT INPUT
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DESCRIPTION

FUEL SYSTEM

The fuel supply is contained in five separate
tank cells. The three nonself-sealing aft tank
cells supply fuel to the two lower independent
self-scaling tanks, which individually serve as
supply sources for each engine power section.
Each under-floor tank is equipped with: a sump;
a submerged electric motor-driven boost pump;

a flow-actuated switch connected to a FUEL BOOST
(ENG 1 or 2) caution panel segment to signal if

pump is inoperative; a float switch connected to

a FUEL 1OW caution panel segment; a sump drain

valve which can be electrically actuated by a push-
button on the gide of the fuselage; a lateral

baffle with a flapper valve allowing front-to~-rear
flow, and an ejector-type pump mounted on the front
wall and using boost pump flow to send fuel con-
tinuously back over the baffle to the rear portion
of the cell to assure maximum usability of fuel in
all flight positions. ‘A manual drain valve is

also provided in the forward compartment of the cell.

The system filler cap is on the right-hand aft tank
cell. All cells are interconnected, but the inter-
connect lines between the under-floor tanks are
normally kept closed by electrically-controlled
valves. Defueling valves are provided on the aft
interconnect line below each under-floor tank sump.
Vent lines from all cells are connected to a dual
vent system equipped with siphon-breaker wvalves.
Fuel quantity gage probes are located in the center
aft tank cell and in forward and rear compartments
of both under-floor tamks. Capped connections, for
use with either of two auxiliary fuel tank kits, are
provided on system vent lines and on crossover
fittings between forward and aft cells.

The fuel pressure line from each lower tank boost
pump passes through a directional flow check valve
and an electrically operated shutoff valve to the
engine power sectionllocated on the same side of the
helicopter. Check valves and shutoff valves have
inteynal bypase provisions to relieve thermal ex-
pansion of trapped fuel. A pressure transmitter in
each line serves the pressure gage for that engine
system. A crossfeed line between the two pressure
lines has an electrically controlled valve which
remaing closed in NORMAL position of the FUEL PUMP
CROSSFEED switch, but will open automatically if
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L g

Q\#‘“M/ @ A

l:k X ‘{Q' }{r}; .
'X \{) / one boost pump fails and allow the remaining

pump to supply both engines. The fuel pump

hd*l 6:3%' crossfeed valve is powered by 28V DC from

esgential bus 1 and 2. A three position

test switch (TEST BUS 1 - NORMAL - TEST BUS

2) labeled FUEL XFEED is located on the fuel

and engine control panel to check valve \,
operation from either bus. The fuel fllter t}fJ

in each engine has internal bypass provisions !

to assure flow in event of clogging, and is

connected to a FUEL FILTER caution panel segment gjvf
for warning of an impending bypass condition.

Governor bleed lines equipped with check valves
will return excess fuel from each engine fuel

control to the aft center fuel cell. \}(
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LE]O . Center Cell Door and Quantity Probe
10

]\ﬂwr 11. Capped Auxiliary Fuel Inlet

. Pressure Transmitter
. Main Fuel Line to Engine “ul
. Filler Cap and Adapter {
. Shutoff Valves
. Crossleed Valve
. Governor Bleed Lines
. Vent Lines
Siphon Breaker Valves

_...-l-"'::?ﬁ:
—
O =] DU B L) e

. Crossover Assemblies

12. Boost Punip
13. Fuel-Low Float Swilch
14. Sump Assembly
T M 15, Sump Drain Yalve
\ 16. Flow Switch
\"M' 17. Cell Divider Flapper Valve
(’J}n 18. Forward Drain Valve

19. Forward Interconnect Valve
20. Jel Pump

21. Access Bar
U} EEJ antity Gage Probe
a‘t . Tell Vent Line
“ 2 {t Interconnect Valve

4,
W 25.
26. Pressure Line Check

efuel Valve
Valves

0
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ELECTRICAL SYSTEM

DESCRIFPT1ON

The primary 28V DC electrical power is supplied by two 30 volt,
200 ampere starter-generators, one mounted on each engine. The
output voltage of each generator is monitored and regulated by

a DC control unit. The DC control units control paralleled
generator operation and provide over-voltage and reverse current
protection. Each generator provides power to an individual main
DC bus and a common non-essential DC bus. Each main DC bus pro-
vides power to two common essential buses through appropriate ;
circuit breaker protection and isolation circunitry. In the event
that one generator or engine should fail, the non-essential bus
is automatically dropped and all essential DC loads are supplied
by the remaining starter-generator. A 24 volt, 34 ampere hour
battery provides a back-up sonrce of emergency DC power in the
event that both generators should fail. Power for engine start-
ing is provided by the battery, or alternatively, an external
28V DC power receptacle located in the nose of the aircraft.
Secondary power is supplied by three identical 250 VA, 115/26
volt, 40O Hz, single phase, solid-state inverters. One inverter
is energized by each of the two essential DC buses. These two
inverters provide power to their respective 115 volt and 26 volt
essential AC buses and are completely independent of each other.
The third inverter can be energized from either of the main DC
buses and normally supplies power to the 115 volt non-essential
bus only. In event of failure of one of the other inverters,

the non-essential AC bus is dropped and the third inverter
supplies power to anessential AC bus in lieu of the failed inverter.
Under normal operation theAC functions of the navigational radios
are powered by theyNo, 1 115/26V AC essential bus. In the event
.that electrical is lost to the No. 1 115/26V AC essential
bus, with th§£% eption of the ADF, the AC functions of the navi-
gational rﬁF ay be transferred to the No. 2 115/26V AC bus.
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D.C. POWER

The primary electrical system is a 28 volt, direct current,
Power is supplied

single conductor negative grounded system.
by two 30 volt 200 amp generators which can be operated
individually or in parallel supplying eight power busses.

backup power is supplied by a 24 volt 34 ampere hour nickel

cadmium battery capable of supplying a reduced load for

approximately 23 minutes.

operating.

An external power connection supplies
a source for continued ground operation without the engines
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GENERATOR INSTALLATION

—DETAIL A

SEE DETAIL A—

1. Accessory gearbox 7. Airinlet
2. Gasket 8. Clamp
J. Starter adapter 9. Starter generator
4. Washer 10. Packing
5. Nut 11. Clamp
6. Terminal block 12. Dowel pin
412062=-2L
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GENERATORS

The starter generators are mounted on the accessory gear case and utilizes the wet
spline system. The generators are rated at 200 amps but are downgraded to 150

aemps because of cooling.
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PARALLELING GENERATORS
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GENERATOR ADJUSTMENTS

Paralleling the DC power system is accomplished by adjustment of the DC control
units for proper voltage regulator setting.

Parallel control provides equal load division between two or more gencrators
operating in parallel by sampling the voltage between the equalizer bus and
generator interpole winding.
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GENERATOR BRUSH WEAR INDICATOR

SEE DETAIL A
SLOT IN BRUSHES
(MAXIMUM WEAR POINT)

CORRECT POSITION OF BRUSHES AND SPRINGS
WITH REGARD TO ARMATURE ROTATION

FOSITION BRUSH LEADS TO AVOID
* HANG-UP ON SIDES OF BRUSH BOX"™

e . S

CORRECT POSITION OF BRUSH LEADS
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BRUSH WEAR INDICATOR
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VIEW 1

NOTE

STARTER-GENERATOR BRLUSHES
SHOULD BE REPLACED AT OR NEAR
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AVIONICS SYSTEM

GENERAL

The Model 212 IFR helicopter avionics, communication,and naviga-
tion eystems include; pilot and copilotr Horizontal Situation
Indicators (HSI), pilot and copilot attitude direction indica-
tors, dual intercommunication system, dual VHF communication
and navigation systems, glideslope and marker beacon system,
ADF and IME navigation systems, and ATC transponder.

All communication and navigation radioc controls, except the IME,
are mounted on the pedestal console between the pilot and co-
pilot stations. The IME controls are mounted in the center of
the instrument panel.

Aireraft heading information, from the directienal gvro of the
Sperry gyrosyn system, is presented on the compass card of the
respective pilot and copilet HSI. In additien, each HSI may
present VOR or lecalizer course information from NAV 1 radio,
bearing information from NAV 1 - WAV 2 or ADF 'radiocs,and glide-
slope information from NAV 1 radic. HNAV 2 VOR or localizer
course information and glideslope informarion is presented on
the Course Deviatien Indicater (CDI) on the pileot’'s instrument
panel.

Notes
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