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GLOSSARY

This glossory clorifies ond stondordizes the terminology used throughout the Service Monuols for both
power generoting ond pumping units.

TERMINOLOGY

AUXTLTARY POWER UNIT (APU)

BOOSTER

ENGINE

EXCITER

FREE POWER TURBINE

GAS COMPRESSOR

GAs GENERATOR

GAS PRODUCER

GAS TURBINE

POWER PLANT

DEFINITION

MAJOR COMPONENTS

ls o mochine used,to provide o ttondby supply of electricol power
ond is driven by o seporote ond normolly self-confoined 'prime
moverl

The tdrm booster generolly refers lo on oxiql or centrifugol
comprcssor which is drlven by the rprime movert to boost
noturql gos pressur€ in o plpeline. See olso 'Gos Compressort.

See 'Gos Turbine'.

The term 'Exciter' normolly refers to o mochine which
provides on electricol current r.red to form on electro-mognetic
field oround the moin windings of o generotor (Alternotor). This
ferm is olso opplied to o device which produces o high voltoge
to supply on igniter plug. The igniter plug is used to ignite
compressed goses in o rgos producer' combusfion seclion.

Consists of single or multiple bloded discs rrounted on o shoft.
The bloded shoft moy be rrounted in'close proximity to ond
driven by o source of hor exponding goses. The free power
turbine is normolly used fo drlve o pumping unit or generofor
sot, see Power Plont.

See Booster

Some os Gos Producer below.

Consists of o compreesor (oxiol or centrifugol), o combusfion
section ond o turbine. The 'turblne' is integrol with ond
drives the compressor. Hot exponding goses emitted by the 'gos
producerr moy be used for power ond regenerotive purposes.

An ossembly consisting of o 'gos producer' ond o ,power turbiner;
it moy include ouxiliory eguipment ond con be of 'single shoft,
or duol shoft configurotion.

Comprises o complete pumping or generoting unit (less the
confrol ponels), nrounted on one or nrore boses ond contoining
tho followins:
- Prime mover 'gos turbine').
- Sufflcient systenr (Fuelr"lube, cooling, etc.) to supply

prlme rnver requlremenh.

The bose qnd mounted equipment moy be enclosed to provide
weother protection ond temperoturo control .

The power plont moy bo controlled locolly or from o remote
source by control devices rernote-rrcunted from power plont.

r-
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TERMINOLOGY ,

PRIME tv'tOVER

REGENERATIVE CYCLE
(Alco Cqllqd RECUPERATIVE
cYcLE)

DUAL SHAFT UNIT

SINGLE SHAFT UNIT

TURBINE

ABORTED START

ANNUNCIATION

BURNER

FUEL NOZZLE

HOT START

IGNITION SPEED

L!GHT-UP

DEFINITIONS

A device whlch cOnverh q notr,rol rorrcc of energy infio
' mcchonieql power.

lnvolvee thc urc of hot gqrer emltied by o gor turbine no prc-
heot comprouad olr from tho rgor produccr! comprcrsor before
It cntry lnto the gos producer combr.rsfion tection.-

lr o 'gor trrblne' conflgrrotlon rnode up of trvo seporotely-
rnounted rhofti, not phyticolly connected, bur [oinfly encored,
One shoft, fho front rhoft is fhe compresoor ond tr.rbine of o
gqr generotor. Tho recond (reor) rhoft on which bloded dlscc
qrc lrpunted lr rcfsrod io q, o rFree Power Turtine'. The

mqln &lvc lr normotly tsken flom the reor of iho Free Power

Turbine.

lr o gor turblno corflgurotion corrirtlng of o conpresor ond o
tutlna npunted on ons shqft. Drlvec rnoy be tEken froo
elthor or both en& of the rhoft.

h q davlco whlch converlr the erurgy fr,om expondlng gotet io
o rclory mavemont whlch will produce useful uo*, conolsting
of o rhoft on which src munted one or more blad6d diro.

OPTRATING TERMINOTOGY

lg q non-scheduled ahutdown which i*qs ploq€ before q
rprinre nrovcr' hos rcoched rslf tr,rtoining rpaed ond moy be
brorght obout by o oignol from outomotic fqulf dolecflon
clrcuih or by o manuolly opplied signol.

ls o visuql or qudlblg wornirrg of o fsult condiflon ond is
unuolly lnltloted outomotlcofly by foult detectlon or nonltorlrg
devi cel.

See Fuof Nozzle"

lc o dovlcs rped lo convtrf o nroicrud lupply of fwl inio sn
ovenly dlstributcd cone.thoped pottem ct ih entry intro o
cornbuotion chomber.

\
Refcn to o condltlon when oxhor.Et totnp€rcfuro *".*"*lv. /. during rtqrt-up.' , ! I

lr the speed thot thc g9r pmducer murt oltoln bofiorc fuel.ond
ignltion oro oppllcd to thc gor producir pmbration secflon.

k;the condltion whcn thc fucl,/olr mlxiure In o goa turbine is
buming contlnrrculy ot o iarnpcroture lcufffclcnf to mqlntoln
continuow combuatlon.

lr o condition under which the power plont connot bo restor:tcd 
'

unfll o lotching reloy or other types oi trlpped mechonlrnrc
hove been monuolly recet to pcrmlt atort.ond run clrcuik to be '

energized.

t

LOCKOUT
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TERMINOLOGY

POST LUEE PERIOD

RAMP GENERATOR

RUNDOWN

SELF SUSTAINING SPEED

SHUTDOWN

STEADY-STATE

SYNCHRONOUS CONDITION

TRIP (FAULT)

DEFINITION

Post lube is o timed period, during which time pressurized oil

is supplied to beorings. This permits heot to dissipote' The

gos pioducer moy be rototed slowly during this period'

ls o system or device ured to lood or unlood o Power plont ot o

controlled rote by groduolly increosing or decreosing the

governor signol up to or down from the lood required set-point'

ls o timed period which commences when the fuel volve ht-rs

been closed ofter receipt of ony shrltdown signol ond continues

unti I the tprime rnoverr ond driven componenl hove cecrsed to

rotote. During this period, the beorings ore suppliecl witlr

pressurized lube oil ond power plont re-stortirrg is prevctrtcd'

ls ihe speed of which the ,gor producer' con mointoirr operotion

withoui the r.re of opplicci torque from ouxiliory 'pri me rbvers'.

Shutdown is tho term txed to cover o period of 'power plont'

operotion following ihe receipt of ony slop signol. This

period normol ly includes :

- A cooldown ond 'rundown' tirned cycle, during wtrich

time vorious servi cet (lube, cooling, etc') ore retoined

in operotion unti I the 'pri me mover' ond the drivett corn-

ponent hove stoPPed roioling. '1
- A 'posf lube' period./ z'\'J-r. ia 1--l

- A unit Downtime period, during which time vorious

sorvices moy be rr:riorted outomoticolly or moy bc
' retoined in operotion untll the next stort.

ls o conditionrwhon oltc,cisted with elechicol power generotion,

whon gos turbine spoed ir held constont io synchronize with

lina frequency. ln this condition, while speed is corrstont, the

powcr output will vory duc to lood demondl . When ossocioted
luith o compressor (boosrer) unit/refers to o conditiorr wlten llrt
turbine ir operoting ol cr congtont speed ond lood.

ls ths ierm r.ned in power generotion ond is the condition when

tho drlven olt€rnotor outPut, voltogc flequency ond phose

motch tho some Poromefen of the incoming line. Wherr this

condition is ottoined, the linc circuit breoker con [tt'closed.

lc on unrchoduled'rhutdown', brought obout outomcrticolly by

fouli detcction circuih or by o monuolly opplied signol , both

of which by-poss normol rundown sequerrcing circui tr. A trip
rhutdown is normolly occomponied by urrit 'lockout'.

-111-



SECTION 1

OT-T'-3 GAS PRODUCER AND POWER

TURBINE COMPONENTS
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INTRODUCTION

The 'iOperation and Maintenance Training Course'r for the OT-F-3 and

OT-F-Z100 "Gas Turbine Units driving Centrifugal Cornpressors",2s
installed by Atberta Gas Trunk Line Cornpany, covers the following main
area s.

C ornponent ar rangernent.

Control systern - Pneurnatic,

Control systern - electric.

Operating and servicing (2 unit station).

Operating (3 unit station).

Mobil,e cornpre ssor sets

The purpose of the course is to farniliarize tlne operator with the cornponents

and systelrrs associated. with the units and irnpart a wor:king knowledge of
the schernatic drawings. To this end, drawings and photographs for the rnain
part userL in the course pertain to the actual units.

Further, as each area of the installation is covered, a detailed breakdown
of each systern or corflponent aLong with servicing and rnaintenance instruc-
tions will be discussed by the representative of the cornpany supplying such

iterns. lncluded v'i}} be sessions on the gas turbine principle, the booster
unit (centrifuga)- cornpressor), the pneurnatic colrlponents, controllers,
governor and recorders. Notes of these discussions will not be part of this
text.

NOTE: The oT-F*3 and oT-F-2100 gas turbine-powered gas colrlpressor
units are norrnally static base-mounted. The gas turbine sections
of the units are housed. in weatherproof covers. Sorne OT-F-3
units, however, are rnounted in box car type containers on

tractor pri.rne rrrovers. These are referred to as rnobile units, and

they are sirnilar in design and construction to a standard base-
rnounted oT-F-3 unit. Differences between the two types are
described separately in Section 88.

- I-





SECTION I.

OT-F-3 GAS PRODUCER AND POWER TURBINE COMPONENTS

1. I GENERAL

Refer to Fig. 1.

The OT-F-3 two-shaft gas turbine power plant cornbines the aircraft version
of the Orenda (light weight) jet engine with a heavy duty, free shaft power
turbine. The gas producer is approxirnately 2.5 f.eet in diarneter and 7 f.eet
long. The power turbine is approxirnately the sarne diarneter and 3. 5 feet
long.

The two shaft unit is ideally suited for driving a centrifugal cornpressor for
gas line boosting, since it gives alrnost unrestricted flexibility of operation.
Power changes are achieved by speed changes of the gas producer and because
the two shafts are independent, the power turbine can operate over a range
of speeds to rnatch changes in line conditions.

Starting and bringing a two-shaft unit to operating speed is easily carried out
since the turbine, when at 1ow speed and henc e low power output, is not
affected by the high torque characteristics of the driven unit at 1ow speed.

The power plant is broken down into two basic sections:

(l) The rotating hardware consisting of the gas producer ten-stage
axial corrrpressor and two-stage axial turbine, and

(2) The single stage power turbine and associated shafting.

The fixed hardware consists of the support frarnes, stator casings and
cornbustion cans; the physical contact between the two being a set of three
roller bearings on the gas producer and three Kingsbury tpe sleeve bearings
on the power turbine. Both shafts incorporate a bearing to accornrnodate
end thrust loads.

Major fixed assernblies of the OT-F-3 are as follows:

Intake Casing (or forward frarne), being ihe front structural rnernber of the
gas producer, supports the front bearing, the inlet guide vanes (air flow
ryranagernent equiprnent), scavenge and delivery oil purnps, power take-off,
bevel G/B and fibre-glass intake fairing. To rnaintain auxiliary shaft align-
rnent with the power take-off, a ring support connects this casting to the base.
The gas producer speed signal and electronic overspeed signal are taken
frorn rnagnetic pick-up heads located in the bevel drive gearbox.

-z-
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The Cornpressor Stator Case contains the air flow, supports the fixed stator
blades and provides the pickup point for the vibration sensor.

The Centre Frarne provides six separate passages which distribute air frorn the
tenth stage compressor blades to the cornbustion chambers, and provides
mounting support for the centre and thrust bearing. The gas producer is
supported by the base'at this point through two spring hangers. In this section
two one-inch diarneter ejectors at top dead centre and bottorn dead centre are
provided to durnp a controlled arnount of air, to rninirnize the load on the
centre bearing. Also in this section is the "Cornpressor Delivery Pressure,'
tapping required for governor acceleration control.

Cornbustion Section - The six straight-through fLarne tubes (cornbustion cans)
are floating to take care of heat expansion, and the engine structural support
in this area is transferred to the backbone casting, visible between the
cornbustion charnbers. The charnbers are joined by interconnectors to provide
pressrrre balance and flarne propagation. Charnbers 2 and 5 contain ignitors.

Nozzle Box - Tt,e nozzle box is a fabricated section, instead of a casting,
providing support for the rear bearing and containing a d.iffuser section an6
nozzle guide vanes to rnost efficiently direct the hot gases into the gas producer
two-stage turbine. A connection at bottorn dead centre is provided to vent
waste air frorn the centre and rear bearing cavities.

An adaptor ring fits between the gas producer and power turbine, and it is
this flange that is broken for gas producer rernoval.

Power Turbine Stator Case - Physically this appears as a heavy casting and
supports the guide vanes required for directing the hot gases at the proper
angle, and externally serves as the rnain support frarne for the power turbine.
AIso secured to this casing is the bearing support housing and the power turbine
overspeed trip rnechanisrn. For ease of disrnantling, a horizontal split is
provided.

I,Z OVERSPEED TRIPS (MECHANICAL AND

Refer to Figs .Z and ZA.

The overspeed trip rnechanisrn is housed, in the
turbine rear casing assernbly and is cornprised
a lirnit switch, a pressure relief valve and the
ope ration.

ELEC TR ONIC )

casing adaptor of the power
of a pneurnatic reset cylinder,

requisite linkage for the trip

-3-



POWER TURBINE OVERSPEED TRtP MECHANISfit

PNEUMATIC OR
HYDRAUL I C ACTUATOR

EL ECTR I CAL
NOTE

ADJUST TENS I ON ON SPR I NG
UNTIL PRESSURE REL IEF VA'.VE

STOPS LsAKING YYITH 35 P5IG A!R
SUPPLY (APPROX. lOit PRTLOADING)

JUSTING SCREW

ADJUSTABL E CLEV I S

RETURN SPRING

PRESSURE REL t EF YALVE

NOTE

SHIM IF NECESSARY
WI TH TIl ICK OR
TH I N WASHERS

O.280 lN. MlNltr,ttM
TRAVE L

A DAPTE R

CAS I NG

LIMIT
S\Y ITCH

BEL L

ARM

RE SET

D ROP

I. EVER

L INX

NOTE

HOUS I NG F

V ENT
P IPE

SHIM TO PROVIOE
o.125.O.t55 tN. GAP

o.o70.0. I 00 tN. CLEARANCE

0.t25.O.t55 tN. SETTTNG
FROM ROTOR SHAFT

FIG.2
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SINGLE SET-POINT CIRCUITRY
The output relay.of *a single set.point unit, being
used as an overspeed monitor, has electronic latch-
ing action and remains de.energized (even if the
signal frequency returns below the set point) unless
the automatic reset terminals, 1O and 1 l, are
jumpered or closed with a pushbutton. With termi.
nals l0 and 11 jumpered, the output relay auto.
matically re-energizes when the signal input returns
to a value below the set-point. lf the reset terminals
are closed, the missing signal switch provision is
also eliminated. The missing signal transistor switch
de-energizes the output relay if the signal input to
the monitor is interrupted or is less than 0.5 VRMS.

Should power be removed or lost, the output relay
will de-energize and will not re-energize until the re-

set terminals are closed and power is re-applied. This
provides a fail-safe 'function against power failure.

Either i17 VRMS, 5O-4OO cps or 28 volts DC may be
connected to the proper barrier strip terminals to
pgwer single,or dual .set-point Frequency Sensitive
Switches. Configuration of single arrd dual units is

the same except for the additional switchpoint poten-
tiometer and second set of relay contact terminals
on the dual set-point units.

GROUND SFIIELO.
ro rERM.4 I

.-aELDE/v 87/9. OR EZ?U/L/

UNIT CONTROL SCHEMATIC (TYPICAL)

a

NpIqo
ilR8\\x
IIN

itTv RMs 
I

50 - 400

BLOCK DIAGRAM

iis -- 2

POWER TURBINE OVERSPEED TRIP . ELECTRONiC FIG.2A



A driiled hole in the power turbine shaft houses a piston and spring assernbly
for the overspeed trip rnechanisrn. Shou1d the turbine speed attain the over-
speed set point, centrifugal force will be such that the spring-loaded piston
is rroved out of the orifice to operate the linkage of the trip rnechanisrn.

'When the spring-loaded piston flies outward, the stern of the piston bears on
the trip lever of the mechanisrn which releases a drop 1ink. The resultant
linJ<age:-novernent operates the overspeed lirnit switch and opens the pressure
relief valve to actuate the electric switch and annunciate the fault and trips
the unit off the line.

The trip rnechanisrn on the OT-F-3 installation is reset by applying the
requisite pressure to the pneurnatic reset cylinder, thus effecting rnovernent
of the piston whrich resets the linkage. The offset weight design of the trip
lever rnoves it independently into the locking position. A rnechanical reset
opening is provided if the pneurnatic reset fails to operate.

The OT-F-2100 does not provide for pneurnatic reset. A grip handle located
on the top of the housing is used to reset the trip rnechanical linkage.

A.power turbine electronic overspeed trip switch is used in addition to and
as a backup to the rnechanical overspeed trip device. The switch receives
frequency signals proportional to 0-I0,000 rprn frorn a pick-uphead located
adjacent to a toothed wheel on the power turbine driveshaft, see Fig.17. If
sensed PT speed exceeds the switch set-point, unit trip is initiated through
the unit control circuits' see also Fig.ZA. .

OT-F.3 GAS FLOW

Refer to Fig. 3.

When the gas producer is rotated by the gas expansion type starter rnotor
through the auxiliaries gearbox, filtered air is drawn in toward the gas producer
through an intake bellrnouth designed to rnaintain a srnooth flow of air. The
air is further straightened by the gas producer inlet guide vanes and directed
at the proper angle into the corrrpressor first stage blades, and then progressively
cornpressed through each of ten stages. Each of the ten stages colrlprises a

row of rotating blades and a row of stationary blades, and the air is cornpressed
to approxirnately five tirnes the pressure entering the first stage. As the air
is cornpressed, its ternperature rises and reaches a 1evel of approxirnately
500'I'.

Cornpressed air is bled off at the third stage at about 300" F to provide cooling
air for the centre bearing, the rnain drive shaft and the rear bearing. This
air is then ejected through the waste air vent at the bottorn rear of the gas
producer.

A. take-off point for extraction of eighth stage air is provid.ed. This air at
approxirnately 60 psi. is used for cooling and pressurizing the forward power
turbine bearing.

1.3

-4-



--fiTln6-iNiExm--
ulf,nooud svc

I]]NI ]NI€UNI
dlfnoodd svc

I TEIIIIIE-XOESmW65--

tDuo
J
d

uz
6
e
:lF

U
ON-7N!?oo;z)
ils I
6= L
ud F
@d --

6=?
^I 

c
tsO ol)z

Eg a
F

oq
z
d

=6
6z

6u
F
Uq

=U
lq

a/,
d,
U
d:
-u
z
o,
tr
t/,
5
d:
o(J
o
F

(Ju
E5

BH
=^<Z
F<
{u 4rr-
d=

H<tdLuUC
eA.
-U<F

lunrvdldwll svc

r vtsd ldnss.lud svc
o- ----E-=_ O- oON€r) FIG.3

13 5 E E g g q R o
a

u
d
f,
F

duq:u
F
tJ)

o

I

Iv,q

u&
f,tn
IDq
4c
tn

o

I

oq
d,q

uo
u

(]
q
tl,
rnU
d,c

=o
U



The tenth-stage air pressure is designated "Cornpressor Delivery Pressure"
(CDP) and is supplied to the governor systern as a control pararneter.

The air is forced frorn the tenth-stage of the corrlpressor through a diffuser
section in the centre frame into six straight through cornbustion chambers
spaced evenly around the gas producer axis; A set of interconnectors between
each charnber is provided to maintain pressure balance, even burning and
flarne propagation on light-up.

A portion of the air that enters the charnber is used for cornbustion while the
remainder passes around the outside of the flame tube and through cutouts in
the flarne tube to provide cooling air to rnetal surfaces and a flow pattern to
aid in light-up and produce even burning.

Another portion of the tenth-stage air is used to cool and rnaintain an air
balance condition in the centre bearing area. It is part of this air that is
durnped into the cubicle through two ejectors located between the two upper
and two lower cornbustion charnbers. This air blast is rearward and forrns
part of the cooling air flow over the outside surfaces of the power turbine.

Fuel enters the front end of each flarne tube syrnrnetrically at a predeterrnined
rate, to give the proper rnixture for the arnount of air passing through the
flarne tube. After the sparking t1rye igniter ignites the fuel, burning is
continuous until interruption of the fuel supply occurs

A portion of the energy generated by the burning and expanding gases (rnaxirnurn
ternperature approxirnately 1500"F. ) is converted by the gas producer two-
stage turbine into rotary rnotion to drive the gas producer corrrpressor. The
rernainder of the energy is released to drive the free power turbine. The
single stage free power turbine extracts a large percentage of the rernaining
energy frorn the gas stream and converts this energy to rnechanical work to
drive the output shaft.

As the gas leaves the gas producer, it is directed through a set of heavy duty
nozzle guide vanes (NCVrs) into the power turbine blades. The NGVts and
blades can be seen clearly when the gas producer is rernoved. The air expelled
through the power turbine is then carefully diffused through ductwork elbows
and silencer to rnaintain maxirnum operating efficiency. The ternperature of
the gas as it leaves the elbows is the controlling ternperature for the unit.

Air directed through the centre hollow shafting of the gas producer durnps
air into the gas producer turbine and power turbine disc area to reducg
rnaterial operating ternperatures.
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I.

z.

INSTALLATION DETAILS (MOBILE)

REMOVE AND STORE PROTECTION COVERS ?,53C00236 I'ROM
SOLE PLATES OPPOSITE AIR INLET CASING ON DRIVE UNIT.

ASSEMBLE AIR INTAKE SUPPORT T'RAME 285KOOO6O-62 IN
POSITION T'OR AIR INLET CASING. MOUNT AIR INTAKE ASSY.
285KOOO55 ON F'RAME AND BOLT TOGETHER. CHECK DUCT
FOR DEBRIS.

DETERMINE TI{E DIFFERENCE IN HEIGHT OF. BOLT HOLES IN
AIR INLET CASING FLANGE & MATING FLANGE IN AIR INTAKE
ASSY. GRIND SHIM Z85KOOO95 TO SUIT.

JACK UP AIR INTAKE SUPPORT T'RAME OFr. ANCHOR BOLTS
AND PLACE SHIMS 285KOOO95 ON SOLE PLATE. LOWER FRAME
DOWN ON SHIMS.

i

BOLT AIR INTAKE ASSEMBLY TO AIR INLET CASING. REMOVE
BOLTS H5O547 & WASHERS H5O3O1 FROM tr'LEXIBLE JOINT ON
AIR INTAKE ASSEMBLY. BOLT AIR INTAKE SUPPORT FRAME
TO SOLE PLATES USING EXISTING NUTS & WASHERS.

REMOVE AND STORE PROTECTION COVERS Z53COO236 FROM
SOLE PLATES T'OR EXHAUST STACK AND SILENCER.

ASSEMBLE EXHAUST SILENCER SUPPORT T'RAME 285KOOO47-4g
IN POSITION FOR EXHAUST STACK AND SILENCER.

MOUNT EXHAUST DUCTS 285KOOO65 AND SEALING PLATES
285KOOO91 ON DRIVE UNIT EXHAUST DUCT AND CLAMP }VITH
253CA02?,6.

MOUNT EXHAUST STACK & SILENCER 285KOOIO4 ON EXHAUST
SILENCER SUPPORT FRAME, ENSURING THAT EXHAUST DUCT
285KOOO65 FITS AGAINST FOR1VARD SIDES OF SILENCER DUCTS'

NOTE: ALL BOLTS TO BE LEFT LOOSE TO ALLOW f'OR
ADJUSTMENT OF COMPONENTS.

TIGHTEN ALL BOLTS & NUTS AFTER ADJUSTMENTS.

3.

4.

5.

6.

7.

8.

g

I0.

FrG.35 (SHEET 2)


















































