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'ftle emerp11Cy a:1t wiDrlow batch is OD 
The Volpar '1'tI:rbo Beech is a law wing mono- the right s1de of the fwsela&e betilflell 
plane of sem1-aonocoque construction. It bulkheads No. 8 and. 9. An -l"pDOJ' re­
bas a trlc.roJ.e gear and 1& pcItIered by tMo leaae handle is located just toNanl ot . 
.l1Rsearch TPB 331-47 Turboprop eng1n.es, _ the w1DdaW, 'WheD pul.lad wiD. Nleue 
each developing 575 SHP tor take-ott. the wiMOW hatch. The cabin entraDCe 
Each ens1ne drives a ~-blad.e, oo~ ,door, with its release bardle, i. also 
stant-speed, reversible, tull-teatPe:r1n8, 1 cons1dered an emergency exit. 
hartzell propeller.' ! 

I Surta,ce controls cona1at ot either 
'!he pUot and copilot have a conveat1ona1 tabric-covereci or metal. cortll"ed ai.l.erou, 
s1de-by-s1de seat1Qg al"'r8Dgtllll8nt ill the eleYator and nDlers, all ot..mich have 
cockp1t, with excellent rlsib1l1ty. The controllable tria tabs. All surface 
pilot CCIJII);artment 18 separated rrc. the controls aM controllable tr1ta tabs are 
-.in cabin by a fuselage bulkhead 8Dl the "mnually o"rated f'rcIm the cockp1t. ' 
steel. carr.r-t.hrough structure. Tht cabill.j 'ftle construction and shape ot the tl.&pe 
usable length between bulkheads , 8Dl 9 t 'are s1m1l.ar to the ailerons. The nape 
18 10 teet 5 inches, a width ot 52 inches, l are raised and l.awered. electr1ca.D.;r, 
and the ma"'; .. height of the cabill is t the wing flaps areot metal constructioza. 
approx1ateq 66 inches. 'ftle cabin, • 
n.ormal.l1' accaaaodates 9 persons. I The VolJBr Turbo Beech has a t~ re-

tractable, tricycle type J..and1Dg l-.r. 
The cabin entrance door is on the lett 'ftle JD&1n and nose wheel landing gears 
Side Qt the tuselage between ~s I are mechan1cal..l3" 1nt.ercormected. to re-
Jo. 8,aJd -9, and opens oubMrd. .All tract and extend. s1m.ultane~ eDl are 
..-geney release, operated by a baJdle operated by a split tield revtll"ai.blAt 
near .the door hi.s inside the cabin, mot.Ol" with autastic dynaadc brall:iDg. 
will 3ettieo~ the door 'When pulled~ I A safety switch prevents retractiOll 

I
I 'Wh1le the airplane weight is on tbe 

!be cargo door, wb1ch weighs approximate- larding gear. When the l.aDdi~ ~e&r i. 
q 28 pourds, is a panel ext. .... u '* traa f retracted, it is enclosed by cluJlbell 
bulkhead. No. 9 to No. 10, ,and 1s ""01'8-, • doors that fit fiush with the external 
able on the gromxt.. It permits the. air... I skin surface. The lami ng gear doors 
craft, to be used tor air drops, or ,tor are lJ.nked to the gear, so they' open aal ' 
the loa.~ of cargo :too large ~ be, close autaaa t1cal.lJ". ' 

. :passed through the, puaenger door. . It 
'w1ll pe:rmlt loacling' ot -cargo up to 33" x 
. 35" X 7," in size. To l'eIIlOV"e the cargo 
400l", t1rat OpeD the passenger door, then 
relMBe tJJe cargo door latches ant raROI'e 
the panel ou.tward. 

A cockpit door at bulkhead No. 5 i., a 
leatherette accordian type sl1ding door, 
18JB:rating the cockpit am cabin. The 
door can be opened f'raa either the cock­
pit or the cabin. 

h'." •• 

The,wings cODl!list or outer wing panela, 
wing tips, am ceter section w1ngstuba. 
The center section wiQg -stubs a~ built 
1ntepall¥ with the fuaelage aad IlN 
nat. removeable. The prilBr,r structure 
ot the center section consist. of a 
single, triangular, welded 8teel'ttlbul.ar 
spar. '1'h1. spar carries rit~EI tor 
the engine- mounts, landing gear &nd 
outer panel main spar. The r ear spar 
is merely a shear beam and. 15 upports the 
inner nap hinges. 
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1. The tu.elage i8 construction. 

2. !he Volpar Turbo Beech 18 powered bJ two airesearch 
turboprop engines, each cleve loping 
SHP for take-ott. 

3. Bach engine' drives a theM-blade, constant-speed, 
reversible, tull-teathering • 

~ 

4. !be pilot ccaPartilent i8 8 eparate trca the _in cabin 
b.r a tusela • and the steel carr,r-through 
• tructure. • 

5. The cabin usable length between bulkheads 5 and. 9 
ia , a width ot 6 inchea, and the 
~ height ot the cabin isapp~te17 
inches. 

6. !he cabin can no~l17 acconandate pel'llOna • 
.-

, , 
7. ... cabin entrance door is on the side otthe 

tuBelap between bu.lkheada No.8 and 9, andlopens 
• 

: 

~ . r 

8. III ..,..enq ~lease, operated by a near til.. inside the cabin, will Jettison the 
door .... lUlled. i r 

'66 

9. '!he cargo door, which weights approX1ate17 28 pounds, 
is a panel extending from bulkhead HO. 9 to' No. 10, 
aDd is removeable on the • . 

; 
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10. It peradts the aircraft to be uaed tor or 
tor loading ot cargo too large to be passed through 
the • 

11. It will permit loading ot cargo up to ___ _ 
in ai.e. . 

12. 'lbe _rgency exit window hatch is on the ~~ __ 
ot the fuselage between bulkheads NO e 8 and 9. 

13. .An e-rgency release handle is located just ___ _ 
ot the window, which when pulled, releases the 
wiJdow hatch. 

14. All Burtace controls and controllable t1"'bl tabs 
are Op8J"8,ted trca the cockpit. 

15. 'l'he tlaps are raised and lowred ____ e 

16. 'lbe 1d.ngs consist ot ____ sections: 
________ J. ________ ~J --_______ '. 
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air dro .... 
passenger door 

33" x 35" 

right aide 

torw.rd 

electricallJ' 

three, 
center section. 
out.er· panel, . 
tipe. 
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PBRFORMANCE AND LIMITATIONS 

The normal operating procedures· includ­
ing pertormance and limitations arein­
cluded in the CODIJlI.ny's Voly:ar Turbo 
Beech Flight Manual, Performance Toables 
are included in the manual and should be 
thoroughly studied and. understood, so 
that they may be easily used tor referenc. 

Ail"8peed limitations (indicated airspeed). 

Hq'. Qpemting Speed. (Red Radial): 
208 Knots 

The mximum operating speed shall not be 
exceeded. 

lomal OntratiM Range (Green Arc): eo 
to ~ Knots. 

'I'he normal operating range extends tram 
. the .talling speed, tull;y loaded, with 
the landing gear and wing tla.pe retract­
ed, to the maximUlll operating speed. 

H&x:1p. Design Maneuvering Sl2!ed: 133 
Knots •. 

This represents the maximum speed at 
Which full deflection ot flight controls 
can be used without exceeding structural 
Umitations ot the airplane. . 

'ltv Qpemt1ng Range: 

Power On (White Arc), 76 to 104 Knots 
Power Otf, 76 to 122 Knots 

The operational speed range with flaps 
down extends fria the stall speed, ful.l7 
loaded, ,with flapaam landing gear d.own 
to the structural limiting speed ot t.he 
extended poei tion. 

Hv'-. S'Q!ed For leming Gear Extension 
and tor Flight with the Larding Gear 
lIteDded: 13& Knots 1"115 

OT.' •• 

Powerplant LiJD1tatioIW 

The sea level, stamard dq, take'-ott 
rating of the airesearch TPB 331-47 en­
gine is 575 shaft horsepower at 41.130 
engine RPM, (2000 prop. shatt RPM) and 
1510 pounds teet torque. In a cold 
(high density) atmosphere the engine 
must be held within this limit by retar­
ding the power levers. In a hot (low. 
density) atmosphere the power obtainable 
is reduced 8S required to stay wi thin 
the exhaust gas temperature limit. 

Takeoff Power, 5 M'11'N1: 

Shaft Horse Power 
. RPM, Propeller 

Exhaust Gas T_perature 

Torque 

575 
~ (2000) 

(EGT) Se. OAT 
gallP 
57' SHP 

Observe torque, indicated as SlIP, or 
whichever occurs first. 

Maximum Continuous Power: 

Shatt Horsepower 500 
RPM, Propeller J.OqC (aJOO) 
Exhaust Gas T..".rature (EGT) Se. OAT 

Torque 
gauge 
500 SlIP 

Obeerve torque, inlieated as SlIP, or 
EaT limit, whichever occurs tirst. 

.Maxiy Start-inc mT: 81SoC tor one sec. 

. ~ O!Qside Air Tsp'ratun IJ.e1t.1 
5 -55 C) . 

lDgir8 CNerspeed: 2100 propeller abatt. . 
RPH105%) for a transient period not . 
to exceed 10 second8. 

lDduct..lgJ\ Deicins: '!'be induction deicUl& 
valve should not be operated in night· -
whAn the 8utside air temperature 18 abow'e 
40'7 (4.4 c). 
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biDe Oil: 

Mobil Oil Jet ll, onl7 (specification 
kIL-L-23699) • 

Rat. pt RPM Contrg1 lever Movement: 

Not fastar than tull travel in one see. 
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BEI': . 1080-2 

Forward L1II1t at, 
Tl40 Lbe. or 1_ 

10286 Lbe. ' 
1C11 in. 
114.08 iD. 

Variation between th.s. points is 
sbown bytbe follow:lD& cbart,. 

Man.Uye£! 

'ft11a is aHoI'IIi.1 Cateaol7 Airplane. 
Aviatibn turb1ne tuels, AS'DI designati~, Aerobatic uneuvera, including spiM, 
Jtlt A, Jet B, and Jet .1-1. are unautborized. 

Militar,y fuels, HIL-J-5624 ,rades, JP-4 
and. JP-5. 

·ADt1-1ciDg Additive: Pbillipe PFA-55 MB 
(HIL-I-27686 Jet rue1 anti-icing additive 
is approved for UBe in fuels in amounts 
not to exceed .• 15% by volume. ' 

Weight L1II1tatiODll 

Maxi .. Weiabt 
-"" Landing Weight 
Maxi_ Zero Fuel Weight 

011 

Fuel: -
Main Tanks 
Outboard Aux. 'lanka 
Inboard .Aux. Tanks 
Rear Aux. 'l'anka 

Total 

Cellter of GraYit7 Range 

10286 1bs~ 
9712 1ba. 
9000 1bs.· 

3 Gal. 

1 

100 Gal. 
85 Gal. . 

152 Gal. 
50 911. 

387 Gal. 

Cen,",r of Gravit7: (Ut ot Datum) 

Aft Limit 121.5 in. 

Flight Lofd. FfrCtoE! 

At 10286 1 ... gl"08s weight, tb. po81ti\'e 
liait. load factor for tb1a airplane is 
3.28 ,'s. 
A»proved. QpelS tigbe 

Maxiaul authoris. flight altitude of 
this'airpliul. U 16,500 teet. 

" 
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c. POWERPlANTS AND PROPEllERS 
TOP 

LUT 

REAR 

PRONT 

RIGHT 

BOTTOM 

Fig. 1-1 

REDUCTIO" 
I} EAR A 5.')Y.JoQIU 

Fl.g. 1- 2 
OT - 789 
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!he Garrett tUl'boprop engine !Pi 331-47 cOl18ists ot a t1lllO .tap centrU\lgal oc.­
preseor, a COIablator, a three atage axial tlaw turbine, wb1ch 18 aount.ed. OIl • 

c~ turbine-compressor sbatt, and a .et of reduction I-re 1IIblch dri ... e tbll 
.accesaorie. and the propeller. Engine is 46 inches 1011& (Mclual ... e ot propeller) 
tv' 19.5 inche. wide aDd 24.7 inche. hi&h. - It weights 307 lb •• lAt .. optioaal. aDd 

1 

rom., 

.-4l 
...--..+---4 - ... - ............ I--~_ 

. ~, 
:A. __ / I 

/ 
/ 

If'. 
~. : 1"..t'1IIDDII!ClQ.t'D I r lJ ~~ ..... -I 

2 
AMBIDr Am 
DlWftI IR 

CCJBB.l'(8 

Fis. 1-3 

\ 
.... :a...._ 

cuatc.er tumiahed equ1J118ftt. (S .. ,~. 1-1, 1-.2 and. 1-3) 

OptntiOilt 

!be qine 18 d-icned to open.te .at ·.tt1clentq at, • puU.Oular speed. !beN 
are t'WID ... ,.. ln which the engine CUi ..,. -.1.nta1ned at this speed: 

Firat I 'ar.r V. load to _tah the engine POWI'. 1b1a i. the lioN cOllYent~l 
_thad aid is called: "prop goYem:l.na" .. , 

SeOancI: Va't7 the ena1De power to _tch" chanpable load. !h1a ..thod.1a caJl.ed 
uBeta .ode '~opeiation", aDd 1mrolve.- the .. ot a t.e1 CO"ernortlbich 
ftries engine ;pp_r output to _tah the load placed on ttMt engine bJ' 
the pilot. . < 

'lbe tw aodes ot operation aN: 
Prop gqr.tp1J;yt P. 
1. Fuel now varied b,y power leV'er .etting. 
2. Engine power constant, dependent on power lever sett.1ng. 
3. Prop governor va~ie. propeller pitch (Beta angle) aa aircraft .peed. 

variee. 
4. En&1De speed I e:t 118 constant bet_en 96~ and l.OC:)IJ a. set b.r the 

condition lever. 

1 

OT.7,. 
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. 
Beta mode 

1. Prop governor inoperative. 
2. Prop pitch (Beta Angle) varied by power lever setting. 
3. Engine speed decreases slight17 under load (increase in Alpha 

angle) 
4. Fuel now adjUSt8 automatical17 to load. 
5. bllgine power varies with load. 

1. Thi8 engine has a variable pitch propeller. 'nle load 
on the engine can be changed by of the 
propeller. 

2. Propeller pitch may be changed Ir.anually by the changing pitch 
, or automatically by means of a • 

3; The Garrett TPE 331 engine uses of these pUot, 
method8 to control propeller pit'ch. prop goyemor 

4. Under nQr.mal operation when in flight the both 
is used. to control propeller pitch. 

5. Under prop governor control, en.P.ne 8peed l"8I8.iDB ' 
J between 96% and 100%' as set by condition 

prop goyemor 

lever. 

6. Under prop governor control, fuel flow is varied by constant 
the pilot setting the • 

7. Beta angle refers to the angle of the power leYer 
propeller. 

8.'lbe angle between the art surtace or the prop blade pitch 
and the axis of rotation or the propeller, 1le&8ured 
at a fixed radiUI!J r rom the hub is known a8 the 

• 

9. When the propeller pitch i8 directly varied. by the Beta 8IIgie 
pilot a8 he sets the peifer lner, the engine is being 
operated in • 

10. In Beta mode the prop governor 18 • Beta mode 

11. Alpha angle refers to t.he angular ditference between inoperatiye 
the propeller angle and the direction ot 
t.he re1at.ive wind. tThe angle at which t.he air atrikes 
the blade). 

OT.7 •• 

. 

f 

, 
1 
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12. A change in airspeed would result in a change in the 
direction of the • This would also be a 
change in the • 

13. A change in the airspeed changes the ____ on 
the engine. 

14.1 In Beta mode of operation a change of alpha angle 
(eng1i1e load) automatically' changes • 

15. Therefore in Beta mode we can say that engine power 
varies with • 

16. The propeller used with the Garrett TPE 331-47 en­
gine, when installed in the Porter, is the Hartzell 
.~bl8, three blade, full feathering and 
propeller. To put the propeller in reverse, the=----t 
engine must be in • 

17. The power lever bas a stop (detent) to pre-
vent ~terit.:10D11l. of the propeller pitch 
when operating "mBeta mode. 

18. To reYerse the propeller the pilot auet purposely 
bJPI.ss the which is located' at the. nux 
drag" position of the • 

The' 5tart Czc:le 

DATE: 1 Oct. 1966 

BEP: 1080-3 

pitch 

relati'Ye w.l.Dd, 
Alpha angle 

load 

fuel now 

alpha angle (or 
engine load) 

reveraable, 
Beta mode 

JdniJm.a pitch, 
reveraal 

~ pitch stop, 
power leyer 

The aircra.tt aster switch is placed in ON poRtion, which provides '24 volt dc 
pover to the starter relay contacts. The eng1ne switch is placed in the CRA.NX 
position. The aircraft ground start IIldtch is dosed, which energizes the starter 
relay. 'the starter circuit of the starter-generator is energised and the starter 
generator starts rotating and driving the engine reduction gear s18t_. The 
st&l'ter-on light goes on. The oil pUllp ge~s .start rotat1n& and begin building 
up oil pressure to sUPP17 oil to the engine bearings, gears, ard propeller COD­
trol sJ8tem. The fuel s18tem pressure pumps start pick:ing up ruel; the fuel so­
lea,otd Y8l.'f'e retains in the norm&l.17 closed position. The reduction g,ear aJWt­
start .. t1Jl'ning the quill shatt which dr.:.ves t~ _in drive start; the _in sbart' 
dr.l.'Yes the compressor impellers and tU;rbine wheels. 'nle impellers start COla­

pression of inlet air. 

WbsD engine speed reaches appro:x1-.telT 10 percent, the n7W1ght-actuated light .• 
off speed. switch (551) closes. At 14% th4t engine ,81d.tch 18 placed in the RUH !>0-
sition, the ignition relay energizes; the fuel-on solenoid is ener&1sed and 

OT.7 •• 
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The Start Cycle (Cont.) 

latches in the ON position. Fuel flows to the combustion chamber, mixes with the 
compressed air and is ignited by the igniter plugs. The combustion gases flow 
int') the turbine section to impart rotational energy to the turbine wheels. Acce­
leration continues under the combined forces of the starter-generator and combus­
tion. 

Fuel flow is scheduled by elements in the fuel control unit which comoensate for 
variations in altitude, inlet temperature, compressor discharge pressure, and 
speed fluctuations. At lower engine speeds, the fuel control unit delivers lower 
pressure fuel to the flow divider valv~, and a limited quantity of fuel flova 
through the primary fuel nozzles. As engine speed increases, fuel pressure 
increases, and the secondary passage in the flow divider valve opens and delivers 
increased fuel flow through the secondary fuel nozzles as well. 

A limit switch in the fuel-on solenoid opens as the solenoid is actuated and latch­
ed in the ON position. This switch de-energizes the fuel-on solenoid to prevent 
damage if mechanical unlatching of the solenoid or electrical actuation of the 
fuel-off solenoid is required. If light-off does not occur, in approximately 
10 seconds after start, shut off engine and determine cause of no start. 

When engine speed reaches approximatel;y 45-47% speed, flyweights actuate thE: nor­
mally closed starter cutout speed switch (SS2) which in tum de-energizes tt,le 
start relay. 'l'his opens the circuits to the ignition system, to the fuel-on 
solenoid, and to the starter-generator starting s;ystem, and closes the circ1lit in 
the starter-generator generating system. The starter-on light goes off. The 
starter-generator is now being driven by the engine. The reverse current 
relay prevents use of generated current until the current reaches a satisfactory 
output. Voltage output is regulated by the voltage regulator. Combustion in 
the engine is now self-sustaining and the engine continues to accelerate. 

Preflight Inspection 

ruel supply 

Electrical suppl;y 

Plumbing lines & connections 

Drain & Vents 

Electrical Wiring & Connections 

~chanical linkages and cables 

OT.7a. 

Inspection 

adequate 

24V, 500 amp. (800 amp. IDOIIlItntaril,.) 

inspect for leaks, cracks, cuts, rub-­
.~ and inMcwe at~ , 

check for restrictions 

damaged insulation, burne,' cb"ffing 
and tnsecure attachment 

cracks, bent areas, other dbage 
and insecure attachment. 
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Air inlet &: turbine exhaust 

Inlet sensors 

Oil tank 

Magnetic oil drain plug 

Oil jet assembly line 

Prop governor & pitch control 

Fuel solenoid valve, 
Flow divider valve, 
Fuel nozzle, 
Manitold assembly 

Starter generator 

Thennocouple assembly 

Propeller 

BEFORE ERlINE START 

check tor toreign material. obe­
tructlons or damage 

check security ot attacbaent aDd 
damage 

leakage at fittings proper oil lJrrer 

check electrically tor metal parti­
cles 

leakage at tittings 

security ot attachment. oil lealal 
at moUnting pad &: fittings 

security ot attachment &: tuel 
leakage at tittings 

security ot attacbuent, oil leakage. 
heat damage 

security ot attachment, beat 
damage 

start position 

NOTE: Starting loads &: engine temperatures are greatly increased b7 tail wiDda. 
Start into the w ini or cross wim. 

a. PARKIlIJ. BRAl<E - Set 
b. SWI'roHES - All ott 
c. SEAT BELT NO SMOKIlG - On 
d. LANDIlIi GEAR CONTROL - Down 
e. FUEL SHUTOFFS - Open (up) 
t. CROSS FEED VALVE - ott 
g. AUXILIARY FUEL TANKS & GAGE - Select, (OUTBOARD AUX., it full). 
h. MAIN FUEL TANK CONTROL - On (up) 
i. PROPEI...Ll!llS - Check, unteathered. (it feathered, unteather per 2.16) 
j. FEATHER I.EVm.S - Forward 
k. CIRCUIT BREAl<ER - All in. 
1. PG\f"ER lEVERS - Free & set GROUND START 
m. RPM LEVERS - Free & set TAXI 
n. IGNITION-FUEL SWITCH - ON 
o. AIR START-GROUND START Swr'OCH - GROUND START 

OT. '" 
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('!his check should be eonducted prior to the tirst t'light ot _ch dqa 
operation.) 

a. EL1!£TllIC POWER -On 
b. PROPEI..I.&lS - Clear 
c. NTS SWI'lUH - NTS 
d. AIR START-GROUND START SWI'mH - AIR START 
e. IGNITION-FUEL SWITCH - OFF 
t. STOP-5TART SIlI'mH - Hold. in START until NTS (BETA) light ccmes on. 
g. AIR START...oROUND START SWITCH - GROUND START J NTS ligbt should go out 

as starter begins to rotate propeller. 
h. STOP-5TART S\'lITCH - STOP & RELEASE. 
i. N1'S swrrcH - BETA 
j. IGNITION-FUEL SWITCH - On 

ElOINE START 

NOTE: In temperatures below loOF (4.4°C) an auxil1al'7 powr unit wU1 
be required tor starting. 

a. BATTERY SWIltH - On (or Aux. Power comected &: BATTmY SWITCH - OFF) 
b. FIRE &: W.ARNIHl LIGHTS - Check 
c. FIlEL BOOST SWTICHES - AUX. ON; ch,ck fuel transter pressure, positive Ie-

TRANSFER L]GHTs ON, then switches OFF, check TRANSFER LJGHTS, OFF. 
d. FUEL BOOST SWITCHES - On MAIN 
e. FUEL PRESSURE - Check, 10-20 PSI . 
f. INVERTER SWITCH - On 

START R ,H. ENJINE FIRST 

g. STOP-5TART SWITCH - START &: release 
h. COMPRESSOR BIEm SWITCH - On 
i. TACHOMETER - Observe until 10-12 % is reached. 
j. FUEL FWtI - Rising 
k. EUT - Rising (at 14-20% Mf) . 
1. CCMPRESSOR BLEED SWITCH - OFF AT LIGHT OFF 

CAurION: IF IGNITION HAS NOT OCCUREO WITHIN 10 S!x:Otl)S OR AT 20% RPM, WHICHEnR 
IS FIRST REACHED, THRU "STOP-8TART" SWITCH TO "S'l"OP". Allow starter 
to cool tor 5 min. before repeating 5 tarting procedure. If second 
attempt is unsucesstul allo.., starter to cool until a hand may 
be held on its surface, 

SPEX::IAL U5TRUCTOR FOR BATTERY START: When starting L.H. engine (R.H. alread)r 
(... started), at 20% RPM turn on R.H. Generator. 

m. CCMPRESSOR BlEED - On (SO - 85 % RPM) 
n. FUEL ENRICHMENl' - On as required, as indicated bY' a lag in rate ot 

increase ot RPM. 

OT.71t 
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o. EDT - Observe the rate of increase. If rate does not diminish betore 
715°C is reached, ABORT START as tollows: 

1. STOP...sTART SliITCH - STOP 
2. FUEL ElmICHMENT SWITCH COMPRESSOR BlEED SWITCH - Release 

p. RFH - should stabilize at S4-S6 % 
q. EGT - Check normal 
r. COMPRESSOR BlEED SWITCH - Release 
s. GEmliATOR SWITCH - ON, if battery etart, &: charge battery until aaeter 

reads nonnal load, then OFF Wltil L.H. engine started am reachee 20% RHl. 

REPEAT STEPS "g" thru "s" FOR L.H. ENGINE 

fRE-TAXI 

a. AUXILIARY POilER - Discormect 
b. BATrl'la SliITCH - ON (if Aux. Power was used.) 
c. GENERATOR SWITCHES - ON 
d. VOLTAGE - Check 
e. RADIO - ON 
f. Am COODITIONER - As Required 
g. REMOTE CCMPASS - ON 
h. FLIGHT INSTRUMENl'S VACUUM - Check 
i. FUEL BOooT SWITCHES - OFF 
j. Am START-GROUND START SWITCH - AIR START 
k. OIL TEMPmATURE - Check 
1. OIL PRESSURE - Check 
m. FUEL PRESSURE - Check 
n. OVERSPEED GOVERNOR CHECK: 

Thie check should be made whenever air etarta are to be intentiona~ made, 
there is an iniication of malfWlction, or when any maintenance or adjust­
ments involving the engine control systen have been perfomed. (Start 
Locks to remain engaged for this check.) 

1. RfH IEVERS - Full forward 
2. PGiER LEVERS - Advance until 

further motion causes no increase in fuel now or RFM; RRI should be 103 to 
104 %. CAUTION: DO NOT AIUW ftR.{ TO EXCEED 10,%. 

o. UNlDCK POOPELLl!R START lDCKS - MO'1e Power Levers back !ran Ground Start 
position toward Reverse, a f&l degrees at a time, until Beta Light geee 
out. When light canes on again, locks are releaeed. Slowly retum Power 
levers to Ground Start position. (Release of locks is also iDiicated by 
change in propeller sound and increase in fuel now and BIT.) 

p. AMMETERS - Check, load normal. 
q. ftR.{ LEVERS - Set Taxi. 

, 
, 
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a. PGlER LEV'F1lS - Move forward fran GROUND START towards FLIGHT IDm as required. 

NOTE: If greater power 1s required to taxi, move RPM lAwen to Flight I.dle 
or beyond, as required. It REVERSE is required, move RPM Levers to 
FLIGHT position. 

BEFORE TAKEOFF 

a. 
b. 
c. 
d. 
e. 
t. 
g. 

h. 

i. 
j. 
k. 
1. 
m. 

PARKDG BRAKE - Set 
TRIM - Set 
FlAPS - Up 
BOOST PUMPS - On MAIN 
RFM lEVERS - FLIGHT (tull forward) 
BLEFD, ANTI-ICE LIGHT - Out 
PROPELtER GOVERNOR CHECK - Advance Power levers toward TAKEOFF position 
until RH-I does not increase with advanci~ Power LeV'ers. RPM should be 
99.5 to lOU. 
HIGH SIDE OF UNDERSPEED FUEL GOVERNOR ClIECK - Retard.. Power Lev'ers to the 
FLIGHT Idle Stop, RPM should be 97-99 %. 
ElGINE INSTRUMENTS - Check 
FLIGHT INSTRUMENTS - Check 
FLIGHl' CONTROlS - Full and cOrTect movement. 
BEACON LIGHT - On. 
RPM lEVERS - If takeoff will not be made iamediately, place in TAXI, to 
reduce fuel consumption • 

.FUEL SYSTm (Fig. 2-1) See Page 15 

A supply' of fuel is stored in a tank and passes through a filter to a boost 
pump. The boost pump is to discourage vapor formation in the sup~ line. 
The fuel nowmeter could be located in the supply line aIVWhere between the 
tank am the atanizers as fuel flow must be constant throughout the systflll. 
A main shutoff valve isolates the supply tank f ran the rest of the systflll. 

A second fuel boost P\DP and the high pressure fuel P\JIlp are driven by the 
engine gear train, manintaining necessary pressure for forcing the fuel 
through the fuel filter, fuel control's metering valve am the atanizers in·· 
to the combustor. The fuel control responds to canpressor inlet pressure 
(P2)' temperature (T2)' compressor discharge pressure (P3)' RPM and movemen~ 
of either the condition lever or power lever. It meters the proper amount . 
of fuel to the combustor. 

At about 10% RPM, a speed. switch, SS-l, within the reduction gear housing 
completes the circuit to the fuel solenoid which opens permitting fuel to 
now through the primary atomizers to the combustor. 

As the engine increases RPM, increasoo airnow (wf) through the canpressor 
results in increased P3 which is sensed by the fuel control (biased by P2 
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and '1'2) which opens to allow an increased. fuel now to reach the combustor. 
When RPM has increased to build enough fuel punp pressure the· now divider 
opens to permit fuel through the secomary atomizers into the canbustor in 
addition t.o that already nowing atomizers. 

At about 45-47% RPM, speed switch SS-:2 opens the ignition circuit through 
the fuel solenoid. Since the solenoid is a latching type, it rElDllins open 
without electrical power until it is closed by energizing the "close" coil, or 
mechanically by actuating the rea thering lever. 

As the engine nears the RPM for which the oe~ion lever is set the fuel 
control's metering valve will begin closing to reduce tuel now am maintain 
the engine at the selected speed. 

Pushing the power lever forward, mechanically forces the t\1el controlls me­
tering valve open in spite of the speed governors ettorts to keep it closed.. 
Thus the power lever can increase fuel flow to the combustor. 

During starting the '1'2 bias can be overcane through the start now systan 
which provides additional fuel. 

The fuel enrichment system provides additional fuel to the combustor during 
use of canpressor bleed am during cold weather starts. 

These last two systems do not provide carefully programed quantities ot tuel 
am require special care by the pilot when using. 

FUEL CONTROL (Fig. 2-2) See Page 16 

The br.Io ma jor units of the Fuel Control are the l..UXierspeed gOV'emor, which 
supplies fuel to the engine in increasing quantities as the engine builds its 
speed of rotation; and the overspeed governor, which cuts down on the 8Up~ ot 
tuel to the engine as the engine increases its speed ot rotation. These two 
units develop a balance which keeps the engine rotating at a constant speed. 

When the engine is starting, the overspeed gOV'emor is full open so that all 
tuel control is through means of the urrierspeed gOV'emor. 

Fig. 2-3 (Page 17) is a graph on which fuel now is related to engine speed. The 
lower curve defines the fuel now which would be required to make the engine run 
but. not accelerate, at any RPM. Any time fuel nOrl is greater than this tfRBQUIRm 
TO RUN" valve, the engine will accelerate. The upper curve is the acceleration 
curve. 

Fig. 2-4 (Page 18) depicts a simplified i~llustration tor holdi~ tuel now (Wt) . 
within an acceleration limit schedule. As compressor pressure (P3) riHs with 
RPM, an acceleration limiter cage is forced d own allowing the fuel metering valve 
to open. The greater the pressure (P3) the greater the fuel now (Wt). 

OT.789 
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A llpeed governor ill incorporated in the CUel control which ill arrangecl to va:t7 
fuel now in inverse proportion to engine speed when engine speed reachell a 
given setting. 'ntis setting is put into the control by use of the condition 
lever. 'ntese vary fran 85% at full back position to 97% run forward. A pair 
of speed-sensing ~ights are used to reduce wf as engine reaches the set 
speed. When the speed of the engine increases, t:he rising canpressor pressure 
moves the acceleration limit stop d~ard, aUc:Ming the fuel metering nh'e to 
open, however, the rising speed also causes the gear driven o.yweights to pro­
duce an increasing force against the lower speeder spring retainer. At some 
RHf the nyweights will raise the retainer; the metering valve will be lifted ott 
of the acceleration stop and moved toward the closed position. Above this poiDt., 
as speed increases, CUel now to the nozzles is reduced. 'nte RPM at which this 
reduction of CUel fiCifl occurs with an increase in speed depends upon the spring 

. force set by the condition lever position. ' 

When the engine has reached 100% RPM the propeller governor prevents a chaDge 111 
engine speed. When operating in prop governing mode forward movement of the 
power lever forces the lCifler speeder spring retainer down against the pressure 
of the f'l1weights permitting additional fuel now (Wf) to the ccabustor. Th1~ 
is realized as more torque pCJfler since the propeller governor prevents eng::1Da 
acceleration. 

Once the engine has reached 100% RPM the load on the engine (propeller) lat.,. 
the engine franoverspeed. Should the load suddenly be raBoved f'raD. the "'iDe 
(prop control failure) an overspeed' gwernor goes into action at 10]$.-' ~- -- -
overspeeci governor operates in much the same manner as the unierspeed gOYC"DDr 
except for the s pring tension against the flyweights. As the engine speecl ex-

, ceeds 10J.% RPM the nyweights pivot out partially closing a fuel now vaIn, 
thereby reducing fuel now to the engine. Thus the engine is prevented trca ex­
ceeding 103% RPM. If RPM drops be1cP,..r IOU fuel now increases, mainta1 ning max 
speed between 101% and 103% when propeller load on engine is unexpec~ ~ 
duced. 

f3 Sensor (Fig. 2-4) See page 18 

A tap off the engine at station P1,prOV'ides pressure to a bellaw-tram. (a d1a­
phram with excess material to perllU.t a long stroke). As p~ increases the 
bellow-tram expands, moving a toothed rod. This rod positiOns a gear lItdch 1a 
connected to a three dimension cam. As the cam rotates it actuates a p1TOtecl 
lever which permits the fuel flow valve to open, increasing Wt to the a~era. 
This provides a direct relationship between compressor air flliw an:1 fuel: 1law. ' 
A rupture of the P 3 sensor tube wi~l prevent engine acceleration after llghtott. 

f2 Sensor (Fig. 2-5) See page 19 - Air Density 

Since the density of the ambient air affects the operation of the engine, it JIlUSt 
also mod.ity the fuel now. An inlet air sensor placed in the inlet duct eenaes 
both the pressure and temperature of the air enterin& the c<D.pressor. 
Variations in P2 are carried to a bellows within the fuel control asl!S~. 

OT.7.t 
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A reduction in the value of P2 will cause the bellows to expe.Dd.. J. rod, con­
nected to the bellows positions the three dimensional cam lateral:q (aee 
P3 sensor) th'W!J superimposing P2 on the P 1 signal being giTen to the fuel 
control. A reduction of P2 at t.he inlet 'Ifill result in a reduction in fUel 
now with increased P2 increasing fuel now. 

T2 Sensor (Fig. 2-5) - Air Temperature 

'lbe temperature of the ambient air has an effect on its density am thus on the 
pressure of the air after it has been processed by the compressor (P3). This 
must be canpensated for. 'lbe T2 portion of -I-...he inlet duct sensor consiats ot 
a triple coil of tubing which contains alcolhol. 

A change in inlet air temperature would expalld or contract the alcoHol sealed. 
within the sensor, causing a movement of a bullCMS in the fuel control. 
'nlrough a linkage, movement of the temperatu:-e sensing bellows provides further 
positioning of the 3D cam, which is already adjusting to canpressor discharge 
pressure (P"J~ am inlet pressure (P2 ). This results in an additional modifi­
cation of tne fuel now (Wf) to the canbustor. Should damage cause the alcohol 
to leak fran' the sensor, fuel flow will not be sufficient to permit llght otf, 
during the start cycle. ."" 

FUEL SHUT-oFF VAIJIE (Fig. 2-2) 

'lbe fuel shut-off valve is located between the fuel control and the at.ani.zera. 
It is a ball-type valve which can be moved to either the open or closed. 
position by two separate solenoid coils. Following movement of the valve a 
microswitch breaks the circuit to the coil so no current 18 cons\IDed by the 
solenoid assembly. The valve is held in either the open or closed poai tion 
by a spring latch. In case of power failure the valve can be mecha.nical.l7 
closed by pu.lling the prop feathering l'18mle. Once cloeed the ruel valve caD­
not be opened without electric pao.rer. When closed the fuel shut-ott valve 
drains the fuel fran the line to the atanizers. 

FUEL ATCHIZERS (Fig. 2-1) 

When the fuel solenoid is opened (above l~ RFM with the eogi.ne switch in the 
RUN position) high pressure fuel flows through the TEN fUBl atomizers into the 
canbustor. The fuel atanizers are separated into a primary (small) orifice am. 
a (larger) secoooary orifice which surroums the primary. A pressure operated '. 
n<M divider distributes all of the fuel flow to the primary oritices of 
the TEN atanizere while fuel pressure is low (70 - 225 psi), at engine 
starting speeds prior to light off. When fuel preslJU.re exceeds 225 pei, the 
nCM divider opens to permit fuel flaw to the secomary orifices to suppl.elDa:lt 
the fuel already flowing through the. primary orifices. If the fuel divider 
should malfunction and open 1IIIhile ruel pressure i8 lew, the fuel would not 
develope enough pressure to atomize am the engine would not light otf. 
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FUEL OIL HbAT EXCHANGER (Fig. 2-2) I 

Fuel from the high pressure pump is forced through tubes of an oil-ruel heat 
exchanger where the fuel absorbs SOllie of the heat from the lubricating 011. 
frOID the heat exchanger the warn.ed fuel can flow three ways; through the 
speed governor, through the fuel enrlchnlent solenoid and through the anti';'lce 
sensor. When fuel entering the systeIll has a low enough temperature to peIW1t 
entrained water to freeze on the filters, the anti-ice sensor nletering valve 
opens, allowing heated fuel to ndx with fuel entering the systeJu from the boost 
pun~, preventing ice formation on the filters. Should ice, or other foreign 
naterial clog, the filter, a clogged filter warning lifht on the pilotts instru-
Dlent panel comes ON. Once the clogged filter warning lieht is ON the pilot 
should land as soon as possible as there is no way of estimating the length, 
of time that the engine will continue to receive sufficient fuel to run. Wal"ll 
fuel reaching the atomizers, through the fuel control, is more easl1y atomized 
and i~ited than is cold fuel. 

• 
1. The Garrett Engine TPE 331 has fuel 

booster pumps. I , 

2. One boost PunlP is driven, the other is two 
driven. 

3. In addition there is a high __ fuel pump electrically, 
to force fuel through the system. engine 

4. To obtain fuel flow there must be in the pressure 
tanks, the aircraft valve must be open -and the must be open. 

-
5. The fuel solenoid valve is operated. It fuel, 

cannot be opened until the switch is ON, fuel shutorf, 
the switch is in HuN, the fuel solenoid valve 
switch is ON and the SS~ switch has automatically 
closed when Lhe en~ine eached % RPM. 

6. As the engine gains speed after light off, cOfupressor electrically, 
discharge presuure (P3) causes fuel to mas t t;:r, engine, 
reach the coruhustor. ground start, 10$ 

._--

7. . As engine RPl-! nears the spet::d scheduled by the increased (more) 
·the fuel control auton~tically reduces fuel flow in 
order to constant enr,ine HPH. 

8. The systen. and the systen. make ~tieft lever, 
it possible for tile pilot to provide extra fuel to maintain 
the conlbustor, wren needed, during the start cycle. 

----------
9. Ex:ceesive fuel to the combustor will start flow, 

cOfl.bustor di.scharge temperature T4• fuel enrichment 

! 
I OT.7 .. 
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10. On the Garrett 'engine, T~ is n,onitored by means of increase 
Exhaust Gas Temperature age n,ounted on the _-

II. Exhaust Gas Teniptrature (EGT) is measured at pilot's instrument 
engine station on the Garrett engine. panel 

12. Fuel nleterine nust be carefully monitored hy the T5 
to he sure that al10wahle 1GT (TS) 

temperatures are • -- ---.!--- -
13. The automaLic fuel control does not prevent • pilot, not e:x:ceedeC;1 

- ---------, 
14. When maxin.'UD1 Tt ten,peratures are approached the excessive EGT 

lliUS take the necessary action to reduce 
before occurs. 

- --- --
15. All fuel entering the systerll passes through fuel pilot, fuel flow, 

filters. SiIould 1.1:l8 CjJt8~i ~8eeme e~9gged ~fte engine damage 
<:omes 9ft at the pilot I ~ instrtl:lrtefrt.--panel. 

--- ----
16. SRoW.dthe ciog/·ed filtel' waming-~-come-on, c~ ttltM'" 'Wm-

--the-~-~l{i -ae---1:100n-&5 possible. lng li"ht --
17. When shutting down the engine, fuel flow is shutoff land the ail craft '. 

electrically by closing the • ---, -
18. In case of electrical failure, the fuel solenoid fuel solenoid valvtt 

valve can be closed manually by ; 

• 

pulling the prop 
feathering handle 

-

, 

. 
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The principle corr,ponents of the propeller controls are the propeller, the prop 
pitch control, the propeller governor, the prop feathering valve, negative torque 
sensor, pressure regulator, unfeathering punlP and presBure switch. The propeller 
uBed on the engine in the Porter installation is the Hartzell, three hladed, 
variable pitch, reversable propel 1£ r. Other propeHe rs of s1nJ.lar design rrl1y 
be used. 

Propeller (Fig • .3-2) See page 22 

The Hartzell propeller is s pring loaded to return to the feathered position. OU 
pressure, entering through an oil transfer tube, fills the entire dome of the 
peller. As oil pressure rises, a piston is forced out, rotating the blades 
toward low pitch, and eventually to the reverse pitch position. Since the 
propeller is spring loaded to feather, when oil pressure <rops ott, the blade i 
will assun,e the feather position. In order to prevent autolr.atic teathering 
on engine shut down, the propeller is provided with s top locks which" po- . .' 
s1t1on the blades so as to otter minim\In a1r resistance duriDa the start crcte• 
Since the engine will not start with the propeller in the teather ·position, .-
it is important for the pilot to properly position and lock the blades 
when he shuts down the engine. To accoIrlplish this, when the pilot shuts down 
the engine he must move his power lever to a reverse position ao that thlt 
blades will be rotated far enough back of the start position to allow th,:t 
locks to drop into place as the engine comes to a stop and loses oil pressure. 

Propeller Operation (Fig: .3-1) 

Oil is supplied to the propeller from the engine lubricating system. Thia 011 
is drawn through a gear type punlP in the propeller governor and forced. through 
the controls to the propeller piston. Whenever the oil flow is closed off, 
oil trapped in the propeller dome hydraulically holds the blades in a fL~ed 
position. Forcing additional oil into the propeller dome r educes prop pitch. 
Letting oil drain out of the propeller d orne increases prop "itch. It all oil 
drains out the prop goes to the fea~her position. The UAnner in which oll 
is forced into or let out of the propeller dome comprises the propeller con­
trol systeni. 

Propeller pitch is controlled i,n two different ways. In Beta mode of 
operation, the pilot directly sets prop pitch with the power lever. In prop 
governor mode of operation, the prop governor automatically selects the Ilrop 
pitch required to keep the proper load on the engine so· that it w1.l1 run at a 
('l1nstant speed. 

Prop pitch control (Fip: • .3-1) 

(.., When operating the engine in Beta mode (bel-ween 85% and 97% RPM as set hy the 
condition lever), the pilot flets the prop pitch by mechanically Dloving the 

.. 

. I 
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, prop pitch control with the power lever. au pressure at about 400 pei is prori.decl 
, b7 the. propeller sy'I!Item's oil pre'ssure pump. Th.is oil goes through the 

inoperative prop governor systan, activates a pressure switch which gives a 
panel light indication that the control is in Beta mode, and then tD the prop 
pitch control. 'll1e prop pit:ch control is mounted at the rear of the gear 
case assembly directly behini the propeller. It conaists of a Ilovable foJ.l.GNer 
sleeve into 'Which the rear eni of the prop oil transfer tube is fitted. The 
oil transfer tube has a hold near its end. When :the hole in the transter tube 
is inside the follower sleeve, high pressure oil can now free~ into the 
propeller dane causing the piston to move out, reducing the prop pitch. '\s 
the piston moves out the prop oil transfer tube moves with it until the hole 
in the tube is closed by the case of the follower 

TO PROPELLER 

PROP OIL TRANSFER TUBE 

TO OIL PRESSURE PUMP 

• 

PROP PITCH CONTROL 

Figure 3-3 

FOIJ.OWING SLEEVE 

sleeve. Oil no longer flows, piston movement stops. '!'he propeller blad .. are 
hydraUlically locked in a fixed position. While in Beta mode, it the pil(.~ 
pu..ils back on the power lever, the follower sleeve will slide back on theoU 
transfer tube, uncovering the hole, permitting oil to escape fram the propeller 
dome. Under spring tension the propeller blades rotate toward higher pit(m 
ur.·~ll the hole in the follower sleeve again is sealed off by the use of ';he 
follower sleeve. Thus as the pilot moves the foLower sleeve by positioning 
the power lever, the propeller pitch changes to the desired angle. When in prop 
governing mode the pawer lever still positions the follower sleeve to act as 
a minimum pitch stop in case of prop governor or engine failure. 

OT.7U 
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When the engiM reachiss prop goV'ernar speed (96% - lcx::>% RPM) the prop pitch 
control DO longer controls the propeller, but acts orib' as m.1ni.Imm pitch stop 

. 
,$I 

.j i'·~:·· . ,t 

. 

in co sa or prop govemor or e ngin.e f'a1lure. . . 
"" 

!be . prop govemor eonsists of a high pressure oil pump feeding 011 thl"ougb. . 
a pilot valve, through the non-f'unctioning prop pitch control to the propallar . 
dcme. The pilat valve is contacted by a set of engine driven fl3we1gtJ.ts which 
close off t.he 011 to the propelle r when the engina reaches the RFH set into the . 
govemor. It the engine load. is reduced (point plane nose down, 1:acreaa1Dg 
airspeed), engine speed increases causing the flyweights to meNe out, oper::a1l8 
the oU line to the propeller, at the pilot valve. The oil news out ot the 
.p!'O~ller dome, the s pring loading rotating the blades to higher pitch alQdDg 
eDgine RPM and again closing oft the oil li116 at the pilot valve. It the eng1De 
laad is increased (point plane nose up, reducing airspeec:l), the qine al.c::ws dOWD, 
al1c:Iwing the flyweights to be forced in by the spe.eder spring, permitting the 

. pUot valve to uncover the oil port to the pressure pump. Oil is torced into 
: 'the propeller dane am the blades rotate to lcwer pitch, all.c:lwing the q1ne 
···to regain its speed. 

The . engine R.A( in prop governor mode can be set between 96% am l.00% RPM' b7 pos1-
. tion1n.g the coIXiition lever. The coIXiition lever po.ts pressure on the speeder 

spring, determining the am at which the flyweights will move the pilot. valve. 

In prop governing mode thepilot controb the fuel fl.ow with the power lev~r • 
. The prop governor autanatical.ly controls the prop pitch to maintain constant 

engi.ne RFH. 

PropellEr feathering (Fig. 3-1) 

The propeller blades are spring l.oaded to the feather position; the prop -1' be 
tea.thered by dumping oil fran the propeller control system. The propeller 
control. oil passes through the prop feathering valve on its way to the prope]l.er. 
When the feathering handle is pulled by the pilot, it mechanically closes the 
fUel solenoid valve, shutting off fuel. now, then closes otf the oil now 
trail the propeller governor at the same time letting propeller oil escape 
through the feathering into the feather position. 

In addition to manual-. control the prop feathering valve will be autamatical..lJ" 
operated by the negative torque sensor in case of engine failure. If the eng1ne 
taUs, oil pressure will move the prop feathering valve shutting off oil 
pressure am allcwing propeller oil to escape through the vent port. The 
propeller will autanatica.l.ly feather • 

• 
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Propeller feather!ng (Cont.) 

If' oil to the propeller is cut off by' the prop feathering valve the propeller 
caMot be unfeathered with the unfeathering pump. 'ftte prop feathering valve 
must be put back in the normal position by pushing the prop feathering handle 
full in. 

~eatheriBB PumE (Fig. 3-1) 

The propeller can only be unfeathered by supplying oil pressure to the propeller 
dane. When the engine is not running am the propeller is feathered, oil for 
unteathering is supplied by an electrically driven unfeathering pump. This 
pump is operated by a switch on the pilot instrument panel. 

If the unfeathering pump is run while the prop feathering valve is pulled, 011 
is pumped out the prop feathering valve vent port into the gear housing. No 
pressure is developed to unfeather the propeller, continued operation of the 
Pl.lD.P will pump all the oil from th9 oil reservoir into the gear housing, 
leaving no 011 available for developing pressure to the propeller dane. The 

. engine must be turned several times to pump the oil back into the reservoir 
before there is oil available to the unfeathering p\lD.p. When the prop-feather­
ing valve is moved back to the normal position, and there is 011 in the reser­
voir, the prop unfeathering panp will provide oil pressure to unfeather the 
propeller when the engine is not turning. . 

Negative Torgue Sensot (Fig. 3-1) 

Negative torque is applied to the engine when the propeller or the starter turns 
the engine through the reduction gears. During the start cycle, the propeller 
is held in flat pitch by propeller start locks. In flight, engine failure 
would produce a comition where the propeller 'twiMmills" the engine. This i8 
a condition of "negative torque ll • A negative torque sensor opens an oil valve, 
permitting oil pressure to move the prop feathering valve to the feather 
position. Positive torque moves the oil valve back so that the oil presf;ure 
to the prop feathering valve drains off into the gear housing, permittinl; the 

" prop feathering valve to return to its "normal" position. You can see t~at a 
windmilling engine would have negative torque, starting the prop to feather 
position. As the propeller increases pitch it starts to slow the engine, de­
veloping positive torque, closing the prop feathering valve ani unfeathering 
the propeller. In the case of engine failure, the prop will be "milked" to 
the feather position as the engine RPM slows to zero. Without the negative 
torque system the engine would continue to ''windmill''. 

OT.7e. 
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1. The propeller control systen is built aroum a pro-
peller which is spring loaded. to the 
position. 

, 

2. A ~au1ic system is used to move the propeller to feather 
lawer pitch by using pressure. 

",!ill"" 

3. Oil. to operate the propeller is taken from the • 011 

I ' 4. au pressure to operate the propeller can be taken engine lubricating 
. . 

fran sources. -system , , 

, 
1 • 5. One is an operated gear type pump located in two 

the prop governor. 

6.' The other is an driven prop unfeathering engine 
pgnp. 

7. When starting the engine the propeller must be in electrically 
pitch. 

, 

8. To keep the propeller in flat pitch when there is no flat 
011 pressure, are provided. These are set 
by the pilot when he is shutting down the engine. 

9. The pilot sets the stop locks on engine shut down by stop locks 
pulling the to the reverse position as the :; 

, ~I 

engine ~oses RPM. 

10. It the propeller has not been properly positioned on power lever 
engine shut down, the pUot can position the propeller 
by means of the • 

ll. First be sure the is in the nonnal position. unfeathering pump 

12. Then activate the unfeathering pump With the power prop feathering 
lever in reverse poSition, until the are valve 
heard to drop into position. The propeller is then 
in the poSition. 

OT.789 
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13. The prop pitch control is used to set prop pitch when start locks, 
the engine is operated in • start (flat pitch) 

14. The pilot sets the prop pitch control by operating Beta mode 
the • 

- , 

15. When the engine RPM reaches the setting of the prop pclWer leTer 
gavernor, the engine goes into mode of 
operation. 

16. In prop governor mode, prop pitch is controlled prop gavernor 
__ by the prop governor to maintain a • 

----
17. Although the prop pitch control does not control I automatically, 

the propeller pitch in prop governor mode of opera-

I 
constant engine Rf!! 

tion, it does act as a in case of engine 
failure or failure. 

I 

I 
! 

18. In prop governor mode, engine RPM can be set to between i minimum pitch stop, 
• The pilot sets RFM into the prop' prop gOV'emor 

governor by moving the 
I 

• l 

• . ----, 
/t'¥'10/ I 

96% am 100%, 19. The coRiiticm lever changes tension on a speeder 
spring which sets the at which the pilot , ~Uon lever 
valve will feed oil pressure into or out of the ! "'/If 

• ! 
t 

- I 

I 
20., The negs. tive torque system autana tically RPM, • I the propeller in case of engine failure. I propeller dane 

, 

feathers 

OT.'" 
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The lubriea tion system is a dry-sump type. All excess oU being scavenged tra:a 
the sumps am stored. in an externally mounted. oil tank. The system holds 7 
quarts of oil. Mobil oil jet II is the specified. lubricant. 

OReration 

Oil is drawn from the external tank by the lubrication oil J'WDp. The oil is pumped. 
through an oU fUter. A pressure relief valve is set at 90-110 psi. The oU 
news through an internally cored passage to the various bearings, jets and 
gears Within the gear housing. An external line carries oU to the art bearing 
in the turbine sump. After lubricating, the oil collects in the aft turbine 
sump aId. the accessory gear case. A gerotor type scavenge pump, located within 
the aft turbine sump area, forces oU through the hollow compressor shart into 
the gear case. Two gerotor type scavenge pumps take the oil fraR the gear CBse 
through the fuel-oil heat exchanger and an air oil separator back into the oU 
tank. Since the volune removed. fran the gear case by the scavenge. pump exceeds 
the liquid inPUt from the lube oil pump, air is also removed. i'rcm the gear housi.'.3I 
keeping itun::ier'negative pressure in relation to ambient air. nns negative pre.s­
sure assists· the seals in preventing oil leaks. The engine uses a maxinn.:m ot 
0.02 gal ot oil per hour. The oil pressure and oil temperature are shown on 
instrument panel gages. A slow drop in pressure, down to 50-60 psi, would. in­
dicate time to change a clogged. oil fUt.er. Overfilling of the oil system will 
result in oil being jettisoned from. the overboard vent. A magnetic drain plug 
attracts ferrous particles Which may be present in the lower gear sump area. 
Metal particles at the drain plug light a chip detector light on the pilot's 
instrument panel • 

. 
1. The lubrication system is a ____ type. 

2. The sumps are kept clear of excess oU by ___ _ dry sump 
PlDps. 

I scavenger I 
t 
I 

3. Oil capacity is ____ quarts or ___ _ 
gallons. 

-----.. --.-.----------.------------~r_----------I 7, 1.75 
l -

4. Oil specification is ____ • 

I Mobil oil jetU 5. Normal oil consumption is __ ._ per hour. 

r------.---.-------.-... -.-.- -.-----------+_ 
! 

6. Normal. oil pressure is ____ psi. 0.02 gal. 

---
7. It aircraft log shows slowly falling oil pressure 90-110 

over several hours of flight, look for • 

OT.71' 
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range __ maintenance is irrUca ted. 
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clogged oU tilter 

+-------------------------------+-----------
9. The ruel oil heat exchanger has two tunctions. One preventive 

is to _____ the oil circulating through the 
engine. The other is to the ruel berore it 
reaches the atomizers. 

10. Normal operating 9il temperature is _____ • cool, heat 

,f!,~ 
li. On the grouIXi with aeMiMoD lever back and power 

lever at max drag, minimum oil pressure or ___ _ , 
j 

r---- ----A-------------------------i-I------~--
I 70 
I 

psi. is less than that expected in tllght. 

OT.' •• . 
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T0!'9ue Sensing System (Fig. 5-1) See page 32 

The c<lllpr8ssor and turbine are mounted on a coDl11on shaft. A torsion shaft trana-
mits the torque to the propeller through the reduction gear train. BeiDg.con-
nected together, both shafts always rotate at the same speed; however, &s 
propeller load increases, the torsion Shaft exhibits a twist with respect to the 
c<lllpressor shaft. The amount of this twist is measured by a: torque sensor which 
converts the amount of twist in the torsion shaft to varying oil pressure~ 
The oil pressure is taken to a torque pressure indicator on the pilot's in-
strument panel. Although the instrument actually measures changes in oil 
pressure, it is calibrated to read foot pounds of torque. As the engine can 
generate more torque than the gear tra Ln can transmit, it is important tbat. 
torque limits not be exceeded. ltiftimuIa to!"Ef.U.e ttlr- takeolf',- and not-to-tlX~ 
5 m:ll».1tes d.uratiQ~ :11·1510 f't.lbs. HOI1Da]; entiae MeuM BOt &Geed 1367 fb...lbe. 
lfaad •• inatantaneeu:s, ne·..,erexeeeci, tOoNl\l8 :1s ~'706-.rt.lbs. 

1. The torque sensing system is to give the pilot an 
indication of the ... of the engine • 

.... _ ..... 
< • .. 

2. The qine is capable of producing than power output· 
the gear train can transmit. 

"'-----

3. The paNer being transmitted to the gear train is more pcwer 
shown on a on the pilot's instrument 
panel. 

- . 
4. The torque pressure indicator is calibrated in Torque Pressure Indi-

• cator ---- II • 

5. At normal cruise the torque pressure ehould not ex- feet pettnds or toPqal 
ceed A.lbs. I 

S.~T ;-Ice~.<Jc. v(C .e.. 
Sift'" . 

6. On takeoff, maximum torque should not exceed . ... 1J6«r 
:i%Jltf)s. am for not more than minutes dura- ,5-.:::;<) 

ti~n. 

7 •. !!!he 8:bse~ III.&lElmurRJ iftstantaneous, never exceed -w.o,. 5 
~ue ~eS$Jre :I II . _____ tt; i 188r -6?-S' 

.. -
__ I 

t 

8. rf these limits are exceeded, as soon as I shut dONn the engine, 
! possible. Call for • ! maintenance -- , 
I 

I 
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~tri~). Buts (Fig. 6-1 am Fig. 6-2) See page 34 & 35 

0nl.1' a tffftfl canponents of the electrical aystem are pLrt of the engine. The main 
&y'Stem is part of the aircraft electrical system and may vary in different 
instal.ls.tions. The operation of a typical system is given here. 

D.C. Electrical pcwer comes frail a 24 volt battery through a Master switch then 
a circuit breaker to the engine circuits. A starter generator sel"V'es to crank 
the engine at start ani then beccmes a generator during operation. A volt 
amp meter on the pilotts instrument parlel monitors available voltage, current 
new am generator output. A voltage regulator prevents over voltage from 
going into the electrical system. 

Electrically operated eI'4!;1ne instruments are: 

Tachometer 
Torque pressure iMicator 
Exhaust gas temperature inU­
cator 

Oil temperature gage 
OU pressure gage 
ruel pressure gage 
Fuel now gage 

To initiate an engine start the engine adtch is placed in the crank posi­
tion, the ground start switch is mClll8Jltarily depressed. Current. flows through 
the starter relay. The atarter-generator begins to crank the engine. The 
starter ON light illllllinates as long as the starter relay l"EID&ins energized. 
At lac RPM the SS-l switch closes canpleting the electrical circuit through 
the fUel solenoid am ignition relay to the engine SJlitch. When the eqp.ne 
switch is mOV'ed to the RUN poSition, fuel now aDi ignition are energized. 
At 43-4~ RPM the SS-2 switch opens the circuit to the starter relay, the 
start light goes out, the generator is cormected to the voltage regulator, 
the ignition circuit is turned otf am the voltmeter am ampneter begin to 
read generator output. Ge~rator output increases as engine comes up to speed. 

The engine may be shut down by moving the engine switch to stop. This energizes 
the fuel solenoid valve to the closed position and the engine coasts to a 
stop. 

There are several electrically operated accessories which a re not concerned 
with engine acceleration. When held in t.he ON position the fuel enrichment 
switch activates the fuel enrichment solonoid providing additional fuel now. 
The unfeathering punp switch will e~rg1ze the unfeathering p\lllP. The 
ignition override switch provides energy: to the igniters for air starts where 
the starter is not used. These three switches are spring loaded to the down 
or off position. The anti-ice switch will energize the anti-ice solenoid while 
held in the ON position. At the same time the anti-ice warning light comes 
on. The anti-ice switch when held in the compressor bleed position will ener-
gize the compressor bleed solenoid am the startnow solenoid. ..) 

The engine may be cranked without light off by placing the engine switch in 
the crank position. Pushing the spring loaded groun:i start switch to ON will 
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ElectricaA sUt_ (Cont.) 

energize the starter motor. The engine will continue to be turned by the 
starter motor until the engine switch is placed in the STOP position. Be sure 
to avoid exceeding the duty cycle of the starter-generator. 

-rf./:tft2& 
There are ~ lig)lt indicators on the pil.ot's instrument panel. The Beta 
light is on when the engine is being operated in Beta Mode. The chip detector 
warns of metal particles in the gear housing. 'l'i\e cleggea filter light. w:ms-
at. the- Reed te efiang.e tbe~-!ilter. The anti-ice light glOlfls when the anti-
ice solenoid is open. 'the start 1 j gbt.- glows while the starter is craRk1ng 
·~e ~ine-;, 

1. The electrical system is a volt, 
system. 

*-

2. The starter-generator acts as a starter during the 24, D.C. 
_. _____ period, aOO as a generator during the 
period. 

.- .... _---_ .. - . .-.--~---
3. The starter ___ becanes a generator as the engine engine crank, 

nears - RPM. engine run 

-
4. The pilot knCMS when the starter function stops and automatically, 

the generator function begins by reference to the 50% 
pilot's instrument panel. ~Ie @:ees 6\:t.t. 
The shows a current build up. The . . ---shows 24-27 volts. 

-. -. . 
5. In case of electrical failure the engine will start llght., • I ammeter, voltmeter 

6. In case of electrical failure the engine may be continue to run 
shut dawn by closing the solenoid valve 
mechanically. This can be done by pulling the 

-- part way out. 
- _. --

7. Once shut dOlfln, the engine during an elec- fuel, 
trical power failure. prop fea. the ring 

handle 

s. In case of electrical power failure the engine ins- I cannot be restarted 
truments on the pilot's instrwr,ent panel, with the I 

exception of the, _. __ ~ indicator, will be • 
--~.---

EDT, inoperative 
OT.1 •• 
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The ignition system consists of two igniters located in the caabustor. Ignition 
is energized by the 55-1 switch when the engine reaches 10% RPM and the engine 
switch is in the RUN position. Fuel ani ignition initially reach the combustor 
at the same time. Ignition procluces a sharp sound \4'lich can be heard fran the 
cockpit. Following light off, the ignition circuit is cut off by the ss-2 
switch \\tlen engine RPM reaches 45-47%. 

Turbine Discharge Tem~ra~ 

Eight chromel-alumel thermocouples are located in the tailpipe. These thermo­
couples entirely separate ani independent of the aircraft electrical system, 
generate an electrical current which is proportional to EGT (T~). This elec­
trical current operates the exhaust gas temperature indicator On the pilot's 
instrument panel. It is important for the pilot to check the thermocouples 
for heat damage during preflight, walk aroun:t, inspection. 
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'nle toUowing JBges give intol'Jl8tion for analysing ani remedy.l.ng 
engine malfunctions. They should be studied caretul.l3". 



SDSPTCII CHE::KS AND FUR'l'HEIi ~:.:HPT(J.fS PROBABLE CAtS! RE24EDY 

The remedy is obvious. No response When startlNothing electrical operates on 
swi tch is actuated instrument panel 

Dead. Battery 

Starter cranks engine 
only untU start 
switch is released 

tw 

Electrical canponents on panel 
operate; starter relay is heard 
to actuate Wien start switch is 
actuated; engine can be turned 
freely by hand. 

I 

Aircratt switches, Read the instructions for oper-
circuit breakers etc. ating the aircraft before start­
not properly' position- ing engine, and follow them. 
eel. 

Starter-generator 
failed 

Replace 

- - - - - - - - - - - - - - - - - ... 1 --------+---------------1 
As above, but engine cannot be 
turned freely by the prop 

Electrical canponents on the panel 
operate, but starter relay cannot 
be heard to actuate When start 
switch is actuated. Ohmeter 
check of pins A to B on speed 
switch cormector on front of gear 
housing shows no continuity. 

EngiDe inte1"118.l.ly' 
failed. 

Obvious 

88-2 stuck in actuatedlWith ohmeter still comected 
position between A a:rxi B, tum 88-2 

position adjust screw (furthest 
trom cormector) CCW (out) no more 
than one turn. It continuity is 
establlshed turn CCW 2i turns 
beyond point where continuity was 
obtained, and lockwire. If no 
continuity in one tum, switch 
is failed, and must be replaced 
before running engine. 

----.-------------1 I 
As above, but the ohmeter 
indicates continuity from A to B 

Aircraft wiring or I Refer to aircraft operation 
switches failed or not or maintenance instructions 
properly set. 

~--------------------------~I~~~------------~- I 
Voltmeter on panel shows less 
than 12 volts when start 
initiated. 

'-" 

Voltage too low to 
hold in actuated 
position 

Recharge battery. Use grourd 
power When available. Don't 
release start switch too 
quicklJr after initiating start. 

\.r 

-: 
~ 
s 
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SYMPTOM 

~tarter cranks engine 
only until start 
switch is released 
(Continued ) 

~KS AND FUR'mER SYMPTOMS 

Voltage on panel meter shCMs 
normal during .start. Check for 
continuity .fran pin A to B on 
connector on front of gear 
housing shows none. 

r 

PROBABIE CAUSE 

Speed switch 55-2 
stuck in actuated 
position 

r' 
REMEDY 

~ith ohmeter connected between A 
and B, turn S5-2 screw (furthest 
£ran comector) out (COW) until 
continuity shows, but not more 
than one turn. After continuity 
shCMS, turn screw 2i turns more 
and 10ckwire. If no continuity 
in first turn, switch is failed 
and must be replaced. - - - - - - - __ - - - - - ... - - 1-------------+---------------

As in check above, but A to B 
circuit shows continuity. 

I . 

Aircra ft wiring Refer to maintenance manual 
failed pertaining to aircraft. 

Law battery or high echarge battery. Use ground 
electrical 1 load power. Remove bus loads before 
on system starting. 

Starter cranks engine 1l.PM less than 10%, battery 
but combustion does voltage low; engine coasts to 
not occur stop normally 

-------- -----+------------------r---------------------i 
RPM less than 10%, battery 
voltage normal. Unit coasts 
1uickly and noisily to stop. 

Internal engine 
failure· 

!obvious 

------..--.·--------------------+I------..-------------~--------,------------------
~ll'M over 10%; no ignition sound I Speed switch 55-1 
nor fuel fumes from exhau~t. No failed to actuate 
continuity from pin C to D on 
connector pins on front of gear 
housing when rpn over 10%. If 
aircraft so equipped, actuating 
55-1 bypass switch produces 
combustion. 

~
ith ohmeter still on C to D 
ins tum 55-1 (closest to con­
ector) no more than 2 turns in 

(CW). If no continuity, 55-1 
failed. If continuity is found, 
lturn screw out (CCW) until 
continuity is again lost and 
urn screw t tu...'"Il more CCW and 
ockwire • 

.. -- .- - - - - - - - - - - - - - -1-------------+-----------------1 
As above, but C to D pins show 
contirmi ty when engine rpn over 
W 
RPM over 10%. Fuel fumes from 
turbine exhaust, but no SO'lll...:i. \)f 
ignition. Voltmeter check of 
ignition coil connector pins C 
to A shows at least 16 Volts 

Iwhen e..ngine !Speed over 1.0% 

Aircraft wiring or 
electrical cQlllponent 
failed 
I Ign:1.tioncoTI ignitor 
or high tension 1~1I 
failed 

efer to aircraft maintenance 
nual. 

E
Place c-oll, igniters and. 
ads, in that order, until 

aulty component is located. i 
~ 



." 

SYMPTCM CHID}(s AND FUR'l\IER SYMPTCl4S PROBABLE CAUSE REMEDY I «S 
No light ott (Conttd) As above but voltmeter check ot Aircraft wiring or Reter to aircratt maintenance 

pirul C to A shows low or no component detective manual 
voltage. 

RPM over 10% and ignition "snap" 
heard, but no evidence ot tuel at 
turbine exhaust. No tlowmeter 
reading, but ruel inlet pressure 
~ositive. Gage at pump test port 
shows over 100 psi, and voltage 
check ot tuel solenoid plug shows 
over 16 volts when rpn over 10%. 

Fuel solenoid valve 
tailed, or its manual 
c:werride lever in MAN 
OFF position. 

Reset linkage to lever or 
replace solenoid. 

-- ~ -- -- .. .w -- ~ -- -- -- .. .. -- -- -- .. -i --------------.. ------------------+1--~----------------------------------------------1 
As above, but no voltage present 
at solenoid plug. 

Aircratt wiring or 
electrical component 
tailed. 

Reter to a ircratt maintenance 
manual. 

------------------------------~----------------_;Ir_----<--------------------~ 
??M over 10%, ignition snap heard, 
but no ruel now or fumes trom 
exhaust. Fuel inlet pressure 
positive, but gage at pump test 
~ort reads only boost pressure 
untU 10%, then drops to near 
zero. 

High pressure pump or I Replace pump or shatt, or 
drive shatt in fuel complete fuel control. 
control tailed. 

-- ~~--~---------------------.----------------~------------------~--------------t_----------------
:::11-1 over 10% but tuel inlet 
Pressure is zero or below. 

Fuel supply obstruc­
tion. 

Reter to aircratt maintenance 
manual. (Shutoft valve, tank 
quantity, filters, etc.) 

----~----------f I I 
RPM over 10%, fuel f low near 
6Oj.. /hr. ignition snap heard, 
pump test port pressure over 
160 psig. 

Flaw divider stuck 
open. 

Clean or replace divider valve 
and screen, or replace dividar 
assembly. 

I" I . _________ -- __ , ___ ,. <, . ..1._- ____ ., _____ .. <-.. ------ <-- . 

\., ~ \.1 
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