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AETS : Aeronautical En—route Information Service
AlP : Aeronautical Information Publication
ALT caltitude

AOA : Angle of Attack

AS 1T : Air Safety Investigator

ATSB : Australian Transport Safety Bureau
BLWR : blower

CAA : Civil Aviation Authority

CAS : Calibrated Air Speed

CHT : Cylinder Head Temperature

COND : condition

DME : Distance Measuring Equipment
deg . degree

EAS : Equivalent Air Speed

EMERG : emergency

FAA : Federal Aviation Administration
FAR : Federal Aviation Regulations

f pm : feet per minutes

ft : feet

gal s gallon

GPH : Gallons Per Hour

GS : Ground Speed

HP : Horse Power

Hz : Hertz

IAS : Indicated Air Speed

ILS : Instrument Landing System

I MG : Image

in : inch

JAXA : Japan Aerospace Exploration Agency
J ST : Japan Standard Time

kt : knot

KTS : knots

KIAS : Knot Indicated Air Speed



1b : pound

MAX : Maximum

NTSB : National Transportation Safety Board
POH : Pilot’ s Operating Handbook

PSI : Pounds per Square Inch

RNAV : Area Navigation

RPM : Revolutions/Rotations Per Minute
RWY : Runway

SMS : Safety Management System

STC : Supplemental Type Certificate
TAS : True Air Speed

TC : Type Certification

TCA : Terminal Control Area

TIT : Turbine Inlet Temperature

VFR : Visual Flight Rules

VHF : Very High Frequency

VOR : VHF Omni-directional radio Range
VRB : variable

Vs : stall speed

V x : speed for best angle of climb
Vy : speed for best rate of climb
WD I : Wind Direction Indicator
AL

1ft :0.3048m

1in :25.40mm

1 nm :1,852m

11b :0.45 3 6kg

[C] : ([F1—=832)X5/9

1US gal :3.785 0

1kt :1.852km/h (0.51 4 4n/s)
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(a) WIZEHEDFEHINTE
TRITFHENZ AN T E RN 6 R OBIIE 2 IZ7E# I T D
FHIHZFIH L T, RITHEDOERK CELANE &7 HT 5,
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S TH D, FEHEIZIZEHTRERE, Firt), EYROFEN G E
ND, BERERFDHE 2K NEONEZ G T 5I121%, LT OFNRICHE 5 F,
(2) 4. FEH#RIFD A2 HELTHIE
ECDORATIEREIZ RN T, HEIZSTT DB LED, FATH, HIZFF
FHIPAIZ 8 B 035 sl 375 Z &1k, 1L =554 2> FOFLTH
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5,
(f) 6£DGE — HifE24, FRIFE2H, GIF24
6 HIETFT DB, BELR O K iid E L - w0
DFIPHICZ o> THIRS D Z E3H 5, BANCHTHTT Y E YY)
ZHEHT 5,

Z o1
HELERS D T 85 5 DUES 128 DI 1L, MFRHER
FE > TIRTTHRAKF D B ALANL[E S FFEHI > 5 13 2 H S 83 8 S D
T, HVEFOBELEERTS > THEEL TES ZEPEETH S,
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2.15 PA—46—350P0EffH~v=a7 VEOFHKIFHE

2.15.1 =V UBEFIZLESZTIO—540—AE 2 A Operator’ s Manual
TV HEIEEDOTIO—540—AE 2 A Operator’ s ManuallZiX, LA FDED

WA D, (HREE)

With propeller in minimum pitch angle, set the engine to produce
50-65% power as indicated by the manifold pressure gage. Mixture
control should be in the full rich position. At these settings, the
Ignition system and spark plugs must work harder because of the
greater pressure within the cylinders. Therefore, any weakness in the
Iignition system will be more apparent. Mag checks at low power
settings will only Indicate fuel — air distribution quality.

(RAR)

TaNT s By FAZRE/NMNILT, WKRIEATREND, 50~65%D
TUVCHNERDEIITRESTH L, IV ATFy— A b=k 7
Ve Uy FOMEICTNETHD, ZORETIHE, =Py U o F =R
BEICRYD . WK AT LR R KRT T 70, K0 LWEED T TEEIT %
ZEWZhD, LIz oT, RAVATLAOEMARNHIVE, ZHUTEIVHL
meld, RHTRETY A b— Fxv 727252 LT BERDZERD
REKRDMND BB 2RI &R0,

Correct power approximately 1% for each 10° F variation in air
temperature from standard altitude temperature. Add correction for
temperature below standard, subtract correction for temperature above

standard.
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C-13482 Sheet 1 of 3
TO FIND ACTUAL HORSEPOWER FROM = " SEALEVEL - ZERORAM. LYCOMING ENGINE
0w ner TEupERaToRE 0[] PERFORMANCE ALTITUDE PZRFORMANCE PERFORMANCE DATA
1. LOCATE A" ON ALTITUDE CURVE FOR
GIVEN MANFOLD PRESSURE AND ENGINE MODEL: TIO-540-AE2A
vy COMPRESSION RATIO: 731
OF BILET AR FUELINJECTOR:  BENDIX RSA-10ED1
10 THE TURBOCHARGER T4 FROM FUEL GRADE, MINIMUM: 100100LL
BY FORMULA ENGINE SPEED: 2500 R.PM.
MIXTURE STRENGTH LB/BHP/HR.
o4p a1 ) X428 L acrum wp
Y 1% FoR
EACH 10°F. T
w
o
=2
?
w ~— ABS. DRY MANIFOLD
& JE= PRESSURE - IN. HG
NORMAL RATED POWER 8 } 1 =
~ —— 2500 R PM. ——F I~ CORRECT FOR DIFFERENCE BETWEEN STD.
INHP. ZOHOMAD E " ——E ALT. TEMP. T, ANDACTUAL INLET AIR TEMP.
S z - 1= INACCORDANCE WITH NOTE 2 =
% Fae ;AEEEE;;E ! ——
b H— ———
2 I
F : { 1 1 x F z 1
g 1 i 1 i ;
[} ENGINE R.PM = : 34 N
L
w I 32 1 L
2
7 Gsof 3
g c — B_’on Il t 1
- g 1 § lA 2% 1 I 1
200 24
IT. 50 50
R S e S
1 ————
0 } } [] —r——
=S ALTITUDE TE JRE Tg -°F T — —
- - 1 I 1 1 I | — ;‘o — —+  ——7
22 24 26 28 30 32 34 36 38 40 42 44 5% 12 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 2223 24
ABSOLUTE MANIFOLD PRESSURE, IN. HG 3 PRESSURE ALTITUDE IN THOUSANDS OF FEET

Figure 3-4 Sea Level/Altitude Performance Curve

(RER)

BEHERSIRENLH 1 0F (5. 6°C) 2T 2T &ic, =) (HP)
1 WBEIET D, HEERKIRE (1 5C) KVEWGSITNL. mWiEaix
WL %,

2.15.2 7uaXZ78LEHIZ L APropeller Owner’ s Manual (Manual No. 115N)

7'u X FHENEE OPropeller Owner’ s Manual (Manual No. 115N) 2 LiuiE. (i
VESEDOHFTRAET 4 v 7 EREETRISD Z & OMREITE O LT 58I, 7axX7h
NF—=TERIRE Yy F ANy T 2@ LEER AT 2L KREYFA Ry
MEICK T 2787 - By FARELLT, ZOMBEOHER LT D LM
WARENTWD, ()

(1) Set the brakes and chock the aircraft or tie aircraft down.

(2) Back the governor Maximum RPM Stop out one turn.

(3) Start the engine.

(4) Advance the propeller control lever to MAX (max KPM), then retard
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the control lever one inch (25. 4mm).

(5) SLOWLY advance the throttle to maximum manifold pressure.

(6) Slowly advance the propeller control lever until the engine speed
stabilizes.

(a) If engine speed stabilizes at the maximum power static RPM
specified by the TC or STC holder, then the low pitch stop is set
correctly.

(b) If engine speed stabilizes above or below the rated KPM, the low
pitch stop may require adjustment. Refer to the Maintenance
Practices chapter of this manual. (61-00-15)

(BER)

(1) 7 L= 2T TR H G LD 2 (1T 20 Wiz 2 A X T 5,

2) KREHTOHNF—« Ay T« 27U 2—% 1 EHRRT,

(3) =y YU EIRENIT S,

(4) 7u~x7 - arbp—/b . LA=ZREEHDRRICR D E TR ~ED
ZiHH 1in (25, 4mm) KT,

(6) Amy b LAR=ZWSKENPRRIZR D E TP - DHITT~ED 5,

6) FmxXZ e arba—jb LR=2T VU RRERE N ES HE T o
< VHITT~HED %

(a) b Lz VU EREEN R RSO A ZT 4> 7 Bl CUAGEARA
B OATBENRAGEHRAE N ED HH) TREL THIERE Yy F Ay
FELIRESNTND

(b) b Lz mEfsH f@m%@@%ﬁ#%iﬂi?@1 TRET D%E
3R Yy F ANy TORMBERLE L RD5E6 R DD, ZDOY=2T )LD

Maintenance Practices®EA#&MMI 5= &, (61-00-15)

o, FA~=2 7 WIL T OES LOFIEALH STV D, (k)
WARNING: SIGNIFICANT ADJUSTMENT OF THE LOW PITCH STOP TO ACHIEVE THE
SPECIFIED STATIC RPM MAY MASK AN ENGINE POWER PROBLEM.

Refer to the following applicable procedure for accomplishing an
adjustment to the low pitch angle:

)

Turning the low pitch stop screw one revolution equals 0. 042 inch

(1. 06 mm) of linear travel, and results in approximately 1.4 degree
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blade angle change. This blade angle change results in an KPU

Increase/decrease of approximately 200RPIL

(EER)

Bh . WESNTEAZT 4 v 7 HEERZERL -0, Mimll iy y F A by
T T oL, 2V UOHOMBEERT I ERD D,

UTOETmRT - By FAOPFHED-DDOFIRELSZRTLHZ L,

(W)

KEYyFA Ny T A7V a—% 1HEESE5 EEBEBRETO. 04 2in
(1.06mm) fEEHIL, 7uXT7 - EvFARKL. 4° 2b+5, Zora
7« By FAOEMNIE. K2 0 OrpnD[EHEZ . (BN B) bz b,

2.16 REBEKORIEICET HE®R
FEOFESFEOREERET 20T Py, 7ty <73 =0T
T 3 Do R OBEE A LU R ISR,

Bl 6 TP ROTaXTEONEHTEE 2R)

2.16.1 T2 DA

FIg DTV NZDNT, FHIFOREZFET D720, F2 841 H1 2
H~13 Ric= Y ihEF ofisy CRE) THofEMtiz £ L7z, =Y kN
T UV UM ONW TR o DU BEE N AR Ty — Yy —IlloWnTiE e
AR RIYEE N RE 2 i L=, T Y RIS 2 TR M OV D%
ICRAELTZKRICEDIERAZ T O b0D, BEIZE > T Y o))
BT TERREED H B L OIS0 B 2o 7,

IRAAEDORE R, BEIFIZZ Y RO U U EE N X — R T x —
Uy —IZREERH S - EEM A R T L OIRER SN0 o T2,

2.16.2 7T DR

D 70 ~LF KR T LT HANF—TONT, =P DORTHE L R
m AT BEE N MR 2 B Lo, LT e T ORPUT, BEEORRIZ, K
WZaRT - By FAREMEXIXZOMEICH T2 L 2R LT, T a7
T L— RO—20F, KO MOERHICEETROBIRIENRH YD . EUEEERTIZE
L CW2Z B R LTV, b9 07T 7 L— Rk, BEEKROKETIF
EAEDBERL T,

IEREORER., KR T XTI TR F— %Gl 7 v X7 B IR EE R
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bolc Z LR T L OITMER SN2 o7,

2.16.3 ~ 7 X h—O5 A

LUV Y DRKRBEE AT DI, Pk 2 8458 A 2 RICFRM O FEE /2%
5T B — oD~ 7% N—IT W TR % FEM L7, N H SRR L7 &
ThH. SOOI F bk b IR OKIUC K HEENE L BHCIREIO
B ORI L < IRIE L7 ARIE Tl o 7272, BB AT/ & 1L JEH T X 7o
7o

2.16.4 7 a3 O

HERERE D=7 2 o OAFBRRABIC DWW T, k2 84E5 A 9 HIc=7 =2 U BIER T
BWTOMEREZ FE LTz, =7 a2 20T, B ORIk VSR &
B IMEREN CIIEBN T Ch S T E N ERET S Z L IXTE Rd ol

2.16.5 BEBEED D ORI TIEEE OMFE

2.16.5.1 AF L 7ok

Y H L RIRATY )R TR S VTR OB [FIBE O FRAT ORI FLER S
Tz, ZhD OBGER O SN =522, 16.5. 112, —E A4 #2. 16.5. 11
ZNCRN

RWY35:E A IREL1R
7147 (R35)

S EREREEN A E
ECEFERIS (E2)

B CRma SR
& "/ 7hth—)Li% DmE(sD)
N —ﬂ

IR Rue o
B o cmso

[X]2.16.5.1 WG OREILET
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#2.16.5.1 MgEEO—%E

iTe 22050 % O FlEH &R
A —IFIVRLET v X BT AN AT TR 0BS
TR I NEE AR E 2 BPEkY BT A H AT EE E2
KIRBET T T RV 7 hAR—ABCH | BT 40 A TEE SC
KIRBET T T RV 7 A=A DE [T 40 A TETE SD
B 3 b EAGREERD A F [ E - BRAGD Fr R35
TR VEHT > 1 —45 ETA N AT FED NS
FITHEN Fri-E - G P SH#fT  |SP

LIF, BARERHZ DWW ISR 2 35,

(1) OBSOmf%
OBSDOMLE & | BfEfE £ R O R ORI 2 X2, 16. 5. 1 (1) 127777,
i3] [ DR

105745358

10574361

105 7537

1057438

[X]2.16.5.1(1) BEFEEERFOEFE (OBS)
(2) R35DBLE

R3SDOMLME D . BfERE PR P ORBEORNZEGEEE L L-b D& FE
2.16.5.1(2) 127,
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—a=
5E2.16.5.1(2) B EF P ORI (R35)

(3) SCoOm{
SCOMAE NG . FRATH D REDIRIN 2 ERE E L7-b DA EFEE2. 16.5. 1
@)-Lrd, o, BE 3 OB OBBEORNZ B HE2.16.5.1(3) 21277,

1085857007 1085575558 108F5757 528
i

TE2.16.5.1(3)-1 AT DFEHKE (SC)

BH2.16.5.1(3)-2 DRI (SC)

(4)  SDOWL
SDOWE NG | FRATH OFRIBEORN A EE T E L L b DA T HE2.16.5. 1

(D IR T,
10855845008 108F5745 558 10855757528

HH2.16.5.1(4) FATH DR (SD)
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2.16.5.2  BfEREdg & T O

BiERE v A T O R L JEIRE A2 0BS, SP, B2 EMUREN DR D=, T ORI
RNV LTV 2D T, BHBIZER > TV D E B EEY) & D LR 7 B B EEZ) &k
HIRE 23RO 7, BB DR O TR 6 | B A 0 & L CTHEXFRGEE (TAS)
ko, EHIC, K[iR34°C, KJE2 9. 8 4inHgd L TERIEIEE D S B IE XA
B (CAS) ZHEREL L=, AT OHEICHOWNT S, [FEED HIETHER Lz, 2B,
AR E I E P R A i & U CERRE Lz, RO 723 % [X2. 16. 5. 2127777,

a0
an
70 = S
. B0 cpk
e AT
b L F
i} 40 =

B g | \
2[] .:-.‘J-'#??&!- +ﬁ£&:§£§

10 P

Sl

2. 16. 5.2 R A2 I OHER U 7o e it B M UM

2.16.5.3 BfEEZOEE L HEEOEL

s DRSO XD, MR M7 8 oo OREIZ K - T
FHAI U7z, FEALT [ ORI THREEE ITIR35 DIRAG ) HHER L7, RITSC KR USDD kA7)
SEFZ T L OALE & B E AR L2, SCESDOREZNL, B 23 sisk S =BT
X LT, BEEALE & WRELERNLE O M O FEBEIZ 1 © & OEHGELZ N L TR L
7o SDER35ITBEREE S OGN E T TV, HRSHIEAEN SR L,
SC & SD7> B HERL U 7= % M B 4 [X]2. 16. 5. 3-11. & FE & [42. 16. 5. 3-21T~ 7, HEHE
ST R I TIRBIA TH D03, TAUIMG EDOFRIEO K& IS S AT
HDHTD, BEOBZBENTND Z EICLDEENGEND, F/-. X2.16.5.3-1
TN TIRE SN2 T EICEESE SN TV EEE (A~—F 742 DGPSICLD
KTHGHEE) HFEHEH L T\ D,
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(1) FAAXAT “Airplane Flying Handbook” (FAA-H-8083-3B Chapter 5
Takeoffs and Departure Climbs) ZIZLL FORELH 5, (FHY)

After rotation, the slightly nose—high pitch attitude should be
held untile the airplane lifts off. KRudder control should be used to
maintain the track of the airplane along the runway centerline until
any required crab angle in level flight is established. Forcing it
into the air by applying excessive back—elevator pressure would only
result In an excessively high-pitch attitude and may delay the
takeoff. As discussed earlier, excessive and rapid changes in pitch
attitude result in proportionate changes in the effects of torque,
thus making the airplane more difficult to control.

Although the airplane can be forced into the air, this is
considered an unsafe practice and should be avoided under normal

circumstances. If the airplane is forced to leave the ground by
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using too much back—elevator pressure before adequate flying speed
is attained, the wing's AOA may become excessive, causing the
airplane to settle back to the runway or even to stall.

(&)

Vx is the speed at which the airplane achieves the greatest gain
in altitude for a given distance over the ground. It is usually
slightly less than Vy, which Is the greatest gain In altitude per
unit of time. The specific speeds to be used for a given airplane
are stated in the FAA-approved AFM/POH. The pilot should be aware
that, in some airplanes, a deviation of 6 knots from the recommended
speed may result in a significant reduction in climb performance;
therefore, the pilot must maintain precise control of the airspeed
to ensure the maneuver Is executed safely and successfully.

(&)

The pilot must always remember that an attempt to pull the
airplane off the ground prematurely, or to climb too steeply, may
cause the airplane to settle back to the runway or make contact with
obstacles. Even If the airplane remains airborne, until the pilot
reaches Vx, the initial climb will remain flat, which diminishes the
pilot’s ability to successfully perform the climb and/or clear
obstacles.

The objective is to rotate to the appropriate pitch attitude at
(or near) Vx. The pilot should be aware that some airplanes have a
natural tendency to 1ift off well before reaching Vx. In these
airplanes, it may be necessary to allow the airplane to lift—off in
ground effect and then reduce pitch attitude to level until the
airplane accelerates to Vx with the wheels just clear of the runway
surface.
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b BEBKRIGICERMAFEBREERICERT S —BHLZEDOT—X
MREEREE

KANSAI INTERNATIONAL AIRPORT
AT L ) £ ) o ELEV 5.3m{17.4f1)

BERE (4,000 m)
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[X2. 18.6-4 PHVEEFRZEHRICI 1T 5 F

2.18.7 [FEDHE(HE B OARBUZ DN T

(A% D & B ) OB 21T » TV AL T 25 B3 2 B 0 DRI K uE, [Fifk
DEA B A Tl L 721213, EEONBEDTERIZ OV THER AT 5. [Fltk
ZHLETHEGRLCIRY . BFIIMEE CE o Te, o, REGERA T E ETR
LTWe WS o To LI RTWn D,

R TRFICBT D= VP U T — ZIIRKE S & [ TE LWERETH
AUIRTEZR W TE 5, T 1 TEFOHEREIZOW T, tho7—2 BB iFhiX
RAREARWE I LB TH D, T 70— MIBEL T, REASDHE LA
ey, BIEFICEEMC &b, REYEZE L T Z &b o 0, RBRRITRFD
TR ERIFEOTHRTHIEEHED LTWadroT D, T 1 THOER
EMENZ L2V TR, BIHEDNOIRE b2 E#RL TV iRho T &l TWn 5,

2.18.8  TMHZeME om0 E iR iz >\ T

[FIRE S5 & 72 DMt 2B EmEH O 9 B, T 1 TFHIET 2 b O ONE L O
RIUZ DN CRER T D,

T I TEHERBHEOREY AR ER N7 0 —7 ORI L 0 38BN BE L,
ROBHEDERICEDLARBEAZB LT 22 2B E LT, k1 2 4EICiitZErE
WEHHRTCD—-5111—2000 (LN IRITCDJ &WwW9H,) BFEITIN,
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Wk 2 SHIZEFT C DIEMZE g Ew=mHTCD—5111A—2011 (BULF TH
TCDH®ETHR] £V 9H,) IV BESEGTSN TS, [FEOFKETORT CD
SETRR O FE IR i, Frk2 6454 H 2 5 H, [FIEEORITHE 2, 2 0 SKF#E 3 8
ORFRTT B —T 2L TWe, BRI L, 2Lz sRT CD &
AT CDMETHRICHE > TF R —7 O 508 3[A]l, 7' —7 ORHLIN 6 |17 T
Wiz, 7ed, [T CDKOFET CD SET IS K FE i A it 22 J5 o i 22 4 o 35 i o
99—-15—04 R1IKU2011—06—10I2ESx, WOCHizemilEE
DHEAHE BB OE D% DOBETIRZ B CE L LT, MIZERPBITLIELDOTH D,

2.18.9 [EIEHREYE, #AMIRT B L OSEH]
(1) [RISSKIZE 6 BitJm &2 AR (EER—fefize — RATHE) D ERREYE
[FIZRA0H 6 BiHm &2 AT ([EIBR —Axiize — JRATHE) (203, BE& oo &R
ORERFHICET 2 EBEREL LT, ITOERR S D, FF)
2.83.1.3 The pilot—in—command shall determine that aeroplane
performance will permit the take—off and departure to be
carried out safely.
(RER)
2.3.1.3 HEEIX., AT OMEREIC DWW T, BRICHERE R O A2 1T 9
ZEMHRETH D Z LA LT T 5720,
(2)  KEEFHTIZEST (Federal Aviation Administration) DFAHI
KIEEARAI (Federal Aviation Regulation) (21, H& D HFE R DME
WEIHE LT, UTOERNH D, ()
§91. 103 Preflight action.

Each pilot in command shall, before beginning a flight,
become familiar with all available information concerning that
flight. This information must include—

(%)

b) For any flight, runway lengths at airports of intended
use, and the following takeoff and landing distance
information:

(1) For civil aircraft for which an approved Airplane or
Kotorcraft Flight Manual containing takeoff and
landing distance data is required, the takeoff and

landing distance data contained therein;
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(5ER)
91. 103 FRATHTOIT A
B IIMAT 2 BT DRI TICL B & A DI 2 FfR L TR
FER LRV, ZDDOFERITITILL TR EENRD,

(%)
b) WRRAHMATICE W T, AT 2 ZEHOWERRIEOIZLLT

DR N O B RR R BE 3 2 15
(1) 7GR SV ARATRIRR IR - A5 BRI LR BRREA B D
ECHIMUZEEEIC OV T, HR%HERE - BRI 07 —4
(3)  FEEMIZEY4E (Civil Aviation Authority) #iHI
HEOHZEHA] (The Air Navigation Order 2009) (Zif. &R D HFHI
DIERFIHE LT, UTOERD DD, (FRFY)
PART10

Duties of commander

(%)

Commander to be satisfied that flight can be safely completed
87. The commander of a flying machine must, before take—off,
take all reasonable steps so as to be satisfied that it is
capable of safely taking off, reaching and maintaining a safe
height and making a safe landing at the place of intended
destination having regard to-—
(a) the performance of the flying machine in the conditions
to be expected on the intended flight, and

(b) any obstructions at the places of departure and intended
destination and on the intended route.
(BER)
2510 f
R DTS
(I%)

HRBRRAT e ERT Do oRIZkdoons 2 &

87. BERIZ. LT Z & 2FBE L TLAICHbEL ., ZamEE TREL
AT Zfe i, HIHIZBWTLRRERENTE D &) 2 LIS
WS E T, HERNS, 2 TOmMERFIEZHE CRITNIER 5720,

(a) TEINDHRITICEWTIRE SN D RDUT IR U7z oM Ee
(b)  HiZEH, BN OFRIT#ES BIZR 1T 52T OE
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Fo, KEWIZES/AFEITL TS “SAFETY SENSE LEAFLET 7c
AEROPLANE PERFORMANCE” January 20131Zi%, /MUFRATHEDOMERBIZBI L. B
TORBRRH D, ()

(a) 1XL®HIZ
BER I, BLANC X0 RATHE 2N 2 ORATICHE Y e tEgE 2 A L T
L EERMERT DREENH D,
(b) HERE—RER
a PR
TV URMORES, BIZIEE Y AR O, HED
Wb MEROIR TN LT & S ITHRATRE A5 1L S8 5 iR
FOfEZR TS > THREL TEIRETHD, thoZ &axF 27
WONHHEERED D 2 TEZX IR B0,
b FIHAREZR M A R O
BEREREHERTL, A F—k7va v afEALTE
EWREZESTIET D Z EITITERR 2,
(4) A=A FZVTHEELEHAEYR AT TATSB] L)) OFEE™

ATSBO&EEHZEDE, 2000 1H1IANH2010412H31
HOMIZHEALZHERZE LT, ATSBICK LT, HBEBEOBEREE O
RV UMNTERERN 2 4 24 (FD 5L IR TER) ., Bz
TUVUMMEERNT 5 (OB, EEFERREOMH) HRENDH T,

AT S B%1T. Avoidable Accidents No.3 Managing partial power
loss after takeoff in single—engine aircraft ®OFERLNEFIL. KK D
LBV ThD, (Y

This ATSB booklet aims to Increase awareness among flying
instructors and pilots of the issues relating to partial power
loss after takeoff In single—engine aircraft.

({iER)

ZOBEHE, HIEREOBERER OERY e Y U I ERIZE D S [
BUZOWTHATOHEE KU1 1y ORI, BiEROL 2 &2 R
&5,

Most fatal and serious injury accidents resulting from partial

*¥10 A —A N7 U THIZEERFIE SR (ATSB) 28, BRI IT DEERREEZ O o= v ¥ HAERIZ SN T
A - WF9E% 1T o 7-Managing partial power loss after takeoff in single—engine aircraft®DEEfliL, ATS
BOW =7 A ~ (http://www. atsb. gov. au) TR IN TV 5,
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power loss after takeoff are avoidable. This booklet will show
that you can prevent or significantly minimise the risk of
bodily harm following a partial or complete engine power loss
after takeoff by using the strategies below:

a pre—flight decision making and planning for emergencies

and abnormal situations for the particular aerodrome

b conducting a thorough pre—flight and engine ground run to

reduce the risk of a partial power loss occurring

¢ taking positive action and maintaining aircraft control

elther when turning back to the aerodrome or conducting a
forced landing until on the ground, while being aware of
flare energy and aircraft stall speeds.

({iER)

HERERR DR Ry 72 = 2 ¥ U B RITIE IR 5 S0 R VBRGS0 13
EAEE, BT LN TE D, OB, HEREE O
VUMNER I D AFIRIC KA NF DV AT 2 ROFRE
AnsZETREBASE, IPETL22ERnTELZ2LE2RLT
W2,

a ANCHRE - BERFOMISZRE L, SHEEZYTTE I
b IR T Y TR & DERIEA IS 720, MUEL
TIATRI SR N P v OGER 2 FE 5 Z &

c FITHIZH BRI IIREEEDOWTNOBETYH, Al L

T AN F— L REHE A BB LN, #l BIZREY D F TR
D a2 b v — L 2 fERF LRI IS 95 2 &

A\\%
Ld/A—{l

B

[

?‘34 hu|

7

Examples of the causes of engine power loss include, but are
not limited to:
a mechanical discontinuities within the engine
b restricted fuel or air flow or limited combustion in the
engine, often due to fuel starvation, exhaustion or spark
plug fouling
¢ mechanical blockage in the engine setting controls, such
as a stuck or severed throttle cable.
(RER)
MR 72 U MR DOJFRBI, 72720 ZHIZIRG 220,
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a T YU INER OB 7Rl

b REHIEREREYE ., RBHDIIL, AU OIGHRICER T D BRI A
72 R DY B BRI AR5 72 iR B

c Awuy My =7 OUHRreRER R E D SRR OBk
72 R EE

A partial engine power loss presents a more complex scenario
to the pilot than a complete engine power loss. Pilots have been
trained to deal with a complete power loss scenario with a set
of basic checks and procedures before first solo flight. (%)
in a partial power loss, pilots are faced with making a
difficult decision whether to continue flight or to conduct an
Immediate forced landing.

(RER)

oy ie T UM IERIT, AR Y R K0 BHERR
WaN A7y MIblebT, /S vy MIEMOBMBATANC, AR
FrxyZOFIRE L BT, FERRT VU HRERA~OIIRITAT 5
bOD, EHRE Y ITREAS OISO PN 2 Z T THRW,

(hlg) S 72— o ¥ N FERTIZ, A |y MITRATHERE DRI
DARRFE T DL WRINZ 35 Z L IEEIT 5,

By extending already established procedures dealing with total
power loss to a partial engine power loss scenario, this report
will present the different options to consider during your
pre—flight planning.

a pre—-flight planning (which focuses on preparing for loss
of power)
b avoiding a partial power loss after takeoff
— operations on the ground (preventing loss of power)
— the pre—takeoff self-briefing
— on take—off checks and rejecting the takeoff.
¢ managing a partial power loss after takeoff (planning
considerations and maintaining control)
— forced or precautionary landing (on or beyond the air

field)

_73_



— turning back towards the departure aerodrome.

(RFR)

ZOERNT, BRSNS S Y AR I~ DO L TNE & 5 5y 7
TV UHNERIZOEAT S Z EIZ Lo T, RATEHERFICEE T &
WASWAHIREREZTTHDOTH S,

a  ATRIESRER (o VU HEREEE)

b BGOSR AT D

— M ETOMEER (=Y ML ETI)
—BbERTOR LT T —T T
—RBERERF T = > 7 LR Ik

c BERRZR OO D RERA~OX R (BREEE ORBE &

U= b — L OHERF)

— A ST T HIERE OR-ITSN U355
—HERITE~5 & KT

Summary
(a) Pre—flight checks prevent partial power loss
ATSB occurrence statistics indicate that many partial
power losses could have been prevented by thorough
pre—flight checks. Some conditions reported as causing
partial power loss after takeoff are fuel starvation, spark
plug fouling, carburetor icing and pre—ignition conditions.
In many cases, these conditions may have been identified
throughout the pre—takeoff and on—takeoff check phases of
the flight sequence.
(b) Pre—flight planning and pre—takeoff briefings
Even if a partial power loss does occur after takeoff,
considering actions to take following a partial power loss
after takeoff during the process of planning and the
pre—flight safety brief gives pilots a much better chance of
maintaining control of the aircraft, and helps the pilot
respond Iimmediately and stay ahead of the aircraft.
Considerations include planning for rejecting a takeofT,
landing immediately within the aerodrome, landing beyond the

aerodrome, and conducting a turnback towards the aerodrome.

_74_



(c) Stay in control

If nothing else, maintain glidespeed and plan a maximum ba
nk angle against your personal minimums, which you will not
exceed If a turnback is an option. Be prepared to re—assess
the situation throughout any maneuvre.

({iER)
ERal:s
(a) FATHIRRRDS I H e ¥ M EEZP; <

Mt Tl BT ¥ ek D% MUK L 72 RATRIA
BT 72 2 L 2omigd %, BERER OB e ¥ o KRR
PLOKONT, REOE, ST 7 7ORAES, ¥ 7L F—0
ERKELTT AT =y va KETHD, ZhbDREIX, 77
A MBFEO P CEERERT & BEERE O T = v 7 BB W TR TX 5,

(b)  TRATATE & BERERTT Y —7 4 7

HERRER IS i e = o DU MR AR AE LT L LT, BRI
W& & RATRIZC T ) — 7 4 7 ORIZEERER OE 72— 0V
NERITRHEATIOITEZEZ 2 THL Z LiF, 1 2y MIARITHED
BENEERE 2 HERF S E D T2 O DRI =2 52, Bl My b
DENRFIC AU U CIRITIEIC SE A U D 2 & 2 BT 5, R 1 ORfER2
ERDORITHN TOARE, RITHATOERET L TRMITHE~RD Z
LHFHT LI L ETZTOTERDL I &,

(c) HEftEFZ L DkEIT D2 &

FIERT ZENBRIKICH L2 B, WEREEZROBRNBLHY
DIRANTORK AN 7 2 it 5 2 L, BTV RR 5 HIZ
WOLHIEr92 Z &,

(6) ==a2—Y—Tr MiZEdEiFE SR LT TCAAL £WvwoH,) OFE
CAADERHZ LD E, 199541 H1HNAH201 24123 1H
ETOMTS 9t P HRE (34T, 1 24HE) PCA
AlTHRESN TS, 2055, 30 %mMAEERER L O EF T RAL TH
o TNOLDRARKNZ T DL, WML ARNES5 5%, #it)
11%. 742709 %, BREBEERDY 6 %, TOMAHNT 9% ThH-o7,
C A AZ{T. VECTOR May/June 2013 Partial Power® =272 PNZ¥IZHERE R D
EBRVT, UV OMNTERITMZ T RISRPAREN TN D, (k)
(a) Preflight Planning

By considering the many factors involved in the takeoff,
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such as wind strength and direction, runway direction, terrain
and obstacles, and landing options on and off the airfield,
you will reduce the mental workload required to handle a loss
of power. This can also help you with decision making under
stress or a high workload in an emergency.

Getting this plan together before you leave, will give you
the confidence to carry out timely and positive actions If
required.

(b) Preflight Checks and Inspection

The preflight inspection is a vital action for any flight
and can reduce the likelihood of a partial power loss
occurring after takeoff.

(%)

Ensure the engine starts easily and runs smoothly, and
allowan adequate warm—up time.

Conducting a thorough engine run—up Is an important step.

Testing fuel flow from the selected tank (fullest or
takeoff tank), checking for correct operation of the
carburetor heat control, and checking and comparing
individual magnetos for a specified KPM drop range is vital.
Engine oil temperature and pressures, fuel pressure, and
other engine or systems gauge Iindications should be within
accepted aircraft operating limitations.

Allow plenty of time to conduct the engine run—-up check to
help show any abnormalities with both the engine and fuel
system, and never attempt to take off when the engine
continues to misfire or is running rough.

(c) Fuel

Fuel starvation, exhaustion, or contamination, also rate
highly as causes of partial power often leading to total power
loss.

(%)

(d) Induction Icing

(%)
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(e) Pre—flight Self-briefing

All single—engine aircraft pilots, just like multi—-engine
aircraft pilots, should ‘self-brief’ before each and every
takeoff. It helps you keep ahead of the aircraft, and keep
control.

This brief is generally conducted once all engine and
systems checks are complete, just prior to the holding point
for takeoff. It serves as a reminder of your planned actions
in the event of an emergency.

Here is an example of a self-brief:

a Engine failure before rotation point, I will abort the
takeoff, close the throttle and stop on the remaining
runway.

b Engine failure after rotate, runway remaining, 1 will
lower the nose, close the throttle, land in the remaining
runway available.

¢ FEngine failure in initial climb, I will lower the nose,
close the throttle, select the best option, and execute
trouble checks if time permits.

On the takeoff run, we wisely choose to use the full length of
the runway available, and on application of full power we check
the static KPW to confirm engine performance.

With the brakes off we check the acceleration of the aircraft,
and the performance of the engine for any signs of power loss
and/or rough running.

After rotation and in the initial climb, any partial engine
power loss that degrades performance to the extent that you cannot
maintain height can be treated as a complete engine failure with a
potentially extended glide distance.

At this point, you might hear your instructor reminding you to,
“lower the nose to the gliding attitude, maintain speed, carry out
trouble checks if you have time, and fly the aircraft to a
landing. ”

()

At a reasonable height, and with power that is sufficient to
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maintain height, a turn back to the recently departed runway may
be an option, but it has a number of considerations attached. The
overriding thought 1s that the engine could failat any time.
Accidents occur when control is lost, especially when the pilot
attempts to turn back to the runway at low level and lowspeed, or
does not maintain control in the glide.
(RER)
(a)  SFRURATREE
JEA/Jda) WAL, FEEY. BP0 DL~ DA RED J5 ik
IR EHEPRICRE DD L DEFEBE T H LT, =V DOHEE
OISR DIEMN R Y — 27 m— R S D, ZDZ LidFE,
BRROA L AREHY =/ n— R FCBIT2BERRELZT L L
(CORDD, BERERTICHRATRIB Z1ED 2 &I2 k- T, BIE2Ffo TH
FUZG U CHE RS 2 T8I 2 L 2 2N TE DL L DI D,
(b)  FRAT R AR K OV
FATRLERIIN TR ORITIZB W T H D TEE/R{T4 T, B
DERGHIH I RERDIFE AT D A REME AR T 2 Z £ 3 TE 5,
()
TUDVIRGIHREIT S L L NCHERT D 2 & AR L.
W) 7RI R AT O,
WER e D U REIR DO EMIL, HERRAT v 7 Th D, EIR
LTZREN S 7 b OBREREE DT A~ KULERINEVD TEF 1EE) A
R Ol 2 D~ 7 F b — OEHEIK T & BUEE & Ol fid,
ODTERETHD, TP FANOMIREME, REHE K ZE D
TV VAT ADOFERENL. MIZEEOEMRALINTH D
Eo
TV UREBRIC S ORI EZ T D 2 EIE, = Vv LRERR
M FIZHIT 2 REERMT DL 2T, TP DRKRRR
RZZE7REHEDE < K D ThiuTk U CHERE 2 R4 Tide b 7auy,
(c) #RE
BREFOAE . FEBXITTERIL, = ¥ v O 7 H 18 D JRIA
ExnmetErnm <, LIXLIERaRENERFERE R ZLbH 5,
()
) 7A4v7
(%)
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RRICBIT2EEOXGERWEZ 52 LN TE D,

wix, BT 7V =T 4 T OHEFITH D,
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[E A @z R, AR RO & %0 L7,
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FRR% L EMMIC RSS2 T 5,

b AEOHEYNAFAEICL IO TH-T-Z L2 EL ZITIED, HE
HIZ oW TR, AFEIOFEEOFKTEH S v, BB IERA K ST
ZENERTE L E T SR EMOH B L2 EFHET 5D,

@ AtkoOxbG
ARFEWZHEHNE LT, BRI T, #HohoRREHE 086
XY —JgoextRaiEm LT,
a  [RIRITHOMZERE O A A IEICAT O TO T MREET 5,
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b A%, [FFRITE O %A% R Osifl e OVE BLEE 0O — 8 O E iz D
T, #Hioo & RRITSORE - EEE G Chiskz D 5,
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(1) Engine As Received or First Viewed
The engine had thermal signatures consistent with a post crash
fire. The engine did not have intercoolers and the propeller was

attached. The engine mount and nose gear structure were also still

attached to the engine.
(RAR)
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(2) Engine Data
Last Annual Inspection by: unknown Date: 4/27/15
Last Overhaul by: Lycoming Engines Date: 3/22/03

Compression Test:N/A

Comments: could not rotate engine due to thermal damage and rust

in cylinder.

Valve Action : Rotate Engine if possible to verify continuity

through engine.

Comments: could not rotate engine due to thermal damage and rust

in cylinder.
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The engine history shows the engine left the Lycoming Factory on
March 22, 2003 and was shipped to Van Bortel Aircraft, Inc. The
engine was returned to Lycoming March 24, 2005 for a prop strike
inspection at 73.5 hours. The engine was disassembled on March 29,
2005 for the inspection and was reassembled, tested and returned to
the customer.
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As first viewed by this ASI, the propeller remained attached to
the engine via the crankshaft flange. The propeller was removed from
the engine and all disassembly of the propeller was completed by the
Hartzell propeller ASI. The propeller governor was found secure to
its mount on the crankcase and was removed. The propeller governor
gasket screen was clear of contamination or debris. The propeller

governor was disassembled by the Hartzell propeller ASI.
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As first viewed by this ASI, the fuel system was thermally
breached consistent with a post crash fire. All fuel Iines showed
evidence of thermal damage. The fuel servo remained secure to the
oil sump and air inlet housing assembly. The throttle cable was cut
prior to arrival at Lycoming.

The fuel flow divider, hard fuel Ilines, and fuel injector nozzles
were found secure and were removed. The fuel flow divider hard lines
were flow checked for obstructions using low pressure air with no
obstructions noted. The single piece fuel nozzles were removed from
the individual cylinders and visually checked for obstructions.
Debris consistent with combustion materials and rust were found in
the nozzles consistent with debris created during the post crash
fire and subsequent fire fighting efforts. The flow divider was
removed from the case and disassembled. The diaphragm had signs of
thermal stress but was not breached. The mechanic breached the
diaphragm in an attempt to remove the diaphragm from the flow
divider body. No fuel was found in the fuel flow divider. The engine
driven geared fuel pump was found secure to its mount and was
removed. Signs of thermal damage consistent with a post crash fire
were observed on the outer case of the fuel pump and the inlet and
outlet fuel lines were thermally breached. The engine driven geared
fuel pump was rotated by hand. Suction and compression could not be
confirmed due to the pump hanging up during rotation consistent with
thermal damage from the post crash fire.
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The magnetos were found secure on their respective mounts with
heavy thermal damage noted to the rear of each magneto. As such, the
maghetos were removed but confirmation of spark could not be made
due the thermal damage received on the magnetos.
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As first viewed by this ASI, all the spark plugs remained secure
in their respective cylinder locations. All the spark plugs were
removed and photographed in their as—removed condition. The spark
plugs were then cleaned and visually inspected for center electrode

wear and cracks in the center tower. No visual signs of defect were
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The ignition harness was thermally destroyed consistent with
damage received during the post crash fire.
(BER)
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As first viewed the starter was found secure on its mount with
Bendix gear engaged on the starter ring gear. The starter was
removed but was not tested.
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As first viewed, both the left and right alternators were found
secure on their associated mounting surfaces and brackets. The left
alternator destroyed by fire.
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Both vacuum pumps were destroyed due to thermal damage, no data

tag information was available.
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The oil suction screen was removed from the oil sump and visually
Inspected for debris or metal with none found. The oil sump was
removed and small amount of oil was noted in the sump. It was a
gray/black in color and was free of debris or metal. The remote
mount spin on oil filter was shipped with the engine. It showed
thermal damage consistent with a post crash fire and was not opened
up.
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As first viewed, the turbochargers remained secure to their
mountson the engine. The left turbocharger was thermally destroyed
with the compressor housing and compressor impellers thermally
destroyed with only the shaft remaining. The right turbocharger was
able to rotate freely and had no damage to the compressor impellers.
The variable absolute controller was thermally damaged at the outer
housing consistent with damage received during a post crash fire.
There was no Manifold Pressure Relief Valve found; however, most of
the air inlet housing that holds the Manifold Pressure Relief Valve
was thermally destroyed consistent with damage received during a
post crash fire.
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Push Rod Tubes: #2 intake impact damage, all others normal

Puch Rods: #2 intake impact damage, all others normal

Accessory Housing: Thermal signatures consistent with a post crash

fire

0il Pump: No contamination found inside the oil pump

Gear, Splines and Drivers: rust and thermal signatures were found

on most of the accessory housing gears,
splines and shafts.
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As first viewed by this ASI, the push rod tubes and push rods were
attached to the engine with thermal signatures consistent with a
post Impact fire. The #2 intake push rod tube was Iimpact damaged as
well as the #2 intake push rod. With the cylinders removed, each
push rod was visually inspected and found to be unremarkable. The
rockers had normal wear patterns. The accessory housing was removed
and the oil pump disassembled. The gears in the accessory housing
were rust covered but the gears turned freely. The oil pump gears
showed no evidence of metallic particles or scoring on the oil pump
housing.
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As first viewed by this ASI, the cylinders remained secure on
their respective mounts on the crankcase. Thermal signatures
consistent with a post crash fire were evident on all six cylinders.
Molten metal was found lodge in the cylinder cooling fins on
cylinder #1 and #3. All the cylinders were removed and piston
removed from the connecting rods. All cylinders exhibited rust
Iinside on the cylinder walls with cylinder #6 exhibiting the
heaviest rust. The pistons exhibited no signs of detonation and had
normal combustion signatures on the piston head. The intake and
exhaust valves were not removed from the cylinders. Visual
inspection of the valves heads were unremarkable.
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The crankcase was disassembled to remove the crankshaft and
camshaft. All bearing journals were normal and unremarkable. The

propeller governor gear set screw was visually verified to be in
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place. The silk thread was visually verified to be in place.
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As first viewed by this ASI, the crankshaft remained inside the
crankcase and would not rotate. As the cylinders were removed, the
rust present on the crankshaft bearings appeared to contribute to
the resistance in rotation of the crankshaft. With all the pistons
removed, the crankshaft was rotated at the propeller flange and was
able to complete 360 degrees of rotation. All counterweights had the
rollers installed with the internal retaining ring in place. The
counterweights and the rollers exhibited heavy surface rust. The
rear crankshaft gear bolt was installed with the locking tab in
place. The crankshaft flange run out was not checked.
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As first viewed by this ASI, the camshaft, connecting rods, and
bearings remained in place inside the crankcase. The crankcase was
split to remove the camshaft and the connecting rods were removed
from the crankshaft. The camshaft lobes were normal and did not show
signs of pitting. The camshaft gear was normal with rust present on

the face of the gear. The bearings on the #6 connecting rod showed
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heavy rust that did not allow the connecting rod to move freely and
was consistent with rust build up after a post crash fire. All
tappet faces were normal and showed no signs of pitting.
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(3) Engine Disassembly Observations

On January 12th, 2016, the engine was moved to the NISB/FAA
teardown room within the Lycoming Factory for disassembly. The
engine was uncrated and placed on a ring stand for initial
observation and photo documentation. The engine was completely
disassembled and condition documented. The propeller, propeller
governor, and turbochargers were disassembled by an ASI from
Hartzell Propeller.

The engine showed signs of a post crash fire that burnt over the
entire engine and propeller. There were no intercooler present and
the engine mount and nose gear structure remained attached at the
engine mounts.

There was nothing found during the course of this engine tear down
that would have precluded this engine from making power prior to
impact. All damage noted in the sections above iIs consistent with
the engine being involved in the post crash fire of the aircraft at
the accident site.
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(1) SUMMARY AND ANALYSIS OF FINDINGS

The propeller and propeller governor were examined at Lycoming
Engines in Williamsport, PA on January 12, 2016.

The propeller remained attached to the engine during the impact
sequence and subsequent recover and shipping. The propeller assembly,
Iincluding spinner was removed from the engine by Lycoming personnel
before the teardown examination was conducted. Impact marks on both
blade preload plates indicated the propeller was on or near the low
pitch setting during the Impact sequence. One blade exhibited chord
wise abrasion In the tip area on the camber side, indicating
rotation before impact. The other blade was mostly consumed by the
post—crash fire.

A governor teardown examination did not reveal any anomalous
conditions.
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(2)  CONCLUSIONS

The propeller showed signs of rotation with power ON and blade
angles on or near the low pitch stop during the Iimpact sequence.

The pre—Iload plate markings indicated the propeller was operating
on or near the low pitch stop at impact. Blade damage (camber side
scoring, aft bending and twisting leading edge down), plus pitch
change knob damage all indicate the blades impacted while rotating
and at a negative angle of attack, resulting in high twisting
moments towards low pitch. Although pre—load plate impact marks
appeared to be below the low pitch stop setting of 17.6° , they
were likely caused by the impact forces and moments forcibly
twisting the blades beyond/lower than the low pitch stop setting.

At low aircraft speeds (<70 KIAS), negative blade angles of attack
are experienced at power levels below approximately 50% power.

There were no discrepancies noted that would prevent propeller
operation prior to Impact. The propeller was over—serviced with
grease which may have caused slow response to power changes, or KPW
oscillations, but would not have prevented operation. All damage was
consistent with high impact forces twisting the blades towards Ilow
pitch, and heat damage due to the post—crash fire.

There were no discrepancies noted with the propeller governor that
would prevent normal operation prior to impact. The control
arm/shaft assembly was missing and appeared to have been forcibly
removed either during the Impact sequence or during
recovery/transporting. The governor otherwise appeared undamaged and

could be rotated by hand.
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ENTET,

(3) Propeller Teardown Report
(D General Comments

This type propeller is a 2-blade single—acting, hydraulically
operated, constant speed model. 0il pressure from the propeller
governor is used to move the blades to the high pitch (blade
angle) direction. A spring and blade twisting moment move the
blades toward the low pitch direction in the absence of governor
oil pressure. The blades and hub are of aluminum construction.

Propeller rotation is clockwise as viewed from the rear.
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@ Installation Data
Reference Hartzell Installation Data Sheet #874
(Data reference the 30-inch station)
Low Pitch: 17.6 + 0.2 degrees
High Pitch: 40. 5 + 0. 5 degrees
Note: Manufacturing records indicated this propeller model was
originally assembled with a low pitch angle of 16.0
degrees. However, the last overhaul records in 2005
confirm the low pitch was set to 17.6° before it was
reinstalled on the accident aircraft.
(RAR)
@ HfET—~
N=Y )b T2 — 8874 EZM
(F—21%, 304 v FART—var&5)

Ke'vyF:17.6E0.2°
EEYF :40.5+0.5°

o BGEREEIC X, oo T e XT3, B, KXYy T
16.0° THALTHNZ, LrLaent, 200 542K
SNTZEL DA —/N—FR— /L OFFRIZ L > T, FHIC ST S
NHENC, IRE Yy FAIXL 7. 6° ITRESN TV Z &3 HER
S,
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@) Service History:

According to JTSB investigators the propeller was replacedin

2005 after a propeller object/ground strike and at the time of the

accident had 1541. 01 hours since new.
S/N Date of manufacture
Hub HA6 6/6/1988
Blades H00909 6/13/1988
F96066 6/13/1988
(RER)
@ HfmEE

TTSN N,

1541. 01 926. 54
1541. 01 926. 54
1541. 01 926. 54

@ﬁﬁfé%é%?ﬁﬁﬁbl J;zh&i\ WA ~R 7 @j\ ﬂﬂﬁ“\@@f’%%% U”’C
200 5FICHENTERY . FEEFOMRMARFHIZ L, 54 1. 0 1 KA

ThoT,

REE s BGEH e g ]
NT HA6 6/ 6/1988 1541.01
7 L— R H00909  6/13/1988 1541.01
F96066  6/13/1988 1541.01

@ Propeller Serial Number HA6
(fRER)
@ Tu~THEEERT HAG6

® Factory Serial Number: A12067
(RER)
® ITHREERT:A12067

® Blade Model: FSO74K
Blade #1: S/N H00909
Blade #1: S/N F96066

(R

® Z7L—FKEFNL:F8074K
JL—F#1  #WEFRSHO00909
TL—R#2  WEFSFFI6066
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(M Blade Orientation:
The blades were arbitrarily number 1-2 clockwise as viewed from

the rear of the propeller. The hub serial number was between the I
and 2 blades.

(RAR)
@ 7= RFDJMH
BT ORFFEIV IR T, EEMIC1IE T L— R, 2% 7L —REHFS
P Te, NTORNERE I, 1EFTL—FRL2B T L—RORIZH T,

As Received Condition:

The propeller was attached to the engine when shipped to
Lycoming. The propeller had been removed from the engine by
Lycoming personnel prior to my arrival. Photos #1 and #2 show the
condition of the propeller prior to the examination. The majority
of one blade had been consumed by the post—crash fire. The other
blade showed bending in the aft direction and twisting leading
edge down (toward low pitch). The spinner dome and bulkhead
remained attached to the propeller but approximately 30% was
consumed by the post—crash fire.

(RAR)
ZANFVIRDL

TV UBEER AR, a7 DRV, e
RTEEFHEORER DEE T T, 2o VU BIEFROEEENR T m X
TEIUVUPOMOA LTV, TEHE T ETHE 213, RERTOT =
RTDOREERLTWND, —DODT L— RO KRENTEEZ DK KIZ L -
TRARE Tz, 07 L— RIFEEREZ T ICHT o0, Aikxss Tl
RE > FHMAD) IZAlth T, A — - F—ALREEE, T r
FITTOTNEDS, £ 3 0 %IFEEEZ D KK THHE L T,
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© Spinner Dome
The spinner dome was still mounted to the spinner bulkhead but
crushed on one side and approximately 30% of it was consumed by
the post—crash fire. The forward bulkhead was present but had
debonded and the flange was bent in several places.
(RAR)
© AEF—F—A
AT = F=A%, AET—ORREECIRY TV Tn s, ARIasER,
3 0 %ITBETEL DK S TIRIBL Tz, BT OREEEITIR - T8, #
HEL., €7 T DI RT Tl > T,

Spinner Bulkhead:
The spinner bulkhead remained attached to the hub. Approximately
40% of the bulkhead was either consumed or heat damaged by the
post— crash fire.
({RER)
© = —lmeE
AT —DRREEII AT I NTWz, FREEDKI 4 0 %l BERER D KK
TERIBT 27, BT K 2HBE L= T\,

@) Propeller Cycling
Propeller cycling was not attempted before disassembly due to
lack of mounting provisions in the facility, lack of blade paddles
to rotate the blades, and/or a method to pressurize the piston.

Neither blade could be rotated by hand force only.
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42 Engine/Propeller Mounting

The propeller remained attached to the engine throughout the
crash sequence and subsequent recovery and shipping to Lycoming.
The propeller was removed from the engine at Lycoming.

The mounting flange and all six mounting studs appeared intact
and undamaged. There was no visually remarkable bending of the
mounting studs or damage to the counter bores. The O-ring appeared
undamaged and there was oil present in the hub bore leading up to
the pitch change rod.

(RAR)
@ =y /TaXTHEMT

BEPEIE, T BN & =0 ¥ U BE A~ O ZE LT, T rT
(EE=RN IS IRVl b MRS 5 SR Q= AN = = = /B
Y QU Ny W e

BftF =77 vl 6 flMoBfHTF R CICHEREIT R o To, FFET XSRSt
FRCOMIFT LR EAR~DEEG LR o7, OV X ZIFRERZRNE DT
Rz, 720 "TRPHEyTFForvray RETORITITMAFEEL T
Y

@ Cylinder (P/N: B-2428-1 Rev. A0, S/N: GK6881)

The cylinder was intact but showed signs of heat distress on the
exterior surface (charring, bubbling, etc.). The low pitch stop
screw had been forced forward, stripping mounting threads Iin the
cylinder but remained in the cylinder and required further
unthreading to remove (see Photo #3).

(RAR)
® U H— (EahFE S : B-2428-1 Rev. A0, HL&E% 5 : GK6881)
VU BTG oo, SREICEBNC KD RE (RIk. TaIR1ESE)
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DHJ%%I%E&/J’CD\f:ﬁS YA —NIZE S TV, IREEY 37
E @L%}ji< &75%4%71071 (BEH# 3B,

BHHE 3 Low Pitch Stop

Piston:

The piston was Intact and unremarkable. The piston O-ring was
intact but showed signs of heat distress (hard/not pliable, flat
and discolored in some areas.)

There was oil and what appeared to be sludge aft of the piston
which was later determined to be blade bearing grease. Grease and
grease byproducts from over—servicing the blade bearings had
migrated forward through the hub bushing to the area behind the
piston (see Photo #4).

Photo #5 shows the excessive amount of grease in the hub.
(RAR)
A b
=298 V| iﬁﬁ%f’ﬁ%ﬁ"\%m F72hole, EA DO v 7S
THLNR, BUTLDEE (B Fo R\, ¥OL THAZAFD) 2

o7,
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TV —=RAL TV —ZAORIFEMN, NT DT v 7 %l L CRIT A,
A NCOEM (BEHRASR) ETBEIL W/,

BEHRSIINATHNEHOBEE/R 7Y — 2 &R LTV,

101.11. 2015w
. ‘

=4 - gl
HHEA ERBNUHS BHEHS NTHS
@5 Pitch Change Rod
The pitch change rod was intact and unremarkable.
(RAR)
® vyF -Fzr¥-vyR
EyTF - Fxrv-my NIEET, FFICHBEIT R o7,

16 Fork
The fork was intact. The only visible damage was the plastic bum
pers had melted and charred causing some surface discoloration.
(RAR)
® 7+—7
T d =23 ol BEWERBEGL LTI, TIART v D
WNUR=PEETTRIL L, REICEBZEZ LTV,

4D Spring
The spring was intact. The only remarkable trait was some o1l
coking/charring discoloration from heat exposure during the

post—crash fire.
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Pitch Stops
Low Pitch Stop: The low pitch stop screw had been forced forward,

partially out of the cylinder, stripping
mounting threads in the cylinder. But it
remained in the cylinder and required further
unthreading to remove (see Photo #3).
High Pitch Stop: The high pitch stop was intact and unremarkable.
(RAR)
® vyFRby7
By TFALy 7 Ry T2~y FRCIE, B STl Y
U Z—=DINIROHTEBY, U =Dl
AR ERBN TV, LaL, Y2 —HIick
EEV, BATIITRCZKS 2 EPREZ T
(BE# 32,
MEYFA by T @mE Yy T ANy FIEEG T, KRBT T

Hub Assembly
The preload plate shelves showed deformation on the aft/trailing

edge quadrants consistent with the preload plate lip deformation.
This deformation indicates the impact forces were a combination of
aft and opposite direction of propeller rotation (see Photo #6).

The hub was also excessively over—serviced with bearing grease
(see Photo #5).
(RAR)
@ ~THNE

7= K7 L= bDT 7L, FA7L— hOBROER L BT 5%
%)/ %ix7 T K7 v b~OEBRD T, ZOEGIL, EED D
K%M E 7 a7 OEHEO KT RO PEAED S T2 b D ThHh -
ZlaRLTWD (BE# 62, ~"TIZbiliz s U — AN &R fi

ST (BEH# 52,
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Preload Plates: (see Photos #7 and #8)
NOTE: For this propeller model, when the blade knob is aligned
with the hub parting line, the blade angle at the referenc
e station is 48° (knob ¢ =12° + 36 = 48° ). On a two—blade
Compact series propeller, pitch change knob impressions
are sometimes made on the opposite—side preload plate
during the impact sequence. This impression mark can be
measured to provide some blade angle information.
(RFR)
@ FVr—F7L—h (BER7AVHESEM)
FE:oo7axXTollix, 7L— KD TenTonEiReztbes
b HEERT -2 a B FATL—RANR48° (o=12° +
36° =48°) IThd, TL—FB2HDa Ry k) —XD
TaRT T, HRFICE Yy FF =Y TOBR, K0T
P— L= MM ZERDHD, ZOT—ZITLD, TL— 4
DOIFREHERT D Z LN TE D,

The #1 preload plate had a knob Impression mark at approximately
34° corresponding to a blade angle of 14° (3.6° below the Ilow
pitch stop angle).

(RAR)

F1o7Ve—R7L—hMI, 7L—FMA14° (KEYTFR Ly 7D
53.6° KW ISHIET DS 4° 12, JTHIRD T,
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The #2 preload plate had a knob impression mark at approximately
35° corresponding to a blade angle of 13° (4. 6° below the low
pitch stop angle).

({RER)

#2o7Vue—R7L—HMEI, 7L—FA13° (EKEYFR Ly Th
54.6° KW IZHIST D53 5° 12/ TR DTz,

THHES FUr—RFL— 2

@) Blade Bearings and Blade Pitch Change Knobs:

The blade bearings were intact but the plastic ball spacer and
grease on both blades had been heat compromised, was stiff and
elther crumbled or congealed together. The plastic bushings on the
pitch change knobs had melted. The pitch change knob for blade #2
was fractured in the direction opposite low pitch with no signs of
fatigue in the fracture surface. The pitch change knob for blade

#1 was bent in the direction opposite low pitch with a visual
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crack at its base (Photo #9). There were small ball indentations
in the bearing races on the camber (forward) side of each blade
Indicating Impact forces In the aft direction.
({RER)
@ TL—KXTYITROTL—REyFF =) T
7V — NOWMSZITEEZ o720y, B a2 tlfi 7 L— RO 7T %
T4 T DRI« AR L T — 23 L, BT D R LT,
EvTFF2 V) TDTTAT 4 I DT v ZFET T, T —
FE20OEyFF v/ 7%, RE v F LIIRCFOTTHICHEET L TE Y |
Wi 2 57 DI L e o Tz, 7 — R 1Oy FF v 7K
By F EIIRF O G AICHiA > TH Y, BuTICHRARRRBANH - T
(BEHIZM), £7 L—FDFx o —Ml (Fi)7) Ohsz L— A/
ST IVRDO~ZHBH Y | BIRR T MAERE ) 25213722 & 2R LT
AV

BEH#9 EVovFFzrP 7 (#1)

@ Propeller Blades: (see Photos #10 through #12)
There were impressions on each blade butt from pre—load plate
contact indicating forces in a helical path (i.e. propeller

rotation + forward speed) (Photo #10).

Blade #I
paint, camber side — Chordwise scoring, heat damage (scorched/
charred/corroded).
paint, flat side — Heat damaged (scorched/charred/corroded).
bend - Bent aft starting approximately 15~ from

butt of blade.
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twist ~ Leading edge down/toward low pitch.

lead edge damage  — Gouging, nicks, dents and deformation
from tip extending approximately 8~
toward shank. De—ice boot missing,
assumed consumed by fire.

trail edge damage — Outboard 6~ melted/consumed.

knob condition — Visually bent opposite low pitch, cracked
at base, pre—load plate impact mark at

shoulder.

Blade #2 (See Appendix A for material composition analysis of me
Ited material shown in Photo #12)
paint, camber side — Outboard ~24" of blade melted/consumed,
shank was scorched/charred/corroded.
paint, flat side — Outboard 24" of blade melted/consumed,

shank was scorched/charred/corroded.

bend — Not distinguishable.
twist — Not distinguishable.
lead edge damage  — Heat damaged, de—ice boot missing,

assumed consumed by fire.
trail edge damage — Heat damaged.
knob condition — Fractured, no visual signs of fatigue,
only overload.
(RAR)
@ 7uxXZJT7L—FK (BEE#10~#12%5H)
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(4) Propeller Governor Teardown Report
Propeller Governor Model: V-11-1
Governor Serial Number: G1455]

© o6

General Comments:

The propeller governor is an engine/propeller RPM sensing device
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and high pressure oil pump. In a constant speed propeller system,
the governor responds to a change in engine/propeller RPU by
directing oil under pressure to the propeller hydraulic cylinder
(when over speeding), or by releasing oil from the hydraulic
cylinder to the drain (when under speeding). The change in oil
volume in the hydraulic cylinder changes the propeller blade angle
and returns the engine/propeller RPM to the pilot selected value.
The V-11 series governor 1s a pressure—to—increase piltch,
non—feathering, intermediate capacity governor. The V-11-1
governor 1s specifically configured for use on the Piper
PA-46-350P with the TI0-540-AE2A engine.

@ Installation Specifications:

Refer to Hartzell Manual 130B for V-11-1 specifications

B Service History:

No service history data for the governor was presented prior to
the examination

6 As Received Condition:

The propeller governor was still mounted to the engine but the
control arm/shaft assembly was fractured and missing (see Photo
#13). The high RPW stop/adjust screw was intact. The governor was
removed from the engine without difficulty and the drive shaft
turned freely by hand. The gasket screen did not have any
remarkable debris.

(7)) Governor Head and Spool Valve:

The governor head was removed without difficulty. It appeared
the control arm/shaft assembly was forcibly pulled from the head
but the rack and rack adjust screw remained in the head. The spool
valve appeared undamaged and could be moved by hand within the
governor body. Internal oil discoloration implied evidence of high
temperatures 1Inside the governor head.

Flyweight Unit:

The flyweights were intact and moved freely on their pivot
points. The flyweight disk turned freely with shaft rotation by
hand.
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@ 0il Pump and Governor Body:
The oil pump gears were undamaged and turned freely by hand. The

oll pump cavity was free of any foreign objects or debris. The
pressure relief valve was Intact. See Photo #14 for the governor
components disassembled and examined.
(RAR)
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(5) Metallurgical Laboratory Report

(@ Test Method: The blade was sectioned and chemical analysis was
conducted.

@ Test Summary: The melted blade was sectioned and appeared porous
throughout. Chemical evaluation indicates that the material is an
aluminum alloy containing copper, magnesium, and silicon, but due
to the burned nature of the blade, some the constituents could
have burned off or changed in amount.

® Test results

Chemical analysis of the melted propeller indicate the blade was
produced from an aluminum alloy containing copper, magnesium, and

silicon.
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Chemical Analysis

Element |Melted blade| 2025 AA Limi
Copper 3.3 3.9 to 5.0
Magnesium 1. 11 0. 050 max.
Silicon 1. 13 0.50 to 1.20
Iron 0. 28 1. 00 max.
Manganese 0. 47 0.40 to 1.20
Nickel 0.01 —
Zinc 0.27 0. 25 max.
Titanium 0. 04 0. 15 max.
Chromium 0.02 0. 10 max.
Other, ea. <0. 05 0. 05 max.
Other, totall|<0. 15 0. 15 max.
Aluminum Rem. Remainder
(RAR)
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(6) Turbocharger Teardown Report
(D TURBO SYSTEM GENERAL INFORMATION:

The turbocharger system installed on the TI0-540-AE2A engine
used on the PA— 46-350P aircraft is called a “Variable Absolute
Pressure System.” The variable absolute pressure controller
senses deck pressure, compares It to a reference absolute pressure,
and adjusts the wastegate butterfly via the turbo controller valve
(controlling turbocharger speed) to maintain the desired
horsepower at varying altitudes. It differs from the non—-variable
version, however, in that the turbo controller is directly Iinked
to the engine throttle, and through a system of cams and followers,
adjusts itself to varying power settings, achieving the optimum
deck pressure for a given throttle movement. A pressure relief
valve set slightly in excess of maximum deck pressure is provided
to prevent damaging overboost in the event of a system malfunction.
A sonic venturi (customer supplied) is incorporated to provide a
constant source of compressed air to the cabin pressurization

system. An intercooler (customer supplied) is added to cool the
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compressor outflow and increase cylinder charge air density. The
system includes the components listed in Table 1.

(&)

Only the two turbochargers and wastegate valve body were
recovered from the accident aircraft and presented for examination.
The controller and pressure relief valve were either not recovered
or consumed by the post—crash fire and therefore not examined.
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@) Wastegate:
The wastegate valve was free and had full range of motion. The
wastegate actuator body was completely consumed by the post—crash
fire; only the valve housing assembly, actuator shaft and return

spring remained. See Photo #I.
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@ Right Turbo (Turbo #1 ) Information
There was light impact damage, some evidence of heat/sooting,
dirt and oily surface on turbine side. There was no evidence of
eroding, fretting, or damage to attachment/mounting surfaces.
Able to Turn/Spin the Turbine Wheel? YES
Clearance Between T-Wheel blades and Housing YES
Clearance Between Impeller Blades and Housing  YES
All clamps, lockplates and fasteners were intact.
ConditionofCompressorHousing: Intact
Foreign Object Damage ,/ Bent Blades: CompressoriWheel: Moderate
Center Hub Rotation Assembly (CHRA) :

Note: Dimensional inspections of the CHRA assembly components
were not performed since the turbocharger easily rotated
freely by finger force, teardown was deemed unnecessary.

The compressor wheel spun with the turbine wheel on the shaft.
It had moderate blade damage.
The turbine wheel appeared undamaged.

BackPlate: Intact
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@ Left Turbo (Turbo #2) Information

The left turbo exhibited extensive fire damage and corrosion.
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There was no evidence of eroding, fretting, or damage to
attachment/ mounting surfaces. The compressor housing, compressor
wheel and mounting surfaces were consumed by fire.

Clearance Between T-Wheel blades and Housing: Not at all blade
locations.

Clamps and Lock plates: All turbine lock plates and fasteners
intact. The compressor clamps and fasteners were missing or
consumed by the post— crash fire.

Condition of Compressor Housing: Consumed by post—crash fire.
Center Hub Rotation Assembly (CHRA) :

NOTE : Dimensional inspections of the CHRA assembly components
were not performed either due to extreme heat damage or
since teardown was conducted at Lycoming, the proper
tooling and fixtures were not available.

Center Bearing Housing:

- Existence of Residual 0Oil. Dry and extreme corrosion present.
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%) Conclusions and Additional Comments:

The Right turbocharger assembly was consistent with the design
data and there was no evidence of mechanical malfunction. The
turbocharger appeared functional and the wheels spun freely with
light finger force. There was evidence of lubrication present
(wet surfaces and free rotation).

The Left turbocharger assembly components that were not consumed
by the post—crash fire appeared consistent with the design data
and there was no evidence of mechanical malfunction prior to
Impact or the post—crash fire. No liquid indication of lubrication
was present, presumably due to post—crash fire heat and time
elapsed from the accident. The compressor wheel and compressor
housing were almost completely consumed by the post—crash fire
Iindicating the level of heat exposure.

Although both turbochargers did not show any evidence of

pre—impact mechanical malfunction, the turbocharging system
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performance cannot be verified due to the missing turbo controller,
wastegate actuator and pressure relief valve. None of the
turbocharger components presented showed evidence of wheel/housing
rub but based on the lack of external impact damage, does not
indicate the turbochargers were not turning at impact. There i1s no
evidence to suggest the turbocharger system was not functional
prior to Iimpact.
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BHEH# 26 High Pitch Stop
Blade #1

HEH# 28 High Pitch Stop
Blade #2

= BIR6 4 n

HHE4+ 25 Low Pitch Stop (F)
EREERL L (1)

BHEEH# 2 7 Low Pitch Stop
Blade #1

BEEH# 29 Low Pitch Stop
Blade #2

T By T

Blade #1 (deg) Blade #2 (deg)
7 ¢ vy FB )7 vy F B
BEYFANy T 7.5 40.5 7.7 40.3
KEYyTF ANy 33.0 15.0 32.8 15.2

- 164



