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The sole objective of the investigation of an accident or incident
shall be the prevention of accidents and incidents. It is not the

purpose of this activity to apportion blame or liability.
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The flight data does not give any indication of the local weather conditions, i.e.

temperature or wind speed(horizontal or vertical)...

The aircraft appears to have been climbing for approximately 95 seconds prior to
the end of the data which we are told was 4 seconds prior to impact. The average
rate of climb was a little over 700 ft/min. This is in excess of the scheduled AEO
grass RoC for a 6000 Ib aircraft at ISA+10C at 8000 ft of 450 ft/min. (NB aircraft
weight, altitude and ambient temperature are all guesses). Part of the apparent
performance excess will be due to the aircraft slowing during the climb. This

suggests, however, that both engines were operating normally.
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Islander CAA approved Flight Manual

FM/40

EN ROUTE PERFORMANCE CEILING AND GROSS RATE OF CLIMB - TWO
ENGINES OPERATING

The performance ceiling with two engines operating may be obtained from fig.12
for varying weights, altitudes and air temperatures, The chart may also beused
to determine the gross pressure rate of climb.

A ssociated conditions :-

Engines : Both operating at maximum continuous power
(2700 rev/min and full throttle) but see Note 2,

Carburettor heating’ : OFF
Wing flaps : Retracted
Airspeed : 65 kt (75 mph) IAS

The example A given by the arrowed dotted lines shows that for a weight of 4900
b (2222.6 kg), in an atmosphere of ISA + 10 deg C, the performance ceiling is
19900 ft.

The example B shows that at an altitude of 11500 ft, in an atmosphere of ISA +
10 deg C at a weight of 4750 lb (2154.6 kg), the gross pressure rate of climb is
680 ft/min.

Notes ...

1. The performance ceiling is a maximum altitude which may be
assumed when establishing compliance with the operating reg-
ulations dealing with en-route flight. It does not prohibit flying
at a higher altitude (although at some altitudes the operating
regulations may require oxygen to be carried) but it is unlikely
that the performance ceiling will be achieved unless maximum
continuous power and the airspeed quoted in the Associated
Conditions are used towards the end of the climb.

2. For normal climb operation, reduce power to recommended
normal climb power (2500 rev/min full throttle) as soon as
clearance above terrain and obstacles permits. Under these
conditions the performance obtained from fig 12 opposite must
be reduced by 100 ft/min.

Section 5 11th January 1980
Page 26 Revision 1
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Islander CAA approved Flight Manual
FM/40

EN ROUTE NET GRADIENT OF CLIMB - ONE ENGINE INOPERATIVE

The one engine inoperative en route net gradient of climb is shown in fig. 13 for
varying altitudes, air temperatures and weights.
Associated conditions :-

Engines : Operative engine at maximum continuous power
(2700 rev/min full throttle). The propeller of
the critical inoperative engine is feathered.

Carburettor heating : OFF

Wing flaps : Retracted

Airspeed : 65 kt (75 mph) IAS
The example given by the arrowed dotted lines shows that at an altitude of 4000 ft
in an atmosphere of [SA at a weight of 5500 lb (2494, 8 kg) the net gradient of
climb is + 1. 3 per cent,

Notes. ..

1. When constructing the flight path profile over a range of
altitudes the number of points plotted shall be sufficient
to enable a smooth curve to be drawn.

2. The data given in fig. 13 has been derived from gross
performance reduced by a margin of 1. 0 per cent
gradient. For gross rates of climb refer to fig. 15.

Section 5 10th April 1979
Page 28
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Islander CAA approved Flight Manual
FM /40
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STALLING

Stalls are gentle in all configurations. The stall warning system
provides a visible and audible warning at a safe margin above the stall.
Recovery action is normal. Provided the recovery action is taken
promptly, the height loss will be small. Table 1 (below) shows the
applicable stalling speeds for combinations of weights and flap
settings, with power off, at all CG positions.

Flap Angle Stalling Speed kt (mph)
(deg) {Indicated Air Speed)

4000 1b 5000 1b 6000 1b 6300 1b 6600 1lb

Up b2 (u8) U5 (52) b8 (55) 49 (56) 50 (57)
T.0. (25) | 37 (43) 39 (45) 42 (48) 42 (u48) 43 (50)
DOWN (56) | 34 (39) 36 (42) 38 (44) 39 (45) 4o (u6)

6th March 1986 Section U
Rev 3 Page 15
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BNA/DSEQ/AAIBI212/002

Senior Inspector of Air Accidents
Air Accidents Investigation Branch
Farnborough House

Berkshire Copse Road

Aldershot

GU11 2HH

17" December 2012
Dear Sir
Review of B-68801 Flight Data

We have reviewed the flight data supplied by AAIB for Islander B-68801 which crashed in Taiwan in August.
Wehmmel'ollmmgoomrnenu.sornedwhidlmunfummmymmsmduemmddm.

The flight data does not give any indication of the local weather conditions, i.e. temperature or wind speed
(horizontal or vertical). Note also that the AAIB quote that the data stopped 4 seconds from impact.

The aircralt appears o have been climbing for approximately 95 seconds prior to the end of the data which we
are told was 4 seconds prior to impact. The average rale of climb was a littie over 700 fUmin. This is in excess
of the scheduled AEO gross RoC for a 6000 Ib aircraft at ISA+10C at 8000 ft of 450 fimin. (NB aircraft weight,
altitude and ambient temperature are all guesses). Part of the apparent performance excess will be due to the
aircraft slowing during the climb (i.e.zoom climb). This suggests, however, that both engines were operating
normally.

A better estimate of expected climb performance could be generated on provision of aircraft weight, altitude
and temperature data. An estimate of local wind speed and direction would enable aircraft airspeed to be
estimated. It is assumed that the aircraft was slowing down towards best climb speed, although it is intriguing
that the deceleration occurred over a protracted period. It might be expected that if there was an apparent
imminent danger of not clearing the summit, the pilot would have increased AoA and reduced airspeed rather
more rapidly to maximise climb gradient A significant tailwind could, however, have effectively reduced the
achievable climb gradient below what the pilot may have assumed.

The above climb does, however, appwwhmmwmm:mwﬂhM(mum by aircraft pitch)
increasing with reducing airspeed (indicated by ground speed), with no significant heading changes. There
are no signs of sudden significant flight path changes {attitude of heading) that might be expected if impact
appeared imminent. This may, however, have occurred in the quoted 4 seconds prior o impact. The final
climb does, however, appear to have been made with more urgency than previous climbs with the aircraft
pitch aftitude reaching a higher angle than on previous climbs during the fiight. This is, however, consistent
with the higher rate of climb achieved in combination with decelerating airspeed and lower absolute airspeed
achieved. NB The previous climbs during the flight were nominally performed at constant airspeed following
an initial deceleration.

Yours faithfully

BSc(Hons) MBA C.Eng MRAeS MIET
Technical Director

Rogisiered in England Ripg sramon Mo G4530088 VAT No B2082942%
o Aadwnr A I of Wighe, POIS 5P Uinod Kingdam.
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e R & g S R TR

v

G-l R S S b Y R EE i

53 19 48N 120 58 59E 21 07 30N 111 11 56E
93 19 45N 121 01 OCE 23 19 4BN 120 58 S59E
99 243 06:40:52 3/ 23 19 43N 121 00 45E 23 18 30N 120 55 22E
99 243 06:40:52 3/ 23 19 42N 121 00 24E 23 18 25N 120 55 17E
99 243 08:15:22 4/10 23 19 46N 121 00 56E 23 21 40W 121 08 21E

87 243 05:34:01 1/

21017 NOCR §12 4772 B407361 530C35D1 -9
99 243 05:34:0L 2/

21019 AMBIG S12 4772 B407361 530C35D1 -9
21238 MULT S10 4162 B407361 530C35D1 -8
31251 MULT S10 4161 B407361 530C35DL -9
21267 MULT S07 4161 B407361 530C35D1 -9

Input fille Name | ULLpsuo Oidavas
sufput time  31-A0e 70127 06:09:50.71 LS
Last Record Number Used : 023840
tast Update Time i 372Aus-2012 05:32:49.91 ¥ Fi ¥ l
Decoded Beacon ID : TAI/AVI B-68801 0/RH
Beacon ID (30 hex) . SA039BOA9S6LAEBIS3EB1000000000
Rec -Rec sat Lut - Beacon ID 4b B CFW % TCA Passes Lat A Lng A Lat B Lng B
Num Type D ID {15-hex) ERR DAY HR:MN:SC /Soln Dg Mn Sc Dg Mo Sc Dg Mn Sc Dg Mn Sc

i .
120277 NOCR 811 2733 B407361 530C35DL -2 5a 243 01:34:12 1/ 1 23 18 40N 121 09 14E 22 35 53N 124 22 01E
20276 SNGL S11 2733 B407361 530C35D1 -9 Bi 543 01:34:12 17 1 23 18 40N 121 09 14E 22 35 53N 124 22 01B
20279 DUPL S11 2733 B407361 530C35D1 -9 Sa 943 01:34:12 1/°1 23 18 40N 121 09 14E 22 35 53K 124 22 018
30350 RDND S11 4162 B407361 530€35D1 -9 76 243 01.34:12 1/ 1 23 18 44N 121 09 24E 22 35 26N 124 29 40E
20351 RDND S11 4162 B407361 530C35D1 -9 6o 243 01-34:12 1/ 2 23 18 41N 121 09 21E . 22 35 49N 124 25 44E
20521 RDND S11 4161 B407361 530C35D1. -4 81 523 01.34:12 17 1 23 18 51N 121 09 S5E 22 36 29N 124 28 35E
50523 RDND S11 4161 B407361 530C35D1 -9 70 543 01:34:12 1/ 3 23 18 47N 121 09 41E 22 36 13N 124 27 55B
20986 AMBIG S12 4161 B407361 530C35D1L -9 Fﬁ?243 05:34:01 2/ 4 23 19 12N 121 06 498 23 19 42N 120 58 47E
20998 AMBIG S12 5741 B407361 530C35D1 -9 99 243 05:.34:0L 2/ 5 23 19 24N 121 05 11E 23 19 48N 12059 028
21006 AMBIG 812 4162 B407361 530C35D1 -9 99 243 05:.34:01 2/ 6 23 19 30N 121 04 07E 23 19 35N 120 58 54E

1

7

]

9

21283 MULT S07 4162 B407361 530C35D1 -9 9% 243 08:15:22 4/11 23 19 50N 121 01 158 23 21 27N 121 08 09E
21603 MULT S08 4161 B407361 530C35D1 -9 11:26:45 5/12 23 19 49N 121 01 18E 23 19 34N 121 02 14E
, 21690 MULT S08 4162 B407361 530C35D1 -9 99 243 11:26:45 5/13 23 1% 50N 121 Q1 22E 23 21 03N 121 03 0SE
721711 MULT S09 4162 B407361 530C35D1 -9 23 19 50N 121 01 20E 23 19 51N 121 00 3SE
{21729 MULT S09 4161 B407361 530C35D1 -9 23 19 45N 121 01 L7E 23 19 41N 121 00 29E
21832 MULT S11 4162 B407361 530C35D1 -9 23 19 51N 121 01 24E 23 20 22N 121 03 S7E
21855 MULT S08 4162 B407361 530C35D1 -9 23 19 50N 121 01 23F 23 18 57N 121 01 01E
22370 MULT S12 4161 B407361 530C35D1 -9 23 19 52N 121 01 16E 23 20 50N 120 58 27E
, 22410 MULT '§12 4162 B40736l 530C35D1 -9 23 19 54N 121 01 10E 23 20 52N 120 58 51E
' 22436 MULT S10 4162 B407361 $30C35D1 -39 23 19 57H 121 01 GSE 23 21 40N 120 56 27E
1 22461 MULT S10 4181 B407361 530C35D1 -9 E 9 23 15 59N 121 01 O1E 23 21 11N 120 57 S56E
22570 MULT S07 4161 B407361 530C35D1 -9 93 243 20:40:30 11/22 23 19 58N 121 01 1i0E 23 19 06N 121 06 00E
22704 MULT S07 4162 B2407361 530C35D1 -9 39 243 20:40:30 11/23 23 19 56N .121 01 18E 23 18 57N 121 05 50E
23852 MULT S09 4161 B407361 530C35D1 -8 99 243 22:21:;41 12/24 23 19 56N 121 01 21E 23 20 17N 121 02 47E

59 243 22:21:41 12/25 23 1% 56N 121 01 30E 23 20 13N 121 02 47E
99 243 23:58:05 13/26 23 19 57N 121 0l 32EB 23 20 11N 121 02 01E
93 243 23:58:05,13/27 23 19 57N 121 01 35E 23 19 31N 121 03 21E
99 244 01:13:30 14/28 23 19 57N 121 01 38E 23 20 15N 121 03 49E

22977 MULT S08 4161 B407361 530C35D1 -9
22980 MULT S08 4161 B407361 530C35D1 -9
23115 MULT S08 4162 B407361 530C35D1 -9
23229 MULT S11 4162 B407361 530C35D1 -9

i o o e i i b i B L BB BB W RN
OOODDDDOODODOQQDDOUGOOOODOOODGOOD
0
v
N
-

w

23362 MULT S11 4161 B407361 530C35D1 -
23382 T . S11 41¢1 Diov3el Eaocacn: 9 4 0 99 244 01:13:30 14/29 23 20 01N 121 01 46E 23 20 498 121 03 43E

-9 4 0 99 244 01:13:30 14/30 23 20 QLN 121 01 49E 23 19 59N 121 03 44F

QUERY : Request completed,

s

I

Input file name : OCC$406 HISTORY
Output time ; 31-AUG-7012 08:21:30.46
Last Record Number Used : 024059
Last Update Time : 31-AUG-2012 08:17:05.89
Decoded Beacon ID . mr/wrmssen om0
Beacon ID (30 hex) H SAD3BBOA98SlALBBSéDBlDOOOOooOo
Rec Rec Sat Lut Beacon ID 4b B_éFW %
o ~_ TCA Passes Lat A Ln b
Num Type ID ID (15-hex) ERR DAY HR:MN:SC /Soln Dg Mn Sc  Dg %nASc DgaﬁnBSC DunanBSc
20350 RDND S11 4162 B407361 S30C35DL -9 3 0 76 243 01
‘ 5 3 01:34:12 1/ 1 23 18 44N
1%233% iﬁg?c g%é 2}2% gzg;%g% 530C35D1 -9 4 0 65 243 01:34:12 lf 2 23 18 41N %gi g; ggg gg gg igg i%i %g :22
31008 AMbIg S12 4162 Ba0] 530C35D1 -9 4 0 99 243 05:34:01 2/ 6 23 19 30N 121 04 07E 23 19 35N 120 58
1138 MILT B30 4162 8407361 530C35D1 -9 4 0 99 243 06:40:52 3/ 8 23 19 43N 121 00 45E 23 18 30N 120 55 358
21850 MOLT 807 a1e2 5407§g1 530C35D1 -9 4 0 99 243 08:15:22 4/11 23 19 50N 121 01 15E 23 21 27N 12* 08 %EE
21690 MULT 508 4162 B40T361 530C35D1 -9 4 0 99 243 11:26:45 5/13 23 19 50N 121 01 22E 23 31 bam 121 03 goE
21833 T iy 31¢s Biovas 530C35D1 -9 40 99 243 11:36:13 6/14 23 19 S0N 121 01 20E 23 19 51N 121 00 3 g
D S g mMena Seaim Sifgabiuen UE RRardial axma g
22410 MULT S12 4162 B407361 530C35D1 - :06: 15 24N 123 03 I0E 33 30 5N 330 98 918
-9 4 0 99 243 18:06:10 8§/ SiE
2z 3 1 /19 23 19 54N
-22@82 ngi; ?33 2%23 3237J61 530C35D1 -9 4 0 99 243 19:12:59 10/20 23 19 57N igi g% égg g% %g Zgg igg gg 51%
i S g mond meos Siemauigi e Buminni puin iR
123229 MULT 811 4162 B407361 530C35D1 -9 13 33 1 27n 131 o1 398 33 30 1N 157 03
H -9 4 0 99 244 01:13: 5 3%
; 1:13:30 14/28 23 19 57N 121 01 39E 23 20 15N 121 03 49E
QUERY : Request completed.

5 - =% 4if-ﬂ1: ;r.
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Flight Log

it d—

FrRFPLIRELEHITESE

Date

: August 30, 2012

Laser Time

:00:20:15

00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
: Starting ap_ins
00:41:00.822 GMT :

00:41:00.822 GMT

00:41:00.822 GMT

00:00:00 DC024
Starting dc_main
00:00:00 SN759
Connecting Sensor A ...
00:00:00 APO10
Starting ap_main
00:00:00 SN736
Default Parameters
00:00:00 APO13

00:00:00 SN736

: Default Parameters
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :

00:00:00 DCO007

Trying SCSI

00:00:00 SN754

Sensor A connected

00:00:00 SN600

Connected with DC successfully
00:00:00 DC004

DC TOCI init

00:00:02 APO17

Starting POS V4

00:00:05 SNI101

Sensor Initialization Succeded
00:00:08 SN139

Sensor Device Identification OK
00:00:32 AP022

POSAYV Rate Not 200 Hz
00:00:32 APO16

Froy P g REKERITE &



f.’."src"' g o e W

00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
00:41:00.822 GMT :
: Nav Data Ok
23:10:25.827 GMT :
23:10:25.827 GMT :
23:12:11.916 GMT :
23:12:11.916 GMT :
:23:24:35 APO16
23:24:38.644 GMT :
:23:27:35 SN162

: Laser has been Enabled
:23:27:37 SN242

23:27:40.827 GMT :

00:41:00.822 GMT

23:24:38.644 GMT

23:27:38.827 GMT
23:27:38.827 GMT
23:27:40.827 GMT

23:27:58.625 GMT
23:27:58.625 GMT
23:27:58.825 GMT
23:27:58.825 GMT
23:28:01.225 GMT

00:23:56.408 GMT

POSAYV new status
00:00:33 AP023
POSAYV Rate Is 200 Hz
00:00:35 AP003

00:00:46 APO16
POSAYV new status
00:02:33 APO16
POSAYV new status

POSAYV new status

Start Data Acquisition

:23:27:56  SN243

: Data Acquisition Has Been Stopped
:23:27:56  SN157

: Laser has been Disabled

:23:27:59 SN134

23:28:01.225 GMT :
00:21:09.025 GMT :
00:21:09.025 GMT :
00:23:56.408 GMT :

Sensor changed to Ready
00:21:05 SN242

Start Data Acquisition
00:23:54 SN243

: Data Acquisition Has Been Stopped
00:23:56.608 GMT :
00:23:56.608 GMT :
00:23:59.008 GMT :
00:23:59.008 GMT :

00:23:54 SNI157

Laser has been Disabled
00:23:57 SNI134
Sensor changed to Ready

00:27:05.99 GMT : 00:27:02 SN162
00:27:05.99 GMT : Laser has been Enabled
00:27:07.89 GMT : 00:27:04 SN242
00:27:07.89 GMT : Start Data Acquisition

00:29:41.675 GMT :

00:29:41.675 GMT

00:29:41.875 GMT

00:29:39 SN243

: Data Acquisition Has Been Stopped
00:29:41.875 GMT :
: Laser has been Disabled
00:29:44.075 GMT :

00:29:39 SN157

00:29:42 SN134



00:29:44.075 GMT :
00:34:32.947 GMT :
: Laser has been Enabled
00:34:34.947 GMT :
00:34:34.947 GMT :
00:37:16.831 GMT :
00:37:16.831 GMT :
00:37:16.931 GMT :
: Laser has been Disabled
00:37:19.531 GMT :
00:37:19.531 GMT :
00:40:17.813 GMT :
00:40:17.813 GMT :
00:43:02.898 GMT :
00:43:02.898 GMT :
00:43:03.097 GMT :
: Laser has been Disabled
00:43:05.597 GMT :
00:43:05.597 GMT :
00:48:34.765 GMT :
00:48:34.765 GMT :
00:52:44.841 GMT :
00:52:44.841 GMT :
00:52:44.841 GMT :
00:52:44.841 GMT :
00:52:47.241 GMT :
: Sensor changed to Ready
00:58:49.006 GMT :
: Laser has been Enabled
00:58:51.006 GMT :
00:58:51.006 GMT :
01:02:30.985 GMT :
01:02:30.985 GMT :
01:02:30.985 GMT :
: Laser has been Disabled

00:34:32.947 GMT

00:37:16.931 GMT

00:43:03.097 GMT

00:52:47.241 GMT

00:58:49.006 GMT

01:02:30.985 GMT

01:02:33.584 GMT :
01:02:33.584 GMT :
01:18:50.091 GMT :

it d—

Sensor changed to Ready
00:34:29 SN162

00:34:31 SN242

Start Data Acquisition

00:37:14 SN243

Data Acquisition Has Been Stopped
00:37:14 SN157

00:37:17 SN134

Sensor changed to Ready

00:40:14 SN242

Start Data Acquisition

00:43:00 SN243

Data Acquisition Has Been Stopped
00:43:00 SN157

00:43:03 SN134

Sensor changed to Ready

00:48:31 SN242

Start Data Acquisition

00:52:42 SN243

Data Acquisition Has Been Stopped
00:52:42 SN157

Laser has been Disabled

00:52:45 SN134

00:58:45 SN162

00:58:47 SN242

Start Data Acquisition

01:02:28 SN243

Data Acquisition Has Been Stopped
01:02:28 SN157

01:02:31 SN134
Sensor changed to Ready
01:18:46 SN162

Froy P g REKERITE &



%vc‘.'c“" Hod & R4

01:18:50.091 GMT : Laser has been Enabled

01:18:52.59 GMT :
01:18:52.59 GMT :
01:20:38.98 GMT :
01:20:38.98 GMT :
01:20:39.18 GMT :
: Laser has been Disabled

01:20:39.18 GMT

01:20:41.68 GMT :
01:20:41.68 GMT :

01:18:48 SN242

Start Data Acquisition

01:20:36  SN243

Data Acquisition Has Been Stopped
01:20:36 SN157

01:20:39 SN134
Sensor changed to Ready
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ENGINE EXAMAND DISASSEMBLY FIELD NOTES
JANUARY 30,2013
AL INCIDENT
Location: Taiwan, Republic of China (1923° 207 237 E121° 17 44™)
Date: August 30, 2012
Time: Approximately 01:43 TUTC
Aircraft:

BMNZB-26, Taiwan Registration No. B-68801, ROC Aviation Company

Washington, DC
Lycoming

Williamspott, PA

;atlon; ransportation Safety Board

Federal Aviation A dministration
Harrisburg, PA
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c. Summary

Cn August 30, 2012, a Britten MNorman 2B-26, Taiwan registration number B-68301,
powered by two Lycoming 0-540-E4C5 engines, operated by ROC Aviation Company crashed
it amountainous area during an aerial photography mission. The aircraft was found substantially
damaged several days later. The two crew members and one passenger on board were killed.

The engines were recovered from the accident scene and shipped to Lycoming in
Williamsport, PA for investigation and teardown.

The Awiation Safety Council of Tatwan, Eepublic of China, 15 investigating the accident.
Asthe state of manufacture of the engines, the WNTSB has designated a 1.3, Accredited
Eepresentative under the provisions of Annex 13 to the Convention on Civil Aviation to assist
the Taiwanese Authorities in their investigation.

The powerplant group comprised of members of Lycoming, the Federal Aviation
Administration, and the ITTSE convened at the Ly coming facility in Williamsport, PA starting
January 28, 2013 to commence the examination of the event engine and completed its work on

January 30, 2013
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D. DETAILS OF THE INVESTIGATION
1.0 ENGINE INFORMATION
1.2 ENGINE HISTORY

The Mo. 1, left engine, Engine Serial Number (ESI) L-25806-40E had
accumulated 4860:08 hours time since new (TS and 134450 hours time since overhaul

(T30)!

The Mo. 2, right engine, ESN L-13750-404 had accumulated 4305: 28
hours TSN and 722:18 hours TS0,

1:1 ENGINE DESCRIFTION

The Lycoming O-540 series engines are six-cylinder, direct-drive,
hotizontally epposed, air-cooled models. The cylinders are of conventional air-cooled
construction with heads made from an aluminum alley casting and a fully machined combustion
chamber. Rocker-shaft bearing supports are cast integral with the head, along with housing to
form the rocker boxes. The cylinder barrels have deep integral cooling fins, and the inside of the
batrels are ground and honed to a specified finish.

According to the FAA Type Certificate Data Sheet E-295, Revision 18,
dated Warch 22, 2012, the O-340-E4C5 engine produces 260 horsepower at 2,700 EPI with a
cylinder compression ratio of 85001

All directional references to front and rear, nght and left, top and bottom,
and clockwise and counterclockwise are made aft looking forward (ALF).

' Per Lycoting specification the time between ovethaul (TBO) for O540-E model engines is
2000 hours or when the engine has reached its 12% calendar year since manufacture.

3of 13




Rt et AR

20 NGO 1ENGIME, LY COMING O540-E4C5, EEN L-25806-40E
25 AZ-RECEIVED

The engine was removed from its wooden shipping crate and placed in a stand for
evaluation (Figures 1, 2). The engine was shipped without a primary vacuum pump, starter,
alternator, and oil cooler. The carburetor was notincluded in the engine shipping crate but was
later located in the shipping crate for the Mo, 2 engine. All ignition wires were clipped at both
ends near the magnetos and individual spark plugs. The fuel line from the fuel pump to the
carburetor was clipped near the pump housing. The o, 5 Cylinder oil retum line had been
removed prior to shipment. The oil cooler supply and return lines were fractured at their
respective b-nut fitings on the accessory housing.

L% F
Figure 1- Left Hand Side of Engine, As Received
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The engine crankcase and cylinder assemblies were intact without breaches or
distortion. There were no indications of sooting or thermal damage. Cooling fins on the Mo 1
cylinder were broken over a localized area on the forward side consistent with impact damage
(Figure 3). Splintered wood, leaves and organic debriz were found between the cooling fins of
multiple cylinder assemblies. The fuel pump inlet fiting was fractured flush with the pump
housing and the cooling shroud arcund the fuel pump exhibited bending and tearing of the sheet
metal (Figured) The plastic dip stick port tube was separated and hanging from the crankcase
by safety wire. Eocker Box Covers (Cylinder Head Covers) on the o, 1, 4, and 5 cylinders
exhibited denting and were replaced prior to test. Three of the four engine attachment lugs were
fractured, only the bottom nght mount was intact.

5of 18
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Figure 3- No. 2 Cylinder Cooling Fin Fractures

Fractured Fuel Line
Fitting

Figure 4- Fuel Pump and Cooling Shroud- Damaged
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202 PRE-TEST CELL EWv AL UATION

A series of checks were performed to determine if the engine was safe to 1nstall
on the test cell. To check the lubncation system, the oil suction screen was removed and found 1n
good condition, without buildup (Figure 5. The il filter was removed and sectioned to expose
contents. The filter did not contain any large particles o buildup (Figure &). The propeller
governotr gasket with integral oil filter screen was removed and found in good condition without
any blockages.

Figure 5- 01l Suction Screen- Clear

Figure 6- Oil Filter, Sectioned- dorod Conditicmt

The upper and lower spark plugs were removed from each of the six cylinders.
All spark plugs were intact but discoloration consistent with oxidation was noted on the upper
T of 13




%/.-c‘.'c“" Hod & R4

spark plug of the No. 5 cylinder. Winor lead accumulation (lead bromite) was noted on the
lower spark plug of the Mo, 5 cylinder (Figure 7).

Figure 7- Spark Plugs (Cylinder No. Laheled)

Magneto iming was checked to ensure firing sequence occurred at the right point
in the combustion cycle. The check was based off the Mo, 1 cylinder which 15 designed to fire at
a crankshaft position of 25°before top dead center (BTDC). The right magneto fired at
approximately 277 and the left magneto fired at approzimately 35° BTDC. The clocking position
of the left magneto was slightly adjusted to match up with a witness mark that had been applied
in the field and the magneto subsequently fired at approximately 26°BTDC?

A run-out check of the crankshaft forward flange face was measured at
approzimately 0.00257 , below the 0.0057 allowable limit for repair engines.3 Suction and
compression was verified on each cylinder by rotating the crankshaft and placing a thumb over
the individual spatk plug ports. Duning the check compression could not be venfied on the Mo, 1
cylinder. The Rocker Box Cover on the Mo, 1 cylinder was removed and the valves were lightly
tapped with a rubber mallet. The mallet freed the No. 1 cylinder valve and compression was
subsequently verified. During rotation of the crankshaft no unusual binding was felt.

The investigative team agreed the engine was safe to install and run in the test
cell.

243 FUEL PUMP FUNCTIONAL TEST

The fuel pump could not be installed on a test stand due to damage on the inlet
fitting. An alternate test was setup by partially submerging the fuel pump in oil and hand

ta deviati on inm agneto firing position by + a few degrees will not have a significant impact on engine operation.
The 10° degree deviation in the left magneto is considered substantial and is believed to be aresult of ajustment
during the engine removal process from the siframe.

Llawimum run out of the eranbkshaft forward flange allowed on new enginesis 00037
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cranking to verify oil would cycle through the pump (Figure 8). The pump functioned properly
atnd no binding or blockages were noted.

Figure 8- Fuel Pump Functional Check

2.4 ENGINE TEST CELL BN

Lycoming had previously developed a testing proce dure for
accidentfincident engines. Slave test cell components were installed to replace all items missing
from the engine upon receipt (Figure 9). The engine was placed in the test cell and foll owing a
warm up period was run for 5 minute periods each at 1500 rpm, 1800 rpm, 2200 rpm, full
throttle, andidle. In addition a magneto check was performed to ensure rpm levels didnot drop
beyond limits when the rnght and then left magneto were disabled, During the magneto check,
when the left magneto was dizabled EPW levels dropped by 233 EPM, exceeding the 150 EPW
limit. "With the left magneto still disabled the engine speed was reduced to idle setting and an
audible after-fire in the exhaust system was detected. The engine was shut down and water was
sprayed on the exhaust manifold of each cylinder to gauge cylinder temperature. The 1o, 5
cylinder exhaust manifold duct was noticeably cooler than the other cylinders and was evaluated.
A replacement spark plug was installed in the top position of the No. 5 cylinder and duning the
follow up test cell run the after-fire ceased and the rpm droop during magneto checks was
reduced to an acceptable lewel.

+ During normal engine operation both m agnetos operde in tandet creating a dual redundant ignition system. A
magneto isolation check enmres the engine will cortirne o operate inthe event one of the maznetos fail.
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Figure 9- Engine Installed in Test Cell

The engine produced adequate power at each test cell setting and did not exhibit
any operational issues that would preclude it from functioning properly in the airframe. Test cell
run sheets are attached in Enclosure (1),

The investigative teamn decidedno further engine dizassembly was required to
verify that the engine was capable of producing power at the time of the accident.
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30 WO ZENGIMNE, LYCOMING O540-E4C5, ESHNL-13750-404

231 AS-RECEIVED

The engine was removed from its wooden shipping crate and placed in a stand for
evaluation (Figures 10, 11). The engine was shipped without a carburetor, primary vacuum
pump, secondary wacuum pump, starter, alternator, and oil cooler. Ignition wires leading to the
upper cylinder spark plugs were clipped at both ends near the magnetos and spark plugs. The
ignition wires leading to the bottem cylinder spark plugs were clipped at the magnetos and at the
zip tie connection holding the ignition wire bundle together. The il cooler retum line b-nut
fitting on the accessory housing was present but the oil line was not shipped with the engine. The
ol cooler supply line and fitting were not shipped.

E RS

L=1370-4en - B
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The engine crankcase and cylinder assemblies were intact without breaches or
distortion. There were no indications of thenmal damage but sooting was noted on the Mo 1
cylinder air intake pipe (Figure 12). Dirt, grass, and organic debris were wedged between the
cooling fins on multiple cylinder assemblies. The plastic dipstick port tube was fractured flush
with the crankcase and was hanging from the case by safety wire, The breather fithing was
fractured flush with the accessory housing leaving the threaded portion of the tube in the boss
(Figure 13). Rocker Box Covers (Cylinder Heads Covers) on the No. 1 and 5 cylinders exhibited
denting. The MNo.6 cylinder push rod shroud was bent and exhibited tearing consistent with
impact damage. The push rod assembly was removed and disassembled to separate the push rod
from the shroud (Figure 14). The cylinder push rod exhibited bending consistent with its outer
shroud. The top left engine mount was fractured and three of the four mounting studs were
removed and replaced (Figure 15). Pieces of the carburetor mount flange were still attached to
mating studs on the bottom of the engine oil sump case consistent with fracture and separation at
impact. One carburetor mount stud was replaced to facilitate installation of a slave carburetor for
test.
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Sooting

Figure 12- Localized Sooting on the No. 1 Cylinder Intake Pipe

Figure 13- Breather Fitting, Fractured
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Figure 14- No. 6 Cylinder Push Rod and Shroud

Figure 15- Top Left Engine Mount

was stamped which is the correct pump specified for the engine (Figure 16)6.

§re squre to funetion propetly.
The LW.-13473 fuel pump produces 4-6pai of fuel pressure

The fuel pump was fractured at itz base plate connection to the accessory housing
studs, separating a majority of the pump from the engine. The separated section of the fuel pump
was not shipped with the engine. Two different part numbers were stamped on the remaining
section of the fuel pump. Part number LW-1573 correspond to a high pressure putng capable of
producing 25-30psi of pressure.5 Cin the cuter face of the base plate a second part number, 15472

2 High pressure pumps are not permitted on the Lycoming O340-E4C5 engine which only requires 3-4 pai of fusl
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Figure 16- Piece of Fuel Pump, Different Part Numhber Stamps

B2 PRE-TEST CELL EV AL UATION

A senes of checks were performed to determine if the engine was safe to
install on the test cell. To check the lubrication system, the o1l suction screen was removed and
found in good condition without buildup (Figure 17). The oil filter was removed and sectioned
to expose its contents. The filter did not contain any large particles or buildup (Figure 18). The
propeller governor gasket with integral oil filter screen was removed and found in good
condition and without any blockages.

Figure 17- Oil Suction Screen- Clear
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Figure 18- il Filter- Good Condition

The engine ignition system was checked to ensure it was operational. The
upper and lower spark plugs were removed from each of the six eylinders (Figure 19). All spark
plugs were intact and in good condition with some o1l wetting consistent with unusual engine
otientation post-accident. The spark plugs were cleaned with acetone and dried with shop air to
remnove residual oil.

Figure 59- Engine Spark Plugs- Good Condition

A run-out check of the crankshaft forward flange face was recorded at
approximately 0.00457, below the 0.0057 allowable limit for repair engines.? Suction and
compression was verified on each cylinder by rotating the cranlshaft and placing a thumb over
individual spark plug ports. During the check compression could not be verified on the No. 1
cylinder. The Rocker Box Cover on the Mo, 1 cylinder was removed and the valves were lightly

7 Maximum run out of the crankshafl forward flange face allowed on new engines is 0 0037
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tapped with a rubber mallet. The mallet freed the Mo 1 cylinder walve and compression was
subse quently venfied During rotation of the crankshaft no unusual binding was felt.

Magneto timing was checked to ensure finng sequence occurred at the right point
in the combustion cycle. During installation of the timing light it was noted that the magneto
capacitor stud was slightly bent. The magneto check is based off the Mo, 1 cylinder which is
designed to fire at a crankshaft position of 25° BTDC. The right magneto fired at approzimately
29°BTDC and the left magneto fired at approxim ately the 32.5°BTDC. The clocking position of
both magnetos was adjusted to fire at a 25°BTDC crankshaft position in accordance with engine
specification. Witness marks had been applied to the magnetos and accessory housing in the field
to indicate approximate clocking position. Following adjustment the witness marks lined up on
the left magnete and were slightly offset on the right but still considered within acceptable limits
(Figure 20)°

Figure6-L eft MMagneto Witness WMark, Before Adjﬁstme:nt

The investigative team agreed the engine was safe to install and run in the test
cell.

33  Enocme TEsT CELL RUN
After all functional checks were complete the engine was staged and installed in

the test cell (Figure 21). Slave parts were installed in place of components that were missing
from the engine upon receipt. The standard fuel pump was replaced with a high pressure model

8 A devigtionin magneto firing position by £ a few degrees will not have a significant impact on engine operation.
The 7.5% degree deviation in the left magneto is considered ex cessive and m ay be a result of adjustment during the
engine rem oval process from the airframe. Witness moarks are installed in the field to assist in clocking m agneto

positicn.
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to gauge effect on engine operation. The carburetor from the Mo. 1 engine was installed on the
Meo.2 engine to ensure it functioned properlyg. Immediately after start, fuel was seen running
from the bottom of the carburetor indicating the carburetor had been flooded due to excessive
fuel supplyipressure. To reduce the risk of fire the test was stopped. For the second phase of the
test, the fuel pump was bypassed in faver of the test cell fuel pump system.

Figure 21- Engine Installed in the Test Cell

The same Lycoming test procedure that was run on engine Mo, 1 was repeated for engine
Mo.2 Following a warm up period the engine was run for 5 minute periods each at 1500 rpm,
1800 rpm, 2200 rpm, full throttle, and idle. In addition a magneto check was performed to ensure
rptn levels did not drop bevond limits when the right and then left magneto were disabled!®. The

engine passed test cell runs and ran smoothly throughout the test sequence. Test cell log sheets
are attached in Enclosure (2).

The investigative teatn determined no further engine disassembly was required to
venfy that the engine was operational at the time of the accident.

® The Na.l engine carburetor waslocatedin the No 2 engine crate after the Mo 1 engine had been removed from the
test cell and re-crated.

1 Dhring normal engine operation both magnetos operate in tandem creating a dual redundant ignition system . A
magneto isolation check ensresthe engine will contirme to operate in the event one of the maznetos fail.
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Cell Mg, 2-2 LIV ECOnITING Production Automated Engine Test Log Form# T-001
Std Fun-in Data Sheet
Model # ; 0-540-E4C5 Order # : Preservation : [P5 485

Engine # : L-23a05 42E

1/28/13 16:58
Fail J

operator 1 AccepliDate : Test Mode : [ Part 3.2 Test

Operator 2: Accept/Date : BOM : Sign:__
Fuel Serial # : 0CYRE20 Ignition Left : 03110459 lgnitien Right : 03812918

Fuel Slave : LS Ignit L Slave : jo Ignit_R Slave : N0 SW Rev : 300-100795

Fuel Curve: [-12845-C2 Fleat Eowl Connected to Fuel Pump Inlst : YES Barometer : 75,44
Pre-0il Temp : 162 Pre-Qil Pres : 28 Setting # : 10-140 Read Time :

ETS #: 65229130 ETS Rev : EC0-25195 DaleiTime : 1/28/13 16:31 Test Status :
Commanmts Variaticns

observed duning lins

Lual and defzrrined 12 be acceptas!

EL1o

fhiese weniel ons will nct alecl air warthinass o peclonnance.

T fcllosang winor varelions Lz the apslicablz emne lesl specilication wers

T hee acceptance of

H
3},
41
I Enr 0.c e, i v |
[When / Test Low Limit Value High Limit Status |
21 Runin @ 1500 for 5 min
Allowable Speed ‘ariation (RPM; -75 08 75 Pass
Cylinder Head Temperiature (DegF) 2856 SO0 Pass
Inlet Air Temp (DegF) o} 5258 10 FPass
24 Runin @ 1800 for § min
Allewzble Spead Varialion (RPW) =73 T i Pass
Cylinder Head Temperature {DegF) 279.3 500 Pasg
Inlet Air Tamp (DegF) Q 22 110 Fass
27 MagChk @ 1200 for 1 min
IMagneto Dropoff - Each Mag (RPM) 113.2 150 Pazs
Magnzto Drepoff - Difference (RPM) 2T E 35 Pass
Cylincer Head Temperature (DegF) 278.5 500 Fass
Inlet Ar Temp {DegF) (1] £32.4 110 Pass
28 Runin @ 2200 for 5 min
Alowakle Speed Vadation (RPM) 73 §.3 Th Pass
Cylinder Head Tempzrature {DagF) 364 500 Pass
Irlet Air Temp (DegF) i} 53.4 1o Pazs
32 Rated @ Rated for 5 min
Ralzd Speed (RPM) - 2650 ZES6.6 2750 Fass
Marita'd Fressure @ Raled {"HG) 28.7 26.29 2856 Fass
Fug! Pressurs @ Ratad (PS)) 1 = & Pass
Cil Pressure @ Rated (PS)) 75 4.5 i Pass
Air Flow Limits {PPH) 15346 1627.5 Fail
Cylinder Head Temperalure {DegF) 354 500 Pags
Qil Gallery Temp @ Rated (DegF) 165 183.8 218 Pass
Inlet Air Temp (DegF) 0 £4.3 11a Pass
35 ldle @ O for 5 min
ldle Spaad (RPM) 600 719.1 700 Review
Cylinder Hezd Temperature (Degl) 305.2 500 Pass
il Fressure @ Idle (PSI) 25 55.3 Fass
Inlet At Temp (DegF) 1 5358 119 Fass
1afit
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Cell Mo, 2-2 AV OV G Praduction Automated Engine Test Log Farm# T-001
Std Run-in Data Sheel
Engine # : L-25803-40F Model # : 0-540-E4C5 Order # : Preservation : LPS 4236
Operator 13 Accept/Date : Test Mode :- Part 3.2 Test
Operator 2: AcceptDate : BOM : Sign : o )
Fuel Serial # : 1£7825 Ignition Left : 69110839 lgnition Right : 81012918
Fuel Slave : YES Ignit_L Slave : N0 Ignit_R Slave : N0 SW Rev : 300-160795 1
Fuel Curve: C-17845-13 Fleat Eowl Connected to Fuel Pump Inlet ; YES Barometer ; 22,453
Pre-Oil Temp : 165 Pre-0il Pres : Setting & : 18- 4424 Read Time @ 1/28/13 16 22
ETS #: 6522g1380 ETS Rev ; ECO-26155 Date/Time : 177813 15:34 Test Status : Fail
Comments Variations
Thee Bl kowing mnor vaniations 10 178 agp icable enging les; soes fization wars =]
cheanad during this 125l ang da‘eomined |o be 2cceptalia 'as s Thz acceplance of
Ihesse van aticns will not afect 2ir warthiness or peromansa,
1
21
3 i
a4
Engr.___ e, Dale_ o
[When / Test Low Limit Value High Limit Status
2 Runin @@ 1500 for 5 min
Allowable Specd Variation (RPN -Td 0.6 75 Fazs
Cylinder Head Temperature (DegF) 2825 500 Pass
Inlzt Air Temp (DegF) 1] 53.1 LRI Pass
4 Runin @ 1800 for 5 min
Allowable Speed Variation (RPM) -78 1.5 ¥E Fass
Cylinder Head Temperaturs (CegF) 200.5 00 Fass
Inlet Air Temp {DegF) o} 52 110 Pass
8 MagChk @ 1800 for 1 min
Wzgneto Dropeff - Each Mag (RPM) 2325 150 Fail
Magneto Dropoff - Differenca (RPM) 150.7 35 Fail
Cylinder Head Temperalure (DegF) 301.9 500 Pass
Inigt Air Temp (DegF) 1] i) 110 Sass
10 Runin @ 2200 for 5 min
Allewakle Speed Variation (RFEM) =75 3.9 75 Pazs
Cylinder Head Temperature {DegF) 3566 500 Pass
Inlet Air Termp (DegF) 0 S 110 Pass
15 Rated @ Rated for 5 min
Rated Speed (RPM) 2650 25633 2750 Fail
Wanifold Pressure (@ Rated ("HG) 257 25.43 285 Pass
Fuel Prassure @ Rated (PSI) 1 38 5 Pass
Qil Pressure & Rated (P31 7 B5 8 &5 Fail
Air Flew Limits (FPH) 1544 .4 1438.8 Fail
Cylinder Head Temperature (Degl) 517 500 Pass
Cil Gallery Temp @ Rated {DegF) 165 1823 216 Fass
Inet Ar Temp (DagF) Q 543 110 Pass
18 Idle @ 0 for 5 min
Idle Speed (REM) 500 §16.2 700 Review
Cylinder Head Temperalure (DegF) 307 500 Pass
Qil Pressure @ Idle (PS)) 25 7.7 Pase
Iniet Air Temp (DegF) o] 4.0 110 Pass
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Cell No. 2-2 LY OInIInvG Production Automated Engine Test Log Form# T-001
Std Run-in Dala Sheet
[ Engine # : L-151530-408 Madel # : D-540-E4C5 Order # : Praservation ;. LPS 426
operator 1: [l AcceptiDate: Test Mode : [ Part 3.2 Test
Operator 2: Accept/Date : 3 BOM : Sign :
Fuel Serial # : DL1825 lgnition Left: 05101583 lgnition Right : 99230554
Fuel Slave : yz3 Ignit_L Slawve : NC lgnit_R Slave : N0 SW Rev : 300-720135 H
Fuel Gurve: C-712846-C2 Float Bowl Connected to Fuel Pump Inlet : 1ES Baromatar : 79,03
Pre-Cil Temp @ 1585 Pre-Qil Pres : 98 Setting #: 10 4484 Read Time : 1/23/13 18:35
ETS #: h3Zegl8d ETS Rev : ECO-26195% Date!/Time : /350735 10:83 Test Status : Fail
Comments Variatiens

=l Thee Fallowireg minwe variaticns 19 172 a2 icable engine test spec fzallon were
cheervod during 15 lesl and celermmed 1o be scceptakle '3z s’ The aceepiansa of
these verelions wil nd: 8IFect Bi warliness or perlonmance.

Frgr il Cale_

|
[When ! Test Low Limit Value High Limit Status ]
4 Runin @ 1500 far 5 min
Allowable Speed Variation (REM) 75 L6 75 Pass
Cylinder Head Temperature (DegF) 2629 500 Pass
Inlet Air Temp (DegF) 0 59.8 110 Fass
7 Runin @ 1800 for 5 min
Allowakble Speed Variation (REM) -78 1.4 75 Pass
Cylinder Head Temperalure (DegF) 2685.5 S00 Pass
Inlet Air Temp (DagF) D ST "o Pass
10 MagChk @ 18040 for 1 min
Magneto Oropaff - Each Mag (RPM} 136.3 150 Pass
Magneto Dropoff - Dilference (RPM) 24 35 Pazs
Cylindar Head Temperature (Degs) 2366 500 Pass
Inlet Air Temp (DeoF) a 9.8 110 Pags
12 Runin @ 2200 for 5 min
Allowabls Speed Varation (RPMW) -T5 05 75 Pass
Cylinder Head Temperature (DegF) 3299 500 Fass
Inlet Air Termp {DegF) a 602 110 Pass
15 Rated @ Rated for § min
Rated Speed (RPM) 2850 28858 2750 Pass
Manifold Pressure @ Rated ('HG) 257 26.07 285 Pass
Fuel Prassure @ Rated (P21} 1 5 G Pass
Qil Fressure @ Raled (F3l) T EBZ &5 Fail
Air Flowe Limits (FPH) 1244 .9 1583.1 Pass
Cylinger Head Temparatare (DegF) 4022 A00 Pass
Gil Gallery Temp @ Rated (DegF) 165 186.6 216 Pass
Iniet Air Termp {DegF) ] £9.4 1e Pass
18 Idle @ 0 for 5 min
Idle Spaed (RPM) €00 0.8 700 Reviaw
Cylinder Head Temperature (DecF) 2896 £00 Pass
il Pressurs @ Idle (PS1) 25 55 Pase
Inlet Air Temp {CeqgF) a G62.8 110 Pass
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