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ball indication or how much rudder was being used.

When he first became aware of the engine malfunction, the pilot in
command assessed that, although a landing back on the runway may have
been possible, the aircraft was capable of climbing safely on one engine.
However, when he saw that the aircraft was not climbing, and that the
airspeed had reduced below 81 kts, the pilot in command took control, and
at 0909:38 advised the TWR that he was ditching the aircraft. He
manoeuvred the aircraft as close as possible to the southern end of the
partially constructed runway 16L.

The aircraft was ditched approximately 46 seconds after the pilot in
command first advised the TWR of the problem.

Figure 1.

Locality map showing the accident relation to Sydney
Airport.

The four crew and 21 passengers ully evacuated the aircraft
before it sank. They were ta on Koafd pleasure craft and transferred to

shore. After initial assess Survivors were transported to various
hospitals. All were dis 1430 that afternoon, with the exception

charge
of the flight attendan ad suffered serious injuries.

Immediately following the pilot in command’s call that the aircraft was
ditching, the COORD in Sydney TWR raised the crash alarm. He then
activated the AEP ‘Crash in the Vicinity of Sydney Airport (including
Botany Bay)’ checklist. The COORD notified the RFFS fire control centre at
0909:55. At 0910:00 he activated the CCC and contacted the Police,
Ambulance, FAC and NSW Fire Brigade.

A ground witness, located on taxiway C parallel to runway 16, south of
runway 07/25, observed the aircraft take off, and reported hearing the
sound of engine misfiring as the aircraft lifted off. He estimated that the
aircraft climbed to approximately 200 ft before it began to veer left and

Lae 5descend. The witness commented that the aircraft’s attitude remained

significantly nose-high until the commencement of descent to the
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ditching.

1.2 Injuries to persons

Crew Passengers Other  Total
Fatal - - - -
Serious 1 - - 1
Minor 2 - - 2
None 1 21 - 22

1.3 Damage to aircraft

During the ditching the aircraft sustained subsfantial damage from impact
forces. Additional damage occurred during thg<subsequent recovery
operations, and as a consequence of sal te mersion.

1.4 Other damage

No other damage was report

1.5 Personnel

Technical crew

Pilot in command Co-pilot Supernumerary pilot
Licence category ATPL (1st class) Commercial ATPL (1st class)
Medical certificate Class 1 Class 1 Class 1
Instrument rating M.E. command M.E. command M.E. command
Total hours 9,186 500 2,741
Total on type 927 250 22
Total last 90 days 30.1 25 70
Total on type last 30 days 1.2 5 1
Total last 24 hours 0 0 2
Last flight check 22 June1993. 9 Jan. 1994 26 Jan. 94
Aircraft endorsement DC3 command DC3 command DC3 co-pilot
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did hear the sound of the engine malfunction, and was aware that the
aileron control was held at about 90° from the neutral position.

The landing gear was observed by witnesses located under the flight path
to be retracted prior to the aircraft being ditched.

% A ground witness indicated that the engine malfunction was evident from/' it a

early in the takeoff, and the aircraft had accelerated and climbed to ‘, Al .
approximately 200 ft before it began to veer to the left and descend. { ”L““
["-‘Af L\A -\_ﬂxu-xi sz,x_y“* {«\r;.tc;_ 3/‘\ 2L ,1'\ \gk’l}::j “7,

(g

Temperature

The temperature recorded on the ATIS at the time of the accident was
16°C.

Weight and centre of gravity
The pilot in command had completed eight akd balance document (trim

sheet) on 24 April 1994. The trim Sheet wed the take-off weight as
11,757 kg with the CG position with G envelope.

d during the investigation was
xcess of the MTOW.

The actual take-off weight
12,446 kg, which was I

Atmospheric turbulen

At the time of the accident, the wind was light and variable, with no
reports of turbulence.

Ground effect

The company operations manual recognised the benefit that may be
obtained by utilising ground effect during a single engine takeoff. The
manual indicates that, in the most critical take-off condition with the
left engine failed, at 81 kts, the propeller windmilling in fine pitch, and
with the landing gear down, the aircraft will accelerate to a speed of 95
KIAS if held close to the ground.
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Right engine propeller governor

When initially fitted to the test rig, the governor failed the test
specifications. However, when correctly adjusted, the unit met the
manufacturer’s specifications. Examination found that the hexagonal
mounting hole in the alloy pulley, which mates to the hexagonal rack
shaft in the governor, was excessively worn. Additionally, the locked
castellated nut securing the pulley to the shaft was found to be loose. It
is likely that the excessive wear had permitted the pulley to rotate into
the out-of-rigging position when the operating cables were subjected to
substantial loads as the engine separated at impact.

1.12.3.4 Propellers
Left propeller

Inspection confirmed that the left prope wad\ at 65-66° of pitch

instead of the 88° pitch of the fully f d pasition. There were no
visual indications of abnormal wear. on a art of the pitch change
mechanism, or of other anomalies uld inhibit the normal
functioning of the propeller tem.\( Further propeller examination was
conducted to establish the r the propeller not being in the fully
feathered position. Thi tion revealed the following:

1. Torque to turn indivi blades within the hub was found to be

approximately 55, 40 and 25 ft |Ib respectively. This compared with
the manufacturer’s specified torque value of 30—-40 ft Ib.

N A D N‘An.a_./ et ,\_.«_1

i M/L_.,\_,“L‘«w &_‘, a8 (.»‘ v}

2. Each blade butt had been fitted with a plastic sleeve during hub /s i e,
assembly to prevent water ingress. The sleeve of the blade which/
required 55 ft Ib to turn, was dislodged from its position. lt-is "I”ﬂ'(ely J)L
that, at some time prior to the accident, the sleeve became dislodged,
permitting water penetration and consequent corrosion. The higher
torque required to turn this blade was probably due to the presence of
corrosion by-products and corrosion-related pitting at the bearing
area. However, it is unlikely that the higher torque required would
have prevented the propeller from moving to the fully feathered
position.

\.. s ca\c,\v-s\bn Seem.:s Ur—\sufs Qr"\—ta\ ‘\ﬁc_u\\c
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Once removed from the dome, the cam assembly with the piston
attached remained in the ‘as found’ position and did not respond to a
force applied to move it towards the fine or feathered pitch positions.
(Correctly assembled cams with the piston attached move freely
throughout the range when being propelled by their own weight and
without any outside forces being applied.)

Disassembly of the cam/roller mechanism revealed that both the
internal and the external cams contained heavily polished roller
contact marks and grooving wear over a distance equivalent to that of
the propeller mechanism moving in the operating range. There were
lightly polished areas on the cams indicating that the rollers had at
some time been operating through to the fully feathered position. All
four roller assemblies rotated freely and contained no flat spots.

Despite the cam profile in-service wear, en the cam assembly pre-
load nut was released by about 40°, anism achieved
unrestricted movement of both ca ughaut their range, driven by
their own weight, and without any apgpication of an external force.

There was no damage or orm ear to any of the blades or blade
operating mechanism w ub which would have prevented the
blades from reachi feathered position had the cam
assembly pre-loa en correctly tightened.

Subsequent testing of the feathering pump and propeller
governor/pressure swutch assembly revealed no operatlonal

abnormalities. A orm}“y (\04

xden‘\-\h ; de/ae on
a €

There were no certifications to mducate that )fhe left propelle
been ‘desludged’. An airworthiness directive’ requires that this should ()/euse7
be accomplished at each 500 hours time in service.

A Laa/
/‘

The co-pilot advised that he considered that the engine was slow to

* stop rotating after feathering action was initiated.

Consideration was given to reports that the blades on this propeller
had moved from the fully feathered position during aircraft recovery

AL 6 22 August 1995 20 19 September 1995









¢

aircraft were classified as transport or normal-category aircraft, and
therefore subject to class-A or class-B maintenance respectively. This
resulted in some confusion among those administering the system.

Use of the CAA aircraft register computer as the sole data reference for
the production of certificates of airworthiness had not been authorised by
the CAA management because the data had not been audited. However, CAA
Moorabbin, when assessing this aircraft and operator for inclusion on an
existing AOC, used the computer system as the sole source of data to
produce a copy of the certificate of airworthiness. The aircraft history
file was with CAA Bankstown when the replacement certificate was
prepared. Consequently, a duplicate certificate of airworthiness for VH-
EDC was printed, on which the aircraft was incorrectly identified as
being in the normal category. (The CAA has subsequently confirmed that,
at the time of the accident, all DC3 aircraft on the register with a
current certificate of airworthiness were in ARe transport category and,
with the exception of VH-EDC, were bei akNained as class-A

aircraft.)

Aircraft logbooks

The logbooks which were for the certification and recording of
i4 4 eswe~the maintenance h|sto "3 th ircraft and its major components, were >
proclins ,I‘Lf superseded versions o bld-style book format. Logbooks of thIS type -
me~ ~ were suitable for use fo ormal -category aircraft, but more @\\

\\ recording systems are available for the more complex requirements of ey e
transport category aircraft. suvival\e
hs"= 6/':) er\era\ L,_,Q - Ll sa\-x’
Shader ”@perator “Gontinue to use similar logbooks which, having been
\s % superseded, possibly several times, may contain invalid instructions, and
v “\‘l\:’m *] whieh are less able to provide an adequate aircraft maintenance history
WX

o >e] and audit trail. . )
“(‘\\p‘)c‘g.o?era\_d LS S Cz.Af\‘S.\S \»b\‘\'&'a'\ ndu

he operator was unable*‘ttg‘suﬁtantlafe the anr%raft am;a*r;'r%: hlsto(lt'y\lf\*rtv}
'}\T'eeag for the period between June 1977 and May 1988, which covered 12,565

4o Le hours of aircraft operation. Maintenance—during this period had been -

o€ recorded—-on—an—alternate-system.—However, the investigation—was—unable
i " to-confirm that the records still existed-- Consequently, the AD compliance

L . ak 18 ‘M= \: é@ refvxe_{\\'
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status of the aircraft could not _beis[abllshed e g. AD/DCS/ZGB and 29B,

which refer to the requirement for wing m’amcatlons and inspections
using radiographic/x-ray techmques /

[ PN L W W

AAC 6-12 dated 13 June 1991 advised of the availability of a new
aircraft logbook. The new logbook incorporates the loose-leaf concept,
and each section is provided with specific instructions to users.

An aviation regulatory proposal (ARP) circulated for comment on the

proposed introduction of the new logbook received adverse industry

comment. Consequently, the CAA has not mandated its use. However, the

use, throughout the life of VH-EDC, of a similarly comprehensive system,

could have provided the necessary aircraft maintenance history. and—audit e

trait Rt o, P —a\alt 7e
Engine TBO concessions @
Right engine %

On 28 June 1993, the operator sub CAA Bankstown an application
for a concession to exceed t ublighed engine TBO period for the right
engine. It included two oil s alysis reports and a

compression/ground ru B t. The CAA approved a TBO extension of
100 hours, and the -- was notified accordingly on 6 July 1993.

Left engine

On 24 December 1993, the operator submitted to CAA Bankstown an
application for the left engine to exceed the TBO period. Two oil sample
analysis reports and a compression/ground run test report were included.
The application was approved by the CAA on 1 February 1994 for 100
hours over-run, and the operator was notified of this on 4 February 1994.

The AWI assigned to the operator had been verbally advised by the
operator on 26 April 1994 that the right engine had been changed on VH-
EDC. The AWI expressed the opinion that both engines should not operate
on the same aircraft in the over-run period at the same time. However,
the CAA did not have a policy to this effect. When the left engine was
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granted over-run approval, the AWI (.as.s.umed hat the right engine had
been changed. There was an entry d pril 94 in the VH-EDC

aircraft logbook that the right engine Serial Number BP463388 had been
removed and Serial Number 667 installed. This entry had subsequently
been crossed out and noted as an ‘Incorrect entry.’

At the time the operator commenced operating the aircraft, the left
engine TSO was 840:43 hours. Oil samples to support the concession
application for over-run of the engine TBO were taken for analysis at 949
and 996 hours. The analysis reports from both these samples indicated
abnormally high wear metals of iron, lead and aluminium. The reports
recommended that the oil be resampled after a further 100 hours.
However, without a previous trend to compare them against, the samples
were not valid indicators of engine health. Furthermore, they represented
only about 150 hours of engine operation by this operator (47 hours
between samples) and were not indicative @er operating technique

or type of operation.

On receipt of the application, the CGAA stown Office forwarded it to
CAA Central Office for approval. Dgspi e indications that the engine
was suffering mechanical digttess Yogé€ther with marginal cylinder

compression recordings, f mation prior to approval was not
sought by either CAA oWn Office or CAA Central Office.

The concession was app d, and the operator was advised on 4 February
1994. However, the operator had pre-empted the approval by operating the
engine past the TBO period for approximately 15 hours. During the 15
hours TBO overrun, flight crews were not alerted to the engine TBO
expiry, as an entry to identify the engine maintenance requirement had
not been made on the aircraft maintenance release.

1.13 Medical information
There was no evidence to suggest that any crew member suffered from

any pre-existing condition which might have contributed to the
occurrence.
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COORD.

By the time the Water Police and the MSB were in the vicinity of the
aircraft, the majority of the passengers and crew had been taken on board
pleasure craft. Eight boats were used to transfer the passengers and crew
to shore.

After medical assessment of the passengers, and consultation with the
various hospitals by the Ambulance Co-ordination Centre, five persons
were taken to Prince of Wales Hospital, six to St George Hospital and 14

_to Prince Henry Hospital. All arrived between 1030 and 1040. With the
exception of the flight attendant, all were discharged by 1430 that

afternoon.
1.15.4 Emergency locator transmitter (ELT)

The ELT fitted to this aircraft was a NAR EANQ\Model 10, Serial Number
A 22782. The battery showed a ‘repla aterof 28 July 1992, 21
months prior to the accident. The qperat dvised that the battery had
been changed at the 100-hourly p ipspection which was completed in
March 94. (The certification rds\(of “the inspection do not reflect this.)
Inspection of the ELT con the g-switch had not activated and
that the battery pack t n recently renewed.

1.16 Tests and re rch
Not relevant.

1.17 Management and organisational information

1. 171 Overview

< Aol
J
in accordance with the provisions of section 27 of the Civil Aviation Act, E,Z“;

the CAA could issue an AOC to authorise flying or operation of an aircraft ne
a-@e %
within Australian territory for commercial purposes, subject to ate
conditions specified by the Authority. An AOC would be issued unless the -h:
applicant had not complied with, or had not established the capability to ex<p @A
comply with, the provisions of the regulations relating to safety, §
—(-o\e;?s\zk.h

DS tn/
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manufacturer on aspects of its DC3 aging aircraft program.

To enable the commercial operation of VH EDC, CAA Moorabbin was_

for survelllance of the DC3 operation.

e ——

The AOC holder’s chief pilot had limited multi-engine experience and no
DC3 experience. Consequently, CAA Moorabbin agreed that a DC3 flight
captain, based at Camden, could be appointed to exercise some of the
_chief pilot's responsibilities—This function was delegated to the pilot in
command of the accident flight. In May 1993, the pilot in command was
also approved as check-and-training captain. However, overall supervision
of the operation of the aircraft remained the responsibility of the chief
pilot, who was based at Moorabbin.

When assessing an operator for approv I C or for the addition of a
ﬂre,v' J'S new aircraft type to an existing AOC ntended that compliance
with both operation _and_airworthi sje\ﬁulatory reqwrements be

ystem of maintenance,
ddcumentation. The variation to the

L g‘?‘f_’ assessed%lhese requirements inclu
"T(’ appropriate facilities, equip
by CAA Moorabbin, without -L. don’

.5\)\ < AOC to include the DC3 w oty
+~e \msis surveillance being co ensure that the airworthiness Cmé}j;‘\’m ' \.}4
Lo W2 requirements were me Men Cmmne s w3 A CAA
Moo—abl
. £2l\ed "\QAQ
Surveillance of the AOC holder was controlled by CAA Moorabbin.” 'o- & ce—

However, as the aircraft and its operator were based at Camden, the Yt s flo—
oo~ ha
Bankstown Office, at the request of the Moorabbin Office, accepted «j_\o
airworthiness surveillance responsibility, and the conduct of specific _{-QQ.&\‘S\
\JLD‘{’ ; operational surveillance on request from the Moorabbin Office. The MOAC-, - Al
: recommended mechanism—the MOU by which surveillance and audit 'S “‘9
responS|b|I|t|es shoyld be, delegated between CAA offices—was not used. ész"*"
°'—/&M/Afu. Snnny /JMM@LAW%*:‘*
The mtended level of CAA flight operatlons and airworthiness et .
surveillance activity for this operator was a total of three days per year.
Most of the CAA involvement with the operator during the period leading
up to the accident focused on the DC3 flight captain and check-and-
training approval process. Airworthiness surveillance actually conducted

C—of\s eﬂv
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Prior to the accident flight, the pilot in command had been advised, both
orally and in writing by CAA Bankstown, of the requirement to include
only the approved performance charts in the operations manual. Although
he amended Chart P19 Issue 1 to reflect a maximum take-off weight of
26,200 Ib (11,884 kg), the pilot in command did not remove Chart
PK16.1/1 or Chart PK16.1/2 from the manual as he had been advised to do
by the CAA. The chief pilot was not aware of the incorrect charts as he
was not included in the meeting with the CAA at Bankstown nor did he
receive their written advice.

The operator carried out initial task planning some time prior to the

accident flight and provided the charterer with a load availability of

2,160 kg. The load availability figure was derived from the normal basic

weight of the aircraft, adjusted for seat removal and fuel to be carried.

However, it did not take into account the weight of life rafts, additional

drums of oil, or aircraft spare parts and to that were to be carried.
Additionally, no provision was made in lations for inclusion of

the supernumerary crew member. Thu loa@”availability given by the S
operator to the charterer exceeded. what\Was actually available on the

e
accident flight by approximately 6 | ed. ,L,L.,

"D oeohis Performance calculations u PK16.1/1 ade by the pilot in

Me,m command despite knt the chart was . To be able to
P\w complete the accident task two departures from Lord Howe Island ,Z
= P\ at MTOW would have be required. A commercial advantage was achieved / LM
re\ NS wheﬁ-tgz operator was awarded the charter contract on that basis. /does

\'~ v Xs? A
3 C onclusi on 2.
Aircraft loading Llow

The pilot in command prepared a load sheet prior to his arrival at the
airfield. This indicated that the aircraft’'s weight would be 11,757 kg at
takeoff, or 127 kg below the MTOW. He used the CAAP suggested weights
for the passengers, and estimated the weight of the freight, including the
life rafts. He calculated the load as 1,833 kg, although the charterer had
been advised that the availability would be 2,160 kg. The charterer did
not advise the operator of the actual weights.

The volume of freight (band instruments) delivered had concerned both the
pilot in command and the co-pilot. The pilot in command indicated that
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although he assessed that the weight was in excess of what he had
expected, he considered that the additional weight would not exceed the
127 kg he had already calculated was still available. He did not attempt
to check the weights despite an operations manual requirement that the
pilot in command confirm the actual weights in the event of any concern
about their accuracy. The investigation team determined that the load
delivered by the charterer actually weighed 2,117 kg.

The result was that the aircraft began the takeoff approximately 562 kg
in excess of the MTOW. (The various weight and balance calculations are
set out in section 1.6.2.)

1.17.4 Training and checking

General

Apart from flight attendant training, no
records, as required by the operations
no evidence available to indicate that th -pilot had operated the
aircraft type at representative wei owing an engine failure on
takeoff. The pilot in comma s tiie Operator's DC3 check-and-training
captain, had not checked Jdt’s ability in such situations. At the
time of the accident, thg s and CAOs did not specify a required
aircraft load status onduct of asymmetric training or checking.

check-and-training
|, were available. There was

The crew had not received any CRM training, nor was such training
required by the CAA.

Pilot in command

The pilot in command was responsible for operational standards and
training. He accepted the co-pilot's DC3 credentials (type rating) without
checking that person’s proficiency on the aircraft with regard to

emergency procedures. = he vader DA =b\s j‘a—\\ on = de so

Bf‘\"@\x@' 3 \'2;;*3 Comvef\—\—\ or\ \(\Auxb
a(';srac)r‘ic.n_ “?,( st Ry SV E /

The investigation did not find any evidence that the chlef pilot, or the CAA

surveillance—system attempted to ensure that the pilot in command was

complying with the operations manual check-and-training requurements
\s thee o \(ei}: é

e Ve MeE
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Co-pilot r bKDA@ A

The co-pilot’s liCence was Sndorsed with a DC3 type rating, following his
T&Er_e_S_emaILOﬂ.to the CAA that he had completed DC3 pilot in command
endorsement training. The investigation found no evidence to es @bhsh

that the co-pilot had actually completed the required training. // ould %ee
e SV 6’1@

wﬁ&_\ Gt v
The flying ﬁg:r;s recorded in the co-pilot's logbook, wh|ch _Wwere used to
substantiate the application for the DC3 type rating, were insufficient to -

valify the pilot for the ratin
¥ — Me‘ut/W\U\'l' 1S X)g\%\:"o"\"\ =aid 7 .
/w& ’7The US pilot who provided the training advised the investigation team

m«:j ’urpose was to familiarise the trainee with the co-pilot duties.
The frainee was not given instruction or a flight check to enable him to

fIy as pilot in command.

\cs’e\ WG‘V\"@Q'T‘:

gbOQk entries had been
lowi#rg the co-pilot to fly as

'H\‘ J,~,mThere was no indication that the co-pilot
hecked b ilot i nd prio

T“’,) crew in a DC3. There was also no fecor a check of his ability to handle
Se - (Z>the aircraft from the right control ign?’during abnormal or emergency

situations.

During the accident i a;, the co-pilot produced an instrument
rating test form to sh he had completed a command instrument
rating renewal at Cairns, eensland on 9 January 1994. The form

indicated that the test was conducted in a DC3. However, the test results
had not been submitted as required to the CAA. Cc"‘seé\uﬂ“c—"- P

The co-pilot’s logbook showed that he had been flying VH-EDC as a flight
crew member since 13 August 1992, and that he first flew the aircraft as
pilot in command on 25 November 1992. The pilot was not qualified to fly
as a crew member on commercial flights before 20 September 1993, when
he gained the commercial pilot licence. Consequently, he was subject to
the operations manual check requirements only from September 1993. No
evidence was found to indicate that the co-pilot had undergone initial
checking or training on commencement of commercial operations. The
operations manual requirement was that two checks per year be
conducted at intervals of at least four months. However, the instrument
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rating renewal met the requirements for the intermediate check.
Flight attendant

Company records indicated that the flight attendant was trained and
checked proficient in accordance with the operations manual on 25
September 1993. This consisted of approximately two hours of training
during which the operation of exits, therapeutic oxygen, fire
extinguishers and seat belts was explained. She was also informed of
cabin safety procedures such as checking that passenger seat belts were
fastened, and determining from the signal from the cockpit when it was
safe to commence cabin service. Evacuation procedures were also
discussed, including the use of exits away from the fire or problem. The
training was undertaken by the pilot in command.

\p\~°““
On the day prior to the accident, the pilot i mmand spent \b
approximately two hours training the fli tterdant in thg,;
procedures associated with a ditching. ’Z’VQ\(‘
, 9¢ 2 o
/,,1.17.5 Aircraft operations ma btj wWhor |-
ls*\’ke’e The AOC holder produced s manual for the DC3, which included
‘a a check-and-training s manual was not approved, but was
ef"dassessed as accepta A MOOrabbln However, the investigation

‘-»duﬁenfound that the manual ained vahd take-off and landing pe;,fo;mancp

')ﬁ'%’(‘

L

iCharts. The manual was “also folind to contain two different instructions
wfor crew_proce uring takeoff when the co-pilot was the handling
pilot. Queftjof\ ’bcc<p‘\> s = E?f’&\ o
CARs required that all aircraft have a CAA-approved flight manual.
However, an official Australian flight manual for DC3 type aircraft was
never produced. Information normally available in_the flight manual was
required to be included in the operations manual[iConsequenﬂ%_data
\wmeHWMdmormally—be—suMeded to-an-approval-process -by-the CAA .
“ were-accepted-only-as-part-of the- waattm«manuagSuch data included —
take-off and landing performance charts, limit and critical airspeeds,
_weight and CG information, etc.

o i, e sl o 15 gl B 510 W
by it bttt kpsihee Rt e posons g oL,
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The investigation team was advised by the CAA Airworthiness Branch
that a single set of official Australian DC3 performance charts had never
been produced. In the past, when the major airlines operated DC3 aircraft,
they produced their own performance charts; consequently, there are
numerous such charts in use. However, the charts PK-16.1/1 and PK-
16.1/2, which were retained in the operations manual for VH-EDC and
used by the pilot in command when planning the flight, were not approved
by the CAA.

The inclusion in the operations manual of the invalid take-off and landing
performance charts was identified by CAA Bankstown in December 1993.
Replacement performance charts were dispatched to the operating
company by CAA Bankstown that month. However, the operator did not
include the replacement charts in the manual, nor were the invalid charts
discarded. A copy of the letter which accompapied the replacement charts
was sent from CAA Bankstown to the CAA rabbin DC3 type specialist,

but not to the Moorabbin FOI overseeing D&S operation or to the chief
pilot.
A meeting was held at Bankstown he operator and the CAA one

month prior to the accident isci{ss “weight control of the aircraft. At
this meeting the pilot in ¢

as informed as to which take-off
performance chart wasAo~Re . The chief pilot was not included in
these discussions. Thin command subsequently completed
performance planning fo flight, aware that the take-jff) pe/rf/ormance

e
chart he was using was not X ng{- gﬁrj_fgve

It was the chief pilot’s responsibility to ensure compliance with the
operations manual. The AOC holder did not retain a copy of the manual, to
be used as a reference by the chief pilot, and the investigation found that
the chief pilot was not aware of all aspects of the DC3’s operations. No
evidence was found to indicate that the chief pilot had conducted any
direct supervision of the Camden operation. Nor was it established that
CAA Moorabbin was aware of the lack of an operations manual in the AOC
holder’'s office or of the chief pilot's lack of supervision.

The operations manual included procedures to be adopted in the event of a
number of abnormal situations, including forced landing and ditching. The
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/k\'\e)e anual indicated the duties to be undertaken by both the pilot in command

( and co-pilot. However, the duties of the flight attendant in such
,/snuatlons were not included. Further, in the case of premeditated forced
/ landing or ditching procedures, there was no reference to passenger

“ briefings or to the evacuation of passengers.

J)(')

D

f r‘,;» 1.17.6 Aircraft handling

, ﬁJJNelther the CAOs nor the company operations manual set out the minimum
experience and training required before a co-pilot was permitted to
conduct a takeoff from the right control position. The operations manual
contained two different instructions regarding crew actions when the co-
pilot was conducting the takeoff. One instruction required the pilot in
command to follow through on the controls during takeoff and to resume
control immediately on recognition of a problem. The other required that
the co-pilot continue to fly the aircraft whilg{the pilot in command
provided support. The latter procedure di dress the implications of
the limitations imposed by the lack light a#titude instruments located
at the right side control position.

The pilot in command indic that(it Was his policy that the handling
pilot should continue to fl Hgraft and deal with the emergency
while the non-handlin ided support.

During the accident sequg#ce, when the co-pilot called an engine failure
on the left engine, the pilot in command performed the phase-1 engine
failure checklist. There is no evidence that the crew referred to the
engine instrument indications to verify power availability. The pilot in
command feathered the propeller on confirmation by the co-pilot of
correct identification, and shut down the engine, while the co-pilot
continued to fly the aircraft. The pilot in command took control of the
aircraft when it became apparent to him that, despite the right engine
being selected to, and indicating, full power, the aircraft performance had
deteriorated and the co-pilot was unable to fly the aircraft safely.

No attempt was made to land on the remaining runway ahead of the

aircraft, as the available distance appeared to the pilot in command to be
marginal. The operations manual procedure for the aircraft, at the
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reported speed at which the malfunction occurred, required that the pilot
proceed with the takeoff.

Evidence of the operation of the aircraft during the emergency was
obtained from the open microphone transmissions recorded by the AVR
facility. Following the engine shutdown, the co-pilot attempted to
maintain 81 kis (the take-off safety speed for MTOW, as prescribed in the
operations manual). However, within 20 seconds after the pilot in
command had advised ATC that the engine was shut down, the aircraft’s
speed decayed to the degree that the decision was made by the pilot in
command to ditch the aircraft.

*\n*ﬂ\em *'\"e’j
" e

The co-pilot claimed to hav 'co' d DC3 endorsement training in the

USA.[A- ~with 1eveated fthat t o-pilot had not applied for,
by the FAA.

1.17.7 Licensing of the co- |Iot oY uof

FAA commercial pilot licence
to CAA Bankstown, seeking Austral@ “glidation. He also produced his
pilot logbook and identified ntry§ which he claimed to be verification
of the required training for of a DC3 type rating.

The J,CAAs m validate the Ilgsnce to the Australian

inrestricted private pilot#Cence standard:"However, the certificate of
.validation issued by the CAA stated that the FAA licence had been

_ validated to unrestricted pilot standard-"The CAA also included a DC3 type

45

rating, without r requiring substantiation beyond the logbook entry of of =s 'se"l

should not be issued for foreign traini

S

{ >
4 v
‘1//" ,_a.,,h.,:;_f Pl SN )

In September 1993, the pilot was issued an Australian commercial pllot

licence, which again included the DC3 type ratlng Sehrtoguipdy, +ha 2 EcAr
A .,wrtﬁ,w\/\ a/sf‘“ {N’Bé' u)kan"\

' lnqurrles—conducted»/ foHowmg—the——acc;deandncated that the pilot had
not completed the required DC3 endorsement training.
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1.18 EROPS

The planned flight involved overwater operations, which necessitated
consideration of compliance with requirements for extended range
operations.

CAO 20.7.1B Issue 2 and CAO 105 AD/General/69 Amdt 1, 3/90, set out
the requirements for EROPS for twin engine aircraft. CAO 20.7.1B, para. 2,
‘Application’, indicated that the order was only applicable to all new
types of piston engine aircraft having a maximum permissible all-up
weight in excess of 5,700 kg, which were first registered after 1 June
1963. The DC3 would therefore not appear to be subject to EROPS
requirements. However, this was contradicted by para. 13.4 of the same
order, which identified its applicability to twin-engine aeroplanes of a
type first registered in Australia on or before 28 October 1985.

CAO 105 AD/General/69 Amdt 1, ‘Appli itK\identified that the DC3
aircraft type was required to satisfy t PS/tequirements:
Applicability:
All passenger-carrying twi ed a&foplanes certificated for 20 passengers or

more intended to be op d Wh\e ded range operations except as indicated in Note 1.

Note 1: This Directivi applicable to aeroplanes of an airframe/engine
combination first regis in Australia on or before 28 October 1985 operated by
the same operator as on 30 November 1989 under the provisions of CAO 20.7.1B
Subsection 13 Paragraph 13.4.

Note 2: For the purpose of this Directive, Extended Range Operations means a distance
in excess of 60 minutes flight time from an adequate aerodrome calculated at single
engine cruise speed.

Note 3: In addition to the Requirement of this Directive, operational requirements as
specified in CAO 20.7.1B subsection 13 shall be complied with before specific extended
range operation is approved.

Under the provision of this directive, the operator was required to obtain
CAA EROPS approval to conduct the flight using VH-EDC.

During planning for an EROPS flight, an operator would be expected to 5

ks keyead 2

8.0 3
D

Y
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reference operational CAOs, in particular CAO 20.7.1B. However, CAO
20.7.1B did not cress-reference to AD/General/69 Amdt 1. The
investigation team wals" made aware that other operators, and some
operational staff of tl'/r'e CAA, did not properly understand these orders and
directives. Had the-intention—of these orders and directives been
i) recognised-and complied with,” VH-EDC would not have been used for the
task on which the accident occurred. ls this becaus<

1.20 Additional information
Passenger behaviour

Despite the lack of direction from the flight attendqnl due to herﬁAA Whart 1
incapacitation, the passengers were calm and composed during th A=

ditching and subsequent evacuation. Significanf features of the (oleuance
evacuation were that: bad )/a - o/

(a)

eJervon e eV v

<\ ~ ERofS 2\‘?“66\\ A"\l
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the passengers perceived that tH&{r 8urvival was not threatened,
which was due, in the main, the\calm weather and sea
conditions, proximity to the tfie number of pleasure craft in
the vicinity, and the ipial b cy of the aircraft;

one passenger ook control of the evacuation process;
the life rafts were\Ngghly visible to all the passengers; and

the majority of the passengers knew each other, which facilitated
their cooperation during the evacuation.

Passenger briefing

None of the passengers braced prior to the impact, despite 17 passengers
having referred to the safety briefing card which provided details of the

brace position. Prior to impact, the passengers were not directed to adopt
the brace position, nor had they been instructed to do so, during the pre-

takeoff briefing.
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2 ANALYSIS
2.1 Introduction

The investigation has established that the left engine of VH-EDC lost
power shortly after takeoff. The aircraft was unable to maintain altitude
and the crew elected to ditch it in Botany Bay near the end of the

partially completed runway 16L. The fortunate outcome,-in that few ’—_\%
injuries were sustained, primarily reflects the favourable position of th)eiw, >
aircraft, and the pilot in command’s handling of the ditching. necs 6‘3

Indications of a possible engine defect were available to the operator and
the CAA prior to the accident flight. The significance of the engine
condition information provided by the operator was apparently not
recognised when the CAA approved an extension, of the engine TBO.

as\Jndicated that the
ttrietitable to the jamming
fect on the engine operation
t with the reported

Engineering examination of the left engi
malfunction of the engine was most k
open of the no. 3 cylinder inlet val
of an inlet valve jammed open is

circumstances of the engin Ifu
That the engine malfupétied\ resulted in an accident, indicated that other
aspects of the aircration were deficient. These deficiencies

included aircraft mainteng#ice, aircraft loading, pilot competence, and

flight crew procedures.

The use of VH-EDC for the planned flight was inappropriate. The
circumstances in which the operator was able to justify its use, together
with the procedures adopted by the CAA when approving the addition of
the DC3 operation to an existing AOC have been the principal matters in
this analysis.

The analysis of this occurrence indicates that there were latent failures
in the aviation system which contributed to the accident, in addition to
active failures involving the flight crew and others which contributed to
system defences being breached or bypassed.
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2.l Defences

Complex socio-technical systems, such as the civil aviation system,
normally incorporate defences (sometimes called the safety net) which
are designed to detect and provide protection from hazards resulting from
human or technical failures, and to eliminate or reduce their possible
effects. When an accident occurs, an important first step in determining
why it occurred is to identify what aspects of the system defences were
absent, had failed, or were circumvented.

Investigation of this accident revealed that there were defences in the

( system which, had they not failed or been cnrcuWhave
prevented the accident. The prmmpal defe € mechanical
malfunction of the engine and to the|flight and crews handhng of the

subsequent emergency are discussed below il

2.2.1 Failed defences
(a) Engine overhaullmalnten@ocedures

Engine maintenance manuals pr dures documentation have been
available since the introdu ervice of the engine type. The use of
this information by op maintenance personnel, and compliance__ P(&k’%
with the appropriate intenance requirements, are intended to A CX
prevent incorrect engine\cdmponent assembly. However, this occurrence -
involved the incorrect installation of an engine component whlch,eggl_-g,!_

\wiQ

= of flight. Tt Thus the defence provided by the established overhaul and 7 o

,*wx.,-»’ Pl nd

’ maintenance procedures failed.
(b) System for extension of engine TBO

The CAA had in place a system for granting approval to operate engines
beyond their specified TBO. This system, if properly applied, should have
acted as a defence against engines in poor condition being allowed to
continue in service beyond their specified TBO. However, in this instance
the system failed. Despite having been provided with oil samples and
records of compression tests which indicated that the left engine
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probably was in poor condition, the CAA granted an extension allowing the
operator to continue operating the engine beyond its TBO.

(c) Crew qualification system

This defence comprised, in part, standards and procedures for crew
licensing and for check and training of licensed crews to ensure that they
were qualified to perform tasks appropriate to their roles. Responsibility
for the effectiveness of these defences was shared between the CAA and
operators. Despite the CAA having established standards and procedures
covering both licensing and check and training, the defence intended by
these standards and procedures failed. This was evidenced by the co-pilot
in this accident holding an aircraft rating, the qualifications for which
could not be substantiated, and there being no record of the operator
having ensured that flight crew members had completed the check and
training required by the CAA standards.

(d) Operations manual procedufgs
In producing an operations manual, erator sets out the instructions,

procedures and practices w its rations personnel must follow in
order to ensure that they eir tasks safely and in accordance

flight emergency involved in this accident. Its effectiveness in providing
such a defence is contingent upon it being complete and accurate.

- —
Operations manuals required to be [gpp?%ﬂby the CAA. However, ><
when this operator's manual was submitted in support of the application .
for the variation to the AOC, the manual was ‘a_;scggﬁt’—_ony,__by the QYRS ¢ 5

Authority. As a consequence, the defence inherent in an operator having, 8

. . / . . C\.‘s‘\'m 3
and following, sound operations manual procedures failed. This was e
evidenced by the manual containing erroneous and potentially misleading
information which had not been identified during the operations manual
‘acceptance’ process.

A

nad fo,MJ/ L ac ki
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2.2.2 Circumvented defences
(a) MAOC procedures

The MAOC procedures were intended to give effect to CARs and CAOs, by
providing guidance to CAA personnel on the issue, control and monitoring
of an AOC. The guidance was to ensure that CAA officers adequately
assessed the establishment and operation of commercial aircraft
services. The MAOC procedures should, if applied correctly, act as a
system defence by preventing operators, who do not meet the relevant
standards, from being issued with an AOC. That this defence was
circumvented is evidenced by the CAA having approved the addition of DC3
aircraft to an existing AOC, and the operator having commenced
commercial passenger-carrying operations without the CAA having

conducted any surveillance on the DC3 operation.
(b) Flight manual %&

An approved flight manual was required he CAA for most aircraft. The
flight manual acted as a system d iff that it served to ensure that
essential aircraft information ess§d and approved by the CAA, was
available to the operating C ded in that information were the

take-off and landing a charts.
The defence provided by\We provision of an approved flight manual was \jb\f\m

circumvented when the DC3 aircraft type was exempted by the CAA from c\j\i;;
the requirement to have a flight manual, Information normally contained i(\?k(—\\?
in the flight manual was intended to be included in the operations manual. i
However, because the operations manual was not ‘approved’ by the CAA, /7 |
the inclusion of incorrect information was not recognised, and that

incorrect information remained availabie to the crew at the time of the

accident.

2.3 Active failures
Active failures are unsafe acts which may be classified as either errors

or violations. These failures are typically associated with operational
personnel such as pilots, air traffic controllers, maintenance staff, etc.
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2.3.1 Engine malfunction

(a) Incorrect assembly of components

An inlet valve rocker shaft thrust washer in the no. 3 cylinder was not
installed correctly. This could cause the valve to jam open and result in a
loss of power.

The left propeller was found to have an over-torqued pitch change
mechanism nut which probably caused the failure of the propeller to
feather fully.

(b) Approval of TBO extension

CAA officers approved the extension to the left .engine TBO, despite a

SOAP analysis indicating possible engine ipt&nal distress. Cylinder
compression test results also did not ap tosupport the engine
extension. The application could eithe been rejected or further
examination required before the C app d the extension. ,
7 \'
2.3.2 Aircraft operatio S\Aou\c\ e e S
(a) Pilot in co onse to the engine malfunctionys ’
U & \/\/\QLQ k’\\g e
S — okwve \N
The pilot in command@ dare of the degree\ to which the PJr \

aircraft was overloaded, had ass ed that the co-pilot should have been - JQ
capable of safely opera'Tln the alrcraft despite the engine malfunction. cox/ﬁ
Consequently, he did not initially respond to the incorrect aircraft \
Jhandling by the co-pilot. The deterioration in aircraft performance was K’Q’\\Q’f’“
such that when® h%\dld take control, there was little option other than to S
[ .S\sz
ditch the alrcre}ﬂ e or‘f&\-:%

Y r(\(\i
o a3y

It is possible that the malfunction did not result in a total loss of power ("\Pﬂ,
from the left engine. The ground witness evidence indicated that the Vi Fis,
engine may have been malfunctioning throughout the climb, suggesting

only a partial loss of power. The engine instrument indications were not
referenced to confirm the degree of power loss. However, the co-pilot

assessed that the engine should be shut down and the propeller feathered

L}Qk =3 = *47’\(2 ‘Do.f\%— g&: r F’}"’;\
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and the pilot in command complied.
(b) Co-pilot's response to engine malfunction

Following the engine malfunction, the co-pilot attempted to maintain the
take-off safety speed required by the operations manual for weights up to
and including MTOW. However, as the aircraft weight exceeded MTOW, that
speed was inappropriate, and resulted in a reduction in the single engine

performance capability of the aircraft.

The aircraft performance was further eroded when the co-pilot applied
excessive aileron control in an attempt to maintain directional control.

2.3.3 Check and training

The pilot in command, as the DC3 flight ca , did not establish a
check-and-training records system as regumired the operations manual.
Nor was a check-and-training progra me#ted. Consequently, flight
crew employed by the operator|ma erated the aircraft when no;c\
qualified to do so. ouw K::
eé_u\ 9ia e S\?:’\‘Q%d
No documentary evidence d training conducted by the pilot iny
command was made the investigation, other than the co- 90\-*22
pilot’s instrument ra wal test form. Prior to conducting takeoffs Mé‘:)i;
on commercial flights ' g
pilot in command for competence in EFATO with the aircraft at high gross //
weights. /

2.3.4 Violations

Violations involve deliberate deviations from a regulated practice or
prescribed procedure. The evidence obtained during the investigation
suggests that active failures in this category contributed to the
breaching of system defences in the ways shown in the following
analysis.
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(a) Co-pilot qualifications
At the time of the accident the co-pilot held a valid Australian

commercial pilot licence with a DC3 type rating. However, the pilot was
not able to validate his claimed training for the DC3 rating. The CAA had

endorsed his licence without ensuring that he had completec g}e Arequir;d
training. Consequently, the co-pilot was probably ied to perform

DC3 co-pilot or pilot in command duties. O o 30 - 7/
ﬁ%\:gy ‘o,

(b) Aircraft overloading

The pilot in command did not ensure that the aircraft weight did not
exceed the MTOW. Although he had some doubts concerning the total load,
he did not obtain a load sheet, and the freight and passengers were not
weighed. The weight of the spare parts, tools gpd drums of oil was not
included when calculating the aircraft take-gff weight. Consequently, he
was not aware of the degree to which t iroQaft was overloaded

2.4 Preconditions (local fagtors)

Preconditions are task, situ al o énvironmental factors which may
promote the occurrence of

ures.
2.4.1 CAA environ

CAA Moorabbin expedited the commencement of the operation of VH-EDC
by permitting operations before a check-and-training organisation had
been approved, and sanctioning the operational and maintenance
supervision by a chief pilot and an engineering manager, each of whom had
little experience relevant to the operation of DC-3 charter services.

The manner in which the AOC variation approval was granted (particularly
with respect to the AOC holder having little relevant experience), the lack
of surveillance, minimal co-ordination between the Moorabbin and
J‘\,M'Bankstown CAA offices, and the provision of an FOI for the operator’s
Al <o, “ check-and-training function, suggest that the CAA’s focus may have been
"\_gm Htowards minimising delay in the commencement of operations rather tham—
Oy )&A‘\%n‘surinwmwme—to—meﬁL&EH T
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The| CAA Moorabbin officers involved in the approval of the variatign to Y= o€
the ROC did not show sufficient awareness of the MAOC gundelmes They

J t{(red\y

the DC3 aircraft type and for aircraft based remote from the AOC holder. ™ (2
This is evidenced by their acceptance of the proposed operation without z/ .
surveillance of either the aircraft, the aircraft documentation, or the "
Camden facilities. The incorrect identification of the DC3 as a ‘normal’

category aircraft influenced the approach taken by the CAA in approving

the variation to the AOC. However, this is an indication of the lack of
appreciation by CAA Moorabbin of the safety implications of the operation

of an aircraft of the capacity of the DCS3.

(b) Operations manual

The CAA Moorabbin’s acceptance
not identify the incorrect inclusio
performance charts and the traqctéry crew procedures instructions.

rerification of the de
§ dure "B' oua\ v ‘DCTcep doncsa . Are 'ﬂ\ere mleg
)'

S J&rnde_* u)\*\er\ D) 3N acce(;‘-
an town o} c?rs were aware t the operator was“using /M : _
Q S’

mcorrect performance charts and incorrect maintenance procedures. They ¢, . 2
instructed the operator to correct the discrepancies, but this instruction
was not complied with. Having given that instruction, the CAA officers

did not meet their responsibility to take action to ensure that the
e e et e e s b H?

operator did comply. Wher & come s rean
me{l’w - CAMR. H&'\Uag

w///d\} .

e “ﬁ

When assessing the level of surveillance required, it is likely that the
CAA officers were influenced by the extensive aircraft maintenance Looks
management experience of the principal of the operator. They were also 2 “e“’ )

aware that he was involved in the development of the manufacturer’'s DC3 Gt

(c) Surveillance and monitoring

,/u_,_}‘ ?W// 20 7’%”/ ) /Muw n/’i\,.‘ \,..,AL\L, )//"7’% /L-ogga,_“

AL 6 22 Augus 1995 19 September 1995 D "J’e‘ o "24:"
iy
’\"b o '“\M > =

ol WS \A\aek\«e ’ae Q_((’(’\US\‘\

g\ef:’bmsh,\w e ey < u\c\ \6’_ m‘ck OSC 6\



3]

£t
Q\/\&
aging aircraft program. A a\ ‘H\e‘f Séoccess‘ e @ "‘Tm“
\)3\ /Y'\DUW ’3 7
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However, the CAA may not have recogmse that the principal was o4 Al
frequently absent from Australia.

(d) Regulation and policy

The AWI assigned to the operator advised the operator that CAA policy
precluded the granting of approval for the simultaneous operation, beyond
the standard TBO, of both engines of a twin-engine aircraft. However, the
CAA did not formally have such a policy, and had not published relevant
information for the guidance of either their own staff or the industry.

CAA officers, including an FOI responsible for aspects of the oversight of
the DC3 operation, incorrectly interpreted the intent of a CAQO relating to
requirements for EROPS. The CAO was mis ing, and failed to cross-

reference the applicable AD. However, t isiNerpretation of the CAO by
CAA inspectors indicated a deficiency 4
CAA staff. A_lack_of communication_| i : 3 »
areas of the -Authority was also pg {hdicated. How= 7 &0X

xtension of the TBO for the left
that the TBO for an R1830 engine should
i of the SOAP analysis were also not

When assessing the applic

the application. The evidence indicated that this decision was based on an
inadequate assessment Ff the supportmg documentatuon
PR\ o‘ el ot

2.4.4 Checking and supervision by the CAA

Although the CAA was asked to vary an existing AOC rather than to )
approve an additional AOC, the proposal was for the commencement of a 4
new operation, with an aircraft type and certification category new to

the AOC holder. This necessitated operational and maintenance procedures
beyond the experience of the AOC holder.

The CAA had no relevant prior experience with the operator upon which to
assess that operator’'s capacity to meet the requirements for the approval
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the time.

The reason for the acceptance of the co-pilot’s claimed endorsement 2
training by the pilot in command in his role as DC3 flight captain may l"ﬁ"*‘*"-""‘“"f”'d‘i{
have resulted from his perception of an apparently credible existing
situation. The co-pilot, as the owner of VH-EDC, had been involved in the

~ operation of the aircraft from the time of its purchase. He had flown the

aircraft as pilot in command before the DC3 flight captain became
involved. This may have given the impression that he was qualified to fly
the DC3 as either the co-pilot or as the pilot in command.

The crew indicated that they had not received any CRM training.
Appropriate CRM during the engine malfunction should have led to a more
effective response to the malfunction by ensuring the best use of
available resources. The use of the operations, manual’s alternative
procedure during takeoff would have enable e pilot in command to
optimise the aircraft’s performance, pos iding the need to ditch
the aircraft.

The crew displayed a lack of unde jmg of the link between aircraft
weight increase beyond MT nd \{ncfease in the required take-off safety
speed. It could be expecte ledge of this factor would have led
the crew to confirm t ircraft weight. They would then have been
able to properly asse implications of operating the aircraft with a
known overload.

(f) Flight attendant

The flight attendant had not fastened her shoulder harness, and was
unable to recall the circumstances in which she had released her lap belt.
She had received training which should have been sufficient to enable her
to manage the situation with which she was faced. However the flight
attendant had not fully recognised the need to first ensure her own safety
in order to be able to fulfil her passenger safety function.

2.4.6 Checking and supervision by the AOC holder and operator

The AOC holder had been assessed by the CAA to be competent to ensure
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overloaded condition of the aircraft.

The pre-takeoff briefing was general in nature, again indicating that the
crew were not aware of the need for an emphasis on particular procedures
relating to the effect of high gross weight on aircraft performance.

The non-compliance with EROPS requirements is also consistent with
other aspects of the company approach to the planning of the charter
flight. The investigation team was unable to determine whether the

operator attempted to clarify the intent of the applicable CAO and AD.

—eﬁ&@*\u ‘*—-—w—(}p————'—‘?w 3

25 Organisational factors

Organisational factors are weaknesses or inadequacies which are not
readily apparent, and which may remain dormant in organisations for
extended periods. These latent failures bec apparent when combined
with active failures, resulting in a break safety.

2.5.1 CAA procedures (operati d airworthiness)

When assessing operators f pro¥al Of variations to AOCs and to
certificates of approval, C icers were permitted to apply
discretionary judgeme expected to ‘act in a reasonably
flexible manner’ whe ering the extent to wh|ch the MAOC
guidelines should be corgj
procedures which were intended to ensure that the DC3 operation
complied with regulatory requirements. However, as the officers were not
sufficiently familiar with the regulatory requirements for the operation
of DC3 type aircraft, the approach adopted was inadequate.

The CAA management’s monitoring of the performance of officers in the
exercise of their regulatory responsibilities was inadequate. CAA
management did not ensure that the discretionary powers were
appropriately applied and that the intent of the MAOC was achieved.

The CAA failed to restrict use of the information contained on the

computerised aircraft register until that information had been audited.
Consequently, there was no procedure in place to prevent the CAA
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district offices to communicate with the AOC holder to facilitate
access to the operator.

(c) Communications between the AOC holder and the operator

The AOC holder was unable to meet its responsibilities to the CAA due to
an inadequate level of communication with the operator.

* The operator did not advise the chief pilot concerning the CAA
requirement to remove the invalid performance charts from the
operations manual and to use only the correct charts. Also, the AOC
holder was not aware that the CAA had required that the operator
should maintain the aircraft to the transport category standard.

2.5.4 Training of CAA staff -
There e no 35 ere 'j\‘-—(“”a"‘"‘

thase a{\I%Qdequ\éﬁ%‘:t?ammg of sta'fphadﬁé:& to
of, and approach by, CAA officers to i
the degree of discretion in the co duct

s#tUations. Consequently,
heir duties afforded officers

[ ]
>
o
(o]
=
=
—tn
o}
3
)
=

D staff with requirements both for the
commercial opera 3 aircraft and the AOC approval
procedures in genere as evident. CAA Moorabbin staff were not
( sufficiently familiar with the definition and implications of
transport-category and normal-category aircraft.
Howo should Yhen/ coold "\'\\03 \ave ocone 50’
* The CAA had not ensured that staff were adequately trained in the use.©

of the computerised aircraft register database before it became Thowy b/
possible to produce documentation from the database. Silianea

» CAA staff did not recognise the need to refer to available information
regarding the aircraft, the facilities, and the operator during the
certificate of approval and AOC approval processes.

e The approval process for the variation to the AOC, and the subsequent
inadequate monitoring of the operation, suggested that management
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had not ensured that staff recognised the critical safety function of
surveillance.

e The failure to recognise the safety implications of the left engine
SOAP analysis report when approving the engine for a TBO extension, :
suggested that the CAA staff oncerned were not suffieiently <7/ ~sf el

quakified. Ateraanve :3“& Ac\—-\ e Y 1
l“kr"v‘“du»i./

_’___’_,_/———.

“’“’ Aow Individual CAA officers were attempting to apply a more stringent
* ‘f" interpretation of CAA policy in the absence of clear guidelines. An
"bh . example was the lack of guidance on the granting of concessions to
‘*(2 ’ concurrently exceed the TBO of both engines on an aircraft.

IncCa ; o

. CAA Bankstown staff were inadequately trained to assess pilots’
qualifications for issue of aircraft ratings. lhis is evidenced by the
issue of a DC3 type rating to the co-pilg without his production of

¢ The published CAA requirements for EROPS, applicable to DC3 type
aircraft, were inadequately presented. This was evidenced by the
confusion experienced by both operators and CAA staff in attempting
to determine their applicability to the DCS.

e Acceptance by the CAA of the operations manual failed to identify the
incorrect and invalid data and instructions included in the manual.
Further, the inclusion in the operations manual, without CAA
‘approval’, of the flight manual requirements which are normally
subject to a CAA ‘approval’ process, could have directly contributed
to the use by the operator offinvalid| performance charts to plan the

flight. i (003‘_ »P/oved.) —
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TBO extension be-assessed were deficient. This was evidenced by the
apparent lack of recognition by the CAA of the importance of the
SOAP report, and of the limited time during which the operator had

o\rd/dr | J been monitoring the engine.

IN 9’

l(4.5.6 Operator’s training

The operator did not maintain adequate check-and-training records.
Consequently, the actual training conducted could not be verified.

Since becoming a DC3 crew member, the co-pilot had not been required by
the pilot in command, as DCS3 flight captain, to demonstrate aircraft
handling ability other than during a command instrument rating test,
reported to have been conducted about four mgpths prior to the accident.
There was no evidence that the co-pilot had{freviously experienced
asymmetric operations in DC3 aircraft at
operating the aircraft from the right tp pogition.

Following the engine malfunction, ilot handled the aircraft
controls inappropriately, su ting\la Misunderstanding of basic aircraft
asymmetric handling techni as unable to substantiate completion
of the training require e A to qualify for issue of a DCS3 rating.

2.5.7 Operator’s mai ance management

When the CAA planned maintenance management structure failed, no
apparent attempt was made by either the operator or the AOC holder to
rectify the deficiency.

The operator's procedures were inadequate to ensure that maintenance
records were correctly annotated and maintained. The aircraft logbooks
did not adequately reflect the maintenance status of the aircraft. The
logbooks contained certifications for procedures which had not been
completed, and some maintenance procedures reported by the operator to
have been performed were not recorded. Further, the operator had not
ensured that the aircraft maintenance history was properly verified, as it
was unable to substantiate maintenance certification for the period June
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that the operations manual contained invalid data. However, the operator
had not corrected either concern prior to the accident.

The adoption by the pilot in command of the operations manual procedure
which permitted the co-pilot to continue as the handling pilot following
an engine failure during takeoff, was not sound. The pilot in command was
significantly more experienced than the co-pilot, and the right control
position was not equipped with flight attitude instruments. The
alternative procedure ensured the best use of available crew resources
and was therefore more appropriate to the circumstances of the takeoff
on the accident flight.

2.6 Summary Q//,&ww*/

The flight crew were aware that the ircraft performance charts used to A@
bid for and plan the flight were not-watid. H ver, they were also aware{/‘\}ji;
A

that the use of the correct charts would e the flight.

3

V)Y

The origin of the defect determined _to h most likely caused the left 7 o
engine malfunction could not be es . However, an appropriate 7(:0
response by the CAA to the engne” condition information should have f{"‘/ o'l
prevented further operation gine. %,, /t‘ .w :“—o

The pilot in command % ised that the aircraft was heavily loaded. He -y\-,‘y
had the option of condustifig the takeoff himself to ensure that the j
aircraft performance was maximised. However, he not only permitted the
inexperienced co-pilot to conduct the takeoff but also chose not to follow«{v
through on the controls. Consequently, when the engine malfunction cﬂ
occurred, the pilot in command did not take over control of the aircraft, AU
but complied with the assessment by the co-pilot that the engine should

be shut down. Further, following the engine shutdown, the pilot in

command did not respond to the inadequate aircraft handling by the co-

pilot until the only option available was to ditch the aircraft.

The success of the subsequent ditching resulted in minimal injuries to

the passengers and crew. Preventable injuries were sustained by some
crew members who chose to not use the full restraint harnesses provided.
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The timely rescue of the aircraft occupants was facilitated by the calm
waters of the bay and the presence nearby of a number of small pleasure
craft and a volunteer coastal patrol vessel.

3. CONCLUSIONS

3.1 Findings

—

The pilot in command was correctly licensed and endorsed.

2. The aircraft owner/co-pilot applied for and was granted a DC3 type
rating, despite not being able to substantiate completion of the
required training.

3. The pilot in command, as check-and-training captain, had not
adequately confirmed the status or capg{ilities of the co-pilot in the
response to an EFATO at high weigh the pilot flying from the
right control position.

4. The chief pilot did not adequate vise the DC3 operation.

5. The DCS3 operations tained conflicting instructions relating

to crew procedure co-pilot was the handling pilot during
s takeoff.
2 ¥ L /& The operator was a that the operations manual contained an
,«‘ &p‘ d}performance chart. Although directed to by the CAA, the
SPIU‘OV >+ operator had not removed the chart.

7. The invalid take-off performance chart was used by the operator to
bid for and be awarded a task which was beyondﬂts capability to
perform safely. ~ ) p L : G ‘Hw’:‘?ﬂ'm'#@+’)

Iy K A { 5
s A Sy AN e .
AP L B e,y

8. The operator provided the charterer with an incorrect load capability.
9. The pilot in command was concerned that the load delivered was

greater than had been anticipated, but did not require verification to
prevent the aircraft being overloaded.
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10. The flight crew were not aware that if the aircraft weight exceeded
the MTOW, the take-off safety speed would need to be increased.

11. The pilot in command did not initially take over the controls
following the engine malfunction.

12. The co-pilot was inadequately trained to respond appropriately to the
loss of aircraft performance following the engine malfunction/.}(’ -

13. The left propeller did not fully feather; however, the blade angle
achieved was sufficient to stop rotation of the engine.

14. Degradation of the aircraft's performance was consistent with the
overloaded condition of the aircraft, mishandling of the flight
controls, and the inability of the propeller to feather fully.

n itched the aircraft
rugtvay.

15. The pilot in command resumed contr
adjacent to the southern end of th '

16. The CAA documentation on ERO unclear and ambiguous.

17. The CAA did not ensu aircraft was maintained in
accordance with t uikgments of the transport category.

18. The left engine mal tion was most likely due to the incorrect
"')\Q JO’\Q assembly of the no. 3 cylinder inlet valve rocker mechanism which
&% \peallowed a thrust washer to jam the valve open.

;@J{" 19. The metal found in the oil samples taken from the left engine at the
mm‘(&tﬁ?ﬂ“‘tlme of the application for the TBO extension could be attributed to
Ao the incorrectly fitted inlet valve rocker mechanism and a worn

gkrc@%\‘ magneto drive shaft spline.

a

U\ {00 520 The operator applied for, and was granted, an extension of the TBO for
0@ < the left engine based, in part, on test results that indicated that
urther engine inspection was warrante

Mf th g p d.

0(3(2
+o +9,\9 21. The flight attendant was qualified as an aircrew member.
£
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35. Hospital processing of the victims was prompt and efficient.

36. Theré is no"&\patiqpéfk body with\emergency service expertise that has | _,(C(A(/\-Z .

Ieglslaﬁyje*‘ power to \investigate \emefgency service fresponses. \ e

mque s zP&?

3.2 Significant factors Aiscuscion in

ot 2bodt He

The following factors were considered significant in the accident 2\ uj;
sequence.
ar Wy

, , cqeh or

1. The use of, and compliance with, the correct performance charts /i:“ c
would have precluded the flight. Loas =
co\olenn

~«2- Clear and unambiguous presentation of CAA, EROPs documentation (Jub\

W .
“\320\«3” '\Vshou»@)have precluded the flight.

(=

/ v “ -
—S—— . A B ’[, f/( A :M \’/‘I—-‘él-"
yid A = 3 -.u_.}-ﬂ_; m‘r’ /\»/ ‘}J\ P %M%‘ ‘Iu‘]\ = Q \ - i X :;"" v(,:»/\ ’

3. 'The aircraft weight at takeoff exce he OW, the extent of
which was unknown to the crew.

4. An engine malfunction esulfant loss of performance occurred
soon after takeoff.

5. The recommended
inappropriate for

fety speed used by the crew was
erloaded condition of the aircraft.

6. The available single engine aircraft performance was degraded when
the co-pilot mishandled the aircraft controls.

7. The pilot in command delayed taking over control of the aircraft until
the only remaining option was to conduct a controlled ditching.

8. There were organisational deficiencies in the management and
operation of the DC3 involving both the AOC holder and the operator.

9. There were organisational deficiencies in the safety regulation of

both the AOC holder and the operator by the CAA district offices at
Moorabbin and Bankstown.
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conducting the surveillance at the Camden location and would be required
to provide a copy of their surveillance plans and a copy of their
surveillance results to the controlling office.

As part of the ongoing improvement to ASSP, the latest amendment due to
be incorporated in the ASSP Manual in November 1994 will specify the
requirements and responsibilities outlined above in more detail via a
memorandum of understanding between the controlling and conducting

office.
Response Classification: CLOSED - ACCEPTED
IR940260 That the Civil Aviation Authority:

(a) consider the mandatory, phased introduction of

the loose leaf logbook replace those older
logbooks which, du passage of time,
have become obselgt nd”provide inadequate
records of a c¢ontin airworthiness and

history audit

(b) ensure re recipients of an aircraft
co r airline type service are required to
ad he issue of continuity of records, prior

certificgtions for ADs and component changes,
establish the time-in-service of lifed
components and provide a compliance statement
for the logbooks which can be easily verified
during the surveillance process; and

(c) ensure that current owners of aircraft which
were previously in airline service, or which had
previously been maintained to an approved
system of maintenance which did not require
the use of the aircraft and component logbooks,
review their maintenance records to ensure
continuity and validity with respect to
mandatory requirements.
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Accident BO9401043 - VH-EDC Botany Bay 24 April 1994
Engineering Group Report As-AT3AUGUSF1994  25-August1994

FOetober 91 5 May 1995
Engi ing team:

s.A7F(1)

1 Aircraft recovery

(This section has been included as background information to explain the
salvage process and to identify the aircraft damage which occured as the result
of salvage and which was not pre-existing or sustained as a direct result of
impact with the water. )

Shortly after take-off from runway 16 at Sydney Airport the aircraft was ditched into
the sea adjacent to the end of the new third runway following a reported
malfunction and power loss of the left engine. The decision to ditch was taken
when the aircraft failed to climb after the left engine was shutdown and the
propeller feathered. Prior to water impact, power on the right engine was reduced
by the pilot closing the throttle. The right engine separated from the engine nacelle,
at the firewall, when the aircraft impacted the water. Aircraft speed at impact was
estimated to be 60 - 65 knots. The left engine and propeller remained attached to the
aircraft.

After ditching (at approximately 0910 hours) the aircraft floated on the outgoing tide
for a reported 12 - 15 minutes prior to sinking in approximately 16 metres of water,
100 metres from the seawall and approximately 75 metres SE of the South Cardinal
Mark (Buoy).

This buoy is located at - Longitude: 1510 11’33.89E  Latitude: 330 58'33.94S.

During this period, whilst the aircraft was floating, unsuccessful attempts were
made by one of the attendant boats to tow the aircraft closer to the seawall.

Salvage/recovery from the sea was carried out by:- Gray Diving Services P/L,
Diving and Marine contractors nder the auspices of the
insurance agents and organisation o of the Federal Airports Corporation

(FAC). EEXEE) was present on the barge during the recovery salvage
operation but took no active part in recovery until the aircraft was on the shore.
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loader for transportation to the hangar for detailed examination.

- It was necessary to remove the lower section of the right main landing gear,
complete with wheel assy and broken rear drag brace strut to facilitate this action. A
locking pin was inserted into the landing gear upper strut to prevent the gear
collapsing when it was off-loaded in the hangar.

Investigator Comment: Much of the physical damage to the aircraft was sustained
during the salvage/recovery operation. Apart from the damage to the firewall of

the right nacelle when the right engine separated at water impact physical damage to
the aircraft structure from water impact was minimal. Subtle secondary damage due
to salt water immersion will also be extensive.

1.2 i i I sembly:

Because the aircraft had floated on the outgoing tide after water entry, and the right
engine had separated at water impact, the exact location of the separated engine and
propeller were unknown. In consideration of the reports from the pilot of the
aircraft and the skipper of the coastguard vessel, which was at the scene within a few
minutes, a likely search area was determined. Cross referencing this area with the
aircraft radar plots, the location of the South Cardinal Mark buoy, (off the end of the
third runway) and the third runway site surveyor’s report of the aircraft’s final
resting place on the seabed, we were able to target a more positive area to search.

A search of this area was conducted byydrographic Surveys P/L, using
a Klein Dual Channel Sidescan Sonar system and dual channel towfish integrated
with a Trimble 4000 SST (DGPS) Global Positioning Receiver. This search identified
a major object in the search area 5,7 metres deep with other sundry objects in the
vicinity, as well as additional targets outside of the prime target area.

Advise of the location of these targets complete with their ISG, AMG and GPS co-
ordinates were sent to the Sydney Water Police (Divers Unit). Divers from this
unit were released to assist BASI in the identification and recovery of the engine
and propeller assembly by diving Sergeant SZYIFENIM A diving team from this
unit subsequently identified and recovered minor cowling wreckage from the object
No. 1 target area before they located and attached a marker buoy to the engine and
propeller assembly. The engine was found sitting nose down on its propeller at the
eastern end of a scoured trench approximately 56 metres from the seawall and 215
metres, on a bearing of 285017 14.15, from the buoy called the South Cardinal Mark.
This buoy is located at position:- WGS84(GPS) 33 58 26.2879S: 151 11 30.0601E.

*** There needs to be a drawing/sketch of this location for the report***#*+x

A copy of Hydrographics Surveys P/L report H 401 is attached at.....Appendix 1
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Minute Note to File - Coast Guard Report.........c.ccvcvuveerrerieenerernennnee. Appendix 2

The Sydney Water Police Divers, using the San Souci Police launch and personnel,
floated the engine on airbags and towed it across Botany Bay into the San Souci boat
recovery jetty where it was winched ashore.

s.47F(1)

2 Post recovery examination

2.1 Aircraft structure
> 1.1 Rig] . 1

The right engine separated from the nacelle at the firewall in a downward
movement towards the aircraft centreline. The propeller disc to fuselage clearance
was reduced during separation allowing two blade strikes to the fuselage side as the
engine passed down and beneath the wing centre section. During separation,
disruption of the flexible lines and controls, engine mount structure, nacelle engine
fuel filter, shut-off valves and surrounding nacelle structure occurred.

2.1.2 Flight controls.

2.1.2.1 Right Aileron -

The control attachment to the aileron was broken and the control surface jammed
in the down position. There was major crumpling of the outboard section skins
which were punctured and torn at the mid point. The aileron attachment fittings
had been utilised at sometime during the salvage as evidenced by the coils of rope
attached to them. The aileron trim tab was set about 20-30 down. There were no
marks to indicate the aileron position in relation to the wing prior to impact. The
right aileron damage is consistent with a possible aircraft yaw at impact.

The aileron trim control in the cockpit was set indicating 2 out of 12 right wing
down.

2.1.2.2 T eft aileron -

A matching score mark on the aileron and wing lower surface near the aileron
outer tip, when aligned, would indicate that the mark had been made when the
aileron was close to the neutral position. It could not be ascertained whether or not
this score had been made at impact or during the subsequent recovery operation.
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The flaps, being driven by common mechanism, were in the approximate 20-220
down position. Flap push pull rods were broken in overload. Both flaps exhibited
deformation consistent with water impact. The right flap was extensively damaged
when the lifting belly band, about the trailing edge, folded the flap assembly forward
beneath the wing structure.

2.1.2.4 Elevator -

The elevator was resting on the lower stops. There was no damage to either
elevators or trim tabs. Both trim tabs were in the neutral positions.
The elevator trim control in the cockpit was set at 10 nose down.

2.1.2.5 Rudder -

The rudder was resting about 4-50 to the right, was free to move without restriction.
There was no impact related mark which would indicate it’s position at the time of
impact. The rudder trim tab was in the neutral position.

The rudder trim control in the cockpit was set indicating 1 out of 12 left.

Rudder, aileron and elevator controls responded normally to cockpit input.

There were no indications, or reported abnormalities prior to impact, which would
indicate that these controls were not capable of full and free movement , in the
correct sense, prior to water impact.

The ELT fitted to this aircraft was a NARCO ELT Model 10 serial No. A 22782. The
battery fitted to this component showed a ‘replace by date’ of 28 Jul 1992. The battery
life had expired 21 months prior to this accident. When this was pointed out to the
operator he insisted that the battery had been changed at the 100 hourly period
inspection which was completed in March 94. The certification records of this
inspection do not reflect this.

The component is being examined by the Flight Recorder section of BASI.

sge &3 T o
*#4% Awaiting ELT report ***#+##+ (.. [0}

2.1.4 Cockpit Inspection:

A detailed inspection of the cockpit area gauges, switches, selectors and engine,
hydraulic and landing gear controls was undertaken after recovery of the aircraft to
hangar 13 Mascot airport. A copy of that inspection is attached at....... Appendix 4
The positions of aircraft flight controls and trims, engine controls (RPM , propeller
and mixture) and fuel system management selectors are referred specifically in those
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tailplane lifting fitting pulled from the aircraft, all of the load was transmitted to the
engine mountings on the left side which broke causing the engine to be pulled
upwards of its normal thrust line position. Subsequently, when the aircraft was
lowered to the seabed to reposition the slings, the engine sagged below the normal
thrust line and in doing so pushed the oil cooler back into the landing gear. This
prevented the gear from falling down from the wheelwell when the aircraft was
lifted from the water onto the low loader for transportation to the hangar. Post
recovery examination revealed that:-

. The landing gear rear drag brace strut was detached due to failure of the wing strut
attachment bracket from an overload force.

. The tyre was fully stowed within the wheelwell and was displaced some 13-20 cm
further upwards and about 6 cm rearwards beyond the rubber stop blocks.

The damage is consistent with recovery loads imposed on the landing gear and not
pre-existing to water impact.

Witness reports indicate that at the time of impact with the water both main
landing gears were in the retracted position. This is consistent with examination of
the damage sustained by the left and right main landing gears.

2.3  Fuel system.

2.3.1 Description

The aircraft fuel system has a capacity of 800 usable US gallons (2730 litres) held in
two separate tank systems comprising left and right main (202 US gallons each) and
left and right auxiliary tanks (199 US gallons each), selectors, wobble and engine
driven fuel pumps, cross feed cock and shut-off cocks. Fuel tank selectors, mounted
on the left and right sides of the control pedestal, operate valves via cables and
pulleys to direct fuel from selected tanks to engines. Any tank may be selected to
supply either or both engines via a crossfeed selector and valve.

A schematic of the aircraft fuel system is contained at......................... Appendix 5

vosition{ The fuel se SU ned B The throttles
e closed position and mixtures at idle cut off. It could not be established
when and in what sequence these selections had been made as the aircraft was
floating for some time after water impact and before sinking.

To obtain fuel samples from the left engine disconnections were made at the
carburettor fuel filter, fuel supply line from the nacelle fuel filter to the fuel pump
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Copies of correspondence with P&W are contained at......................... Appendix 10

However, this response would not answer or account for the fact that there was
virtually no fuel in the lines between the nacelle filter, the engine driven fuel
pump, the pump supply to the carburettor or the carburettor fuel filter.

For reasons which have not been established these lines were empty.

2.3.5 Water drains.

Water drains cocks are located in the sump areas of each fuel tank to enable
accumulated water to be drained.

On this aircraft there were two water drains to each of the main and auxiliary tank
sumps. These drain cocks were a mixture of ‘push to drain” and “screw to drain’
fittings. Post recovery examination of these drain cocks revealed the following
abnormalities:-
1. Of the two screw type cocks in the left main tank the swagged
turning handle of the inboard one was free to rotate without actuating the
valve. There was no other damage in proximity to this drain cock which
would indicate its unserviceability to have been sustained during impact or
post impact recovery.

2. The outboard valve in the left main tank was tightened such that
abnormal force was required to unscrew it into the “drain open’ position.
3. The outboard drain cock in the right auxiliary tank was located in the

tank out of alignment with the wing skin cutout. This made accessibility
with the hand to the valve extremely difficult, such that without tooling the
valve could not be operated.

BASI Comment:

The abnormalities identified above would make it difficult to comply with
the requirement to conduct normal post refuelling and pre-flight water drain
checks of the left main and right auxiliary tanks, or to ensure that the fuel
being supplied to the engines from these tanks was water free.

Typical drain cock of the type fitted to the left main tank .................. Appendix 11

2.4  Left engine/Powerplant assy P&W 1830 - 92 Serial No CP329666

This engine had suffered installation damage to the mounting structure during the
aircraft recovery phase and secondary damage to the firewall and accessories when
the weight was taken off the engine and it dropped onto the oil cooler which was
impacted back into the wheel well. The engine was subsequently removed for
detailed strip and inspection.

Refer Airworthiness InspectionSET NN .. Appendix 12
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ex Qantas maintenance engineers who are currently employed, in addition to other

products, in the restoration of a Super Constellation in Tucson Arizona. These
persons are Most have DC3 and/or P&W 1830 engine
experience and /or licences. They work from

the old “York’ building at Sydney Workshop Company 62-74 Kent Road Mascot. The
engine was transferred from the secure facility at Australian Jet Charter P/L to the
HARS workshop under the supervision of Y&

The following abnormalities were noted during this inspection:-

1 Magneto driving gears - Spline wear: Prior to removal of the left magneto

S/No. 804353 it was noticed that the magneto body had been secured on its
mounting pad fully rotated anticlockwise in the body slots on the mounting studs.
Removal of the magneto revealed that the splines of the accessories driving gear
were found to be excessively worn.

Because of the abnormal, excessive wear on the magneto driving gear, failure of
positive drive to the magneto was imminent.

The logbook records show that this engine when overhauled in 1987 had magneto
S/No 26254 fitted to the left position. There are no records of that magneto having
been removed and replaced with S/No 804353. Since the overhaul there have been
1025 hours of recorded engine operation. However, because there are no
certifications as to when this magneto was fitted it cannot be determined when the
driving gear splines were last inspected.

The fact that the magneto was rotated fully anticlockwise on its mounting pad
should have alerted maintenance engineers of an abnormal condition sufficient to
warrant further inspection and/or adjustment to centralise the studs in their
mounting slots.

With the magneto removed this can be accomplished by either rotating and
re-positioning the distributor finger, and/or re-positioning the magneto drive gear
on its splined shaft. Had this been done, visual inspection of the magneto driving
gear prior to refitting the magneto would have detected the abnormal driving gear
wear.

BASI Comment:
A copy of military maintenance manual TO No 01-40NC-2 (AP No 2445A)
was obtained from South Pacific Airmotive as a document being used by
them to do maintenance on this aircraft. Section 4 para 4 (a), (b) and (c)
define the maintenance procedures to :-

- check the timing of both magnetos,

- adjust the timing of each magneto, and
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2.5 Left propeller S/No 1G1B14

Following the reported left engine power loss the pilot had shut down the left
engine and selected the left propeller to feather. The blades had moved towards the
feather position and the left engine stopped rotating.

Post recovery inspection of this propeller revealed no visible damage and blades in
the partially feathered position. Oil flowed from the dome plug during the
propeller removal process. There were no abnormal deposits of sludge within the
propeller dome or blade operating mechanisms. The absence of a shim to control
meshing between the cam driven pitch and individual blade gears was noted.
Visual inspection after removal confirmed that the cams were not on the feather
stops.

Subsequent engineering evaluation of this propeller and the feathering mechanism
confirmed that the propeller was at 65 - 66° of pitch instead of the fully feathered 88°
pitch. The pitch angles were read from the scales on the cam assembly and from two
blade butts - there was no scale present on the third blade butt. When cleaned a

“No shim” remark was found engraved into the body of the dome. There was no
visual indications of abnormal wear on any parts of the pitch change mechanism.
Oil wetted surfaces within the dome and operating mechanism were well lubricated
with no abnormal amount of sludge present.

Propeller examination by BASI, in consultation with JRe Australian
Air Propellers P/L, was conducted to establish the reason for the propeller not being

in the fully feathered position. This examination revealed that:-

* Torque to turn individual blades within the hub was measure to be about 55, 40
and 25 ft Ib respectively, the required torque being 30-40 ft Ib.

* To prevent water penetrating into the hub, while the blade is pointing upwards as
the aircraft is parked, a plastic sleeve is placed onto each blade butt during hub
assembly to prevent water ingress. The sleeve of the blade which required 55 ft Ib to
turn was dislodged from its position. Specialist opinion suggests that the higher
torque required to turn this blade was probably due to water penetration and the
presence of corrosion by-products and corrosion related pitting at the bearing area. It
is highly unlikely that the sleeve become dislodged during the accident.

* Once removed from the dome, the cam assembly with piston attached remained
‘frozen’ in the ‘as found” position and did not respond to an applied force trying to
move it towards the fine or feathered pitch positions.
Note: Correctly assembled cams with the piston attached are required to
move freely throughout the range when being propelled by their own weight
and without any outside forces being applied.
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impact, was subsequently recovered from the seabed at the water impact point
complete with its propeller which was still intact and attached. Due to the length of
time immersed, there was extensive saltwater corrosion damage to the rear
accessories casing the majority of which had disintegrated.

2.6.1 Engine examination:

This engine was subjected to strip examination and removal of the accessories for
shop inspection. There were no abnormalities identified which would have
adversely affected the operation of this engine.

Engine strip inspection notes are attached at ...........cccoecevvrrereirirnnne. Appendix 18

262 Engi .
The Magnetos, Propeller Governor and Carburettor from this engine were removed
for bench strip and inspection by Aveco P/L and Wiltshire Enginering P/L.

Strip examination concluded that in the opinion of
VECO, “... that both of these units were operating
normally when the engine stopped, there was no evidence at all to support any
other conclusion.”

Bench strip inspection reports of these components are included at.... Appendix 19

2.6.2.2 Propeller Governor S/No WH32824: Prior to disassembly it was reported by

Wiltshire engineering that the governor was mis-rigged and failed to meet the test
specifications when attached to the test rig. Subsequently, when the pulley had
been correctly rigged and adjusted it met the manufacturers test specifications. The
locked, castellated nut securing the pulley to the hexagon shaft was found to be little
more than finger tight when the correct assembly torque is 60 in 1b of force.

Further examination by BASI to determine why the governor was found to out of
rigging revealed that there was abnormal wear of the broached hexagon hole of the
alloy pulley. This wear was sufficient to enable 400 - 450 free rotational movement
of the pulley about the steel hexagon shaft on which it was located. It is therefore
considered likely that the pulley had rotated into the out of rig position when
tension was applied to the cables during engine separation from the aircraft at water
impact.

2.6.2.3 Carburettor S/No 224786/29306 (type PD12H4 ): It was not possible to flow

check this component due to salt water contamination. However, strip
examination of the unit revealed it to have been assembled in accordance
with manufacturers assembly drawings and no abnormalities which would
have prevented normal operation.

SAugusti994  2B-Augusti004- ZOetober1994 5 May 95 18






have been as the result of their immersion in salt water, assuming that they
all tested serviceable prior to fitment at the last inspection.

Condition reports in respect to spark plug examination and considerations of type
fitted are contained at ............cooeemvvveeeommrecieomero Appendix 20

Certifications in the aircraft logbook indicate that the following Maintenance

Releases (MR) have been issued to this aircrai ii iiiMl_

MR No  Date A/CHours TTIS

202752 16 Oct 92 40009.32 40109.32
— 202754 11 Sept 93 40108.47 40208.47 ¢
202756 6 Mar 94 40191.15 40291.15

The inspections carried out for the issue of these maintenance releases have been
identified on the documents as being to the ‘CAA Schedule 5.’

BASI Comment

1 This refers to Civil Aviation Regulations Schedule 5 which in accordance
with subregulation 2 (1) is interpreted to mean the “CAA Maintenance
Schedule”.

2 Class B aircraft may use this schedule for inspections for the issue of a
maintenance release. However, VH-EDC has a certificate of Airworthiness
which indicates the aircraft to be in the transport category and therefore,
according to the regulations, it cannot be a Class B aircraft for maintenance.
(Refer para 5.2)

Each of the maintenance releases were signed by SZa) at
Camden NSW.

All of the MRs were issued for Operational Category Private/Aerial Work /Charter.
Apart from the first eight Daily Inspection certifications on MR 202752, none of the

other certification entries include pilot licence numbers despite the recording of this
to be a requirement.

MR 202752 reflects 98:18 hours of recorded operation since issue with one
maintenance required item to correct leaking R/H nacelle fuel filter which was
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BASI _Comment
This unserviceability endorsement was incorrectly entered in the Part 1
maintenance required section of the MR instead of the Part 2 endorsements

section, and therefore did not reflect by whom and when the deficiency was
noticed XA N No: did that cortification
for remedial action in part 1 constitute a certification required by CAR 34 as it

would have done had it been entered in part 2.

MR 202754 reflects 82:10 hours of recorded operation since issue with one

unserviceability endorsement by Rod Lovell on 10 dec 1993 which was cleared by
mmngmg both plugs in the No 11 cylinder.

BASI Comment
1. The rough running which generated this entry resulted in an IFSD
shortly after takeoff and a return to Sydney

3. At the time of Maintenance release issue the left engine was 940:38
hours TSO and due to be removed prior to it exceeding the 1000 hour TBO
due at 40164:09 aircraft hours. There was no entry in part 1 of the
maintenance release (Maintenance required) advising that the left engine
should be changed prior to the aircraft reaching 40164:09 hours TTIS. (ie
Before the engine TBO, iaw AD/ENG/4 Amdt 3. expired.) 40164:09 hours
were achieved on 13 December 1993 - refer investigator comment in 3.2.2.

This MR ceased to be in force with the commencement of an inspection for the issue
of a new maintenance on 25 Feb 1994. CAR 47(5) refers.  Certifications as a part of
that inspection were made in the aircraft and engine log books and on additional
worksheets on and after the 25 Feb 94 although the new MR (No 202756) was not
issued until 6 March 94. Despite a maintenance release inspection being started this
aircraft flew three flights on the 2, 3 and 6 March using, and recording them on, MR
No 202754 which was no longer in force.
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MR 202756 signed by S=ZAd@) and issued on
6 March 1994 at aircraft TTIS 40191.15, following a 100 hourly periodic inspection,
was current and valid when this accident occurred.

At the time of issue of maintenance release No. 202756, the right engine hours were
1081:03 and the left engine hours 1023:06. Both engines were operating on approved
concessions to 1100 hours and would be due for removal within the period for
which the MR was expressed to remain in force.

BASI Comment

There were no entries in part 1 of this MR advising of the maintenance
requirement to remove both these engines prior to them achieving 1100
hours of operation at 40210 :12 and 40268:09 aircraft TTIS respectively.

The MR expires at 40291.15 hours TTIS.

The recorded hours of operation in Part 3, from flights on 12 March, 15 March and
16 March, reflect 4: 50 hours. A Daily Inspection certification for 31 March has no
flight time recorded against it.

Aircraft recorded TTIS therefore as at 24 April 1994 is 40195:05 hours.

Copies of these documents are attached at .......cccoovueveverereccrcreieiennn Appendix 21

3.2 Certificat £ Ad thi 1 Registrati

.1 Curren ificate of Aij hiness:
A copy of the Certificate of Airworthiness No 1680 for VH-EDC was mounted in the
aircraft on the cockpit door. This copy reflects that certificate at folio 103 in the CAA
aircraft file Part 6 (Bar Code FNO26641). There was also a copy folded and filed in
the back pocket of the current aircraft log book.

This certificate was issued 3 October 1980 to VH-EDC bydelegate to the
Secretary. It classifies VH-EDC as being in the TRANSPORT Category.

The aircraft file at folio 188b and in the front cover, reflects another draft Cof A with
supplements listed on the reverse side which has never been signed dated or
formally issued. This draft was in preparation at the time when South Pacific
Airmotive were negotiating with the CAA regarding the aircraft maximum take-off
weight. This draft also reflects that VH-EDC is a TRANSPORT category aircraft.

3.2.2 :
The current Certificate of Registration No 1680 reflects South Pacific Airmotive Pty
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only operational DC3 with engine TBO concessions.

ion to over-run right engine S/No B :

An application, WM South Pacific Airmotive P/L on
28 June 1993, complete with two oil sample analysis reports and a

compression/ground run test sheet, was approved for 100 hours over-run on
concession approval No BK 93/422 by the CAA Bankstown office on 6 July 1993.

- i P32 TBO:
An application, JEYAFE) on 24 December 1993, complete with two
oil sample analysis reports (57507 and 57508) and a compression/ground run test
sheet, was approved on 1 Feb 94 as Concession BK/401 and notified to the Operator
on 4 Feb 1994.

Copies of these application and approved concession form DA560 together
with a Minute note to file on these operator requests for both the right and left

engine concession applications are attached at.........c.ccccccevvvvveevirererennnnnen. Appendix 24
Further application to the o VNS-47F(1) on 9 March 1994, to extend the TBO

of these engines to 1600 hours has been unsuccessful.

BASI Comment:
There are three subjects of concern when considering the granting of the
concessions for these engines to over-run the published TBO period:-

1. Both engines were operating in the over-run period on the same
aircraft at the same time.
2. The left engine was granted its approval when the oil sample analysis

reports, which were submitted by the operator to support the over-run
request, did not support the mechanical integrity of the engine.

3. The operator continued to operate the left engine beyond its published
TBO period prior to the granting of the approval for them to do so.

The AWT assigned to South Pacific Airmotive states that he was verbally advised by
the Operator on 26 April 1994 that the right engine had been changed on VH-EDC.
He was of the opinion that both engines should not operate, on the same aircraft, in
the over-run period at the same time and was of the opinion that when the left
engine was granted over-run approval, the right engine had been changed. There is
an entry in the aircraft log book of VH-EDC, dated 24 April 94 (the day of the
accident), that the right engine S/No. BP463388 had been removed and S/No 667
had been installed. This entry had subsequently been crossed out and noted as an
‘Incorrect entry.’

Neither the approved concessions, or the letters advising of the granting of those
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BASI Comment:

Compliance with the Douglas DC3 SID was only made mandatory by the
CAA when airworthiness directive AD/DC3/33 - Supplemental Inspection
Program was issued in July 1994 ie, 2 months after this accident. (Copy
attached at appendix ..... ?). Compliance with this SID was not listed on the

log book statement submitted for this aircraft by ¥ . had
been instrumental in the production of this manual with the Douglas A/C
Co.

BASI Comment:
The errors and omissions identified above should have been addressed by the
CAA had the ap ropriate, and required, CAA surveillance of this operator
and his aircraf/t/bE/undertaken.
The ‘history of use’ documentation referred to above for VH-EDC has been
inadequate in this instance to document an airworthiness audit or history trail.

<

The errors and omissions referred to above are not considered to have been
contributory to this accident.

Repeated attempts to contact and obtain further maintenance related
documentation from the owner of this aircraft have been unsuccessful.

A detailed review of the the log books, certification entries, compliance with
regulatory requirements, continuing airworthiness and history audit trail was
conducted. The report on this review together with supporting documentation is
Included at ... e .Appendix 26

44 L - rsemen saltwater i
Subsequent to the recovery of this aircraft it became apparent that the owner at the
time of the accident, were he to become the new owner after insurance
considerations, intended that the aircraft and/or parts of it may be ‘redeemed’ and
put into further operational service. He was actively pursuing a convenient time to
remove and inhibit the wings, for reuse or resale, and to gain access to the cabin to
clean and conduct preservation work.

There are major safety of flight and continuing airworthiness concerns should any
of the components of this aircraft be re-used without proper review, inspection,
serviceability assessment and certification prior to fitment.

Civil Aviation Regulation (CAR) 42W, 42Y and possibly 42ZA control the
installation and use of aircraft components in maintenance. These regulations
generally apply to new components or ‘used’ components the history of which is
known or can be substantiated. These regulation imposed fines against those
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persons who choose to disregard them. However, component distress as the result
of saltwater immersion is subtle and can remain undetected using normal
inspection methods with disastrous results at some later date. This is especially true
in respect to critical components which during normal operation are highly stressed
ie wing spars.

These activities were advised to the CAA ( by BASI ) who responded by saying that
they had issued an Aircraft Survey Report (Form DA 2596) on 9 May 94 advising
South Pacific Airmotive that;-
“Any part or component of the aircraft that was subjected to salt water
immersion must comply with FAA AC43.13-1A and in conjunction with
manufacturers approved processes prior to use on any Australian aircraft.”
(A copy of that document Serial No A01184 is attached at..... Appendix 27)

Although this CAA directive has been issued in respect to the possible reuse of
components, neither the maintenance release, which was current at the time of the
accident, nor any of the log books, which record the history of the aircraft and its
major components, have been endorsed.

CAR 50 requires that defects and major damage are to be endorsed on the
maintenance release by, the Holder of the Certificate of Registration, the operator or
a flight crew member. ~ Endorsements on maintenance releases can be either signed
off on the maintenance release by appropriately licensed or authorised persons or
entered into the log books for correction, rectification and/or repair. Maintenance
releases are currently considered to be a part of the aircraft maintenance log book
history.

There are no provisions in the regulations for maintenance releases or log books of
aircraft which have been involved in accidents to be endorsed by other persons.

BASI Comment: Advise from JCUFIIIIICAA Maintenance and
Durability Manager, is that there are no regulations which would preclude me, as a
Bureau of Air Safety Investigator undertaking an investigation, from entering an
endorsement into the log books of this, or any other aircraft during the course of an
investigation. Such an entry would identify an investigation by number, indicate
the possible extent of damage (which will need to be corrected) and provide an
historic and continuing airworthiness record.

Endorsements on the maintenance release or in the log books would not, by
themselves, prevent the major components of this aircraft from being reused, or for
those without logbooks what exactly they been subjected to. Without an
endorsement in the log books there would be no history audit trail. Whereas an
endorsement, in this case, would convey to the log book reader that the aircraft had
been subjected to immersion in salt water.
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A letter has been sent to the CAA for inclusion into the aircraft file advising that
this aircraft has been ditched into the sea.

Each of the log books for this aircradft which have come into the possession of BASI
has been endorsed to indicate that the aircraft has been subjected to an investigation
by BASIL

Comment: These actions however will not by themselves prevent the reuse
of any component which are subsequently removed which do not in
themselves carry their history on a separate component record card.

Endorsement of aircraft logbooks refer atached at..........cccocovevrererernnnnene, Appendix 28
4 Company Structure
4.1 Groupair Pty Ltd

Groupair Pty Ltd are an approved organisation based at Moorabbin Victoria.
They are the holders of the following Civil Aviation Authority approvals:-
. Certificate of Approval No 1137 dated 16/10/92.
- Air Operators certificate No V/T 652 dated 15 February 1994. This certificate
replaces that dated 8 February 1993 and was issued to reflect the change
of address from Casey Field to Moorabbin Airport.

4.1.1 ifi
This certificate grants approval for Groupair to undertake the following activities
subject to conditions: -
. Maintenance of Class B aircraft with maximum take-off weight not
exceeding 5700 kg and Douglas DC3.
- Maintenance of aircraft components limited to airframe components of
those listed aircraft excluding fibre reinforced plastic structural components.

BASI Comment: This certificate, issued by the CAA Moorabbin office,
includes approval to do maintenance on the DC 3 and implies that it is a Class
B aircaft. Refer Para 5.2.

s.47F(1)
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The Chief Pilot EEMFED receives formal reports from Rod Lovell on DC3
operational matters.

S.A7F(1)

4.1.2 Air Operators Certificate:
This certificate, issued by the CAA Moorabbin District Office, includes approval to

operate the DC3 aircraft in charter (within Australian Territory) and aerial work,
except flying training.

Copies of these certificates are attached at........ccccoeveirrrieeerererererneee, Appendix 29
Documents pertinent to Groupair group structure are attached at.... Appendix 30

4.2 South Pacific Airmotive Pty Limited

South Pacific Airmotive Pty Limited were registered with the National Companies

and Securities Commission as a proprietary company on 22 Sept 1988 - registration
No 430141-34 refers.

Copy of certificate 430141-34 attached at.........c.coervrercerrrereernnee. Appendix 31

V-EDC was acquired ZIA5Q))
from Air Rambler (Aust) Pyt Ltd. SEYAFEH!

South Pacific Airmotive Pty Ltd

Copy of acquisition form attached at..........ccccccoovverervvrerrrrnnenne. Appendix 32

Maintenance on VH-EDC is carried out under the Groupair Certificate of Approval
No 1137 and certified for and on behalf of them by ﬁmn appointed person
on the Groupair certificate.
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Note: Copy of referenced letter is at appendix 30

5 Civil Aviation Authority

Refer

> DC3 Type certification Data sheets A669 and A618 at attachment.. Appendix 33
> CAA VH-EDC aircraft file folios 164 to 208 attachment at ............. Appendix 34
> Minutes of meeting BASI/CAA 24 May 1994 attachments at.......... Appendix 35

5.1 Groupair surveillance
Groupair P/L, the registered holder of Air Operators Certificate No V/T 652 and

Certificate of approval No 1137 carry out maintenance of DC3 registration VH-EDC
at the Camden (NSW) based subsidiary company premises of South Pacific

Airmotive. This aircraft type and that facili i e Groupair
The Civil Aviation Authority airworthiness surveillance of Groupair is controlled
by the Moorabbin office g7 )
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Airworthiness surveillance of approved organisations is conducted in
accordance with the policies, procedures planning and instruction guidelines of the
National Airworthiness Surveillance System (NASS). Instructions for NASS users
are contained within two books - ‘Policy and Procedures’ and ‘ Planning System
User and Training * manuals.

Note: Although the NASS system has now been superseded by the Aviation
Safety Surveillance Program (ASSP), at the time of this accident the NASS
system was in use throughout the CAA.

South Pacific Airmotive acquired VH-EDC in 1992 at which time operational and
maintenance activities appropriate to this type of aircraft were incorporated into the
Groupair Certificates.

On 5 February 1993 Mim response to A Eb)
submitting a logbook statement for VH-EDC, wrote to South Pacific Airmotive

advising that in respect to VH-EDC:-
- the aircraft was classified as Transport category on the Certificate of Airworthiness,
- the logbook statement submitted by them was not applicable to Class A aircraft,

- there was a requirement to submit a ‘System of Maintenance’ for approval, and

- that CAR 42ZV requires that an operator of a class A aircraft must have a
Maintenance Control Manual (MCM) and a Maintenan

BASI Comment
1. Prior to the 5 February 93 South Pacific Ahmotivem
submitted a logbook statement for VH-EDC to the CAA Bankstown office
and therefore considered them to be the relevant office with which they
should be doing business. ZEIAFEIIINIn response to that document wrote to

them on 5 February 93. This was before Bankstown were officially asked to
undertake the Groupair (Camden) surveillance role w
2. A framed copy of the Certificate of Airworthiness for this aircraft was

displayed in the cockpit of the aircraft. It clearly showed that the aircraft was
in the Transport Category.

3. Up to the time of the accident had neither submitted a
MCM for approval or nominated a maintenance controller. Furthermore,
he certified for two 100 hourly periodic inspections on 11 Sept 93 and

6 March 94 and issued Maintenance Releases (No's 202754 and 202756)
following those inspections which had been conducted in accordance with
the CAA Inspection Schedule 5. This is not an approved schedule for the
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maintenance of Class A aircraft. Neither is SEgAaG)lan approved
maintenance controller for Class A aircraft, which VH-EDC is.

Because the DC3 was to be maintained in Camden (NSW), BEFCVD
s4rf(t) . @

s.47F(1) AA Bankstown office on
28 May 1993 requesting that they (Bankstown),
“.......arrange the required local audit and surveillance activities.”

This request was accepted and the following message passed to SR}

Bankstown, in resiect to Grouiair - Camden on 28 Mai 1993.

The only surveillance undertaken by the Bankstown office since that date was a
NASS 10 survey of the aircraft at Bankstown on 2 March 1994. This is recognised as
an opportunity surveillance activity and not a planned activity. There was no
formulated plan in accordance with NASS procedures for surveillance of South
Pacific Airmotive by the Bankstown assigned AWI.  However, the assigned AWI
related that attempts to contact Whto arrange a meeting
when the aircraft and its maintenance documents were together had been
unsuccessful.  There are no formal documented attempts, by the CAA, requesting
that the management of South Pacific Airmotive make themselves, the Camden
facility, the aircraft and its documentation available to initiate the surveillance
process.

Documentation supporting this paragraph are contained at.................... Appendix 36
5.2 DC3 - Class A or Class B aircraft.

Refer documents, minutes and record of discussions pertinent to this Class A/B
subject attachments at ..........ccoeueiciiiiccc Appendix 37

The last three maintenance releases were issued to VH-EDC mor and
on behalf of Groupair, following inspections carried out in accordance with
Schedule 5. This schedule is not approved for Class A aircraft.

Civil Aviation Regulation (CAR) 2 defines a class A aircraft as one which satisfies
either or both of the following paragraphs:-
(a) the aircraft is certificated as a transport category aircraft;
(b) the aircraft is authorised by an Air Operators Certificate to be used for the
commercial purpose referred to in paragraph 206(c).

Note: (a) above is applicable to VH-EDC

CAR 2C qualifies that, for the purposes of these regulations, an aircraft is certificated
as a transport category aircraft if:
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(a) there is a certificate of airworthiness in force in relation to the aircraft; and
(b) the certificate includes a statement to the effect that the certificate is issued
in the transport category.

Note: (a) and (b) are both applicable to VH-EDC

The Certificate of Airworthiness No 1680 issued on 3 October 1980 was current and
valid and issued for this aircraft in the transport category.

All of the above identify this aircraft to be Class A aircraft which should have been
maintained accordingly. This fact was advised to South Pacific Airmotive by the
CAA Bankstown office on 5 February 1993 and acknowledged Wﬁ
S.47F(1 )

CAA Moorabbin) during our discussions on this subject 26 May 94
was surprised to hear that this aircraft was in the transport category. He
commented that he thought VH-EDC was a normal cetegory aircraft and was aware
of other DC3s which were in the normal category, although he could not quote any
specific registrations. He subsequently agreed that VH-EDC should be a Class A
aircraft after reading the relevant CARs (referred to above) and being told that the
aircraft file’s Certificate of Airworthiness stated it was transport category. However,
he then queried the CAA aircraft register computer system to reproduce a duplicate
certificate of Airworthiness for VH-EDC. The document which was produced
identified VH-EDC as being a normal category aircraft. This document, in error, also
stated that the aircraft had been constructed in 1949, when in fact it was built in 1944
and came onto the Australian Civil Register in 1949.

Another CAA document, an electronic memo (EM) Sz E))

dated 20 October 1992, identifies several DC3s as being normal category aircraft,
including VH-EDC. The information in this EM had also been compiled from the
aircraft register computer.

During discussions with SEY{HENIMMMMMMCAA Maintenance and Durability
Manager Canberra) on the topic of Class A/B aircraft and the production of a
duplicate Certificate of Airworthiness which was at variance with the aircraft file
data, he advised that he was unaware of the computer database which would do this
suggesting that it may be a ‘local’ office management tool. He agreed that if the
Certificate of Airworthiness was issued in the transport category then VH-EDC was a
Class A aircraft which should have been maintained as such.

In response to questions regarding how many DC3s on the Australian register are
transport and how many are normal category aircraft, w
Airworthiness Branch advised on 7 July 1994 that,

“All DC3 aircraft on the register with current Certificates of Airworthiness are in the
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Transport category. “ and,
“With the exception of VH-EDC, all DC3 aircraft are being maintained as Class A
aircraft.”

BASI Comment:

There has been conflicting and confusing information within the CAA
concerning Certificates of Airworthiness for the DC3 fleet. ie

- whether or not the certificate for this aircraft type is:-

transport (class A for maintenance) or, normal category (class B for
maintenance)

- confusing, in that a duplicate certificate can be issued with an incorrect
category nominated.

BASI discussions with CAA officers during the course of the investigation, and no
doubt internal CAA discussion, has culminated with SZZFENIIA irworthiness
Branch SIS 1arifying, and advising, the policy issue for VH-EDC and other
registered DC3s in respect to their transport categorisation. However, there has
been no advise as to what will become of the aircraft register computer which,
during this investigation, demonstrated its capability to produce an inaccurate
duplicate Certificate of Airworthiness when ‘asked’ to do so.

6 Identified Errors and Omissions

1) The aircraft was being maintained and certified for, by a Groupair
LAME, as a Class B aircraft knowing that it was an aircraft with a Certificate of
Airworthiness in the Transport category, contrary to formal advise being given to
him by the CAA to that effect and despite the fact that a copy of this Certificate was
displayed in the aircraft and another copy was retained in the aircraft log book.

Error - On the part of SednI Certificate of Registration holder
VH-EDC who failed to ensure that the log book records were
accurately entered.

Error - On the part of SZIFENIMsubmitted a log book statement to
the CAA which identified this as a class B aircraft even though
the Certificate of Airworthiness identified the aircraft as being in

the Transport category.
Error - On the part ofﬁhcoordinated the inspections for
the issue of the previous three maintenance releases contrary to

the regulations.

Omission:  On the part of SEYF I failed to submit a MCM for
approval or to nominate a maintenance coordinator as
requested by the CAA and required by the regulations, especially

SAugusti994  25-Augusti994- ZOeteberi994 5May 95 39



when he previously advised that he would.

Error - On the part of Groupair who failed to ensure an adequate
maintenance chain of command within the Groupair structure.
Error - On the part of Groupair management to adequately identify the

class of aircraft the DC3 was in respect to the Certificate of
Airworthiness and it being in the transport category, prior to
them including it on their Certificate of Approval.

Omission - On the part of the CAA Bankstownw
m_who failed to follow up their advise to

SPA on 5 February 1993 concerning the standard of maintenance
applicable to this aircraft.

Omission - By the CAA Bankstown office who failed to initiate the
surveillance activities of SPA, as requested by CAA Moorabbin
on 28 May 1993.

2) Maintenance Release documents MR202754 (issued 11 Sept 93) and
MR202756 (issued 6 March 94) issued SLIJE)IMlfor and on behalf of Groupair P/L,
did not show in the ‘Maintenance Required’ section that the approved lives, or the
concessional overrun of these lives, for the left and right engines would expire
during the validity period of each of these maintenance releases.

Omission- On the part of ominated LAME for Groupair and
maintenance coordinator for the issue of the maintenance
releases for this aircraft who omitted to enter maintenance due
as required by the regulations when issuing the
maintenance release documents referred to above.

3) The left engine was operated approximately 15 hours beyond its
approved 1000 hours TBO before concessional approval was granted for the engine
to operate to 1100 hours.

Omission -The omission o notify ‘maintenance required’ on

the maintenance release when he issued it failed to indicate to
the operating crew when the engine life was due to expire.

4) An endorsement on MR202754, by Rod Lovell, on 10 December 1993 -
“Port engine running rough” (resulting in an IFSD and return to Sydney Airport)
was signed off Ws being rectified by changing both spark
plugs in the number 11 cylinder.

Error - On the part of Pl certified for rectification knowing
that the aircraft was a transport category aircraft which should

have been maintained as a class A aircraft, and that he was not
either licensed or qualified to do so.
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Omission - By Groupair who failed to ensure an adequate maintenance
chain of command within the Groupair structure.

5) The left engine was granted a concession to operate for 100 hours
beyond its approved TBO laid down in AD/ENG/4 when the oil sample reports
which were submitted to substantiate the internal health and integrity of the engine,
were in fact indicative of an engine with internal problems sufficient to warrant
further questioning prior to giving that approval.

a4 . 4TF(1
Omission - By &

, who having commissioned an analysis of samples of
oil from the left engine, failed to determine the source of
reported high wear metals prior to submitting these reports to
the CAA and who did nothing to prevent the continuance of
operation without knowing the source of abnormal wear metals.

Error of Judgement - By the CAA assigned AWI who, instead of asking the
operator to ‘explain’, recommended the concession application
be approved when it was referred to the CAA Canberra specialist
area for their approval.

Error of Judgement - By the CAA who approved the concession to
overrun the approved engine TBO using oil sample reports
which failed to substantiate the internal integrity of the engine
and were instead indicative of internal distress.

6) Both the left and right engines, which were on approved concessional
overruns of the published TBO period and were being operated on the same aircraft
at the same time contrary to the advised intention of the Bankstown CAA assigned
AWI. There were no published instructions issued by the CAA which would have
prevented this from happening.

Omission - By the CAA, who have no published guidelines which would
indicate to their AWIs, or the industry, whether or not the operation of two

engines on the same aircraft with both engines in the over-run period is
acceptable or not.

7) The last entry in the aircraft logbook, which detailed a right engine
change was made on the 24 April 1994 and crossed out as entered- in- error. This
entry was made on the date of the accident.

Error - mGroupair P/L who for reasons unknown decided
at on the morning of the accident the right engine of VH-EDC
had been changed and then that it had not?

8) The aircraft fuel system water drain cocks in the left main and right
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auxiliary fuel tanks were found to be unserviceable or inappropriately located thus
preventing positive operation or the assurance that fuel being supplied from these
tanks was water free.

ror- MR o having signed for the
airframe inspection and issued three maintenance releases as

coordinator for those inspections, for and behalf of Groupair,

failed to document an unserviceability or access problem with

the water drain cocks.

Omission - By 4@ . who on the morning of 24 April 1994 advised
that he had conducted two water drain checks of the fuel tanks,
before and after refuelling, without ensuring that the fuel tanks
were free of water because of the defective cocks. Furthermore
he did not enter the deficiencies as endorsements on the
maintenance release which would have identified them for
rectification either before the accident flight or at some later date.

Error - By Rod Lovell who signed for the daily inspection without
actually doing it. did the daily inspection, including
fuel drains, then he should have signed the maintenance release
for the Daily Inspection.

9) Incorrect assembly of the number 3 cylinder inlet valve rocker shaft
and thrust washer assembly which at some time during the take off sequence of this
aircraft on 24 April 94 allowed the loose thrust washer to jam the inlet valve in the
partially open position thus destroying the induction charge to the other cylinders.

Error - On the part of person or persons unknown who, during
assembly of the inlet rocker arm to this cylinder failed to fit the
rocker arm thrust washer correctly; and, the ‘supervisor’ who
failed to detect that one of the thrust washers had not been
correctly installed.

10)  The aircraft was operating with an out of date battery fitted to the ELT.
The battery was identified with a ‘replace by date” of 28 July 1992. This date was prior
to the aircraft belonging to South Pacific Airmotive (SPA). Since that date Groupair
have conducted three 100 hourly periodic inspections for maintenance release issue.

Error - On behalf of the AME who carried out the inspection of the ELT
at the last periodic inspection for maintenance release issue; and,
LAME signatory for the airframe inspection and
coordinator for Groupair who signed out the maintenance
release.
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11)  The left engine left magneto drive gear exhibits abnormal wear of the
internal splines. Examination has determined that the internal splines were non-
carburised and did not meet the hardness specifications of the manufacturer. This
abnormal wear is sufficient to question the serviceability of the gear at the time of
the last engine overhaul , that the correct part had been fitted or that the hardness of
the part for this model engine was sufficient. The extent of wear raises the question
of the integrity of drive for continued operation beyond the approved TBO period
unless intermediate inspections of the gear are carried out.

Possible Error - On the part of Field Aircraft Services Central Africa, Harare
Airport, Zimbabwe who last overhauled this engine on
4 March 1987 and who may not have ensured integrity of the
magneto driving gear fitted at the last overhaul.

Omission - on the part of JetCy investigate the source of abnormal
wear metals in oil sample analysis reports, which could have
detected this abnormal wear.

Omission - on the part of uring periodic inspection checks
for magneto synchronisation, failed to remove the magneto to
investigate the cause of the magneto body being rotated fully
against the end of the mounting slot when removal and
readjustment would have detected the abnormal wear prior to
magneto refitment.

12)  The 900 pulley block securing bolt of the left engine propeller pitch
control cables were found to be severely worn despite a certification at the last
periodic inspection (5 -8 hours prior to the accident) that the assembly had been
renewed.

Error- On the part of%ertiﬁed for maintenance which had
not been undertaken. This would indicate a breakdown in the
“direct supervision” aspects IR IIIOf the maintenance
which was being carried out by the AMEs employed by, or being

used, to maintain VH-EDC for South Pacific Airmotive under
the Groupair Certificate of Approval.

13)  There were two broken studs securing the No 12 cylinder to the engine
crankcase. On removal, another adjacent stud broke with minimal loosing torque
application. The crankcase was discoloured in the vicinity of the broken studs. This
discolouration was visible prior to disassembly. When the cylinder was removed,
there was evidence of cylinder base movement on the mounting pad.
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Error- On the part of ¥ | or whoever inspected this engine at the
last 100 hourly inspection for which he signed, in that the
broken studs were not detected even though it is an engine
inspection item in the CAA Schedule 5 to inspect the cylinder
base to crankcase area. If such an inspection were undertaken,
there are no records which indicate that the broken studs had
been detected.

14)  Left propeller S/No 1G1B14 on disassembly was found to have been
assembled with abnormally high nut pre-load on the cam/piston assembly which
was restricting the movement of the pitch mechanism to travel into the feathered
position.

Error - Of assembly by person or persons unknown who did, during
assembly apply an incorrect over-tightening of the nut which
retains the cam/piston assembly of the pitch change mechanism.
The records show that this propeller was overhauled by Air Prop
Services on 26/5/88 and that the current TSO is approximately
550 hours. There are no certification which would indicate
that this assembly has been ‘reworked’ since the last overhaul.

15)  There are no certifications in the logbooks to indicate that the left
propeller was ‘de-sludged’ in accordance with the requirements of AD/Prop/1 on
achieving 500 hours of operation. Nor are there any certifications for 100 hourly
compliance of recurring AD/Prop/2 feathering checks (both engines) at the last two
period inspections for maintenance release issue.

If this work was undertaken and not certified for, then there is
an

Omission- m(}roupair P/L) in not documenting and certifying for
e

compliance of these airworthiness directives, or

If this work was not undertaken then there is an
Error - On the part of SEXFE) roupair P/L) in not complying with
the requirements of mandatory Airworthiness Directives.

16)  The log books being used to record the continuing airworthiness and
history of this aircraft and its equipment, although meeting the current CAA
requirements are inadequate to provide a continuing airworthiness or history audit
trail record.

Omission- On the part all those persons who have carried out work,

changed components, complied with ADs and inspections and
certified within the pages of these old log books without
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SPA and Groupair.

19)  Although the CAA have subsequently advised that all DC3s have
Certificates of Airworthiness in the Transport Category, there is a CAA Aircraft
Register computer program which, when queried, is capable of issuing a duplicate
Certificate of Airworthiness. These duplicate certificates identify some specific DC3s
as being in the Normal category.

Error - Within the CAA between the Safety Regulation Group and
the Aircraft Register section which enabled a duplicate Certificate
of Airworthiness to be issued advising that this aircraft VH-EDC,
was a normal category aircraft. This computer printout likewise
advises of other DC3 aircraft being in the Normal category

7 Unsafe acts

1 Active failure:

I bly of the left engine No. 3 cylinder inlet val ker, shaft and
thrust washer either:-

. during the engine overhaul in 1987 or

. by persons unknown doing unrecorded maintenance.

Defences
* Failed supervision at the time of assembly.

The incorrect assembly, which left one of the rocker shaft thrust washers lying in the
rocker box cavity as a loose article had lay dormant for a considerable period of time
as evidenced by the mechanical deformation of the washer, the abnormal wear on
the pushrod tube and the internal rocker cavity damage. Accepting a failure by
somebody either doing the work, or the work not being adequately supervised, there
are two other occasions when this incorrect assembly may have been identified and
corrected.

On 10 December 1993 the left engine was shutdown in flight after rough running
and the aircraft returned to base. The problem was certified as being corrected bE

W{nanging both plugs in the No 11 cylinder.

ad no Australian engineering qualifications to diagnose the problem or
change the plugs. There is physical evidence to suggest that the rough running due
to this inlet valve being held open has occurred on more than one occasion. Correct
diagnosis of the rough running which caused the previously mentioned IFSD may
have identified this incorrect assembly and damage being caused by the loose

washer.
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Likewise, when a concession application was made byo the CAA, to
exceed the published TBO period for the engine, he submitted two oil analysis
reports from samples of oil taken from this engine. Both reports indicated
abnormal concentrations of iron, aluminium and lead. Despite these reports the
CAA granted approval for the engine to operate for a further 100 hours without
requiring that the operator identify the source of this contamination.

Had further inspection of the engine been undertaken by the operator, when he
received the adverse oil samples, or if he had been directed by the CAA to determine
the source of these metals then the incorrect assembly and the mechanical damage
being perpetrated by this loose article may have been found.

As the result two further windows of opportunity to find the problem were missed.

8 Correspondence Re Documents received /returned at................. Appendix 38
8.1  Ownership/Release from Custody refer to attachments at... Appendix 39
8.2  Invoices Correspondence refer to attachments at .................... Appendix 40

8.3  Additional correspondence/Minute Notes to file
Refer to attachments at............ccccceveiciricccncne, Appendix 41
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DOCUMENT 3 :
3l

Minute Note to File BO9401043 VH-EDC
Eindi :

* Both main landing gears were retracted at the time of water impact.

* The left main fuel tank inboard cock was unserviceable and not possible

to open.

The right auxiliary fuel tank outboard drain cock did not align with the

skin cutout.

* The NARCO EIt 10 battery was 21 months expired.

* Post recovery examination found no fuel in the left carburettor fuel
filter or lines between the nacelle filter, the pump and the
carburettor body.

* Post recovery examination found the left propeller blades were not in
the feathered position. Abnormally high cam bearing nut preload
prevented the left propeller from moving into the fully feathered
position.

* There were no log book certifications to indicate compliance with
AD/Prop/2 - Feathering Checks, or that feathering checks had been
carried out, at the last two periodic inspections for maintenace
release issue.

* The left engine, left magneto crankcase drive gear splines were
excessively worn. (The magneto body was rotated fully
anticlockwise on it mounting pad.)

* The left engine #3 cylinder inlet valve, rocker, rocker shaft and thrust
washers had been incorrectly assembly. The washer which had been
deformed during engine operation was found within the rocker
cavity.

There were 3 broken cylinder base mounting studs on the #12 cylinder
of the left engine.

Spark plugs on both engines were in generally poor visual condition
considering a periodic inspection was certified for approx 6-8 hours
prior to the accident.

The aircraft was being maintained as a class B aircraft when the
Certificate of Airworthiness was issued in the Transport category
which made it a class A aircraft for maintenance.

* Both engines were being operated beyond the published TBO of 1000
hours on concessions approving them to operate to 1100 hours TSO.

There were no entries on the last two maintenance release documents,
in the maintenance required sections, to indicate when either of the

*

*

*

*

*






DOCUMENT 4

COMMONWEALTH OF AUSTRALIA
DEPARTMENT OF TRANSPORT

BUREAU OF AIR SAFETY INVESTIGATION

ENGINEERING GROUP REPORT

DOUGLAS DC 3C, VH - EDC

1) CRASHWORTHINESS AND ASSESSMENT OF THE SEAT AND
HARNESS INTEGRITY

2) LEFT ENGINE COMPONENTS EXAMINATION

3) STRUCTURE AND SYSTEMS EXAMINATION

4) LEFT PROPELLER AND PROPELLERS COMPONENTS
EXAMINATION

OCCURENCE No: 9401043

TASK NO: 9400018

29 September 1994

The Director of Bureau of Air Safety Investigation authorised the Investigation of this occurrence
and publication of this report pursuant to his delegated powers conferred by the Air Navigation
Regulations 278 and 283 respectively. Readers are advised that the Bureau investigates for the
sole purpose of enhancing aviation safety. Consequently, Bureau reports are confined to matters of
safety significance and may be misleading if used for any other purpose.
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Figure 3: Deformation of the rear portion of the seat frame.
d) Passenger harness

All seats, with the exception of 4 L (A & B), were fitted with an Am-Safe, P/N 500800 H-
2256, Model 449470 type lap straps manufactured at 06/90. Each half of the strap is
attached to the seat by a hook shaped end fitting. To prevent the strap from becoming
detached from the seat, the end fitting is fitted with a spring loaded gate - see Figure 4 A &B.

The 4 L seat straps had a triangular shaped end fittings which, once installed, became an
integral part of the seat.

During the on site examination, the right half of the 3 D seat strap was found dislodged from
the seat, its gate was jammed in the stowed position leaving the hook open. The gate on the
opposite half of the strap end fitting was also jammed open, though, the strap remained
attached to the seat. Both straps had the spring from the gate missing.

Examination of the remaining seat straps and their end fittings revealed the spring from the
gate on the right half of the 2 C seat strap was also missing. The gate itself was deformed and
partially open. The deformed and partially open gate was also found on the right half of the 5
C seat strap, though, the spring was present.
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Figure 4: A) 3 D seat straps as found, with the gates jammed in the open positions. 3 C seat
strap is shown for comparison to demonstrate position of the correctly
functioning gate.

B) Detail showing arrangement of the spring within the gate mechanism.

The return spring sits in a recess on the attachment hook and butts against the gate under
load - see Figure 4 B. It is not physically attached to the hook. While this is not the most
secure way of designing this return mechanism, the spring is not considered likely to fall
out under normal circumstances.

During normal service operation the spring usage is limited to the installation or removal of

the strap from the seat. Otherwise, with the gate open, the spring is only lightly loaded
preventing the gate from moving freely. With the load mainly on the attachment hook, it is
unlikely that the loads encountered in the accident were sufficient enough to break or
dislodge any of the missing return springs. Also, there is no evidence indicating that the
spring material or design are at fault as the springs in the 3 C and other seat strap gates
functioned flawlessly.

Entry in the aircraft log book indicates that all passenger seat belts were replaced by the
new, FAA approved, belts on 3 March 1984. It is highly unlikely that the return springs
could have broken or went missing within the estimated 6 to 8 hours the aircraft had
accumulated since the 3.3.1994 and the time of the accident, suggesting that they were
probably already missing at the time of the belt installation.

The gate is only exercised during the strap installation or removal. It seems that the only
way for the gates to remain jammed in the open positions, as observed on the gates from the
3 D, 2 C and 5 C seats, is that the gates must have been previously deformed. Then, when
pushed open during the strap installation, the gate is likely to jam on the fitting.

The straps webbing was in good condition, there was no evidence of an abnormal wear. The
stitch pattern was of a type normally seen on the straps.
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e) Crashworthiness.

With the exception of the 6 L seat frame no other seat, floor, floor rail or structure
sustained any damage, indicating that the accident related deceleration loads remained low,
well below the FAA structural substantiation limits. In absence of a measurable
deformation, to base calculations on, no crashwothiness calculation was performed.

CONCLUSIONS

a) There was nothing amiss with the pilot and copilots seats, but their shoulder straps were
not used. The pilot seat inertia real appeared to be operating normally, the co-pilot seat
inertia reel was inoperative. ‘

b) The flight attendant seat was partially loose due to the locating pin on the outboard site
not being correctly engaged with the floor rail. No fault with the safety harness buckle
was found to explain for it to open uninitiated.

c) Three out of eleven passenger seats were found not having the window side of their frames
securely attached to the floor. 1 R seat locating pin was not operational and was seized in
the stowed position, the 5 L and 6 L seat locating pins were not engaged with the floor
rail. It is unlikely that the seats become disengaged during the accident, the situation
appears to have existed since their installation.

d) The right half of the 3 D seat strap was found disengaged from the seat. Both halves of the
3 D and the right half of the 2 C seat straps had the springs in their end fitting
mechanisms missing. The above mentioned straps and the right half of the 5 C seat strap
further had the gates jammed in the open positions. It is highly unlikely that the springs
went missing or the gates jammed during the accident, this situation was probably
present at the time of the straps installation.

e) in absence of any structural deformation, no crashworthiness calculation was performed.

SA7TF(1)
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2. Left engine components examination

a) Oil pump with the fuel pump drive

The pump was forwarded to determine the reason why the drive shaft, which drives the fuel
pump could not be rotated. Numbers on the pump casting read 29804-130, 37586-D,
158501 and C 2785 N. Also forwarded was the fuel pump drive housing number A 25616.

The pump consists of three individual sections, one supplying oil to the engine, the
remaining two picking up oil from the rear case and the main sump. The pump was covered
by mixture of iron and aluminium oxides resulting from the components being submerged in
the sea. The pump front end plate side section contained the greatest amount of corrosion
products literally covering both gears - see Figure 1.

Figure 1: The oil pump showing the amount of corrosion products present on the front end
plate side section.

During the pump disassembly the gear teeth imprints, surrounded by the corrosion
products, were found inside the individual section cases - see Figure 2 A. It indicates that it
was the corrosion growth preventing the shaft from rotating freely when operated by hand
and that the corrosion took place only after the gears become stationary and pump exposed to
sea water. No pitting was observed on the shaft or the sump case. This would have indicated
that the corrosion had started some time prior to the accident.

The shaft passage through the pump end plate is designed as a close fit between both
components. The hole in the plate contained an oil gallery for the shaft improved

lubrication. Neither the shaft nor the hole in the plate were damaged, though they were
covered by a light coat of fresh corrosion products associated with exposure to sea water and
causing the shaft jerky movement when rotated.

The amount of corrosion products covering the pump teeth and the shaft passage through the
end plate was the only reason for the shaft not rotating freely.



Figure 2: A) The pump gear teeth surrounded by the corrosion products.
B) The corrosion pits of crater size on one of the pump teeth, the hardened layer is
broken and mostly missing.

Ten out of sixteen shaft bevel gear teeth contained corrosion pits of crater size penetrating
deep into the teeth parent metal - see Figure 2 B. From the sizes of individual craters, it is
apparent, that the teeth had been subjected to corrosion for a long time prior to the accident.
The corrosion attack was facilitated by some teeth having substantial areas of the hardened,
probably nitrated, layer missing. The damage is quite surprising considering that the gear
is operating in well lubricated environment.

The fuel pump drive housing was free of any obvious damage, the fuel pump drive coupling
rotated freely.

b) LH magneto driving gear

During the engine disassembly the abnormal magneto drive gear spline wear was noticed, the
gear examination carried out by another BASI officer is enclosed at Appendix A.

c) Broken stud from #12 cylinder

It was advised that the stud failed during the cylinder disassembly after only a small force
was applied on its nut. Two preceding studs, in the anticlockwise direction, had already been
broken off and missing.

The stud examination revealed presence of a fatigue crack initiating from multiple origins
around its circumference.

From the provided information it is apparent that one of the previously failed studs had not
been correctly torqued during the cylinder assembly. The load fluctuation experienced by

the stud during the engine operation probably resulted in the stud failing in fatigue; no part
of the stud was examined. To compensate for the failed stud, the remaining studs around the



cylinder flange would then experience higher loads. Combined with the cylinder base
deformation, it is usually the adjacent stud which experiences greater load increase and also
fails in fatigue, triggering a chain reaction of the stud failures around the cylinder base.

d) Propeller pitch control pulley assembly

It was advised that the assembly had been replaced with a serviceable unit during the last
periodic inspection, but the bolt securing the pulley assembly to the bracket exhibits
abnormal wear.

The 4.7 mm diameter bolt has a 7.9 mm diameter aluminium alloy sleeve inserted on it. The
sleeve had worn through the wall thickness in two locations corresponding with the pulley
assembly arms positions. Holes in the assembly arms exhibited corresponding wear and
elongation - see Figure 3.

-_

Figure 3: The worn out sleeve and elongated holes in the pulley assembly arm.

The pulley assembly is fitted with a spring to provide continuous preload to the control
cables. The operation of cables is likely to result in a minute rotation of the assembly, the
bolt providing the pivot point. The observed sleeve wear is not compatible with the recorded
assembly time in service.

Two phenolic cable guiding pulleys were damaged due to the excessive cable load when the
engine mount deformed during the accident or the aircraft recovery. The absence of marks
indicating that the cable was sliding on the pulleys suggests that the pulley bearings were in
adequate condition, they were not examined in details.

e) Fuel pump examination

As the pump shaft was not rotating, the pump could not be subjected to the compliance test,
it was strip examined.
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The pump number plate was torn off and missing, not allowing to identify its S/N and P/N.
The numbers casted and stamped on the individual components read: PESCO, C 5139 A, P-
7,R600-83B on the valve body and R600-84C on the valve cover. .

The pump rotor with four vanes rotated within the stator which was in turn inserted into
the pump body. The stator and the rotor components were made of steel, the pump body was
made of a cast aluminium. The appropriate fuel passages were provided within the casting.
The steel components were covered by a thin layer of fresh corrosion products, consistent
with the pump having been submerged in sea water - see Figure 4 A. Some vanes were free
to move in their appropriate slots, the movement of the others was restricted by the

— —_— e ——— S
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Figure 4: A) The pump rotor.
B) Corrosion products inside of the pump fuel pressure regulating valve.

The spherically shaped cavities between the stator and the pump body, adjacent to the IN and
OUT ports, contained an abnormal amount of whitish corrosion products. An amount of
corrosion products was also present inside of the pump pressure regulating valve,
rendering it inoperative - see Figure 4 B. Analysis of two corrosion product samples, to
determine whether the corrosion resulted from exposure to fresh or sea water, showed a
strong presence of chlorine and sodium, typical of sea water exposure - see graphs at Figure
5 & 6. It appears that the corrosion products growth had been accelerated by the galvanic
corrosion between the steel and the aluminium alloy parts while the pump was submerged in
the sea.

There was no indication of any abnormality likely to interfere with the pump’s normal
operation prior to the accident.
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4. Left propeller and propellers components examination

a) Left engine propeller

Type : Hamilton Standard 23E50-473
S/N :1G1B14

CamNo :A 52932-187 98

TO :552.44 hours

During the aircraft on-site examination it was noticed that the blades were not in the fully
feathered position. Readings of the blades pitch angle from the vernier scale on the outside
cam and from the scales on two blade butts, no scale was present on the third blade butt,
confirmed the blade pitch angle to be 65 - 66° - see Figure 1. The pitch angle of the fully
feathered blades should be 88°. Neither the blades nor the hub exhibited any obvious damage
likely to effect the blades pitch setting.
e —

Figure 1: The vernier scale on the outside cam with feather stop giving blade pitch angle of
65 - 66°.

During removal of the dome, the specialist assisting with the aircraft examination, noted the
absence of a shim between the dome and the hub. The shim is used to facilitate the correct
meshing between the cam and the individual blade gears. Once further disassembled and
cleaned, the “No shim” remark was found engraved on the piston. The propeller mechanism
was well lubricated, neither the propeller nor the dome contained an abnormal amount of
sludge. No part of the propeller mechanism was damaged or exhibited other then a service
related wear.

The specialist examination to establish the reason for the propeller not travelling to the
fully feathered position was carried out in my presencew
Eﬂiﬂ.The propeller was first examined at the Australian Jet Charter P.L. where it was

stored at that time. The dome and the hub were then taken to the Australian Air Props
workshop where the following was found:
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* Torque to turn individual blades within the hub was measure to be approximately 55, 40
and 25 ftib respectively, the required torque being 30-40 ftlb.

* To prevent water from penetrating into the hub while the aircraft is parked, a plastic
sleave is placed onto the blade butt during the hub assembly. The blade requiring 55 ftib
to turn had he sleave dislodged from its position. The specialist commented that the
higher torque reuired to move the blade was probably due to the water penetration and the
likely presence of the corrosion products in the blade bearing area. The specialist did not
considered likely, that the sleave became dislodged during the accident or that the eventual
bearing corrosion would have played any major role in the propeller not going into the
feathered position; the hub was not parted and the bearing was not examined.

* Once removed from the dome, the cam assembly and the piston remained “frozen” in the
“as found position” not responding to any amount of human force trying to move the piston
in either direction. The correctly assembled cams are required to move freely being
propelled by their own weight only.

* To achieve this freedom of movement, the cam assembly pre-load nut had to be backed off
by approximately 40°. Both, the cams and the bearings were in good condition, no
abnormality to interfere with their normal function was found.

* Both the internal and the external cams to rollers contact surfaces contained heavy contact
marks extending along the blades operational range. The fine pitch to cruise pitch range
contained the heaviest marks - see Figure 2. All four roller assemblies rotated freely and
contained no flat spots. The depth of marks would require the cams to be overhauled
before they could be placed back into the service.

Figure 2: Contact marks on the outside cam.

The propelier feathering is initiated by pushing in a feathering switch located in the cockpit.
This starts the feathering pump which delivers oil under pressure on one side of the piston,
moving the blades into feather. On the cycle completion, after the blades reached the fully
feathered position, the pressure build up within the dome activates the pressure switch in
the propeller governor which sends an electric signal to release the switch. The feathering
switch is spring loaded into the OFF position, which is the position the switch was found in
during the cockpit examination.
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The feathering pump and the governor were tested by Wiltshire Engineering for compliance
with the appropriate specifications. No report has been received yet, though the verbal
advice from the manager indicated that both units were in the excellent condition complying
in every respect.

b) Left propeller distributor valve

The number on the Distributor valve body read: S/N 23522 and the number on the spring
housing Al ¥

The function of the Distributor valve (DV) is to provide a passage for the oil, metered by the
propeller governor, to both sides of the propeller piston to maintain the propeller constant
speed operation. Further, it facilitates the propeller feathering and unfeathering.

The position of the valve within the DV thus dictates the propeller function mode. During the
constant speed and feathering operations, the spring housed within the valve housing at the
forward part of DV, keeps the valve in the rearward position. The valve position is changed
only during the propeller unfeathering operation when the oil pressure, higher then that
during the constant speed and feathering operations, overcomes the spring and moves the
valve forward, re-routing the oil flow.

Apart from the light DV surface corrosion there was no another damage present. The spring
housing was lock wired, its position relative to the DV body is shown in the Figure 3. On
removal, the spring showed nothing abnormal, its constant was not measured. The spring
facing side of the washer placed between the spring and the valve contained a substantial
amount of sludge. The valve fitted snugly into the DV body, once removed it showed no
evidence of abnormal wear or any other damage. As far as it could be examined, without
considerable DV disassembly, the valve lands were in good condition. There was no evidence
of any port having been restricted or of any wear, corrosion or cavitation damage between
any two ports. No apparent wear to the relief valve, likely to affect its function, was found.

Figure 3: Position of the spring housing relative to the DV bodly.






e SRS | B

A

Figure 4: A) The amount of the pulley wear and distortion of its original hexagonal shape is
highlighted by the comparison with the superimposed shaft hexagonal profile.
Also marked are the corresponding pulley index marks.

B) Wear of the hole when viewed from the inside. The original hexagonal shape of
the hole is outlined by the white markers.

Figure 5: The amount of the pulley free rotation on the governor shaft due to the pulley hole
excessive wear.
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Conclusion

1) The blades failed to reach the fully feathered position of 88° of pitch. They were found
having stopped at 65-66° of pitch.

2) This was due to the excessive preload applied to the cam assembly preload nut preventing
the cam from moving freely. The correctly assembled cams are required to travel
freely, being propelled by their own weight only. To achieve this, the preload nut had to
be backed off by approximately 40°. The excessive loads, required to move the cams,
resulted in heavy contact marks being made on the cam to rollers contact surfaces.

3) Remainder of the propeller and the propeller feathering system components were in a
condition indicative to their time in service.

4) No abnormality likely to affect the left propeller distributor valve function and thus
operation of the propeller, was found.

5) The pulley hexagonal hole was worn sufficiently to allow the pulley to rotate on the
shaft by some 40 - 45 ° when rotated by hand. It is thus considered likely that the
pulley could have rotated on the shaft when the tension was applied to the propeller pitch
control cables during the engine separation at impact.

22 September 1994






As the part numbers cannot be identified on either of the drive gears, it is difficult to say
with any certainty whether these are the original parts, replacement non-carburised parts
or bogus parts.

All engine and aircraft log books obtained from the operator were reviewed and there is no
indication that either of the magneto drive gears had ever been replaced. CAA Airworthiness
Directives for electrical equipment (107), Pratt & Whitney engines (106) and DC-3
aircraft (105) have been checked and no obvious relevant ADs have been issued for this
component.

The LH magneto was cleaned and inspected for any discrepancies that may have led to the
extreme wear on the drive gear splines. There was no indication that this magneto
contributed to the extreme wear of the splines on the magneto drive gear. The magneto strip
report from AVECO indicated that there was no problem with any of the magneto components
in this particular magneto. There have been many magnetos on this engine. The records for
both the aircraft and engines are not detailed enough to show what magnetos had been
installed and when they were changed but it is not improbable that sometime in the past a
faulty magneto may have contributed to the poor condition of the drive shaft splines.

CONCLUSION

Part identification: There is no easy way of identifying the part numbers for these gears.
The lack of adequate detail in the log books of both engines has meant that there is no
indication as to when these gears would have been inspected and/or changed. The advice
received from the manufacturer that there were different part numbers with different
internal splines and the possibility of bogus parts does nothing to clarify this situation.

Effect on Engine Operation: There wear on these gears must have had some effect on the

operation of the engine as the left hand magneto (to which the gear with the most wear was
attached) was adjusted to the maximum of its limit. It is possible that the magneto was
progressively ‘corrected’ to account for the wear on the internal splines of the drive gear.

Lack of Maintenance Records: The main area of concern throughout this investigation has

been the lack of adequate records. This is especially true of maintenance documentation. The
log books seem to be adequately maintained up to the transfer of ownership of this aircraft
from Air Queensland in the late 1980s. Field Air Services of Zimbabwe carried out the last
overhaul for this engine in 1987. Since then the magnetos were changed but there is no
record as to when and by whom they were changed. Without this information we cannot
establish whether the wear on the internal splines of the drive gear is normal and was not
picked up at inspection or magneto change, or whether the wear is abnormal in that it
occurred over an unacceptably short period.

S.47F(1)

29 September 1994

Attachment: CAA MEF Specialist report 43-94






» Broken off antennas.

Some antennas on the aircraft nose were missing having probably been torn off during the
aircraft ditching.

b) Control surfaces position

The control surfaces were found in the following positions:

+ Left aileron; there was a mark on the wing lower surface, about a metre from the
tip,extending onto the aileron surface. The marks could only be matched if the aileron was
placed in or close to the neutral position. However, there was no evidence allowing to
ascertain whether the mark was made during the ditching or the recovery stage - see
Figure 1.

Figure 1: Mark on the aileron and wing lower surfaces.

« Right aileron was damaged as mentioned previously, no indication of its position prior to
having been damaged was found.

* Right aileron trim was about 2-3° down (right wing down), when examined. No other
marks were present.

+ Flaps were about 20-22° down. The flaps are driven from the common unit in the centre
of the fuselage. As some of the control rods remained undamaged, it can be assumed that
this position represents the flaps setting at the time of ditching.

* Elevator, was resting on the lower stops, no indication of any pre-impact position was
present.

+ Both elevator trims, on the left and the right sides, were in neutral positions.



» Rudder rested about 4-5° to the right, but it moved freely through its control range
without any restriction. No evidence of any impact related mark indicating its position at
the time of ditching was present.

» Rudder trim was in neutral position.

All control surfaces responded correctly to inputs from the cockpit, no abnormality or
anything missing was observed.

c) Fuel system

The following observations of the fuel system and its individual components were made:

* The left auxiliary fuel tank was found almost empty. An attempt to locate a possible crack
allowing the fuel to escape was, without an appropriate tool like a boroscope,
unsuccessful.

» Fuel tanks drain points. Each wing contains main and auxiliary fuel tanks, each tank being
fitted with two drain points. There was a mixture of a “push in” and a “screw in” drain
valves used on the aircraft. It was noticed that:

a) Both left main tank valves were of the screw in type. The inboard valve's “butterfly”
handle swaging had deteriorated to a degree that allowed the handle to rotate freely
without actuating the valve. There was no damage in the area which indicated that the
observed looseness was caused during the aircraft ditching or recovery. The outboard
valve was also of a screw in type, but it was tightened to the extent that an excessive
force was required to undo it. The question comes to mind whether the tank was
actually drained before the last flight.

b) The right wing auxiliary tank outboard valve was out of alignment with the cut out in
the wing skin, i.e. inside in the wing. A special tool would be required to properly
operate this valve.

« Function and condition of the fuel system components was tested by operating hand pumps
and utilising remains of the fuel in tanks. Combining different fuel selector valve
selections the system function, up to the points were the fuel lines were severed, was
established. No fault was found, the fuel flowed freely, without any noticeable restriction.

d) Cockpit instruments

The instruments were examined in situ, giving no impression of anything abnormal. Due to
the low level of deceleration experienced during the accident sequence it was highly unlikely
that the examination of the faces to ascertain readings at impact would yield any meaningful
results. No instrument was removed for inspection.

s.47F(1)

18 August 1994



f) Fuel hoses

Examination of the fuel pump to the carburettor, the fire wall to the fuel pump and the fuel
pump to the cross feed line fuel hoses was requested.

All three hoses were straightened and, using a light source, examined for possible
restriction or deterioration of the wall. Nil were found.

g) Number 3 cylinder

During the cylinder disassembly one of the thrust washers, fitted on each side of the inlet
rocker arm, was found loose within the rocker arm cavity. The washer was deformed, with
internal edges of the push rod entry hole into the rocker arm cavity and the push rod upper
end section containing a number of deep rub marks. The components examination was
requested to determine whether the washer may have held the inlet valve open during the
engine operation.

The washer was deformed into an ellipse and was bent in its plane. It contained three fresh
marks, two could be matched with the push rod upper end fitting, the third one matched with
the inside edge on the rocker arm half balled end. The rocker arm side of the push rod
contained heavy rub marks, two of them penetrated deep into the rod surface. Their curved
edges matched with the shape of the washer - see Figure 7.

SRS — S,

Figure 7: Deformed washer and deep rub marks on the push rod.

The rub marks inside of the push rod entry hole could be matched with deformed washer.
Further, the entry hole upper edge, facing into the rocker arm cavity, contained a shallow
curved mark. Flow of the material into the hole indicated the compression nature of the
mark, clearly different to the rest of the rub marks. The shape of the mark again matched
with that of the washer - see Figure 8 A. The amount of the material rolled inside of the hole
suggests that the washer must have been in this position for a considerable period of time or
that this situation may have arisen previously.

It appears that the previously deformed washer had at some stage been caught between the
side of the push rod entry hole and the push rod, rubbing into both. The push rod movement,
especially after two deep marks had rubbed into it, could have lifted the washer above the
push rod entry hole edge. As seen from Figure 8 B, it is then possible for the washer to
become jammed between the rocker arm and the push rod upper end while its opposite side
thrusts against the edge of the hole preventing the intake valve from closing. The amount of
the permanent valve lift was measured to be approximately 4 mm.



This is likely to cause the manifold pressure to fluctuate considerably, reflecting the
cylinder power cycle pressure peaks. Further, it is possible for the mixture in the intake
manifold to become ignited, depriving the remaining cylinders of fresh air/fuel mixture.
The overall effect being the loss of engine power and irregular running.

Figure 8: A) The mark on the edge of the push rod entry hole. Its shape matched the shape of
the washer.
B) The washer with one end thrusting against the push rod entry hole edge, while
the opposite end is jammed between the rocker arm and the push rod upper end.
To facilitate demonstration, blutack was used to hold the washer in place.

The evidence of fire burning inside of the intake manifold was present on the intake manifold
attached to the cylinder. It was black inside, covered by fire residues, though it was not
possible to determine whether they were fresh or resulted from any previous backfiring.
Also, the wire mesh on the top of the carburettor contained deposits of black soot. Anecdotal
evidence indicates that it is not unusual for the engine to backfire on the start.

CONCLUSION

a) The oil pump drive shaft could not be rotated by hand due to the corrosion growth around
the pump gears. The growth took place during the time the pump was submerged in the
sea. Ten of the sixteen shaft bevelled gear teeth had corrosion pits of crater size
penetrating into the teeth parent metal. The corrosion appears to have been present
before the accident.

The fuel pump drive housing was free of damage, its coupling rotated freely.



b) Wear of the left magneto drive was well beyond the wear limits, the right magneto drive
wear was just on the limit. While the external surface of both gears was case hardened,
the internal spline surfaces were not case hardened showing Rockwell hardness of 67
and 68 respectively. (Replacement gears under the P & W SB 1074 issued in March
1950 are to have Rockwell hardness of 80-85, though this bulletin does not apply to the
- 92 engines.)

As there were no part numbers found on the gears, their status could not be identified.

Examination of the magneto found nothing likely to contribute to the extreme wear of the
splines. The magneto installed on the engine at the time of accident is not the one installed
during the engine overhaul, status of the previously used magnetos is not known. Without
knowing their status it can not be establish whether the wear of the internal splines of
the drive gears is normal and was not picked up at overhaul or magneto change, or
whether the wear is abnormal in that it occurred over an unacceptably short period.

¢) The stud from the #12 cylinder base failed in fatigue initiating from multiple origins
around the stud circumference.

d) The propeller pitch change mechanism bolt aluminium alloy sleeve had worn through the
wall thickness on two locations corresponding with the assembly arm positions. Holes in
the assembly arm exhibited similar wear and elongation. The component wear is not
compatible with the claimed assembly time in service.

e) No defect or any abnormality likely to effect the fuel pump operation prior to the accident
was found. The amount of the corrosion products found inside of the pump and preventing
its shaft from rotating, was consistent with the pump having been submerged in the sea.

f) The fuel hoses from the engine compartment were free of any restrictions likely to
interfere with free fuel flow.

g) Matching the marks found on the washer, push rod and push rod entry into the intake
valve cavity hole, it was demonstrated that one end of the loose washer had been
jammed between the rocker arm and the push rod upper end while its opposite side
thrusted against the edge of the hole preventing the intake valve from closing, at some
stage. The amount of the permanent valve lift was measured to be about 4 mm.

This would have caused fluctuation of the manifold pressure, reflecting the cylinder
power cycle pressure peaks. There is also a possibility of the flames penetrating into the
intake manifold. The overall effect being the loss of engine power and irregular

running.

18 August 1994

Appendix A: The left magneto driving gear examination
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PRATT & WHITNEY
C6ll A 940701 SY¥D CACTUS 07/01/94 _PAGE 1
Attn: s.47F(1) Airline: QFA FPW-RcC-o0o
Author: Status: F
Number: C61l1l A 940701 SYD Ref: R032 Q 940624 SYD
Reply-~Due:
Actionee: PWC NINNESS : Prioxity:
Eng/Acft: NONE Eng-S/N: 329666
ATA: PW-RC-00

Subject: CRASH ~ DC3 -~ NO FATALITIES

-REFER YOUR R032 REGARDING 1830 QUESTION.
THE FAX YOU SENT JUST ARRIVED I AM NOT SURE WHY OR WHERE IT WAS.

WHEN A PRATT RADIAL ENGINE IS SHUT DOWN AND PROP FEATHERED IN
FLIGHT RESIDULE FUEL IS CONTAINED IN CARBURETTOR. EVEN IF THE
FIREWALL SHUTOFF VALVE: (if installed) DID NOT CLOSE AT TIME

PROP WAS FEATHERED FUEL WOULD NOT CONTINUE INTO ENGINE ONCE THE
MIXTURE WAS PLACED IN IDLE CUTOFF. THE AMOUNT OF FUEL REMAINING
IN CARB CAN VARY FROM ALMOST FULL TO ALMOST EMPTY(depends on when
mixture control was placed in idle cutoff) .

FOR YOUR INFO I HAVE WORKED RECIP ACCIDENTS FOR PRATT SINCE 1986.
THIS INCLUDES ON SITE INVESTIGATION AS WELL AS COURT ROOM ACTION.

I AM NOT SURE IF THIS ANSWER IS GOING TO BE FULLY UNDERSTOOD AND.
IF ADDITIONAL DETAIL IS NEEDED I CAN HELP.

S.47F(1)
END OF MESSAGE.
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COMMONWEALTH OF AUSTRALIA >
DEPARTMENT OF TRANSPORT AND COMMUNICATIONS

BUREAU OF AIR SAFETY ﬂNVESTﬂGﬁ?ﬂ@

CENTRAL OFFICE
24 Mort Street Telephone +61 06 2746424
Braddon ACT 2601 Telex : AAG2591
AUSTRALIA Fax +61 06 2473117
Postal Address : P O Box 967
: Civic Square
: ACT 2608
: AUSTRALIA

FACSIMILE TO
Fax number : 02 693 1627

Organisation : P&W Australia

N5 : s.47F(1)

FACSIMILE FROM

Bureau of Air Safety Investigation

Name s+ 7F(1) Tel: ¥
SATE(T)

Date: 24 June 1994

s.47F(1) Further to our telecon please be advised:-
: 1 Fuel

Subject: P&W 1830 - Resi
shutdown and feather?

Refer: VH-EDC Botany Bay 24 April 1994
Background: VH-EDC ditched into Botany Bay following reported fluctuating
MAP, backfiring and powerloss which resulted in the pilot shutting down the
engine and feathering the propeller. The right engine power was reduced prior
to water impact. However, there was sufficient RPM with the propeller in fine
pitch to tear the right engine from the nacelle as the aircraft impacted the water.
The aircraft was recovered after 2 days in the sea from a depth of approx 16
metres. Examination of the left engine carburettor after recovery revealed nil
fuel in either the fuel supply pipe or the carburettor filter housing. However,
there was some (unmeasurable) residual fuel in the carburettor body.
The carburettor and fuel filter housing of right engine, when recovered from the
sea after 7 weeks, was found to be full of fuel.
Question: What is the effect on the residual fuel contained within the
carburettor, fuel filter housing and inlet pipe when an engine is shutdown in
flight and the propeller feathered? Assuming fuel supply had not been




interrupted, would the action of shutting the engine down and feathering the
propeller empty the carburettor of fuel?

I will be on leave from this evening until Monday 4 July.
Your (P&W) comment on these questions would be appreciated.

yours sincerely

Total number of pages including this cover: 2



DOCUMENT 7

REPORT OF FINDINGS OF AIRWORTHINESS ASPECTS, DOUGLAS DC3
AIRCRAFT VH-EDC.

Having been retained by the Bureau of Air Safety Investigation
as an invited participant to assist in airwothiness aspects of
the investigation of the accident in which Douglas DC3 aircraft
VH-EDC ditched shortly after take off into Botany Bay as a
result of reported failure of the left hand engine, this report
is submitted.

Having been retreived from its sinking in the bay the aircraft
was positioned in Hangar 13 at Kingsford Smith Airport, where I
commenced my inspection on Thursday 28 April 1994.

The aircraft was supported on three wheeled trolley’s, the left
hand main landing gear being in the fully retracted position,
though displaced rearwards approximately 12 cm to the extent the
"y" brace attachment on the backstay was fractured. This
displacement was the result of the oil cooler being forced
rearwards on impact with the water thus distorting the firewall
which in turn contacted the tyre.

The right hand main landing gear upper truss was in the down and
spring latched position. A bolt and nut had been fitted in the
safety pin position as a safety precaution by the operator of
the aircraft on its removal from the water.

The lower truss complete with mainwheel assembly and backstay,
which exhibited a fractured "y" brace had been removed on
retrieval from the water.

The upper truss showed evidence of a severe rearward applied
load in that the diagonal struts were partially fractured at the
two lower lugs of the centre gusset.

This damage could only have occurred with the landing gear
extended.

It is considered that the mainwheel impacted the water in the
ditching, at which time the "Y" brace failed. With the backstay
now detached the wheel continued on its rearwards path pivoting
on the oleo truss attach bolts into the lower nacelle area, the
damage observed there being consistent with the scenario
described.

The right hand engine, which had been at full power on impact
with the water had torn itself free from its firewall complete
with the majority of the engine mount, and most of the firewall,

The fuselage exhibited a diagonal cut in the skin on the right
hand side consistent with having been struck by the propeller as
the engine left the aircraft.

The left hand engine was still in position in the airframe
although the engine mount frame was mostly broken and detached.
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The left hand propeller was undamaged and was only partially
feathered. It is estimated that the blades had another 18-20
degrees of travel to reach the fully feathered position. At
least two witnesses, one of whom was the first officer, were
adamant that the propeller was fully feathered and that it must
have been "disturbed" during the retrieval from the sea bed.
This is considered unlikely, especially as, later; when the
propeller dome plug was removed as part of the propeller removal
procedure, the dome was found to be full of oil, as it should
be, and in which condition the dome piston would have been
hydraulically locked thus preventing the blades from moving from
the feathered position.

Following removal of the propeller from the engine a visual
inspection confirmed that the cams were not on the feather
stops. The same inspection did not reveal any obvious mechanical
reason why the propeller should not have gone into the full
feather position.

External inspection of the engine revealed no evidence of
mechanical failure. All the cylinders appeared normal and the
engine was totally intact.

The engine was free to rotate within the very limited range of
movement permitted by the proximity of the propeller to the
hangar floor.

The air inlet area of the carburettor and its wire gauze were
blackened and sooty in appearence, suggesting the possibility of
backflrlng in the induction system, something that the R1830
engine is prone to do with weak mixtures.

Throttle ,mixture and carburettor heat controls, although damaged
in the course of retrieval, would have been capable of normal
operation.

FUEL SYSTEM

Inspection of the carburettor fuel inlet filter showed the
filter to be free of any contamination. The filter housing and
fuel inlet chamber however, were completely dry and contained
neither sea water or residual fuel.

Some time later, following removal of the engine, the
carburettor was removed and tagged for dismantling and internal
inspection, to be arranged by BASI,

Disconnection of the fuel pump to carburettor inlet pipe
displayed an extremely small amount of fuel. The inlet to the
fuel pump had been disconnected at the firewall and it was found
to contain a very small quantity of fuel.

The fuel pump was removed and tagged for bench testing to be
arranged by BASI.
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apart from the foregoing, the engine was mechanically
serviceable in that there were no failures of any parts that
would contribute to a loss of power.

The rotating assembly, ie crankshaft,master rods and connecting
rods was normal and intact.

The cylinder assemblies, including induction and exhaust pipes
were intact and serviceable. Pistons did net»exhibitjany'sigi’qf
‘damage or distress, their rings all being free and unbroken.
Valves were all normal and none indicated burning or other
damage.

Both front and rear cam drives were operating normally, and
whilst the front cylinder cam drive and tappet rollers were not
visible it was possible to determine by rotation of the
propeller shaft that these were in fact operating
satisfactorily.

The rear cylinder cam ,cam drive and tappet rollers were visible
and were satisfactory.

All other ancillary drives were normal including the
supercharger drive.

CONTROLS.
Inspection of the cockpit revealed the following:

Both fuel selectors selected OFF.

Auto pilot-Off

Crossfeed-0Off

Carburettor heat- Off and locked.

Throttle levers- approximately 1 1/2" open.

Pitch controls- full coarse.

Mixture- right hand full rich, left hand slightly behind the
right, out of detent.

Landing gear selector lever-neutral.

Landing gear latch lever- spring latch.

Hydraulic pump selector lever- to both engines hydraulic pump.
Flap selector lever-neutral.(Flap indicator-Up)

Ignition switches-both off and centre swich pulled to off.
Battery master switch-centre off.
All other electrical services had been switched off.

Elevator and rudder controls operated normally. The ailerons
themselves were impact damaged, and the control wheel was at
full deflection for correction of right wing low. The wheel
could not be moved due to aileron damage but there was no reason
to suspect that the system was not operating normally prior to
impact.
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No conclusion has been drawn thus none is given. The left hand
engine does not exhibit any mechanical fault that would have
prevented its continued operation, albeit at reduced power if
the inlet valve in No 3 cylinder was held open by the loose
rocker arm spacer.

In the remote chance that this may have occurred, it was only a
momentary problem as the spacer was quite free when the valve
gear was inspected.

The broken cylinder base studs on No 12 cylinder did not and
would not have contributed to the reported failure.

End of report.

May
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The strip is being conducted by members of the Historical Aircraft Restoration
Society (HARS). This group includes ex Qantas maintenance engineers who are
currently employed in the restoration of a Super Constellation in Tucson Arizona.
These persons are a &7 Most have DC3 and/or1830
experience and/or licences. i They work from
the old “York’ building at Sydney Workshop Company 62-74 Kent Road Mascot.
There services were obtained through the negothho is
personally know to many of the group. Under upervision the engine was
transported to this facility from Australian Jet Charter P/L pm 3 May 199%4.

It was agreed Zadbiiimon my behalf that they would undertake a bulk strip for $3000
and that the work was to be completed, barring unforeseen hold-ups by COB Friday 6
May 1994.

Prior to commencement of work they were advised of the sensitivity of their work
they would be doing for BASI as ‘invited participants’ and each read the BASI
information for participants document. This will be repeated for others of the group
who are used Thursday and Friday.

Present to assist in the bulk strip of this engine Wed 4/5 were:-

After a brief talk about the requirements work commenced at approx 0915. During
this day there were minor delays due to the immediate non availability of cylinder
base nut tooling and a crankshaft lifting eye.

Durins the dai discussion were held with:-

hursday and Friday and
view the disassembled engine 1000 hours Friday 6
ay.

A on availability Thursday/Friday

VECO Bankstown 7921526 or 018 964921. to arrange the
examination, testing (if possible) strip and report of both magnetos. These
components were takenhﬂ-on completion of the days work for delivery to
Bankstown first thing tomorrow morning 5 may. He will be going to Wiltshire at




this time anyway.

s.47F(1)

iltshire Engineering Co P/L Bldg 438 Bankstown Airport. to

discuss his capability of strip examination of the Carburettor. During these
discussions the question of bench flow testing was addressed prior to any
disassembly. Wiltshire are not able to flow check this model carburettor. The
question of whether or not a flow test will tell us anything considering the saltwater
immersion and accumulated corrosion is considered by me and will be discussed
with rior to any work being undertaken on this component.

s.47F(1) to appraise him of the commencement of work and discuss

recovery of the right engine from the bay. I will not be taking any action with its
recovery until advised after he has discussed the matter with BASI executive.

equested that
given the aircraft logbooks to enable them to prepare a chronology of

the log book history. They are concerned that despite previous negotiations with

@ on the right engine being changed the change was not made. this they
say was a condition of the other engine being approved to overrun the 1000 hour
TBO. I advised him hat they would be advised of the condition of the logbooks and
the aircraft file after I have had a chance to preview each of them and that would
not be until at least the week beginning 16 May.

The following are notes relevant to those sections of this engine which were
disassembled today 4 may 94:-

- Spark plugs are a mixture of types - Massive electrode and fine wire
(Platinum)

- Left magneto P/No 10-15364-21 (SF14LN-3) S/No 804353 removed.
* Drive splines in engine casing severely worn. Doubt their ability to provide
positive drive to the magneto.
* The magneto body was secured on the mounting pad rotated fully
anticlockwise(viewed from the rear) on the mounting studs.
. Overhaul taE on mai body reflects AEC aircraft electrical/ Instruments

Parafield Date not readable.

. free to rotate.

. Distributor examined in-situ. Nil signs of damage or tracking.
Note: This distributor was subsequently broken when the
engine slipped from the stand whilst being repositioned.

- Right magneto (Bendix Scintilla) P/no 10-15364021 (SF14LN-3) S/No 2620
Date of manufacture 26/3/41 removed.
. drive splines in casing OK
- Mag body centrally disposed within the slots on the mounting studs



. free to rotate.

. Distributor examined in-situ - Nil damage or signs of tracking.

Note: The engine was not free to rotate so neither magneto was check timed
to the engine.

Starter (Bendix Eclipse) type 402 F84769 (24 volt) Model 12 S/No 4652
removed.

* Pitch control cable pulley block securing bolt (stbd side front of engine)
excessively ‘step’ worn (Photo).

Hydraulic pump ‘ART No 1 P 582K removed. S/No AQ002 etched.
S/No 5865 RC on data plate.
. Splines OK on pump and in wheelcase.

Generator Technico type 314 model 5a S/No 392 date of manufacture 4/9/43
removed.

. Free to rotate.

* Approx 20 degrees free play (Check internally)

* Left upper mount nut not fitted.

* No 3 inlet valve push rod upper end at cylinder excessive wear (photo)

This amount of wear should have been detected during oil sampling.

Carburettor air intake assy c/w grill screen. * There are deposits of

black soot within the carburettor and on the screen indicative of backfiring.
There is visual evidence of possible intake fire on the screen. Where the
black deposits have been burnt off there s now red rust corrosion. Looks like
a BBQ plate.

Carburettor Bendix P/No 391699.1 Model PD12H4 Parts list 30132E
S/No 289519 - removed.
Note: After removal fuel drained from the small open line
fitting behind and below the fuel filter housing. (Need to qualify
what this line is from carburettor diagram).
* Excessive white build up of deposits in the throat of the carburettor behind
the throttle butterflies on the jet finger assy . (Check terminology). It looks
like magnesium corrosion but suspicious in quantity and location. Sample
taken for MTL analysis.
. Control rods levers and linkages to carburettor intact and functional.
. Throttle butterflies free.
. impact tubes intact and undamaged. There is evidence of saltwater
contamination of these and other exposed surfaces of the carburettor

internal surfaces which may make flow checking of the ¢ or prior
to disassembly unnecessary. (Check/discuss Following a



discussion withaddl®y t was decided that a strip inspection without
attempts to flow check prior to disassembly is the way to go.

- After engine was re-slung from the crankshaft lifting eye fitting, disassembly
and removal of the cylinders commenced.
note: During the transfer of the engine from resting on the
transportation stand and slinging from the crankshaft lifting
eye the engine fell from the stand to the ground. This resulted in
damage to the left ignition harness distibutor which was broken and
may well result in secondary damage to the lower cylinder assys.

- No 6 cylinder removed.
. Valves intact
> . No broken rings
] . Piston, piston pin and plugs all OK.

Finish 1600 hours, *******

Cylinder removal will continue tomorrow 5 May 1994.

Engine strip continued 5 May 1994

Present:

AT suspect that he will be the one to submit the invoice for this work. The
money obtained from BASI for this work will be donated by each of the HARS
group who have been working on this strip to their ‘Super Connie’ project in which
they are all heavily involved.

s.47F(1)
1700.
lled to enquire about only receiving 3 out of the 5 life vests which she

had intended taking back to Canberra. I went to the hangar where the DC3 was
worked but there was no sign of any life vests which we may not have been packed

last Saturday. It is possible that the ‘new’ owner has picked them up whilst working
on the wreck last weekend. Suiiested to Wtalk with the

s.47F(1) (handling pilot) to see if he had taken them.

BASI invited participant was present and assisting from 0845 to

/1%
5

(1) negotiator on behalf of HARS with
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iS4 7F(1) of AVECO advised that he was in receipt of magnetos and that
they were at that time ceased. He is currently soaking them in inhibitor to free them
up before working on them and seeing if they can be run. He will advise tomorrow.

1100 - After discussion withegarding the propeller which is still at Australian

Jet Charter it was decided that for expediency ould work in withSEYAIES)

to report on the propeller, the position of the blades at recovery and the system to
determine why the blades did not reach full feather. Advised that the prop
governor (CSU) complete with feathering switch would be sent to Wiltshire
engineering Bankstown. It would be appropriate for him to take the feathering
pump to Wiltshire with him when he comes to Sydney next week.

s.47F(1) (Australian Jet Charter) was advised of this itinery. JZgfjhad already

~———

spoken with him.
s.47F(1)

NOTE:

M After discussion
e has agreed to Examine, strip and report on the condition of the
carburettor, prop governor and f ring pum delivered BZIFENIM After
discussion with him,wt was decided that there
would be little to gain in having the carburettor flow checked prior to disassembly
due to the saltwater immersion and extensive corrosion which was accumulating
within the throttle butterfly choke and impact tube areas. Wiltshire do not have
that capability anyway. (Superior in Moorabbin do have the capability.) During the
examination he will document the disassembly on video. No firm quote for the job
because of the unknowns however he did indicate that the job should be finished
early next week if he can make a start on it today. The Carburettor and Prop
governor were taken SEAFE)) this evening for delivery to Wiltshire am 6
May 94. A work order, written by me, accompanied these components.

During the course of the day the following items are noted:-
- No 5 cylinder removed: Valves intact - Piston rings & tappet rods OK
- Ignition booster coil S/No EWA 722 (Bosch USA) removed

Note: This component has been taken to Aveco mfor

testing.

- DeHavilland Propeller governor (CSU) model 4G(8)-ADH(38) S/no
ADH 101 ¢/w Pulley.

. Drive coupling splines, and component mating splines OK.
note: Couiling sent with the governor to w

3 Remove no 7 cylinder assy -Valves intact, pushrods and rings OK
- remove_no 8 cylinder - valves intact, pushrods and rings OK

- Remove INo 4 cylinder - Valves intact and rings OK. Pushrod end on the
inlet was loose and became detached from the rod at the cylinder end.

7
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- remove No 9 cylinder - Valves intact, pushrods and rings OK.
- remove_no 3 cylinder. - This is the cylinder from which the damaged inlet
valve pushrod was found on the 4 may. * one of the thrust shims which are fitted
either side of the rocker arm on the rocker shaft was missing - ie not fitted to the
shaft. It dropped out from the rocker cavity. It was oval in shape having suffered
some impact damage during engine operation. At the last time of fitting and/or
adjustment of these tappets the shaft was installed but failed to engage the shim
which subsequently was ‘left” within the rocker cavity. The housing through which
the cover tube is located and through which the tappet operates was damaged at the
point coincident with the damage on the rod itself. The significance of this mis-
assembly has yet to be determined. (Photo).
Note: On the 9 May 94 3750 RN < uested that this no 3
cylinder complete with the assembled valves, and the no 3 pushrod cover
tube be retained for further examination by BASI.
. Valves intact piston and rings OK.
- No 2 cvlinder removed - piston and rings OK valves intact.
- No 1 cylinder removed - piston and rings OK valves intact.
- No 10 cylinder removed - piston and rings OK valves intact.

During the relocation of the engine from being supported by the transport stand and
slinging it from the crankshaft slinging fitting the engine slipped rearwards and
broke the left magneto distributor into about three pieces. This occurred after the
distributors had been visually examined by me.

The day ended at 1730 leaving 4 cylinders still to be removed.

=l AL as in attendance during the morning to see what had been found.

Engine Strip Continued 6 May 1994.
Start 0845

Present
SATF(1)

For ease of further disassembly the fire shield was removed from the
accessories casing and the power section separated from the accessories

il
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S/No AC33957

- No12 Cylinder. Cylinder, piston ,rings valves and pushrods OK

- Front Camdrive ring assy checked by rotation of the crankshaft
within the cylinder block casing - all tappets working.

- Wheelcase halves separated. Supercharger to accessory driving gears
within the casing halves inspected nil obvious mechanical and/or wear.
(Refer Photos)

- 1500 Hours. Advise we had now finished with the
engine strip and requested permission to release the ‘bits’ to the owner.

verbal release was approved. | could not make contact
so spoke briefly with

irclaims. ¥ indicated that they, the insurers were
currently still the owner of this wreckage as negotiations for its sale had
not yet been completed. Zabilfladvised accordingly.

s 47F(1)

The following components were hand carried back to Canberra:-

- defective pushrod #3 inlet valve

#3 inlet rocker shaft c/w good and damaged thrust washer.
Note: The #3 cylinder c/w valves assembled available for collection

at HARS.

- oil pump c/w fuel pump drive.

- prop governor pulley assy c¢/w worn bolt.

- spark plugs

- broken distributor block.

- air intake grill.

- Spline drive to L/H magneto

- Spline drive to R/H magneto.

Work completed 1430.

s.47F(1)

6 May 1994
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Strip Report notes - P & W R1830 S/No CP 329666

The following notes were taken during the strip examination of this engine which
was removed from the left side of DC3 VH-EDC. The strip was conducted by
members of the Historical Aircraft Restoration Society (HARS) under my
supervision on 4, 5 and 6 May 1994,

Bolded text identifies abnormalities identified during this examination.
- Spark plugs are a mixture of types - Massive electrode and fine wire.

- Left magneto P/No 10-15364-21 (SF14LN-3) S/No 804353 removed.
* Drive splines in engine casing severely worn. I doubt their ability to
provide a positive drive to the magneto.
* The magneto body was secured on the mounting pad rotated fully
anticlockwise(viewed from the rear) on the mounting studs.

. Overhaul tag on m y reflects AEC aircraft electrical/ Instruments
Parafield Wate not readable.

. Is free to rotate.

. Distributor examined in-situ. Nil signs of damage or tracking.
Note: This distributor was subsequently broken when the
engine slipped from the stand whilst being repositioned.

- Right magneto (Bendix Scintilla) P/no 10-15364021 (SF14LN-3) S/No 2620, Date
of manufacture 26/3/41 removed.
- Drive splines in casing OK
- Magneto body was centrally disposed within the slots on the mounting studs
. Is free to rotate.
- Distributor examined in-situ - Nil damage or signs of tracking.
Note: The engine was not free to rotate so neither magneto was check timed
to the engine. However, these magnetos were synchronised.

- Starter (Bendix Eclipse) type 402 F84769 (24 volt) Model 12 S/No 4652 removed.
- 2 Pitch control cable 909 pulley block securing bolt (stbd side front of engine)

excessively ‘step” worn (Photo).
Note: there is a certification in the aircaft logbook that this pulley was
renewed at the last periodic inspection 4:50 operating hours prior to the

accident.

- Hydraulic pump ‘ART No 1 P 582K removed. S/No AQO002 etched.
S/No 5865 RC on data plate.
. Splines OK on pump and in wheelcase.

- Generator Technico type 314 model 5a S/No 392 date of manufacture 4/9/43
removed.

5 ¢
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. Free to rotate.
. Approx 20 degrees free play (Check internally)
. Left upper mount nut not fitted.

- Z No 3 inlet valve push rod upper end at cylinder excessive wear (photo). This
amount of wear should have been detected during oil sampling.
- Carburettor air intake assy ¢/w grill screen. * There are deposits of black

soot within the carburettor and on the screen indicative of backfiring. There
is visual evidence of possible intake fire on the screen. Where the black
deposits have been burnt off there is now red rust corrosion. Looks like
a BBQ plate. This may or may not be indicative of fire in the intake manifold.

- Carburettor Bendix P/No 391699.1 Model PD12H4 Parts list 30132E
S/No 289519 - removed.
Note: After removal a small amount of fuel drained from the small
open line fitting behind and below the fuel filter housing. (Need to
qualify what this line is from carburettor diagram).
. Excessive white build up of corrosion deposits in the throat of the
carburettor behind the throttle butterflies on the jet finger assy. It looks
like magnesium corrosion but suspicious in quantity and location. Sample
taken for MTL analysis.
- Control rods levers and linkages to carburettor intact and functional.
. Throttle butterflies free.
- Impact tubes intact and undamaged. There is evidence of saltwater
contamination of these and other exposed surfaces of the carburettor
internal surfaces which may make flow checking of the carburettor prior
to disassembly unnecessary. (Check/discuss Wmuowing a
discussion ﬁuit was decided that a strip inspection without
attempts to flow check prior to disassembly is the way to go.

After engine was re-slung from the crankshaft lifting eye fitting, disassembly and
removal of the cylinders commenced.
Note: During the relocation of the engine from being supported by the
transport stand and slinging it from the crankshaft slinging fitting the engine
slipped rearwards and broke the left magneto distributor into about three
pieces. This occurred after the distributors had been visually examined by me.

- No 6 cylinder removed.
- Valves intact no broken springs.
. No broken rings
. Piston, piston pin and plugs all OK.

- No 5 cylinder removed: Valves intact - Piston rings & tappet rods OK

- Ignition booster coil S/No EWA 722 (Bosch USA) removed,
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Note: This component has been taken to Aveco SR for
testing.

- DeHavilland Propeller governor ¢/w pulley removed -(CSU) model 4G(8)-

ADH(38) S/no ADH 101

. Drive coupling splines, and component mating splines OK.

- No 7 cylinder removed -Valves intact, springs, pushrods and rings OK

- No 8 cylinderremoved - Valves intact, springs, pushrods and rings OK

- No 4 cylinder removed- Valves intact, springs and rings OK. Pushrod end on
the inlet was loose and became detached from the rod at the cylinder end.

- No 9 cylinder removed- Valves intact, springs, pushrods and rings OK.

- No 3 cylinder removed - This is the cylinder from which the damaged inlet valve
pushrod was found on the 4 may. * One of the thrust shims which are fitted
either side of the rocker arm on the rocker shaft was missing - ie not fitted
to the shaft. It dropped out from the rocker cavity. It was oval in shape
having suffered impact damage during engine operation. At the last time of
fitting and/or adjustment of these tappets the shaft was installed but failed to
engage the shim which subsequently was ‘left’ within the rocker cavity. The
housing through which the cover tube is located and through which the
tappet rod operates was damaged at the point coincident with the damage on
the rod itself. The significance of this mis-assembly has yet to be determined.
(Photo).

Note: On the 9 May 94 Mequested that this no 3
cylinder complete with the assembled valves, and the no 3 pushrod cover
tube be retained for further examination by BASI.

. Valves and springs intact, piston and rings OK.

- No 2 cylinder removed - piston and rings OK valves and springs intact.
- No 1 cylinder removed - piston and rings OK valves and springs intact.

- No 10 cylinder removed - piston and rings OK valves and springs intact.

For ease of further disassembly the fire shield was removed from the accessories
casing and the power section separated from the accessories casing at the flange joint
just forward of the supercharger impeller. As there were still 4 cylinders left to
remove this enabled disassembly of the accessories wheelcase coincident with the
continued removal of the remaining cylinders.

ccessories case impeller gears OK Nil teeth damage or excessive wear, nil
obvious gear shaft bearing damage or excessive wear. (Photo)

- Rear cylinder bank camdrive gear assembly and roller mechanisms nil obvious
damage.
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- Oil pump - BASI Canberra

- No 3 Cylinder assy ditto

- Spark plugs - ditto then Vee H Aviation Canberra
- Prop governor 900 pulley -  BASI Canberra

- Engine fuel hoses - BASI Canberra

The following Historical Aircraft Restoration Society (HARS) members assisted
with this strip examination and/or organisation of the task.

s.47F(1) CAA Bankstown office who is the South Pacific Airmotive
Airworthiness Inspector was invited and attended to view the findings of the
examination on 6 May 1994.

The findinis of this examination have been briefed to the CAA Central office RHIAL L.

nd his team of engine specialists.

s.47F(1)
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Bt - ip of DC 3 VH-EDC left engine 4 May 19

The strip is being conducted by members of the Historical Aircraft Restoration
Society (HARS). This group includes ex Qantas maintenance engineers who are
currently employed in the restoration of a Super Constellation in Tucson Arizona.
These persons are a &7 . Most have DC3 and/or1830
experience and/or licences. ZRlAR{) They work from
the old “York’ building at Sydney Workshop Company 62-74 Kent Road Mascot.
There services were obtained through the negotiation
personally know to many of the group. Under upervision the engine was
transported to this facility from Australian Jet Charter P/L pm 3 May 1994.

It was agreed mhat they would undertake a bulk strip for $3000
and that the work was to be completed, barring unforeseen hold-ups by COB Friday 6
May 1994.

Prior to commencement of work they were advised of the sensitivity of their work
they would be doing for BASI as ‘invited participants” and each read the BASI
information for participants document. This will be repeated for others of the group
who are used Thursday and Friday.

of

Present to assist in the bulk strip of this engine Wed 4/5 were:-

After a brief talk about the requirements work commenced at approx 0915. During
this day there were minor delays due to the immediate non availability of cylinder
base nut tooling and a crankshaft lifting eye.

Duriné the dai discussion were held with:-
for Thursday and Friday and

to invite o view the disassembled engine 1000 hours Friday 6

May.

S.A7F(1)

on availability Thursday/Friday

SA47TF(1) AVECO Bankstown 7921526 or 018 964921. to arrange the
examination, testing (if possible) strip and report of both magnetos. These
components were taken by SO on completion of the days work for delivery to
Bankstown first thing tomorrow morning 5 may. He will be going to Wiltshire at
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this time anyway.

iltshire Engineering Co P/L Bldg 438 Bankstown Airport. to
discuss his capability of strip examination of the Carburettor. During these
discussions the question of bench flow testing was addressed prior to any
disassembly. Wiltshire are not able to flow check this model carburettor. The
question of whether or not a flow test will tell us anything considering the saltwater
immersion and accumulated corrosion is considered by me and will be discussed
i i y work being undertaken on this component.

s.47F(1) to appraise him of the commencement of work and discuss
recovery of the right engine from the bay. I will not be taking any action with its
recovery until advised after he has discussed the matter with BASI executive.

T AN .. !
e given the aircratt log to enable them to prepare a chronology of

the log book history. They are concerned that despite previous negotiations with
Whm the right engine being changed the change was not made. this they

say was a condition of the other engine being approved to overrun the 1000 hour
TBO. I advised him hat they would be advised of the condition of the logbooks and
the aircraft file after I have had a chance to preview each of them and that would
not be until at least the week beginning 16 May.

The following are notes relevant to those sections of this engine which were
disassembled today 4 may 94:-

- Spark plugs are a mixture of types - Massive electrode and fine wire
(Platinum)

- Left magneto P/No 10-15364-21 (SF14LN-3) S/No 804353 removed.
* Drive splines in engine casing severely worn. Doubt their ability to provide
positive drive to the magneto.
* The magneto body was secured on the mounting pad rotated fully
anticlockwise(viewed from the rear) on the mounting studs.

. Overhaul tag on mag body reflects AEC aircraft electrical/ Instruments
Parafield Wate not readable.

. free to rotate.

. Distributor examined in-situ. Nil signs of damage or tracking.
Note: This distributor was subsequently broken when the
engine slipped from the stand whilst being repositioned.

- Right magneto (Bendix Scintilla) P/no 10-15364021 (SF14LN-3) S/No 2620
Date of manufacture 26/3/41 removed.
. drive splines in casing OK
- Mag body centrally disposed within the slots on the mounting studs



. free to rotate.

. Distributor examined in-situ - Nil damage or signs of tracking.

Note: The engine was not free to rotate so neither magneto was check timed
to the engine.

Starter (Bendix Eclipse) type 402 F84769 (24 volt) Model 12 S/No 4652
removed.

* Pitch control cable pulley block securing bolt (stbd side front of engine)
excessively ‘step’ worn (Photo).

Hydraulic pump ‘ART No 1 P 582K removed. S/No AQ002 etched.
S/No 5865 RC on data plate. ,
. Splines OK on pump and in wheelcase.

Generator Technico type 314 model 5a S/No 392 date of manufacture 4/9/43
removed.

. Free to rotate.

* Approx 20 degrees free play (Check internally)

* Left upper mount nut not fitted.

* No 3 inlet valve push rod upper end at cylinder excessive wear (photo)

This amount of wear should have been detected during oil sampling.

c/w grill screen. * There are deposits of
black soot within the carburettor and on the screen indicative of backfiring.
There is visual evidence of possible intake fire on the screen. Where the
black deposits have been burnt off there s now red rust corrosion. Looks like
a BBQ plate.

Carburettor Bendix P/No 391699.1 Model PD12H4 Parts list 30132E
S/No 289519 - removed.
Note: After removal fuel drained from the small open line
fitting behind and below the fuel filter housing. (Need to qualify
what this line is from carburettor diagram).
* Excessive white build up of deposits in the throat of the carburettor behind
the throttle butterflies on the jet finger assy . (Check terminology). It looks
like magnesium corrosion but suspicious in quantity and location. Sample
taken for MTL analysis.
. Control rods levers and linkages to carburettor intact and functional.
. Throttle butterflies free.
. impact tubes intact and undamaged. There is evidence of saltwater
contamination of these and other exposed surfaces of the carburettor

internal surfaces which may make flow checking of the carburettor prior
to disassembly unnecessary. (Check/discuss WFollowing a
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discussion with S t was decided that a strip inspection without
attempts to flow check prior to disassembly is the way to go.

- After engine was re-slung from the crankshaft lifting eye fitting, disassembly
and removal of the cylinders commenced.
note: During the transfer of the engine from resting on the
transportation stand and slinging from the crankshaft lifting
eye the engine fell from the stand to the ground. This resulted in
damage to the left ignition harness distibutor which was broken and
may well result in secondary damage to the lower cylinder assys.

- No 6 cylinder removed.
. Valves intact
. No broken rings
. Piston, piston pin and plugs all OK.

Finish 1600 hours.*******

Cylinder removal will continue tomorrow 5 May 1994.
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Engin i ntin

Present:

money obtained from BASI for this work will be donated by each of the HARS
group who have been working on this strip to their ‘Super Connie’ project in which
they are all heavily involved.

S.47F(1)

BASI invited participant was present and assisting from 0845 to

1700.

ATF(1
alled to enquire about only receiving 3 out of the 5 life vests which she

had intended taking back to Canberra. I went to the hangar where the DC3 was
worked but there was no sign of any life vests which we may not have been packed
last Saturday. It is possible that the ‘new” owner has picked them up whilst working

last weekend. Suggested to alk with the
(handling pilot)ﬁ-to see if he had taken them.

1pi]s-47F(1) of AVECO advised that he was in receipt of magnetos and that
they were at that time ceased. He is currently soaking them in inhibitor to free them
up before working on them and seeing if they can be run. He will advise tomorrow.

1100 - After discussion with egarding the propeller which is still at Australian

Jet Charter it was decided that for expediency would work in with

to report on the propeller, the position of the blades at recovery and the system to

determine why the blades did not reach full feather. Advised SZiMthat the prop

governor (CSU) complete with feathering switch would be sent to Wiltshire

engineering Bankstown. It would be appropriate for him to take the feathering

ump to Wiltshire with him when he comes to Sydney next week.

@&-(Australian Jet Charter) was advised of this itinery. S¥ighad already

spoken with him.

s.47F(1)

Wiltshire Engineering Bankstown -m After discussion
with ZE¥{5§has agreed to Examine, strip and report on the condition of the
carburettor, prop governor and feathering pump when delivered SEUIOM After



discussion with 3'47F(1) as decided that there

would be little to gain in having the carburettor flow checked prior to disassembly
due to the saltwater immersion and extensive corrosion which was accumulating
within the throttle butterfly choke and impact tube areas. Wiltshire do not have
that capability anyway. (Superior in Moorabbin do have the capability.) During the
examination he will document the disassembly on video. No firm quote for the job
because of the unknowns however he did indicate that the job should be finished
early next week if he can make a start on it today. The Carburettor and Prop
governor were takenthis evening for delivery to Wiltshire am 6
May 94. A work order, written by me, accompanied these components.

During the course of the day the following items are noted:-

- No 5 cylinder removed: Valves intact - Piston rings & tappet rods OK

- Ignition booster coil S/No EWA 722 (Bosch USA) removed,
Note: This component has been taken to Aveco SZIFEIIIIN for
testing.

- DeHavilland Propeller governor (CSU) model 4G(8)-ADH(38) S/no
ADH 101 ¢/w Pulley.

. Drive coupling splines, and component mating splines OK.
note: CouEling sent with the governor to w
- Remove no 7 cylinder assy -Valves intact, pushrods and rings OK
- remove_No 8 cylinder - valves intact, pushrods and rings OK
- Remove No 4 cylinder - Valves intact and rings OK. Pushrod end on the
inlet was loose and became detached from the rod at the cylinder end.
- remove No 9 cylinder - Valves intact, pushrods and rings OK.
- remove_no 3 cylinder. - This is the cylinder from which the damaged inlet
valve pushrod was found on the 4 may. * one of the thrust shims which are fitted
either side of the rocker arm on the rocker shaft was missing - ie not fitted to the
shaft. It dropped out from the rocker cavity. It was oval in shape having suffered
some impact damage during engine operation. At the last time of fitting and/or
adjustment of these tappets the shaft was installed but failed to engage the shim
which subsequently was ‘left” within the rocker cavity. The housing through which
the cover tube is located and through which the tappet operates was damaged at the
point coincident with the damage on the rod itself. The significance of this mis-
assembly has yet to be determined. (Photo).
Note: On the 9 May 94 EZU I cquested that this no 3
cylinder complete with the assembled valves, and the no 3 pushrod cover
tube be retained for further examination by BASI.
. Valves intact piston and rings OK.
- No 2 cylinder removed - piston and rings OK valves intact.
- No 1 cylinder removed - piston and rings OK valves intact.
- No 10 cylinder removed - piston and rings OK valves intact.

¢
3



¢S
(2

During the relocation of the engine from being supported by the transport stand and
slinging it from the crankshaft slinging fitting the engine slipped rearwards and
broke the left magneto distributor into about three pieces. This occurred after the
distributors had been visually examined by me.

The day ended at 1730 leaving 4 cylinders still to be removed.

s.47F(1)
-was in attendance during the morning to see what had been found.
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For ease of further disassembly the fire shield was removed from the
accessories casing and the power section separated from the accessories
casing at the flange joint just forward of the supercharger impeller. As
there were still 4 cylinders left to remove his enabled disassembly of the
accessories wheelcase coincident with the continued removal of the
remaining cylinders.

- Accessories case impeller gears OK Nil teeth damage or

excessive wear, nil obvious gear shaft bearing damage or excessive wear.
(Photo)

- Rear cylinder bank camdrive gear assembly and roller

mechanisms nil obvious damage.

- Fuel Pump Drive Accessory Pad removed. Note; This is an extension
of the oil pump P/No 158501 (?37586D7?) S/No C2785N. (This component
is being returned to Canberra for further detailed examination.

- L/H Magneto Accessory Drive. *Excessively worn

splines. The drive to this magneto appears on initial
examination to be almost non existent. detailed measurement of
this and the mating magneto spline will be undertaken at
Canberra.

- R/H Magneto Accessory Drive * also shows some

abnormal wear but not as severe as that of the spline drive to



the L/H magneto.

- Tacho generator Removed. General electric AN5531-2 P/N 7AAN
S/No 5946.

- No 12 Cylinder (Master Rod). refer Photo. Two studs

found to be sheared prior to disassembly. Light disassembly
pressure to another stud adjacent to the already broken ones
resulted it breaking. The nut/stud portion of this stud has been
returned to Canberra for examination. When this cylinder was
removed there was evidence of cylinder movement on the casing
identified by areas of galling/fretting in the vicinity of the
broken studs.

- Vacuum Pump removed. P/No AE207JA MFr No 24612A
S/No AC33957

- Noi12 Cylinder, Cylinder, piston ,rings valves and pushrods OK

- Front Camdrive ring assy checked by rotation of the crankshaft
within the cylinder block casing - all tappets working.

- Wheelcase halves separated. Supercharger to accessory driving gears
within the casing halves inspected nil obvious mechanical and/or wear.
(Refer Photos)

- 1500 Hours. Advised At we had now finished with the
engine strip and requested permission to release the ‘bits’ to the owner.

verbal release was approved. | Id not make contact with
so spoke briefly with
irclaims. BEd@indicated that they, the insurers were

currently still the owner of this wreckage as negotiations for its sale had
not yet been completed. Jald8Badvised accordingly.

The following components were hand carried back to Canberra:-
- defective pushrod #3 inlet valve
- #3 inlet rocker shaft c/w good and damaged thrust washer.
Note: The #3 cylinder c/w valves assembled available for collection
at HARS.

W



- oil pump c/w fuel pump drive.

- prop governor pulley assy c/w worn bolt.
- spark plugs

- broken distributor block.

- air intake grill.

- Spline drive to L/H magneto

- Spline drive to R/H magneto.

Work completed 1430.

6 May 1994



DOCUMENT 13
ﬂveco Hanger 501
' Tower Road
Bankstown 2200
A.C.N. 060 288 002 s.47F(1)

ELECTRICAL COMPONENT OVERHAUL

BASI

PO BOX 967

CIVIC SQUARE
CANBERRA ACT 2608

ATTENTION >

s 4 7F(1)

MAGNETOS EX VH-EDC L/H ENGINE
S/N 804353/2620

The above mentioned magneto's were recived in a seized

and water contaminated condition. The external covers were
removed and access gained to the bearings, these were then
soaked with light machine oil and the rotors "worked" until
the units rotated freely.

At this time and without disturbing any setting a visual
inspection revealed no abnormalities i.e. no broken teeth
on gears/distributor etc. It was obvious that no damage

of a mechanical nature was evident that could be attributed
to a siezure or sudden stoppage.

The points of both magneto's were cleaned in situ and the
units mounted on the test bed for functional testing results
are as follows:-

804353 L/H :- Nil operation
2620 R/H :-— Unit operates (but not in a
satisfactory manner).

The coils were removed and tested servicable and within
tolerance all timing was within tolerance and correct.

The primary condensors were removed and tested u/s, both
units had small cracking evident on the cases which would
have allowed water ingress. These units (condensor) were
cleaned and baked for several hours and then refitted to
there respective magnetos:- L/H still no operation, R/H now
operating reasonably well. The condensor from the R/H unit
was fitted to the L/H mag and it too performed satisfactory.

cos/2



Conclusion:- In my opinion these units would have been
operating normally prior to impact and immersion. The
defective condensor on the L/H magneto would have been caused
by salt water contamination, because if it had been un-
serviceable prior to the accident this magneto would have
effectively been "dead", and I assume would have made starting
the engine difficult, and been obvious during engine checks
i.e. mag drop check.

s.47F(1)

2.6.94
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Telephone: 790 4107 T‘S"‘
Facsimiles RAR868000C
OCUMENT 14 791-0329

w&éézre gngtneenng C)o. pty

C.A.A APPROVED

FOR THE

DISTRIBUTION OF
AIRCRAFT GOODS

MANUFACTURE OF
FLEXIBLE HOSE
ASSEMBLIES

OVERHAUL OF:

ENGINE DRIVEN PUMPS
PROPELLER GOVERNORS
FEATHERING PUMPS
SOLENOID VALVES
ELECTRIC BOOSTER
PUMPS
SUBMERGED FUEL
PUMPS
WHEEL BRAKES
HYDRAULIC,

"EUMATIC,

/EL,
FUEL INJECTION,
DE-ICING,
AUTO PILOT HYDRAULIC
SYSTEM COMPONENTS

438 Avro Street, Airport Bankstown, N.S.W. 2200
AUSTRALIA

19th September 1994

B.A.S.I.

P O Box 967

Civic Centre
CANBERRA ACT 2608

Attentio; s-47F(1)

Report on Pressure Injection Carburettor
ex GH-EDC Left Hand

Bendix Part No. 391669-1
Type  PD12H4
Serial No 289519

It was not possible to flow check unit because of salt water
contamination, so it has been stripped as to check component
condition and assemblies which appear to be in correct order in
accordance with manufacturers manual.

We have supplied video tape of the stripping.

S.47F(1)
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Telephone: 790 4107 5 7
Facsimile: XRBKIGX i§§4
791-0329

(’/l/i/éd/u're é)ngineering Co. pfy. o[‘fJ

C.A.A APPROVED

FOR THE

DISTRIBUTION OF
AIRCRAFT GOODS

MANUFACTURE OF
FLEXIBLE HOSE
ASSEMBLIES

OVERHAUL OF:
ENGINE DRIVEN PUMPS
PROPELLER GOVERNORS
FEATHERING PUMPS
SOLENOID VALVES
ELECTRIC BOOSTER
PUMPS
SUBMERGED FUEL
PUMPS
WHEEL BRAKES
HYDRAULIC,
PNEUMATIC,

VEL,

JEL INJECTION,
DE-ICING,
AUTO PILOT HYDRAULIC
SYSTEM COMPONENTS

438 Avro Street, Airport Bankstown, N.S.W. 2200

AUSTRALIA

B.A.S.I

Post Office 967
Civic Square
CANBERRA ACT 2608

19th September 1994

REPORT ON VH-EDC Left Hand Engine
_MHfeathering Pump Assembly

Type 1473-MK  Serial No. 48581 Motor
Pump Type 280-B Serial No. 68685BB

The motor assembly is too corroded to test so we removed pump
assembly and tested it to Pesco Manual. The capacity is 148 GPH @
1000 PSI and 2500 RPM'S WITH relief valve Pressure of 1400 PSI

@ 2500 RPM'S with no Flow.

See attached copy of manual charts.

s.47F(1)




DOCUMENT 15 |~g¢‘g{”

Minute Note to File B/940/1043 VH-EDC

| called Rt iltshire engineering

to solicite a response to my letter of 30 Sept re

Left Carby fuel content and throttle opening, and
report for left propeleller governor.

S.47F
advises that he has found the report for both the left carburettor and
the left governor which he would forward to me in the next couple of days.

In respect to the amount of fuel in the left carby chambers he advised that
it was considerable but could not confirm whether or not it was normal.
He receives carburettors which have been drained of fuel and others where
every attempt has been made to retain fuel. It all depends on the person
taking it off. He will comment in a report to me.

In respect to the amount of opening of the throttle he advised that it was
only a few degrees and quite normal. In the open position the diameter of
the throttle shaft itself becomes a partial restriction to flow and the
throttle plate itself was within that diameter and only a few degrees
from fully open. This would be insufficient to limit max power especially
on a supercharged engine. he will comment on this in a report.

SA7F(1)

14 November 1994.
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14/11/94 1407

Printed By:

Page: 1

From: XAARED
s 47F(1)

Reply to: RE>DC 3 ENG RPT
Barry - No change from that which was put there on 7 Oct 94.
This morning | have spoken with Wiltshire regarding the report for left Carby and
how much fuel it contained and the position of the throttle plate in the full
throttle position. He says he will formally respond in the next couple of days.
In essence he advises that there was fuel in the chambers of the left Carby but
he couldn't say if it was a 'normal' amount because he gets them in various
states dependent on how they were removed from the engine. The few degrees that
the throttle plate was from the fully open position is minimal and not as great
an obstruction than the diameter of the the throttle shaft itself.

nd | posed of them regarding the left prop not being in the fully feathered
position. They are stalling and reluctant to respond formally probably because

! hive also spoken again with Air Prop Services (Vic) seeking answers to question
of the imilications for them who overhauled the propeller last. Never-the-less

has sauid he will respond in the next few days.

You can have all of the files if you like????

Date: 14/11/94 815

To:

From:
CAN YOU PUT THE LATEST VERSION IN THE DC3 FILE ON THE INVES SERV PLS

s.47F(1

5
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DOCUMENT 16

COMMONWEALTH OF AUSTRALIA
DEPARTMENT OF TRANSPORT AND COMMUNICATIONS

BUREAU OF AIR SAFETY INVESTIGATION

CENTRAL OFFICE
24 Mort Street Telephone 461 06 2746424
Braddon ACT 2601 Telex ! AA62591
AUSTRALIA Fax 461 06 2473117
Postal Address : P O Box 967
. Civic Square
: ACT 2608
: AUSTRALIA

FACSIMILE TO

47F(1
Fax number : =7

Organisation :  Air Prop Services (Vic) P/
— ; s.47F(1)
FACSIMILE FROM

Bureau of Air Saféty Investigation

/
27( August 1994 Q; &Mk |- NV q¢,

o

Date:

Dear Lyall

Subject: Propeller S/No 1G1B14

This propeller was fitted to the left engine of VH-EDC when it ditched into Botany Bay on

24 April 1994. It has 552 recorded hours of operation since being overhauled on

26 March 1988 - Air Prop Services J/No 10721 refers.

Shortly after take-off the left engine was shut down and the left propeller selected to
feather. Prior to water impact the left engine was observed to have stopped rotating -
estimated aircraft speed at water impact 60-65 kts. On examination, the

piston/cam/roller assembly was found in the 65 degree position. The cam roller assy would

not budge from this position until the nut securing the cam/cam bearings had been loosened






q7
123

feathering stop to the 65 degree position?

- What is the operational in-flight time to feather of this 23E50-473 model prop?

We have the cam, piston and distributor valve assembles in our engineering workshop here

in Canberra. Please feel free to visit, examine and discuss this matter with us if you wish.

Contact to arrange this can be made with either:-
S.47F(1)

Your sincerely Sedn S
s.47F(1)

Total number of pages including this cover: 5









DOCUMENT 17

Minute Note to File B09401043 VH-EDC

D14 - Re ]
Ajr Prop Services (Vic)P/125/8/94

This propeller was at 552 hours TSO when VH-EDC ditched into Botany
Bay 24 April 1994.

After recovery the propeller disassembly inspection revealed the blades to
be at 65-66 degrees and not on the fully feathered 89 degree position.

Air Prop Services (Vic) P/L last overhauled the propeller on 26/5/88.
s.47F(1)

Considering the above, I spoke with on
25/8/94 and SEUEE@MMon 29/8 to advise them of our findings and request
comment on the last overhaul.

advised that:-

. There are two types of cam assemblies: the -473 which is kneed cam with

slower feathering than the -505 faster cam.
Note: EDC had a -473 cam.

. The blades could turn fairly easily without oil pressure.

. Operationally would take 10-15 seconds to feather after selection.

. The wear on the cam profiles sounds extreme - he cant recall changing a
cam for wear as described.

After review of the Job Card for the overhaul No 10721 he further advised

that:-

. The work had been donea very capable and
experienced Hamilton Standard propeller man. o longer
worked for them but would be used as a consultant if needed.

. The propeller had been signed out by SEUI I the previous
manager and also an experienced propeller engineer.

. The cams had not been changed during that overhaul, only minor items
and seals bearings and chaffing strips.

. Prior to release the propeller was functioned fully between the fine pitch

and feather stops.

A)

ﬁ;



Our discussion concluded with me advising that I would send photographs
of the propeller and document our concerns, requesting comment.

agreed with that and said he would get his QA man to call me. ﬁ
called me on 29 August.

I subsequently sent them a fax and photos on 31 August 94 to which [ am
awaiting a reply.

They have been invited to visit BASI and view the component parts of this
propeller.
S.47F(1)

1 August 94.



DOCUMENT 18 TTCLQ

.EPORT ON THE FINDINGS OF ATRWORTHINESS ASPECTS OF PRATT AND
WHITNEY R1830/92 ENGINE SERIAL NUMBER BP463388.

This engine was originally installed in the right hand position
of Douglas DC 3 aircraft VH-EDC, but separated from the aircraft
as a result of ditching into Botany Bay, New South Wales as

a result of failure or partial failure of the left hand engine
during take off on April 24 1994,

The findings on the airframe and left hand engine are detailed
in a report dated 9 May 1994,

Following retrieval of the engine from the bay on or about 15
June 1994, itwas positioned into the QANTAS Sydney Workshops
Kent Street,Mascot, where I commenced my inspection on 21 June.
The propeller was attached,in full fine pitch, with each blade
bent rearwards approximately 10°, indicative of being under
very low power at the time of contact with the water.

The engine could not be rotated but in view of the extremely
advanced state of corrosion that was evident this would have
been expected. After positioning the engine into as accessible
a position as possible consistent with safety, numbers 5 and

12 cylinders were removed,these being the master cylinders,

Removal of the cylinders then permitted a visual inspection

of the rotating assembly which revealed it to be intact.

Removal of the rocker covers revealed no obvious problems with

either inlet or exhaust valves.

The intermediate rear case and the rear case itself were almost
completely destroyed by corrosion,these being magnesium, and
whilst the o0il pressure filter sufferred some damage during

its removal, it proved to be free from any mettalic contamination

although heavily contaminated with corrosion products.

It proved to be impossible to remove the o0il pump but it was
determined that its drive and the drive to the fuel pump were in-

tact as was the fuel pump drive coupling.

Following removal of the fuel pump it was determined that the
interiors of the three connections to the pump were still wet

with fuel despite the prolonged immesion in the sea water.
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Following removal of the carburettor, the carburettor fuel inlet
filter was removed. The filter was free of any contamination and
was found to be still wet with fuel, as was the filter housing.

Prior to their removal both magnetos were checked for synchronis-—
ation and found to be normal. The contact breaker points were
corroded thus their conditin could not be determined.

Both magneto distributor blocks were removed and inspected and
were found to be free of cracking and tracking.

The hydraulic pump contained hydraulic fluid, and its drive was
intact, both the pump itself and the engine drive.

The propeller governor contained engine o0il. Both governor and
engine drive were normal.

Both magnetos and distributer blocks, the propeller governor and
the carbrettor were dispatched to specialist contracters for
assesment of their serviceability.

As far as it was possible, given the advanced state of corrosion
and the subsequent inability to rotate either the engine or most
components, the engine was probably serviceable in respect of its
ability to produce power. The components necessary for the
production of power appeared to have been serviceable at the time
of immersion, having been supplied where applicable with their
respective fuel and oils.

Whilst the propeller indicated having been under very low power
at the time of contact with the water,this would be consistent
with the throttle having been pulled back to idle.

The following is a list of serial numbers of the various
components found to have been fited to the engine;-

Engine BP463388.

Governor WH32824

Carburettor 224786 (391699/17 )
RH Magneto AC32078

LH Magneto 1B1C614

Fuel pump not discernable.
Propeller FA5612.

On retrieval from the water the engine was encrusted in barnacles
which proved to be extremely hazardous to the hands whilst
attempting to perform work on the engine, and I would like to
express my thanks and appreciation to the following members of
the Historic Aircraft Restoration Society for their help with the
work required in order to carry out the assesment of the engines
condition.

s.47F(1)

sA7F(1)

28 June 1994.
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DOCUMENT 19

Aveco
Tower Road
Bankstown 2200

A.C.N. 060 288 002
Phone: (02) 792 15626

ELECTRICAL COMPONENT OVERHAUL Fax: (02) 792 2790

27.7.1994

Basi

PO BOX 967

CIVIC SQUARE
CANBERRA ACT 2608

Attention:

Dear Sir,

RE:- MAGNETO INVESTIGATION FOR
R/H ENGINE EX VH-EDC

Both magnetos S/N TAA 1B1C614 and 011994 were received in a
very advanced state of corrosion due to an extensive time
in salt water, this is rather obvious due to the barnacle
type growth on the bodies of both these units.

The points covers were removed and all parts i.e. points,
cam, gears etc from this section were in place and not
broken or dislodged from the normal setting. It should be
noted that even though the state of corrosion was advanced
the points gap was correct.

The coils and condenser from the units were then removed
for testing on the bench.

1. Both HT coils were bench tested satisfactory
2. Both primary condensers failed due to salt
water immersion. These units were then
baked in an oven and re-tested still failed.
The distributor assembly of the units were then examined and
found satisfactory. The remainder of the assembly's were then
freed up via heat/oil and were made to revolve.

Conclusion

It is my opinion that both of these units were operating
normally when the engine stopped, there was no evidence at
all to support any other conclusion.




B s DOCUMENT 20

COMMONWEALTH OF AUSTRALIA
DEPARTMENT OF TRANSPORT AND COMMUNICATIONS

BUREAU OF AIR SAFETY INVESTIGATION

CENTRAL OFFICE

MINUTE

In reply quote: BO9041043

s.47F(1)
To:

Subject:  VH-EDC Propeller G Right Fngi

The Hamilton Standard model 4G8-630M Propeller Governor Serial No

WH 32824 which was removed from the right engine of this aircraft after its
recovery from Botany Bay, was presented to Wiltshire Engineering Bankstown
for examination.

This governor pulley’s attachment to the hexagon of the rack operating shaft was
found to be rigged incorrectly. The pulley max rpm stop peg when rotated to
contact the max RPM stop screw would not enable governor to govern the max
RPM on the test rig.

Following the correct rigging of the governor pulley, stop and screw, the
governor tested serviceable and to specifications.

Review and consideration of the following, in the as found condition, raises
doubts as to how the governor could have been rigged to the aircraft:-
. the location of the pulley on the hexagon,
. the max RPM stop screw setting, and
. the location of the stop peg on the pulley in relation to the cable securing
clamp on the pulley circumference,

Would you please, measure and advise the unloaded angular movement, due to
pulley wear, of the pulley in relation to the shaft.

From your examination of the broached hexagon of the pulley and the hexagon
of the rack operating shaft, determine and advise whether or not the pulley had
been ‘jerked” around one complete hexagon flat by the action of the engine being
torn from the firewall at water impact, and in which direction that rotation
occurred relative to the shaft.

I\
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Minute Note to File BO9401043 VH-EDC SEVal T . o\
| <1 ) ] O
e, T In
Subject: P ler G Right Enai Visit to Wiltshi s '8
Engineering. Bankstown 30 August 1994,

Present:  for BASI s-47F(1)
for Wiltshire SRl

The propeller governor Model No 4G8-G30M serial No WH 32824 when -
S.

removed from the engine after recovery from Botany Bay was given to
SRR Wiltshire Engineering - Bankstown for examination.

phoned me 27 August 94 advising his concern about the rigging of this
propeller governor.

and | visited Wiltshire Engineering 30 August to establish
the rigging problems which had been advised.

The governor, without being dismantled, was secured to the governor test
bench. Examination of the position of the pulley on the hexagon of the
rack shaft, the stop peg in relation to the pulley cable clamp location and
its position when the pulley was rotated towards the max RPM adjustable
stop revealed that:-

- The pulley was set on the hexagon rack spindle with the indicator line
towards the No 5 position.

- The stop peg was fitted to the pulley in the middle hole of three
appropriate for a DC3 right engine governor.

- The max stop adjuster screw was screwed right down to a position

which would decrease max RPM. (Normally this adjusting screw is set to

the mid range position which will give approximately eight turns either

way to provide max RPM adjustment on the ground. One turn = approx 25

RPM)

With the governor set as found on the test rig and with the pulley rotated
until the stop peg was on the adjusting screw the equivalent max RPM was
greater than the test rig could monitor.

When the pulley was then removed from the hexagon ended shaft the
following was noted:-






s.47F(1
forthcoming from Wiltshire engineering.

The significance of this ‘mis-rigging’ of the governor pulley in respect to
operational performance of the propeller and its effect on VH-EDC during
the take-off and subsequent ditching will be considered and addressed.

There are no records in the log books for the removal and replacement of
either the R/H propeller governor, the pulley governor pulley or control
cable assembly which would have required re rigging of the propeller
controls.

There is a requirement in the CAA Schedule 5 periodic inspection (to
which this aircraft was being maintained) Sect 2 para (11) to:-

“Inspect to following controls for full and free movement in the

correct sense

(a) throttle, mixture and propeller.
This inspection will determine control lever spring back in the quadrant
and the ability of the control cables to move the component levers to the
relevant stops. In the case of the propeller, for the cables to operate the
pulley so that the stop peg comes into contact with the max RPM stop
screw when the control lever is moved into the increase RPM position.

With the governor pulley in the as found position this control check should
have identified a gap between the stop peg and the screw stop with the
lever in the Propeller lever fully forward in the increase RPM position.

31 August 1994

Attachments:

- Governor installation/setting instructions Hamilton Service Manual No.123. Pages 35-41

- Governor Installation/adjustment instructions Manual TO No 01-40NC-2.

- Propeller CSU cable linkage diagram - Manual TO 1C-47-2

- extract from DeHavilland A/C P/l ED No 30 - Relationship between Control shaft rotation and
Governor RPM



























RESTRICTED

[ IWUTION: When installing the dome as-
sembly, it is ABSOLUTELY ESSENTIAL that
the cam gear in the dome be meshed with the
blade gear segments in the proper angular re-
lationship and the following steps should be
carried out to insure correct meshing:

8. By turning the rotating cam gear, move the
piston_in the dome assembly into the extreme forward
position. This position will be reached when the cam
gear stop lugs are against the high angle stop lugs.

9. Turn each blade to the high angle position
against the stop pins.

10. Slide the dome assembly over the end of
the valve assembly, making sure that the oil seal rings
on the valve assembly enter properly into the sleeve
inside the piston. Turn the dome in a counterclockwise
direction until the dowels in the barrel dome shelf en-
gage the aligning holes in the stop locating plate. (The
dome unit may be installed in any of three possible
positions, one of which is suitably marked.) The cam
gear and blade gears are now in proper alignment.
Slide the dome assembly, without turning it, into the
barrel ugtil the dome retaining nut can be started.

’N’QIE;'?I"dming the dome assembly in a clock-
wise dirction in order to align the dowels
and Boles should be avoided, as this will tend
to ~‘the stop lygs on the rotating cam
away §rong the high ahi}le position, thus allow-
ing the'gears to mesh inco'tne.'él.étly.

I1. Tighten the dome refaining nut, using a
‘omposite wrench, in the' manner” indicated for tight-
:ning a propeller retaining nut by applying a force
of approximately 180 pounds at approximately four foot
cadius. With the dome assembly properly seated in the
sarrel, the front face of the dome retaining nut will be
ipproximately flush with the front edge of the barrel.

12. Tt is essential that the dome unit be firmly
ieated on the retaining shoulder in the barrel. Tighten-
ng of the dome retaining nut, in addition to fastening
‘he dome unit to the hub, serves to apply the preload-
ing force™to the gears and to compress the dome
ind barrel seal. [ts tightening, therefore, requires a
elatively high wrench torque as indicated above.
“ailure to tighten the dome unit securely in the hub
vill result in elongation or failure of the assembly
crews which fasten the dome cylinder and the stop
ocating plate to the stationary cam.

13. Install the dome retaining nut lock screw
nd safety the screw with a 1f4-inch x Ls-inch steel
otter pin.

- 144 -

T. O. No. 01-40NC-2

) 14. Make sure that the dome breather hole
nut in the front of the dome is tight and that the lock
wire is in place.

15. Check all external screws, nuts, etc., for
proper safetying.

CAUTION: Using suitable levers to turn the
blades, shift the propeller into full low angle
and check all three blade angles by the index
lines on the blades and the graduations on the
barrel or with a protractor. These angles
should be equal and should agree with the low
angle stop setting. This check indicates that the
correct relationship between the blade gears
and the cam gear has been obtained.

(8) To Install Propeller Governor.

1. Check the governor for proper functioning
and freedom of movement before installing on the en-
gine.

2. Set the governor in place on the mounting
pad with the proper type of gasket installed. If the
circular lining boss is slightly larger than the opening
on the engine into which it fits, check to see which
part is to be reworked.

3. Screw the governor securing nuts onto the
mounting studs and run them down finger-tight.

4. Remove the governor head and check the
backlash and freedom of movement while tightening the
securing nuts. These nuts must be tightened evenly but

should not be drawn down excessively tight. Be sure the ~

governor turns freely when installed to its drive on the
engine. If the governor binds after tightening, back off
one or more of the nuts slightly. Turn the propeller
shaft to at least three positions while tightening down
the nuts, testing for blacklash and freedom of move-
ment at each point.

5. The angular range required at the gov-
ernor to give take-off rpm at one end and minimum gov-
erning rpm at the other is only a part of the unit's total
angular range. Before flying, it is important that the con-
trol system between the governor and the cockpit be
adjusted for take-off rpm when the cockpit control lever
is lg-inch from its full forward position, and for
minimum rpm when the cockpit lever is in its rearward
position,

(¢) Trial Setting.
1. Place the cockpit lever 14-inch from the for-
ward end of its full travel.

2. Turn the pulley attached to the governor

RESTRICTED



-

control shaft in a clockwise direction until the rack
bottoms in the cover.

3. Turn the control shaft counterclockwise far
enough to give desired take-off rpm.

With the control shaft held in this position,
connect the linkage between the cockpit control lever
and the governor. This setting will give approximately
the take-off rpm and permit sufficient movement of the
cockpit control lever to obtain minimum rpm.

(d) Checking Adjustments.—With the low angle
stops in the propeller set to permit the enginé to turn its
take-ofl rpm, or slightly more, at rated manifold pres-
sure, the following procedure applies:

1. 1f, with the cockpit control full forward,
more than take-off rpm is obtained at run-up, the gov-
ernor is set to govern at higher than take-off rpm. To
adjust correctly, pull the cockpit lever slowly back until
the tachometer indicates a drop in rpm. At this point
set the governor to govern at the indicated rpm. Move
the cockpit lever forward slightly so the tachometer
reads take-off rpm, and stop the engine. Without dis-
turbing the cockpit lever, regulate the adjustable stop at
the governor to limit the rotation of the control shaft to
this exact position. Readjust the linkage system so that
the cockpit lever is within lg-inch of its full forward
position when the governor pulley is held against the
adjustable stop. Minor adjustments may be necessary

. after flight tests.

2. If, with the cockpit control full forward,
the take-off rpm is not obtained at run-up, it is because
the governor is governing at an rpm lower than take-off.
(Loss of engine power may give a similar indication and
should be considered.) To obtain a higher rpm, stop
the engine and readjust the linkage system with the gov-
ernor pulley or lever rotated further in a counter-
clockwise direction. When take-off rpm is obtained at
rated manifold pressure, proceed as outlined above.

3, When the low blade angle settings in the
propeller will not permit take-off rpm at rated manifold
pressure while the airplane is against the blocks, it is
necessary to make the control system adjustment after
a flight. Regulate the cockpit lever, in flight, until the
tachometer reading corresponds with the engine’s take-
off tpm. Mark the position of the cockpit lever. Upon
landing, return the lever to the marked position and
adjust the stop at the governor unit to restrict the
control shaft from rotating beyond this point. Readjust
linkage svstem with the cockpit lever approximately
14-inch from its full forward position and the governor
pulley against the adjustable stop.

RESTRICTED ' T. O. No. 01-40NC-2 7
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4. If on the test-flight, take-off rpm canaot
be obtained with the cockpit control full forward, it
will be necessary to land and readjust the linkage system
with the pulley at the governor rotated sufficiently far-

_ther in a counterclockwise position to permit take-

off rpm.

NOTE: The propeller low-angle limit must not
be adjusted so low as to make it impossible to
maintain level flight when the propeller is
forced to full low-angle. Flight tests should be
made to insure that the low-angle required to
give take-off rpm while standing still will per-
mit the airplane to maintain level flight with-
out exceeding the maximum rpm rating of the
engine. If level flight cannot be sustained, the
low-angle adjustment must be increased.

(4) Maintenance Repair—Propellers.

(a) Coating With Oil—On completion of eack
day’s flying, clean all external surfaces of each propelles
and coat with clean engine oil.

() Local Etching—To determine whether vis
ible lines on the propeller blade surface are actually
cracks instead of scratches. If blade is painted, removi
the paint, clean surface with a fine grade of steel woo
or fine sandpaper. Using a four-power magnifying glass
inspect affected area. If visual inspection will-not shov
whether a mark is a scratch or a crack, proceed as fol
lows:

1. Prepare etching solution by adding to th
required amount of water as mgc: commercial causti
soda as the water will dissolve. S

2. Clean and smooth the area containing th
apparent defect with No. 00 sandpaper.

3. Apply a small quantity of caustic solutio

‘to the suspected area. After the area is well darkenec

wipe it thoroughly with a cloth dampened with clea
water. . .

4. If a crack or other defect extending into th
metal exists it will appear as a dark line or other mar
in which small bubbles may be seen forming with th
use of a magnifying glass.

5. Immediately after completing the final i
spection all traces of the caustic soda will be remov«
with nitric acid solution, which in turn will 1
thoroughly rinsed with clean water. The blade w
then be dried and coated with clean engine oil.

NOTE: General etching will be accomplished
only at repair depots.
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DOCUMENT 24

Minute Note to File B0O9401043 VH-EDC

Sublenite  Bromdiier B Right Endine - Visi Wiltshi
Ersinaaine Banks 30 A { 1994

Present:  for BASI SRl NN
for Wiltshire

The propeller governor Model No 4G8-G30M serial No WH 32824 when
removed from the engine after recovery from Botany Bay was given to
SE®) wiltshire Engineering - Bankstown for examination.

Sl phoned me 27 August 94 advising his concern about the rigging of this
propeller governor.

selAd) and | visited Wiltshire Engineering 30 August to establish
the rigging problems which had been advised.

The governor, without being dismantled, was secured to the governor test
bench. Examination of the position of the pulley on the hexagon of the
rack shaft, the stop peg in relation to the pulley cable clamp location and
its position when the pulley was rotated towards the max RPM adjustable
stop revealed that:-

- The pulley was set on the hexagon rack spindle with the indicator line
towards the No 5 position.

- The stop peg was fitted to the pulley in the middle hole of three
appropriate for a DC3 right engine governor.

- The max stop adjuster screw was screwed right down to a position

which would decrease max RPM. (Normally this adjusting screw is set to

the mid range position which will give approximately eight turns either

way to provide max RPM adjustment on the ground. One turn = approx 25

RPM)

With the governor set as found on the test rig and with the pulley rotated
until the stop peg was on the adjusting screw the equivalent max RPM was
greater than the test rig could monitor.

When the pulley was then removed from the hexagon ended shaft the
following was noted:-






o of Wiltshire engineering.

forthcoming from ©
The significance of this ‘mis-rigging’ of the governor pulley in respect to
operational performance of the propeller and its effect on VH-EDC during
the take-off and subsequent ditching will be considered and addressed.

There are no records in the log books for the removal and replacement of
either the R/H propeller governor, the pulley governor pulley or control
cable assembly which would have required re rigging of the propeller
controls.

There is a requirement in the CAA Schedule 5 periodic inspection (to
which this aircraft was being maintained) Sect 2 para (11) to:-

“Inspect to following controls for full and free movement in the

correct sense

(a) throttle, mixture and propeller.
This inspection will determine control lever spring back in the quadrant
and the ability of the control cables to move the component levers to the
relevant stops. In the case of the propeller, for the cables to operate the
pulley so that the stop peg comes into contact with the max RPM stop
screw when the control lever is moved into the increase RPM position.

With the governor pulley in the as found position this control check should
have identified a gap between the stop peg and the screw stop with the
lever in the Propeller lever fully forward in the increase RPM position.

s.47F(1)

31 August 1994

Attachments:

- Governor installation/setting instructions Hamilton Service Manual No.123. Pages 35-41

- Governor Installation/adjustment instructions Manual TO No 01-40NC-2.

- Propeller CSU cable linkage diagram - Manual TO 1C-47-2

- extract from DeHavilland A/C P/I ED No 30 - Relationship between Control shaft rotation and
Governor RPM

&£



Telephone: 790 4107 el
DOCUMENT 25 Facsimile XXO0S9GX

791-0329

W/fdéire é)ngineering C) > lofy. ol)tcl

C.A.A APPROVED

FOR THE

DISTRIBUTION OF
AIRCRAFT GOODS

MANUFACTURE OF
FLEXIBLE HOSE
ASSEMBLIES

OVERHAUL OF:
ENGINE DRIVEN PUMPS
PROPELLER GOVERNORS
FEATHERING PUMPS
SOLENOID VALVES
ELECTRIC BOOSTER
PUMPS
SUBMERGED FUEL
PUMPS
WHEEL BRAKES
HYDRAULIC,
PNEUMATIC,

r

} L INJECTION,
DE-ICING,

AUTO PILOT HYDRAULIC
SYSTEM COMPONENTS

438 Avro Street, Airport Bankstown, N.S.W. 2200
AUSTRALIA

19th September 1994

B.A.S.I

P O Box 967

Civic Square
CANBERRA ACT 2608

Attention s.47F(1)

TEST OF PROP.GOVERNOR HAMILTON STANDARD /. o
P/No. 4G8-G30M
S/No. WH32824

Head Position 2 Pully Position 5 as received.

Relief valve pressure 400 PSI
Capacity 17.5 QTS Per Min.
Min. RPM'S 1150 RPMS (1200+ 15 )
Counter Balance RPM'S 2150

Internal Leakage 11 QPM (Max 16)

When testing max RPM'S it was found that even at 4500 RPM'S it
would not constant speed (Max normal RPM'S 2590). On removal of
pully from postion No.5 to No.6 and re-adjusting speed stop

and changing stop in pully one hole it was then possible to
obtain 2590 RPM'S.

On inspection of pully the hexagon hole to fit control shaft
was hadly worn. .

The wiring to pressure switch was not standard.
S.47F(1)




PROPELLER GOVERNOR

INSPECTION AND TEST RECORD

%ZI

KB \\ LN \\‘?'\.\'QDATE .G 2O a0 M. ....2 5k 4

TYPE“\.C.AW)X(HOURS RUN..eeveevecesseeces RELEASE NOTE..seeesonnsnns
SERIALm...ATD.\"\.....\............REMOVED FroM, N E DG A e
cusToMER. RS M. Qemeeinen . o . ORDER NO...evunvnsens TAST O/HAUL.cucueenennss
PLIIGGED. + « s v oo sssssosssssessnsssnces ROTATION. ccuuerecnsaeenns SENSE. «eeevaneenresnasssns
PRESS.SW POSTION. « « e eeveeseeeessensaneessPULLY POSITION......... .HEAD POSITION..cccsecvenss

.“‘{M.‘...QOOOOll.....‘.'.....'..'.‘

REASON FOR OVERHAUL/REPAIR..ceveccassrccgecces Gesesespessccstscesccescssacscnrsscecsoccnses
mRKREDUIRED.-.......:-\.‘?.r)...“;‘.._L..S 0.%3’00.01.¥¥ {

INSPECTION RECORD 71/ :
PARTS INSPECTED. . eseeossssCHECKED. ... ... ... TESTED BY..esreeeesesseCHECKED e eeoasasnconss

77

ASSEMBLED .+ ceeseasecsssses +sCHECKED. c0vosevs.. . FINAL INSP.............CHECKED.?././..........I

ANO' S/MODS.THIS O/HAUL. s o eseessannvancsnnsnns TECH. PUBL /M inION SIANDARN N T[22 IV

/
' CLEARANCES |
DRIVE GEAR JOURNALS. ececcacoccscs e onene JOFARS; RADTAL: CLEAR: &35 s s suvupmwebvonenesesenses

“ecscsrssssse

(DRIVE)iwssinwsssnwwwne teeceveseerooee RACK DIAM.:essusocsossssssssanssescsscssassacsnoscs
IDLER GEAR JOURNALS........ tevenceoss HEAD BORE.cessosseoscscssssssssassossossssnssonans
BODY & BASE BORES....cc0- et .PILOT VALVE LANDS. ... ceesssssnnssssennessnnnssnnn

© (IDLER) .+ 2+ vevvececesessasscasssesssssDRIVE GEAR BORE..ocoeuesenansaasnossenoncaancaannas
GEAR THICKNESS....sscessssnssssessess s P.VALVE SPACER, LENGTH. ¢ ¢ e venneonsnsacecencncses
GEAR PCKET DEPTH. .. eeeceecscccesessss BELIEF VALVE SHIMS..0oturuennssoncnnseccaneacncannn

INSPECTOR. « e e eveeeennsesnsssnssssonssseanases

TEST RECORD
Relief Valve Set@.¥ .’9.(.’.*‘.3‘.‘}.9 s.I. 2. External Leakage..".’ .{...@...4.%’.5."....? ¥ o8

. Internal Leakage..‘.‘.p......IMP.Qts./Hr. 4. Capa01ty...’.f?.f‘...".“.‘!".“:’“’)lMP QTS/MIN. °

5. On Speed Leakage..f.%....,.IMP.Qts/Hr.

6. High R.P.M. setting234¢, (259, .rem .e.......0, Check.

7 ImRPMSettlrlg-.oo’:l:’;ooogolclu‘q‘-;)ocm @-ooo-o- ’ CheCk...,..........-...................

g et ( av 210¢)
8 lmf“tmg RPM gg%?'...:...‘....'c&lm.
9. Transfer Valve Opening Pressure..! A%, ..P.S.I. Bleed Flow... STV v....0ts/HE.

10. th-out Switch Opening Pressure..f’.‘.l.o...P Ss.I.
(v
ll._Acupracy Check......R.P.M. Besvon 12. Day Temp.....’l.j’.t..................
"OOOOORPM @..O..

i OrA
....l'.R.P.M. @....I

1
3

2 4. Tegt FluldaAe O & oo

°© 14, oil 'remp7°“/

INSPmR‘..I'.......I..IQI.‘...I..."

.1/"
Pursuant to A.N.R,39, I certify that the/work ;letalled hereon has been satisfactoriiy
completed in accordance with the Technical/ Pup/l cations and/or A NO's noted above.
; NSt
For and on beha',lf 01;7 WILTSHIRE ENGINEERING CO.PiY.LTB %
/ 3 ~
v ._..Q_’. ¢

w el




i
Telephone: 790 4107 &Q
Facsimile: SCORXKEX

791-0329

M/i/f:iéire gngineering C)o. /Ofy o[,fc[

C.A.A APPROVED

FOR THE

DISTRIBUTION OF
AIRCRAFT GOODS

MANUFACTURE OF
FLEXIBLE HOSE
ASSEMBLIES

OVERHAUL OF:
ENGINE DRIVEN PUMPS
PROPELLER GOVERNORS
FEATHERING PUMPS
SOLENOID VALVES
ELECTRIC BOOSTER
PUMPS
SUBMERGED FUEL
PUMPS
WHEEL BRAKES
HYDRAULIC,
r TUMATIC,

Ly

FUEL INJECTION,
DE-ICING,
AUTO PILOT HYDRAULIC
SYSTEM COMPONENTS

438 Avro Street, Airport Bankstown, N.S.W. 2200
AUSTRALIA

19th September 1994

B.A.S.I.
P O Box 967
Civic Square
CANBERRA ACT 2608
A
Strip Report of Pressure Injection Carburettor
ex HV-EDC (Left)Hand Engine

Serial No. 2247386/29306 Type PD12H4

It was not possible to flow check unit because of salt water
contamination.

The assemblies all comply with Manufacturers assembly drawings
and appear to be correct.

The only fault we could see that the throttle plate is not fully
open, see photos and assembly.






