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Probable
Cause of-
the Accident

Government of India
Ministry of Civil Aviation
KKK

Sub: Government of India’s decisions on the Report
of the Court of Inquiry on the accident to
Indian Airlines Airbus A-320 aircraft on 14th
February, 1990 at Bangalore
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On 14th February, 1990, an Indian Airlines Airbus
A-320 aircraft VT-EPN operating a scheduled passenger
flight from Bombay to Bangalore, crashed on its final
approach to the Bangalore Airport. 92 persons lost
their lives in the accident. A Court of Inquiry was
appointed under Shri Justice K. Shivashankar Bhat, a
sitting Judge of the Karnataka High Court, to
investigate the cause of the accident. The report of
the Court of Inquiry was received by the Government on
the the 3rd December, 1990. It runs into 581 pages
including its appendices.

2. The "Probable Cause of the Accident" is given
in Part IX of the report. There .are 85 Findings in
Part VIII of the report and 62 Recommendations in Part
X of the report.

3. The full text of Part IX of the report
entitled "Probable Cause of the Accident is as follows:

"Fax}ure of the pilots to realise the gravity of
the situation and respond immediately towards
proper action of moving the throttles, even after
the Radio altitude call-outs of “Four Hundred",
"Three Hundred"” and "Two Hundred" feet, in spite
of knowing that the plane was in idle/open descent
mode . However, identification of the cause ftor
the engagement of idle/open descent mode on short
final approach during the crucial period of the
flight is not possible."

4. The first sentence of the quotation above
deals with the " cause of the accident ", while the
second sentence deals with the " cause of the aircraft
going into the idle/open descent mode on short final
approach"”.




5.

As regards the cause of the accident,

several places in the main body of the report,
Court of Inquiry has been much more specific

clear-cut about the cause of the accident.

illustrated below in paras 6.1 to 6.7.

6.1

For example,

the report, the Court has observed as follows: -

6.2

(33) It is clear that, the pilots failed to
convert the idle/open descent mode to speed
mode (for whatever reason) even when they saw
that the plane was in idle/open descent mode
and the .plane was already in the crucial
phase of landing. After runway was in sight,
short finals.  announced and landing checks
completed, pilots diverted their attention to
find out the reason for the idle/open descent
mode, rather than reacting to the situation
by acting on the throttle levers. Crucial
seconds were spent in checking the FDs and
the auto-pilots.

29D to 320 seconds - durlng 25 _saconds (1.a.
did.

In para 37 at page 326 of the report,

Court has observed as follows:-.

6.3

"(37) A discussion fnl the events during
these crucial seconds leads to one inevitable
conclusion, that the pilots in spite of

noticing the plane in idle/open descent mode
failed to react immediately at the final
phase of landing; instead, they tried to
find out the cause for the idle descent mode
and in this they spent some valuable
moments...."

In para 50 at page 334 of the report,

Judge has observed as follows:-

" (50) I am of the view that there was an
unnecessary diversion pf attention to check
the cause for the idle/open descent mode of
the plane and the instinctive reaction to
resort to the thrust levers did not come out
at the crucial moment."

at
the
and

These are
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6.4 In para B3 at page 334 of the report, the
Judge has commented as follows:-

"(53) There 1is nothing to indicate that
pPilots were aware of the speed falling; these
are two experienced pilots out of whom one is
on his first route check in this aircraft.
The calmness of cockpit atmosphere indicates
that their mind was elsewhere; if not at that
point of time, pilots should have resorted to
manual operation of the throttles, instead of
searching for the cause for the idle/open
descent mode...."

6.5 Furthermore, in finding No.15% at page 437,
the Court has remarked:-

*(15) At 13:02:42 ( 295 DFDR Time Frame
- i.e., about 35 seconds before the time of
first impact with the ground ), the aircraft
was at a height of 512 feet AGL. Since then
it started coming down below the profile and
alrcraft speed was falling below the target
approach speed. There is no specific
indication that the crew monitored the spead

i healaht. ] Shon -

6.6 In finding No.20 at page 438 of the report,
the Court has specifically identified what the pilots
did not do with reference to the Court’s observations
in paragraph 33 at page 324 quoted above in para 9.1.
The Court has observed as follows 1in its finding
No.20: -

Laay This crash would not have happened:

(a) if the vertical speed of 700 feet as
asked for by Capt. Fernandez at about
DFDR 294 seconds had been selected and
aircraft had continued in speed/vertical
speed mode;

(b) if both the flight directors had been
switched off between DFDR seconds 312
to 317 seconds; or

(c) by taking over manual control of thrust
i.e. disconnecting auto thrust system
and manually pushing the thrust levers
to TOGA (take off - go around) position

il




Reason for
engagement of

idle/open-
decent mode

at or before DFDR 320 seconds (9 seconds
to first impact on golf course) .

6.7 In addition to the above three factors
mentioned by the Court in finding No.20, it is
important to add another factor which also has been
commented upon by the Court in the main body of its
report (para 2 at pages 107-108, page 310). This
fourth factor is that if the go around altitude of 6000
ft. had been selected on the FCU in accordance with the
standard procedure, at the time it was asked for by the
pilot flying, the accident would not have occurred. In
such a case, the aircraft would not have gone into
idle/open descent mode because it is not possible to go
into this mode below the FCU selected altitude.

7. In regard to the reason for engagement of
idle/open descent mode on short final approach, the
Court has observed that “identification of the cause
for the engagement of idle/open descent mode on short
final approach during the crucial period of the flight
is not possible”. Howcvoer, the Court itself has drawn
attention to the most probable cause in other parts of
the report. 1In a nutshell, the most probable cause for
the engagement of idle/open descent mode was that
instead of selecting a vertical speed of 700 feet per
minute at the relevant time i.e. about 35 seconds
before the first impact, the pilot CM.2 had
inadvertently selected an altitude of 700 feet. The
vertical speed and altitude selection knobs of the
Flight Control Unit (FCU) are close to each other, and
instead of operating the vertical speed knob, the pilot
CM.2 had inadvertently operated the altitude selection
knob. The altitude of 700 feet that got selected in
this manner was lower than the aircraft altitude at
that time and therefore the aircraft had gone 1into
idle/open descent mode. That this is the most probable
cause for the engagement of idle/open descent mode is
recognised by the Court in para 14 at page 310 of the
report where it has discussed this matter, and in
recommendation No.29 where the Court has specifically
suggested a design change with. respect to the two

knobs. Paragraph 14 at page 310 and recommendation
No.29 are reproduced below in full:
Para 14, page 310

"Another probability is that CM.2 dialled the
wrong knob (thinking that he dialled the
correct knob) resulting in the selection of a
lower altitude (a possibility spoken to by
Capt. Thergaonkar). It is also probable that
he wanted to select go around altitude first

v



Government's

acceptance
of the
report

and therefore selected the altitude knob,
but, while dialling it, the words just told
to him by CM.2 regarding vertical speed,
influenced his action and thus he selected
the altitude of 700 feet without even
realising that he selected the wrong
altitude. There are occasions when an action
taken with a particular object in view, gets
confused because of another object
influencing it. If CM.2 had acted at TF.294
to dial V/S knob at a time when plane was in
Alt* zone, he might have failed to follow the
requisite procedure. This 1is also quite
probable because having thought that he
selected the vertical speed of 700 feet at
the most appropriate time, he was surprised
to find the plane in idle/open descent mode a
few seconds later and therefore he expressed
to CM.1, by stating "you are descending on
idle/open descent aa, all this time".

Recommendation No.29

“Due to possibility of mistaking altitude and
vertical speed knobs one for the other, a
modification 1is recommended where vertical
speed knob would have a wheel to be operated
vertically up and down instead of the present
clockwise and anti-clockwise direction of
movement of the knob".

8. . The Government has accepted the finding of
the Court as regards the probable cause of the
acclident. However, taking into account the above

mentioned observations and findings of the Court, the
probable cause of the accident may be expressed
specifically as follows:-

“Failure of the pilots to monitor speed
during final approach, probably because they
diverted their attention to find out the
reason for the aircraft going into idle/open
descent mode rather than realising the
gravity of the situation and responding
immediately towards proper action.

This crash would not have happened if the

pilots had taken any one of the following
action: -

(a) 1if the vertical speed of 700 feet as
asked for by Capt. Fernandez at about
DFDR 294 seconds had been selected and




Alrcraft and

its systems,

including the

engines

aircraft had continued in speed/vertical
speed mode;

(b) if both the flight directors had been
switched off between DFDR seconds 312
to 317 seconds;

(¢) Dby taking over manual control of thrust
i.e. disconnecting auto thrust system
and manually pushing the thrust levers
to TOGA (take off - go around) position
at or before DFDR 320 seconds (9 seconds
to first impact on golf course).

(d) if the go around altitude of 6000 feet
had been selected on the FCU in
accordance with the standard procedure
at the time it was asked for by Capt.
Fernandez."

g. The most probable cause for the engagement of
the idle/open descent mode during the short final
approach is that instead of selecting the vertical
speed of 700 feet per minute, the pilot (CM.2) had
inadvertently selected an altitude of 700 feet by
operating the altitude selection knob. As
this altitude selected on the FCU was lower

than the altitude of the aircraft at that time, the -

aircraft went into the idle/open descent mode.

10. The QCourt has ruled out any sabotage or
structural, engine or any aircraft system’s failure as
the cause of the accident. All the systems of the
aircraft, including the engines, were found to be
performing normally. Specifically, the Court has
observed as follows:-

“There was no defect reported, on the
airframe, engines and their systems prior to
the ill-fated flight nor any defect,
abnormality or emergency reported during
flight by the pilots, till it crashed.”

(Finding No.2, page 435)

“There was no apparent indication of any
abnormality of flying controls”.

(Finding No.3, page 435)

vi
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"All primary and secondary flight controls
appeared to have operated normally .

(Finding No.80, page 448)

"The engines have operated normally
throughout and have not contributed towards
the cause of this accident."

(Finding No.82, page 448)

11, In finding no.84 of the report, the Court has
observed that if ILS was available at Bangalore for
runway 09, most probably this accident would not have
ocecurred. This finding of the Court is based on the
presumption that if ILS had been available, the rilots
would have chosen to make the ILS approach, and
moreover, &a correct ILS procedure would also have been
followed. This cannot be said with certainty. The
pllots in this case have not chosen to follow a full
VOR/DME a&approach even though such facility was
available at the Bangalore airport. This accident has
occurred primarily due to'non-adherence to procedures,
particularly non-monitoring of the speed in the final
approach. Furthermore, the accident has ocourred on a
clear day with excellent visibility condition and
without much traffic. Therefore, it is not possible to
accept this finding of the Court of Inquiry.

12 In FPart VIII of its report, the Court has
given 85 findings. These are reproduced in Appendix I
to this Memorandum together with the Government's views
on each one of themn. The Government is unable to
accept the finding Nos.17, 19, 35, 60, 62, 655, =S T3ESET
75, 76 and 84 for the reasons stated against each one
of them.

13 In Part X of its report, the Court has made
62 recommendations. These are reproduced in Appendix
II to this Memorandum together with the Government’s
views on each one of them. The Government is unable to
accept recommendation Nos. 1, 26, 30, 31, 33, 34, 35,
36, 44, 46, 48, 49, 52, 54, 55 and 57.

vii




FINDINGS

1. The aircraft had a valid
certificate of Airworthiness
and was maintained in accord-
ance with the approved mainte-
nance schedules.

2. There was no defect
reported on the airframe, en-
gines and their systems prior
to the ill-fated flight nor
any defect, abnormality or
emergency reported during
flight by the pilots, till it
crashed.

3. There was no apparent
indication of any abnormality
of flying controls.

4. Investigation of the
engines revealed that the
engines were ‘developing power
and were at or near full power
when they sheared off from the
wings after hitting the em-
bankment.

5. DFDR data reveals that
there was no failure of air-
craft electrical, hydraulic,
yaw damper and cabin pressuri-
"sation and communications
systems. There was no smoke
or fire warning. The GPWS
activated 'Sink Rate' warning
four times from:- DFDR seconds
324 onwards.

6. The wreckage examination
revealed that the slats were
extended, flaps were in full
down position, spoiler lever
armed and landing gears were
down thereby indicating land-
ing configuration of the
aircraft.

7 48 Weather conditions were
clear.
8. All security procedures

viil

APPENDIX - [

COMMENTS

Agreed.

Agreed.

Agreed.

As per DFDR data and engine
examinations, the engines had
accelerated to high power and
not full power at the time of
impact with embankment.

Agreed.

Agreed.

Agreed.

Agreed.



prior to commencement of the
flight were carried out and
there is no evidence of sabo-
tage.

9. The pilots were appropri-
ately licensed to undertake
the flight.

10. Capt. C.A. Fernandez was
flying the aircraft from the
L.H. seat as CM.1] and it was
his first route check for
command endorsement under
supervision of Capt. Gopujkar,
Check Pilot of A-320 aircraft.

11. Although VOR-DME approach
was discussed between the
pilots, it is not clear wheth-
er VOR-DME let down procedure
as per Jeppessen Manual was
followed. From 42 NM to 7 NM
the aircraft was under sur-
veillance of Bangalore Air
Route Surveillance Radar and
from 7 NM onwards indications
are that visual approach or a
mixture of visual with Non-
precession approach was being
followed.

12. The aircraft reported R/W
in sight when it was 7 NM west
on left base of R/W 09 and was
cleared to land by Bangalore
Tower at 13:02:17 hrs. which
was acknowledged by the flight
crew.

13. Landing checks were
completed but go around alti-
tude was not set. Jsimilarly,
Flight Directors were not put
off at the time of landing
checks.

14. The aircraft was slightly
higher and also having higher
speed when landing clearance
was given but thereafter it
came to proper profile for
approach to land.

15. At 13:02:42 ( 295 DFDR

X

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.




Time Frame - i.e., about 35
seconds before the time of
first impact with the ground
), the aircraft was at a
height of 512 ft. AGL. Since
then it started coming down
below the profile and aircraft
speed was falling below the
target approach speed. There
is no specific indication that
the crew monitored the speed
and height since then.

16. The relationship between
the pilots was quite cordial.

17. When Capt. Fernandez (CM.
1) was pulling the side stick
control off to pitch up the
nose and arrest the sink rate,
tihe aircraft entered the Alpha
protection zone (high inci-
dence protection) at 318
seconds and finally at 323.1
seconds Alpha floor (thrust
protection to increase thrust
to take off power) was trig-

gered and in all probability

at 323.9 seconds (or at 324.3
seconds), Alpha floor was
activated by Capt. Fernandez
taking the side stick movement
to full back position.

18. Airbus Industrie was not
aware of the exact delay
between Alpha floor triggering
and its activation due to
signal transmission through a
number of computers and the
delay seems to have been
investigated only after the
accident. Even now there is
no definite knowledge of the
exact delay which may vary
from 0.8 to 1.2 seconds. None
was aware of this delay factor
so far.

19. Basically Alpha floor
functioning is built as a
protection against wind shear,
but the pilots seem to be

Agreed.

Not acceptable as Alpha floor
is a self actvating system when
certain conditions are met and
is not triggered intentionally
by the pilot. This finding
needs to be re-worded as fol-
lows :

"When Capt. Fernandez (CM1l) was
pulling the sidestick control
to pitch up the aircraft and
arrest the sink rate, the
aircraft entered the Alpha
protection zone at 318 seconds
and finally at 323.1 seconds
Alpha floor got triggered and
in all probability at 323.9
seconds (or at 324.3 seconds)
Alpha floor got activated".

Agreed.

Not acceptable as the features:
of Alpha floor protection are
clearly explained during the
training of pilots. Comments



under the impression that the
protection from this system
will be available to increase
power of the engines in any
emergency without any time
delay and a false sense of
faith has been reposed on this
system.

20. This crash would not have
happened :

(a) if the vertical speed of
700 ft. as asked for by Capt.
Fernandez at about DFDR 294
seconds had been selected and
aircraft had continued in
speed/vertical speed_mode;

(b) if both the flight direc-
tors had been switched off
between DFDR seconds 312 to
317 seconds; or

(c) by taking over manual
control of thrust i.e., dis-
connéeting auto thrust system
and manually pushing the
thrust levers to TOGA (take
off - go around) position at
or before DFDR 320 seconds (9
seconds to first impact on
golf course ).

21. 1In all probability one of
the pilots acted to put off
FD.2 by about TF.313 seconds;-
but FD.2 failed to go off
resulting in confusion in the
mind of Capt. Gopujkar.

22. There is nothing to show
that the pilots realised the
gravity of the situation even
after the Radio Altimeter
Synthetic call-outs of 400
feet, 300 feet and 200 feet.

23. Whatever be the exact
timing of the throttle move-
ment, it was too late an
action to prevent the crash.

24. Alpha floor protection
was triggered at 323.1 seconds

Xi

against finding No. 17 may also
be seen.

Agreed. This finding could be
amplified further by adding
that 'had the pilot set the go
round altitude of 6000 feet on
the FCU, it would have prevent-
ed the aircraft from going into
idle open descent mode as it is
not possible for the aircraft
to go into idle open descent
mode below FCU selected alti-
tude.!

Agreed.

Agreed.

Agreed.

Agreed.




and got activated at 323.9
seconds (or 324.3 seconds)
which again was too late to
develop sufficient power in
the engines to prevent th-
crash.

25. At DFDR seconds 329.8 the
aircraft first impacted the
golf course. At what point of
time 6.12% 'G' was experienced
and whether its recording by
the DFDR was correct, are not
decided. No expert witness
was examined by anyone to
explain the nature of 'G'
force and the manner in which
DFDR records the said force.

26. Soil testing report
indicated that the first touch
down area was harder as com-
pared to the second touch down
point.

27. The aircraft bounced for
nearly 1.194 seconds after
first impact of about 0.42
seconds.

28. The impact against the
embankment caused the detach-
ment of both engines, landing
gears and crushing of lower
front fuselage.

29.
hopped over the 'nullah' and
parallel rocad and landed on a
marshy land about 320 feet
from R/W 09 boundary wall and
came to rest about 150 feet
short of the boundary wall
after dragging on the ground.

30. Forward portion of the
aircraft was engulfed in a
huge fire in the beginning.
The fire propagated later
towards the rear.

31. The rear left door was
opened by an airhostess and
most of the surviving passen-
gers escaped through this

Thereafter the aircraft

Xii

The timings of first impact
agreed. However, the force
first impact is not relevant
the accident.

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.

is
of
to




door. A few passengers es-
caped by opening emergency
exit windows.

32. The percentage of survi-
vors in the front, middle and
rear zones of the aircraft
were around 16%, 27% and 73%
respectively of the passengers
occupying the seats in these
zones.

33. RA emitted auto call-outs
of 400, 300, 200, 100 and 50
(or 30) till the first touch
down.

34. CVR-DFDR corelation
reveals that at about 38 to 40
seconds prior to the first
touch down the aircraft was in
proper auto thrust speed mode
and was descending in vertical
speed mode. At DFDR seconds
292 altitude capture mode was
activated indicating that a
selection on the FCU panel
close to MDA of 3300 ft. had
been made at an earlier stage
of the flight.

35. Prior to 305 seconds, the
aircraft went into idle open
descent mode. A conclusive
finding as to what pilots did
at this point of time is not
possible.

XIl1,

Agreed.

Agreed.

Agreed.

Agreed to the extent that
"Prior to 305 seconds the
aircraft went into idle open
descent mode".

cause for engagement of
Idle/Open descent mode, the
Court itself at page No. 310,

para 14 has noted. "It is also
probable that he wanted to
select go around altitude first
and therefore selected the
altitude knob, but while dial-
ing it, the words just deliv-
ered to him by €M-1 regarding
vertical speed influenced his
action and thus he selected the
altitude of 700 feet without
even realising that he has
selected wrong altitude". It
was this action of the pilot
(CM-2) which most probably put
the aircraft in idle open
descent mode.

As regards the



36. DFDR recording shows that
auto thrust speed select
discrete changed status from
'l1' to '0' at 295 seconds.
There is no doubt that plane
was in idle open descent mode
by 305 seconds, by which time
the plane was at an altitude
lower than 400 feet Radio
altitude.

37. The aircraft could not
sustain the height and speed
in the approach profile be-
cause of fixed idle thrust in
idle open descent mode.

38. The aircraft never went
to speed mode thereafter,
though it was the most proper
mode for landing.

39. In all probability, for
some reason the pilots did not
realise the gravity of the
situation of idle/open descent
mode and being at a Radio
altitude below 300 ft. at DFDR
TF. 305 seconds.

40. The ATC tape at Bangalore
Airport was found recording
the tower and approach fre-
quencies only and time was not
recorded.

41. The crash fire tenders of
HAL Airport must have reached
the boundary wall of the
airport at the earliest point
of time, but, subsequently
there was delay in opening the
gate and reaching the fallen
aircraft.

42, Capt. Fernandez had
occupied L.H. seat after more
than 2 months of operating as
CM.2 from RH seat without any
simulator or aircraft training
prior to change over.

43. The aircraft touched on
its main wheels for the first
time in the Golf Course of

Xiv

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.

Agreed. It should however, be
clarified that there is no
stipulation of imparting any
training for change over to
left hand seat after operating
from right hand seat.

Agreed.



Karnataka Golf Association
approximately 2300 feet short
of the beginning of R/W 09.

44. During the short flight
between first and second touch
downs four trees, in line with
the two main gears and the two
engines, were broken by the
aircraft at heights from 10
feet to 7 feet 2 inches and
the aircraft hit the ground on
its landing gear in a slightly
right wing low altitude.

45. There was an explosion
when fire commenced and there
was also a major fire, forward
and aft of the right wing.

46. RH rear door had been
opened from outside by airport
fire services personnel when
they reached the aircraft.

47. Few passengers escaped
through overwing exits and
through fuselage openings
created by crash/explosion.

48. 86 passengers and 4 crewvw
lost their lives at the time
of the accident. Two more
died later in hospitals. 21
passengers and one crew suf-
fered serious injuries.

49. 81 of 90 passengers who
died at the time of the acci-
dent have died due to shock as
a result of burns sustained.

50. 32 victims had injuries
to lower limbs, 20 to the head
and -7 had thoracic injuries
causing possible physical
“inability to escape the fire
in time.

51. Cause of death of Capt.
Gopujkar and Capt. Fernandez
was due to shock as a result
of burns sustained. Autopsy
reports indicated no frac-
tures.

XV

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.




52. Tail section behind rear
galley housing CVR and DFDR
and APU showed no signs of
damage.

53. Though major part of
fuselage was destroyed by fire
the RH portion of cockpit
structure which had the front
wind shield, No.2 sliding
window (Direct Vision window)
and No.3 window survived the
fire though partially burnt.

54. The RH No.2 sliding
window was in an openable
condition at the time of the
crash.

55. A witness had seen a
person hitting against the
cockpit RH side window before
fire engulfed the plane.

56. All computer units had
suffered extensive damage.

57. Speed drop from 132 Kts.
to 106 kts. has taken 26
seconds from DFDR times 297
and 323 seconds.

58. Computers have not held
the actual angle of attack at
design limit of 15 degree or
at speeds of Alpha max as
indicated in FCOM. Actual
angle of attack has gone
beyond and speed has dropped
below the appropriate values.

59. Movement of 1left and
right elevator towards maximum
allowable up position as
indicated against DFDR time
frame 330 is according to
design and condition of flight
(without expressing anything
about the reliability of DFDR
recording at this point of
time).

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.

Agreed.

Will be referred to Airbus
Industrie.

Agreed.
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60. The times of change of
FMGC used FD mode and GFC 1

bus (18) discrete status do
not correspond to the time of
CVR conversation of FDs to be
put off and putting them off.

61. Idle/open descent mode of
auto thrust system has engaged
some time after DFDR time 295
seconds. The exact reason for
this mode engagement cannot be
explained or proved because of
non-availability of FCU se-
ljected altitude data or FCU
controls selection data on
DFDR.

62. Right bank has been
induced when CM.1 pulled side
stick fully aft and Rudder has
been used to lift wing at DFDR
times 323 and 327. Loss of
about 7 feet has been at-
tributed to this cause by
Airbus Industrie.

63. CVR has shown no sign of
panic or anxiety about speed
loss till CM.1 spoke - "Hey we
are going down". There were
no calls of speed deviation
+hough speed was 106 kts. at
DFDR time 323 seconds.

64. Low speed display on PFD
on A-320 is excellent and they
are computer generated. If
correct they cannot be mistak-
en and speed trend display is
compelling. There is no
digital read out of value of
current speed. PFD Air Speed
display data is not recorded
on DFDR.

65. Power awareness may be
deficient in A-320 pilots when
auto thrust is active, as even
an Airbus Industrie test pilot
was not aware of power re-
guired during final approach
at 1000 FPM rate of descent.

XVIi

The finding is not based on
material evidence; hence not

acceptable.

Acceptable to the extent that
FCU selected altitude or FCU
control selection data are not
recorded on DFDR. As regards
engagement of idle open descent
mode, the most probable cause
has been explained in comments
on finding No. 35.

Technically it is difficult to
establish such a corelation.

Agreed.

Agreed.

In regard to this finding, it
must be pointed out that in
aircraft of this class, auto
thrust system is meant to
reduce the workload of the
pilot on the final approach by
maintaining the required speed.
It is the speed which is of




66. There is no warning if
auto thrust brings thrust to
idle for whatever reasons
during approach.

67. Idle/open descent on
short final though correspond-
ing to an aircraft in danger-
ous configuration leading to

limit flight condition, is
indicated in 'GREEN' on PFD
and not in 'RED'.

68. Movement of one side
stick control is not reflected
on the other.

69. Static thrust levers when
auto thrust is active removed
the feel of thrust 1lever
movement and visual indication
of position corresponding to
actual thrust or thrust change
trend. Only way to know the
thrust is to read the value on
ECAM.

70. Use of VOR/DME during
visual approach is in conform-
ity with Indian Airlines and
Aeroformation procedures. Use
of FD during visual approach
is not prohibited by Airbus
Industrie. The pilots in the
instant case, followed a
visual or a mixture of VOR/DME
with visual procedure in all
probability.

71. CM.1 pulling side stick
backed up by moving thrust
levers to TOGA is in conformi-
ty with training imparted to
pilots by Aeroformation.

XVIil

paramount importance and when
flying with manual thrust on
this aircraft, it is easy to
maintain speed even without
referring to engine power
indications. This is because ot
the facility of the speed trend
arrow.

Agreed.

The finding relates to design
features of the aircraft and
will be referred to Airbus
Industrie.

The finding relates to design
features of the aircraft and
will be referred to Airbus
Industrie.

The finding relates to design
features of the aircraft and
will be referred to Airbus
Industrie. An A-320 operators
conference held in Cairo early
this year to review the auto-
thrust fixed throttle concept
supported the concept of non-
moving throttles incorporated
in A-320 aircraft.

Agreed.

Agreed.



72. Information in documenta-
tion provided by Airbus Indus-
trie to pilots during training
and to Indian Airlines has not
been very clear and sometimes
not appropriate to Indian
Airlines aircraft.

73. The very grave conse-
quences of IDLE/QPEN DESCENT
mode engagement either inad-
vertently by the pilots or
automatically due to a system
malfunction is not part of the
simulator profile training.
This indicates that no one may
have visualised such an occur-
rence to ever take place.

74. The flight control com-
puters seem to have permitted
the aircraft to maintain the
minimum speed of 106 kts.
which had been reached at DFDR
time 323 seconds. The speed
increase to 113 kts. before
the first touch down and
conversion of this kinetic
energy into potential energy
‘was prevented. Was this
prevention due to the comput-
ers is a matter to be consid-
ered.

75. Landing mode of the
flight controls may have
contributed during the last 3
seconds in the prevention of
conversion of kinetic energy
into potential energy.

76. It seems that Aeroforma-
tion simulator training on
simulator fitted with CFM 56
engines has been accepted by

XIX

The finding is not specific. It
should be pointed out that the
documents are continuousl:
updated.

Not acceptable. All aircraft
while descending from cruise
level, descend normally on idle
open descent until the aircraft
reaches approach profile. At
this stage speed has to be
carefully monitored. This is a
part of training programme of
the pilots and there is nothing
special as far as A~320 is
concerned.

However, the Airbus Industrie
has carried out modifications
to ensure that the aircraft
reverts to speed mode during
final approach, if aircraft
gets into a low speed situa-
tion.

Finding is not clear. Due to
inertia of motion an aircraft
in descent would take some time
to arrest the descent and start
climbing. There can be no
sudden reversal of descent into
climb. The angle of attack can
also not be excessive. The
computers have an angle of
attack protection system of the
aircraft designed to prevent
stalling of the aircraft.

As in finding-No. 74.

Not acceptable. European certi-
fication authorities have
certified the A-320 simulator
with CFM-56 engines for train-




the concerned department of
the DGCA without obtaining
full data on the simulator
capability even though this
had been thought of and con-
cern had been expressed earli-
er during 1986-87 regarding
use of an incompatible simula-
tor even for recurrent train-
ing and proficiency checks.
~No additional stipulations had
been prescribed after this
acceptance.

'77. Part of the CA.40.B (J)
check in case of both these
pilots was carried out on a
“simulator with CFM.56 engine
data.

78. Recommendation for ap-
proving Airbus Industrie/
Aeroformation instructors has
been made and approval granted
without receiving confirmation
of A.320 PIC rating and A.320
PIC experience in the case of
two pilots.

79. The subject of Bangalore
HAL Airport holding a licence
or not was not relevant and
wouid have in no way affected
this crash.

80. All primary and secondary
flight controls appeared to
have operated normally.

81. Increase of N2 RPM on
slats extensicn on VT-EPN was
less than those recorded ¢n
Airbus Industrie aircraft and
two other Indian Airlines
aircraft.

82. The engines have operated
normally throughout and have
not contributed towards the
cause of this accident.

83. Under conditions prevail-
ing and based on the DFDR data
and CVR transcript, the acci-

XX

ing pilots on A-320 aircraft
with V-2500 engines.

Agreed.

Agreed. It may be stated that
the two pilot instructors were
approved instructors of Airbus
Industrie and Aeroformation and
were already imparting training
to A-320 pilots..

Agreed.

Agreed.

Agreed.

Agreed.

" Agreed.



dent commenced at approximate-
ly DFDR time 321 seconds. The
alrcraft had no chance of
survival thereafter.

84. If ILS was available at
Bangalore for R/W 09 most
probably, this accident would
not have occurred.

85. But for the severe fire,
the loss of lives would have
been considerably less.

XXI

Not acceptable. This finding of
the Court is based on the
presumption that if ILS had
been available, the pilots
would have chosen to make ILS
approach and moreover a correct
ILS procedure would have been
followed. This cannot be said
with certainity. The pilot in
this case have not chosen to
follow a full VOR-DME approach
even though such facility was
available at Bangalore airport.
This accident has occurred
primarily due to non-adherence
of procedures, particularly
non-monitoring of the speed in
the final approach. Further-
more, the accident occurred on
a clear day with excellent
visibility condition and with-
out much traffic.

Agreed.




RECOMMENDATIONS

1. . Accident/incident inves-
tigation authority should be
totally independent of the
DGCA and a¥l organisations
connected with aviation in
India. Only this can ensure
an impartial and unbiased
investigation looking into the
role of every organisation
connected with the accident/
incident including the DGCA.

2. Whenever an investigation
is ordered under Rule 71 of
the India Aircraft Rules, 1937
and later a formal investiga-
tion is ordered under Rule 75,
automatically the Inspector of
Accidents should only indicate
the finding based on factual
evidence and no interpretation
or recommendation should be
made to avoid embarrassment to
the formal investigation.

3. A highly experienced
pilot should always be asso-
ciated with the Inspector of
Accidents officially if he is
from an engineering background
and the pilot's report should
be recorded whenever an air-
line accident is to be inves-
tigated.

4. DGCA should formulate
procedures and develop infor-
mation formats which has to be
completed in all respect every
time a new aircraft is intro-
duced into the airline to
cover all training aspects and
exemptions/validations to be
granted.

5 DGCA should form a board
of officers competent to deal
with all aspects of training
with 1if necessary senior
experienced training personnel
from the airline to assist
such a board officially to
evaluate the proposed training
programmes prior to acceptance
whenever a new aircraft is
introduced into the airline in

*

APPENDIX - ]I

COMMENTS

At present only minor accident/
incidents are investigated by
DGCA as in other countries. Any
major fatal accident is invar-
lably inquired into by a Com-
mittee or by a Court of En-
quiry, totally independent of
DGCA or the Ministry. There-
fore, this recommendation is
not acceptable.

This is =cceptable. But the
stipulation is to be laid down
by the Committee or by a Court
of Inquiry.

Recommendation is accepted to
the extent of association of a
Pilot with the investigatic.
whenever necessary.

Acceptable

Acceptable.
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the future. Minutes of meet-
ings of such a board should be
properly recorded.

6. DGCA should develop a
machinery in coordination with
the Ministry of Defence for
supervision of Government
aerodromes including Ministry
of Defence aerodromes 1in
respect of facilities offered
to civil aircraft operating
through those aerodromes on
scheduled flights to ensure
adequate safety standards.

o
on

DGCA should insist that
the first route check, be
it for release as a co-pilot
or for training towards PIC
endorsements, should be with

an approved flight instructor

Oor examiner.

8. It would be advisable to
have at least a category I
ILS installed at every air-
port in India and for every
R/W used by jet transport
aircraft on scheduled serv-
ices.

9 Time recording should
alwavs be available on ATC
tapes and regqgular checks
should be carried out to
ensure proper recording.

10. HAL should have proper
communication facilities with
the airport emergency serv-
ices and all communications
between the ATC and the emer-
gency services should be
recorded on one of the ATC
channels.

13. A ecrash siren at Banga-
lere airport should be in~-
stalled which could immediate-
ly alert all fire stations of
HAL. They may look into having
two different types of sirens,
one to 1lndicate an aircraft
emergeney and the other to
indicate a factory emergency.

XX11f

Acceptable.

The DGCA has already implement-
ed this recommendation even
prior to the receipt of report
and has made extensive changes
in the norms of route checks.

The NAA is already installing
ILS facilities at many airports
in India. To install an ILS on
every airport and on every
runway would require heavy
capital investment and an ILS
may not be necessary in air-
ports which are infrequently
used.

Acceptable

Acceptable.

Acceptable.




12. The crash fire bell at
the airport fire station
should be of good quality and
should be louder and similarly
the red light should be larger
and brighter.

13. The bushes on either side
of the road and ramp should
always be kept cut to a low
level so_that visibility is
not impaired at any time even
for a person sitting in a low
level vehicle.

14. HAL should develop good
roads leading to all exit
gates of the airport on which
all fire and rescue vehicles
could move at high speed.
One set of keys to the locks
of every locked gate should be
available with every airport
fire services vehicle.

15. Mock exercises should be
carried out by the airport
fire services for fighting an
aircraft fire outside the
airport boundary wall.

16. HAL should evaluate the
VASI at Bangalore to improve
its colour identification from
longer distances during the
hours of bright sunlight.

17. All audible sounds gener-
ated by movement of various
controls and levers which
could be recorded on the CVR
tape should be carefully
analysed to obtain a corela-
tion with the DFDR as accu-
Tately as possible particular-
ly during the most critical
period of the flight. The
excellent capabilities that
are available with wvarious
premier establishments in
India should be properly
documented for use in future.

XXIV

Acceptable.

Acceptable.

Acceptable.

Acceptable.

Acceptable.

Acceptable to the extent of
maintaining a library of audi-
ble sounds generated inside the
cockpit for identification of
sounds recorded on CVR tape, of
the same type of aircraft.
Exact co-relation with DFDR,
however, may not be possible
for technical reasons.



18. As the DFDR data can have
highly erroneous recordings,
a very critical analysis of
every critical DFDR parameter
in comparison to factual
evidence should be made for
acceptance or rejection of
such data.

19. Similarly a very careful

analysis of CVR transcript is-

necessary to look at all
possibilities before it could
be used towards any conclu-
sions.

20. Due to considerable
number of dead passengers
having leg injuries which may
have prevented them from
escaping, a provision of a
foam pad around the bottom
rear bar of the seat should be
examined wherever the pitch
between the seats is such that
it could cause these types of
injuries.

21. As large number of pas-
sengers and survivors had
faced neck and head injuries
possibly due to the seat ahead
not being vertical, it is
advisable to issue instruc-
tions to all cabin crew to
check and insist on the 1laid
down procedures of seats to be
upright, seatbelts tightly
fastened and tray tables
stored properly. Seatbelts
sign could be put on earlier
for them to carry; out this
function.

22. DGCA should distribute a
large number of printed autop-
sy formats corresponding to
their air safety circular 3 of
1984 to all airports in India.
They must be available in
adequate numbers depending on
the passenger capacity of the
aircraft using the airfield
and these should be made
available to police authori-
ties in case of any fatal
accident with a request for
strict adherence to its con-
tents.

XXV

This is normally done in alfi
investigation of accident/
incidents.

This is normally done in all
investigation of accident/
incidents.

Acceptable for the purpose of
future study.

Already being followed. In-
structions will be repeated.

Acceptable and noted for ac-
tion.




23. Experienced "aviation
pathologists either from Civil
or Military Aviation should be
made use of in an advisory
capacity. A large number of
copies of the above circular
if sent to various hospitals
around airports could assist
in wider dissemination of
information among the doctors
of the hospitals.

24. In the light of the test
flight conducted at Toulouse
in the presence of an Asses-
sor Airbus Industrie needs may
examine the design aspects of
the accelerometers and the
DFDR recording system as used
on the A-320 to improve accu-
racy of recordings particular-
ly after a flight at high
angles of attack.

25. Some slides did not
display when door exits were
opened from inside. It is
recommended that slide activa-
tion mechanism should be
evaluated for improvement.

26. Installation of a con-
ventional airspeed indicator
unconnected with any computers
with a speed bug which could
be manually set at the desired
V-app, generating an unmistak-
able audio warning (again
unconnected with any comput-
ers) fitted on all aircraft
when speed drops more than 5
knots below the bug, which
have computer generated
play of airspeed to be used
as the primary speed display
may be considered. A provi-
sion should be available to
check this warning, during the
pilots pre flight check. Such
warning should be serviceable,
for release of the flight.
Airbus Industrie and Indian
Airlines to evaluate retrofit
such a feature in place of
their present standby airspeed
indicator on the A-320.

1=

dis-

27. Expanded indication of
the value of the current
against the lubber line in the

XXVI

Acceptable and noted for ac-
tion.

Airbus Industrie will be in-
formed.

Airbus Industrie will be in-
formed.

Not acceptable as a convention-
al air speed indicator with a
provision of speed bug setting
is already available in the
aircraft. Too many warnings
would only tend to confuse the
pilots.

Acceptable. Would be brought
to the notice of the Airbus
Industrie.



PFD is recommended for better
appreciation of current speed
value.

28. A provision of a low
speed warning even under pitch
normal law should be examined
by the certification authori-
ties at about 1.14 to 1.15 Vsg
for this type of FBW aircraft
to prevent a similar accident
in future.

29. Due to possibility of
mistaking altitude and verti-
cal speed knobs one for the
other, a modification 1is
recommended where vertical
speed knob would have a wheel
to be operated vertically up
and down instead of the
present clockwise and anti-
clockwise direction of move-
ment of the knob.

30. A very serious human
factors evaluation is neces-
sary using ordinary 1line
pilots regarding the loss of
direct physical and visual
cues by the type of sidestick
controls in use in A-320 when
compared to dual control
wheels operating in unison of
the earlier aircraft to deter-
mine the adverse impact it may

have under critical conditions.

of flight like that of VT-EPN.
Human factor evaluation of
moving auto throttles giving
feel of thrust increase or
decrease versus the static
thrust levers of the A-320
auto thrust system using line
pilots is recommended to
establish advantages and
disadvantages.

31. Option of moving auto
throttles is desirable in all
future aircraft if static auto
thrust system similar to A-
320 is to be installed in such
aircraft.
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Airbus Industrie has already
brought out a modification by
which the aircraft will auto-
matically go into speed mode
whenever the speed reaches
Lowest Selectable Speed (VLS).
As such, this recommendation is
not necessary.

This will be referred to Airbus
Industrie as it requires a
design change.

Airbus Industrie has informed
the Court that in a conference
of users of A-320 aircraft held
in Cairo early this year, there
was an unanimous opinion for
not adopting moving thrust
levers. The recommendation is,
therefore, not acceptable.

Airbus Industrie has informed
the Court that in a conference
of users of A-320 aircraft held
in Cairo early this year, there
was an unanimous opinion for
not adopting moving thrust
levers. The recommendation is,
therefore, not acceptable.




32. After gear down and below
2000 feet radio altitude it is
recommended that idle/open
descent mode should be indi-
cated in flashing red on the
FMA associated with a single
stroke chime.

33. Airbus Industrie should
evaluate the provision of a
feature, by which low thrust
level occurring, during final
approach, even on speed mode
due to gusty wind conditions,
would attract immediate atten-
tion of the pilots; if it
occurs every close to the
ground it could lead to unsafe
situations.

34. It is recommended that
the low range scale of the EPR
gauge upto 1.10 should be
expanded to give a better
indication by the needle of a
low thrust condition.

35. Airbus Industrie may look
into providing a range in red
colour upto 1.02 EPR to at-
tract pilots' attention of a
low thrust situation when on
final approach.

36. Similar features as above
could be evaluated and provid-
ed for operation in N1 mode.

37. It is recommended that
the emergency exit sliding
window in the cockpit (direct
vision window) should have the
operating handle in the for-
ward end to give a better
leverage than at present, so
that it could be easily opened
by a comparatively frail 1lady
pilot using any one hand only.
Indian Airlines may check with
Airbus Industrie if a retrofit
modification is possible for
their present fleet and future
aircraft.

38. Safety of operations
would demand that Airbus
Industrie execute the proposed
modifications of increased

approach 1idle by 2.5% N2 and

Partly acceptable and Airbus
Industrie will be requested to
have a different colour for
idle/open descent mode display
on FMA during final approach.

Not acceptable technically, as
while on approach a pilot has
to monitor speed and too many
warnings at the critical phase
of landing would only cause
confusion.

Not acceptable as considered
not necessary.

Not acceptable as considered
not necessary.

Not acceptable as considered
not necessary.

Acceptable - will be referred
to Airbus Industrie.

Already being incorporated.
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auto thrust mode changing to
speed mode when aircraft speed
drops to VLS, as top-most
priority modifications.
Indian Airlines should pursue
the matter vigorously with
Airbus Industrie in co-ordina-
tion with DGCA.

*39. Installation of a single
master switch conveniently
located to switch off both FDs
when required is recommended;
slave switches could be used
to switch them “on' individu-
ally or repositioning of both
switches centrally be consid-
ered.

40. A modification to prevent
auto thrust mode change from
sped mode to thrust mode
during Alt* just by change of
altitude selection is highly
desirable. The mode change
should occur only by pulling
the altitude knob after change
of altitude selection.

41. Airbus Industrie should
clearly define in their proce-
dures and flight patterns the
position at which they need
the flight directors to be put
off.

42. Airbus Industrie should
immediately amend A-320 FCOM
bulletin No.09/2 of June 1990.

43, Indian Airlines should
introduce simulator training
session whenever a line pilot
is required to change his seat
from the co-pilot seat to the
captain seat after a 1long
period of operation from the
right hand seat even when this
is for obtaining 100 hours
experience prior to PIC route
check.

44. In the interests of
quality of training and safe-
ty, it is recommended that
DGCA accords approval for all
the 100 hours co-pilot experi-
ence to be obtained by a pilot
slated for direct PIC training

Acceptable. It will be re-
ferred to the manufacturer as
it requires a design change.

Already being incorporated.

Use of flight directors is
emphasised during training of
pilots and a circular would be
issued by the Indian Airlines.

The FCOM bulletin has already
been amended.

Partly acceptable to the extent
that it will be followed during
conversion of co-pilots to
pilot-in-command.

Not acceptable as every pilot
has to fly both from the left
and right hand seats depending
upon the situation.
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on to any type from the left
hand seat only under the
supervision of an approved
check pilot/flight instructor/
examiner. If airline needs to
use these pilots from RH seat
during this training period
pilot should be given simula-
tor training as PF from RH
seat also.

45. Operation of the cockpit
emergency exit windows (direct
vision windows) either during
pre flight check by pilots
prior to commencement of their
first leg of their series of
flights or during daily certi-
fication of flight by aircraft
maintenance engineers would
ensure easy operation of the
window by preventing the seals
from sticking to the framework
causing higher force require-

ments to open when need
arises.
46. A re-emphasis regarding a

3 seconds delay in alpha floor
activation by angle of attack
in case of windshear should be
made to all A-320 pilots and
Indian Airlines should recom-
mend that pilots should not
wait for alpha floor but react
on thrust levers immediately
if an adverse situation is en-
countered.

47. It is recommended that
Airbus Industrie-and certifi-
cation authorities to careful-
ly re-evaluate the limit of
159 angle of attack (alpha
max) was both simulator exper-
iment and Airbus Industrie
flight test under direct law
going to slightly higher
angles of attack have shown
better performance and reduced
altitude loss.

48. In view of the results of
the test flight at Toulouse it
is recommended that, certifi-
cation authorities including
DGCA should carefully evaluate
acceleration characteristics
of an engine at high angles of
attack to give better informa-

XXX

Redundant,
done.

as this is usually

Not acceptable as Alpha floor
is not activated by the pilot.
The features of Alpha floor
protection are adequately
taught during the training.

Attention of Airbus Industrie
will be drawn.

Not acceptable as Certification
Authorities do not 1issue Type
Certificate of Engines unless
these parameters are carefully
evaluated.



tion to pilots as Airbus
Industrie test flight has

demonstrated different accel-

eration characteristics by the
same two engines in the four
profiles.

49. With the drastic change
in high bypass turbo fan
engine designs from the 1960's
to the present day and the
acceleration characteristics
and net thrust developed
during various stages of
acceleration of present day
engines it is recommended that
certification authorities may
re-examine the existing engine

acceleration certification
requirements.
50. Indian Airlines should

include inadvertent engagement
qf ;IDLE/OPEN DESCENT on short
final at heights very close to
the ground as a profile during
simulator training of pilots
being converted onto A-320 and
also during recurrent training
and proficiency checks till
such time all their A-320
aircraft are modified with the
new proposed modifications.

51. As documentation supplied
by Aeroformation to a large
number of Indian Airlines
pilots during training did not
fully correspond to the Indian
Airlines aircraft (which was
not according to the minutes
of the training conference) it
is necessary for Indian Air-
lines to update these docu-
ments in co-ordination with
Aeroformation.

52. Indian Airlines should
include recovery from a situa-
tion of low speed at idle
thrust in close proximity to
the ground in their check
pilot training and instructors
training on the simulator.

53. It is recommended that
all pilots in India operating
automated aircraft be advised
that in case of any malfunc-

Not acceptable as Certification

Authorities do not

issue Type

Certificate of Engines unless
these parameters are carefully
evaluated.

This is a basic concept of jet

flying which is already being

taught.

Documents are continuously up-

dated.

XXX/

Not acceptable.  Training is
given to recognize the situa-
tions and to avoid them.

Acceptable. A circular will be
issued to all pilots.




tion of any auto pilot or auto
thrust systems or any engage-
ment of undesired mode occurs
at altitudes below 1000 feet
above ground 1level manual
control should immediately be
taken over and if considered
necessary a go around should
be carried out. No critical
investigation or correction on
the automated system should be
carried out at critical alti-
tudes prohibiting the
idle/open descent mode below
1000 feet radio altitude
should be seriously consid-
ered.

54. Indian Airlines should
very carefully evaluate with
the DGCA and Airbus Industrie
the advantages of introducing
manual thrust operation when
manual flight is being carried
out on the A-320.

55. Indian Airlines should
carefully evaluate with Airbus
Industrie the auto thrust
behavior during gusty wind
conditions when speed suddenly
increases beyond V-app and
decreases at altitudes below
200 feet AGL and adverse
implications if any to deter-
mine the limits of use of auto
thrust system. This may have
to be evaluated in both cases
of Magenta speed or selected
speed.

56. The U.V. recording and
sound spectrum analysis would
help to identify the voices,
as well as various other
sounds; research and study of
the science may be undertaken,
so that in future its benefit
would be available whenever
necessary.

57. A Human Factor Research'
centre may be established to
study and analyse Human Fac-
tors in Aviation.

58. A careful study be made
to evaluate the advantages of
having backward facing passen

XXX11

Not acceptable as auto-thrust
provides greater safety level.

Not acceptable as considered
not necessary.

This is being done for the last
12 years in the DGCA.

Not acceptable. This work 1is
being done in other parts of
the world where sophisticated
aircraft are being manufac-
tured.

This concept is being evaluated
by many certification authori-
ties.



ger seats with a shoulder

harness towards improved 3
pPassenger survivability at the

time of accident. Such back-

ward facing seats may prevent

the type of head injuries,

injuries to legs and hands,

arms etc., that occurred in

this accident.

59. Due to severe fire de- Acceptable. Will be brought to
veloping with hardly 3000 to the notice of Airbus Industrie.
3300 Kgs., fuel, burning

completely the interior fur-
nishing, top of the fuselage
and the floor of the cabin,
DGCA should carefully evaluate
along with other certifying
authorities and manufacturers,
the feasibility of providing
oxygen cylinders for crew and
for passengers in the least
fire risk areas (well away
from the fuel tanks namely
front and rear of the fuse-
lage), with a provision of a
valve close to the cylinders
which would be closed at
levels below 1000 feet. This
may help 1in delaying the
spread of the fire in compari-
son to the oxygen generators
distributed throughout the
aircraft and may contribute to
saving more lives.

60. DFDR should record the Acceptable.
selections made by the pilots
in the FCU; at present it is
not possible to infer many of
the actions taken by the
pilots during the last phases
of the flight. Practicability
of getting DFDR recordings of
instrument displays such as
speed display also should be
considered.

k. ALl Airports used for Acceptable.
civil " transport aircraft

operation should be inspected,

assessed and certified as fit

for such operation, by a

competent authority.

62. The DGCA shall be stren- Acceptable.
gthening in .all is aspects to
meet the growing technological
requirements, as indicated in

PaxrE=Villl of this Report. =
XXX




PART I
4. INTROITGTION

G0 the 14th P@ Lary, 1990 Indizn airlings
Alrbus s.320 aircra* VI-EPN was cperating a
scheduled passenger flight IC 605 from Bombey
to Bangalore. Capt. 8. 8, Gopujkar was in co mand
of the flight. Capt.C.4, Femandez vias the second
pllot operating the flight as pillot in comuand
under supervision. There were five eglin ¢revw on

board. There were a tntal of 135 passengers an

£

4 infants on bogrd this Tlight,

The alrecraft tocck off from Rombay at
31.58 hys. T8T. Daring the final approach to RW
09 at Rangalore the zircraft flrst contasted ground
within the boundary of the Karnataka Col¥ assecciaticn
approximately, 2300 f%, prlor to the bezinning of
R/W 09, The aircraft wang Bp into the aix for a
very shovt duration aftew which it ageln contacted
the ground on the 17tk green of the gol? course on
~11 thees gears, then nit an anoanlment av the
boundary 0f the golf ecourse.  The fue atage srd the
wings with other compoRents in varions stagas of
disintegration flew ovewn a Rallai and a :gad

adjacent %o 1t just outzide the BolTf covwse ang

came to 38T on 2 partially marshy aves ci -

boundary vall of the gl rsout,

(555 7 O = Nge o . R Y em e, oy e
«de aircraft was destroyed GRe ¢y impsot

and firs. 22 persons cn boayd including %the %wo




pllots and two cabin craw died in the accl den s,
Of these, iuc persons died after aduissicn =

hospitals cue to the injuries and bums sigtalned,

The geeldent occured during the mid afternoon

at approximately 13,03 hrs, IST,

The DGCA ordered en investigation of the
accident under Rule 71 «f the Indian Alreraft Bales

1937 by appointing an Inspector of Accldents,

Thereafter, Govermaent of India, {HMiniztyy
oL Civil Aviation, New Iielhi, vide their Notirfi-
cation No.4V 15013/2/90 85V dated 17.2, 1925y ordared
a fomal investigation ints the circumstances of
the accidsnt to Indian 4irlines aAlrbus A-320 airerafs
VI-EPN wiils operating a schedquled flight T¢ &05
from Bombay to Bangalors on 14.2,1990. Tho Goveril-
ment ordeved this fommal investigation undey Buls
75 of Indfan Adrcraft Rules 1937, The No%ification

is reproduced here:

GOVERNMEIT OF INDIA
Ministry of Civil Avigtien

$.Dc Bhawan, Parlismen® Strest
Jew Delhi - 110 001,

L7th February, 1890,
NOTL FI.CAKT A

S.0. WHEREAS, on 14th Febriary, 1990 Indicw iiglines
dlrtus 4-~320 aireraft VI-EN while operating {light



IC 608 fiom Bambay to RBangalore crashad

3 SO

LR P

Bangalswe resulting in the death of

(including 4 crew mezbers) on boards

Govewznent that 1t 4o expedient to holg
investl zation into the dreunstances of

accident,

&ND HOW, 1n exevrcize of the povwar

by the fule 75 of Alreraft Rules, the Gg

Govermment hereby dipects that a fomai

gation o7 the said accldent be hneld,

n
3

iz Central Goveinment, is fart

£

%

Ehlvashankay Eizad

appoint (Bhrj..Justice‘ Ko

Kamatak: High Court o Nold the

Ths Central Govemmment is al so plonse

appoints
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(1} capt.B,s. Gopal, Director Flighs

Alr India,
(ii} C&p to CO Ro So R&(Jg
Mr Indiae
(111} shr s, G, Goswami, Director
(Retd.} DGCa %o act a8 Asss
sald investigation,
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e LY

its resport to the Cent

3

PeS
(&3

o
LLve

val Covernment by :

Deoy
et
CI3038

ral
ral

Toraal

Lt
w4

Rg sald

couferreq

nHral

s,

7

i e

S

[

sald livestigation,

d to
4 Safety,

of AL yworthiness
#38 %o the

créniness,

the Secratany 4o ths

5y end 1




1990. Thy Headquarters of the Court will ba 3%
Bangalore.

Sd/ -
(Ao Vo GAHESEY
Secretary to the Covi. of Indla.

No. AV 15013/ 2/90~-58V



B. Sequence of Events in Investieaiion

X, Cin 18. 2. 1990, the Seeretary to the Covvn
along wvith Sri,Satendra Singh, Inspector of
Accidents, under the authority of DGCA loitar No,
AV 15013/2/90-45 dated 15, 2,1990; met wma in ny
residence =% about 16,09 hrs. and the Inshecior

of Accidantys apprised ms of the progress mada

in carrying out the invastigation of tho cfash till
that date, The next day % 11.30 hrs, I, along
with the Secretary, Inspoctor of Accidents and ons
or the Aszessors namely Cap L. C.R. ScRao, vigl tad the
crasn sites., The area in Bangalore Goly Couree
where the aircraft made initial touch downr end alse
the final vreckage spot wers inspected, Tha
Inspector i Accldents was advised to continue the

investi gation on behalf of the Court,

e On %o ocecaslons, I along with the Asgscsors
and the Secretary to the Ceur: visited ATC and 1ire
fighting fzeilities avallahle at HAL, Aiy Tvaffic

Control Tower. During ths prccess we gles visited

the VASI (V:isual Approach Slope Indicatory, VEHE,
VCR ground facilitlies ata,
3e on 2/,2.1990, Sri H, S.Xhola, DDG, alcong with

Cap t. Thergozakar of Indian rirlines and the Sscratary

o

of the Court along with Asssssors met N3 &6 MY regia
dence at about 19.30 hrs, and they explainad the
deccding of DI'DR data including the figures u-ich

5




were furnished by the Canadian Air Safety Board,
Ctﬁawa, Canada. The CVR tapse was alsor eplayed.
The Inspecior of Accidents; who Was also present,
wzs asked to complete his report on or before

31st Maren; 1990,

4. Since airbus A-320 aircraft is sophisgti-
cated in systems incorporating many new featurss
such as, Fly by Wire technology, Alpha Floor .
Protecticn &tc., it was decided to study technical
pac zrcund from Indian Airlines training facili-
‘ties at Hyderabad. 4s such, all the Assessors
visited €TE (Centralk Traipning Establiéhment) ox
Indian Airlines at Hyderabad frem 5-3-1990 o

~ A
(=0 ]u./og_) O [}

s AZain from 19—3;1990 to 23-3-1290 “the
Ccurt and all the Assessors, alongbwith the
Secretary to the Court visited CTE, Indian airlines,
Jvdarabtad. I[uring this period, I got acquainted
with the cockpit layout and other technical
suiieets. Cockpit mockup layocut were utilised to
zhow varicus displays and control switches, Slmue
iator for a=-320 alrcraft was still being installed
Cy the Janudian experts. 4long with the Assessors,
I visited and experienced the flight simulators

cn Roeing 737 airecraft and A-300 simulators

Which were operational.

. Sri S. G, Goswami, one of the Assessors visit-

M

es Vaintenanca/Cverhgul facilities and Engineering

6



Training School at Palam from e de 20" to o 4. 50,
Various tes% equipment and test benches fop Mdio,
Electrical, Instroment and other shops wers in the
process of knstallation, Discussion on vayicus
technical aspects with instructors andg scp AHEs

were hald,

Sri K,P.Rao, Secrotary to the Coups alocnge

&)

with the Ingpector of 4c ccldeant proceeded to C4S
(Canadian aiyp Tety Boardy, Ottavwa, Canada, 7yon
17.4.90 to 23,4.90 t get tho DFDR of aANcTNer &-3290
alreraft Vi-mp0 invlioved in g0 around/touch and gzo

exercisg,

s 1% vas also decided to feed cartzin cooputae

~S

programmes on Indian Airlinss Simulator as Eycevatag
to obtain vavious profiles t match the actial i ght
path of the ill fated p-Z20 alreratt, soAthat asefd
inference could be drawn rsgarding the ¢ruecial phass
of the accidant, Capt. B.S,Copal, (an Assessopy
Was authorisad to @xplain tha required PIogranne;

he was also authorised o zeat” the Seeretary,

Ministry of Oivil aviatien end 9xplain the nuisose

of this programme since, foreign exchange was invelved,
Thereaftexy, Capte B, S. Gopal also went to Can,
El ectroni s, fontreal, Canada, whow ere iihe iwokors
of Indian ilwvlines simulator at Hyderabad %o prepare

the requirsd flight profilas,

()  4s the human factor subject is naw and-to

understand 1ts effect on tho L1065 of the 41,
P
7




fated alreraft, 1t was decided to send tho AS£8850TS
to NASA {Hatlonal Aerorautics and Spacse Adninl g=
tration, USAY where intsnsive regearch uotk on the
subject was being conducteds, As such, the Assessors
visited NASA establishment at Sanfrancisco o i2th
June, 19¢0. In a meeting, detailaed delibsratiocns
were made hy a group of axperts on human fasiows.
pilot!s r=’lex action in most modern cockipl tsduring

anergancy, affects of earlier experience snd Lraine

‘._
5
Gk
3]
4
O
=
L

ing on conventional types cf alrcraft, theiy be:ae
in abnowanl circumstancas ¢tc., Were dizcusssd.
Literatuse on these subjacis wWere distyibuted wo
the Assessnitg. They werd alco 1nfoﬁxed that o

system of voluntary aibmission o £ reporbs of any

\J

atnoral hanpening de {2 nsychological cifoecits OF
mistakes committed aue to parsonnel factors tas

ceen evolved and the sysiem 1s believed uworkiig
satisfactorily; saveral seports were belng racelved
and the sanc are reported to the concemad cparators
for further action wi thout ravealing the identlty

of the concemad plldts, thess data are systsmail-
cally recowvdad and study awndartaken to enalysa

numan factor effects in caeh case and TEROELE avre

al so pubtlishsd to apprisc vaplous operators gnd thelx

light crow,

“8(b). on L3th June, 1900, the Assessors vlgise
IAE enging npyovduction facilitles at Bast Havtiond
Here various stages of production and assenkly of
the engines ware shown, Build up of nackad sotlow

8



assembly, »%tment of vorloug components ¢l bLnng
engine; cagine build up fow test bed wum Wore
witnessed by t he Assesssras, Producticn tost
facilities, test bed set Up varlous payemetors

recording snd printout facility vwere ohsarve

Lo
9

Arrangement to simulate varying altitude zng
temperuture was available, The alr wes drawn iun
by creating suction at the exhaust end. Dul the
facllity for tilting the engine to simulate aiyp
flow at diiferent angles of attack did no% oxist,

Engine aceeleration test wesults were shovm,

g (el From 18th June, 1990 to 2i1st June, 1990,
the Assessowrs visisted "o olouse, France, The
dssessors utllised VACEL fagility to know mors abouy

tecimical subject of A=-220 alreraft. The Seshnieal

3

subjects covsred were ssag s glven in thg Woow
Vol.l. The system utilisad audio visaal aids o
impart training to the pupils without the presecace
of any instimucter; it was found that the ingtructor
could be called at any tiwe to explain cerizin Jlegsonsz
which were not clear to-the pupil and a particular

portion of the audio visual aids could be repeated

fAL]

at the discretion of the pupdll for propsr wider

standing.
Subjects incorporvated in FOOM Vol,.7T & ITX
were taught in fixed base simulatoy (FBS} zng fully

flying simulator (FFS).




A few items of lessons on FBS & FFS
were demonstrateds. A test flight was under-
taken by 4irbus Industyie tocarry out
requested profiles, Capt.Rao was on Boar

this flight.

8 (d). The Secretary ziong with an officer

o2

from DGCa visited RParls, France to get MGG,

CFDIVU, €U znd all servo actuators tested from

17.6.20 To 24.0.%840,

9. I along with the Secretary, Court

of Inquiry, visited Indian Airlines engineering
maintenance facilities at RPalam, New Delhi on
Z2B8th June, 1290, . The Isllowing aress such as;
Shop Complex for P & W JT-8D, GE CF6-50 ang
TAE V-25C0 engine including Test Bed to under-
take major maintenance/repalr including over
haul and testing IAE V-.2500 engines were

observed.

Besides, I visited Radio, HElectricg,
Instrurent and accessory overhaul shops., In
instrunent shop, facilities for testing vawious
computers oy aTEC (sutomatic Test Equipment
Complex), DFDR Decoding facllities for 4-320

and other facilities were found belng

cr

sirecraf

10



set up keeping in view a target dateo
for speedy cempletion., Practical demon..
stration of five paremeters FDR foil
readout of Boeilng 737 alrcraft was al so

witnessed,

After retuming from Delhi ' on
2th June, 1990, I had a meeting with the
Assessors on 30th Junie, 1990, and on the
Same day I aleng with Secretary to the

Court proceeded to Hyderabad Lo visit

>

4=3520 simulator whichwas 0y then fully
operational with both motlon and visuals,
Vieit %o simulator was necessary’ to
familiarize myself with the subject involved
in this investigation, While retumming

we vwere flown in an 4-320 abpepaft, I 'Mas
cceurying the observert g seat to hagve

petter appreciation of thebvurious cockpit

O

displays und recovery from simWated stall,

10, On 4-7-90 at NAL the CVR was

again replayed in the presence of all papti-
cipsnts élong with their Couhsel. A defi-
nite click sound was established in between
the words of Capt.Fernandez "Hey, wa ave
geing down", Later, ultra'violet recording

of the SVR replay wos done at NAL.,

11




11, 4s the CAE, Canada intimated that the pro-
gramme was ready and a rerresentative uould ba
coming to Hyderatad to feud the data on Indian
Lirlines simuiator, a tyip was made by ths
Assessors o iyderabad from 17.7.90 to 20.7.90. I,
along with the Secretaxry to the Court of Ingulxy
also went io Hyderabtad on 18,7.20. Due vo limited
time available, the relevant recording and dgta

was made available to the participants by placing
the recordings and the data as part of Couxri

e

-
8

rds. The printout of @all the simulatoy pro-
files could not be taken during our stay at
Hyderabad., During this time, the sound of side
stick movement upto the stop (full backwardy,
throttie movement to the full forward positicn and

cockpit door movement to close position wes vecorded.

12 These sounds were further plotted in U. ¥,
recording and compared with the cliclk sound heard
during CVR w=cplay. It was believed that tha cliick
sound was porhaps not of side stick movemen®t §s

thought eaxrlier.

fict It vas decided by the Court to confiim wune
voices in the CVR tape from DFDR T.F. 224 seconds
when Capt.Fernandez said *0.X., 700 ft, rate of
descent", As such, after obtaining consent of

Mrs. Gopujkar, a fomal request was sent by the

Court to her to come  to Bangalore. Accordingly. she
came to Bangaiore on 27,7.80 and the CVR tape was

replayed at NAL on &.7.80 1in the presencs
12



of the Counsel of all the particlpants, Assessors,
the Secwstary to the Court and myself.; Shs icdenti-
fied the veices of Capt, Gopujkar ang Cante Fewnandeg

whom she knew very weli, Har ldentification dig

not make any change in ¢va tape trangcwin g,

14, ¥ke Court in all examined 35 wiﬁnésses and

173 exbibits were marked, Thisg apart, thovre were
several documents collectad in the coursg off
correspsndence as part of the Investigaticn conducted
by the Lssessors having yegard to the technical

nature of the gquestions involved.

15, The following were glven the partlcipant

status:

bt
Y

Indian Airlines Corporation (PTACHy;

2]
Ly

Indian Comwercial pilots Assecidation
(*ICRA');

)

Y’

Hindustan fevenautics Limi ted {PHALYY;

4y 4lrbus Industrie (TATY)y

<3 Intemdtional Aero Ingines (*TARY:

€y &4ll India Alrcralt Maintenance
Ingineers .issociation - (It GLlg nok

ultimately participate zin % he
proceadings),

P

743 The Consumar Action Group, lMadyzs;
7B} Alr Passengovs dssociation of indiay and
8% Consumer Bducatlon and Researsh gocisety,
Almedabad=€,
16, 41l tha partlcipaunts wers reépresenad by

their respective advocstes,

G

=0 addition, M7, Shroff appeared personally

13




represciiting hls groups Consumer Bducatlon and

Re search doclety, Ammedabad.

in the course of the proveadings, tha
Director General of Civil Aviation appeaycd Thy ough
Mr. Mulunds Menon, the addltlonal Standing Counsel
for Centiwl Govemment foy a limlted puipose of

examining a witness.

17, ¥ considered it piudent to have the assistance
of an independent Counszel having regard to the likely
questions “hat may arise in the course of tha pro-
ceedings. It was not possible to foresce the various
situations at the time the Court started fumctioning,
In these circumstencas, initlally I had voguested

the GovH. of Indla to spare one of 1ts Ssnlow Law

o

Officers, such as any Addi. Solicitor Gancoral to
assist the Court but Govit, of Indla could nov depute

any one of its Law C0fficeTs. Therefore, I waguested

the then Lavocate General of Kam mataka, Sil B.Veoacharya

-

46 asslst “he Court as 1ts Counsel, Srl P, V.Acharya

as

inspite of his busy schzdule came forwapd fo act

counsal of Court and hs uas assisted by M=z, Lshok

-

Hamahalli, who is one ol the Standing Coursel fo:

the Central Govermment.

18, Troyc were several Advocates appeawing for
varlous paviies. ILAC wae mainly represeated LY
M. C L. Vahznvati, Sr. Ceuasel assisted by bize Nol
Seervai, #Mr. R.N.Karanjawala % Ms.Rekha, CAG & APAT

ware repraseanted by Sri P.B,sppalah. &AL uas

repres@‘t“5 nie M/ s DeCeSlnghania, aAlol Mzbrziar and

\



A. S.Krishnasarthy; ICP4 was i2presented by
Mr.Mohan Pavasaran; IAE w23 represented by

Mr.Udaya Eoila and was ass’ sted by Ms.faing 3ain

19, Tne Court had publiched a Notification in

o

all lcading neuwspapers inviting participatica ow

ARSI

seakking ralovant infomasica in the proceciinzs,
After the Gourt decided about the participatica
st.cus, ths participants wers required to filiu
their statement of cases. To finalise tho DT
cedure, ths first sitting of the Court, as =
pre-hearing session, was held on 24th april, 1980
which was attended by the participants and they
were Infomed of the procedire to be follcwed
during the Inquiry. The pariticipants were #olc
that, wherevarp necessary, afilidavits alrsagy
filed, and further affidavits, 1f_anyy of ail
the respeciive witnesses shall be treated as
part of thely examination-in-chief and tho
proceedings in the Court will be froem %ha

stage of ciross-examinaticn and onwards. This
has saved conslderable time for the Court anda
the Counscl., The participants were given
specific datugs within which to file the afi do-
vits of their witnesses with coples to thc
other participants. imilarly, the participants
wera told of the re-playing of the CVR at NAL,

Bangalovre on the same day. Rocording of evideace

15




commencod on 7th May, 1620, This woen® up upto
23,5, 3880, except durming public holidayg, By
23.5.7280, 19 witnesses were examined, There-
aftep, the proceedings ware adjoumed to £5¢h
June, 1280 for furthew evidence, In the nean-
while, the Assessors snd the Court had o dnvesti.-
fate sciae more matters, Similarlyg the Court
also had to familiariz tself about ths systems
of this aircraft (4-320 Airkus). However, % he
witnesses could be examined only on 2nd July,
1990 on which dute 3 witnesses vere o“quK,gu
This included the sitiing on the next cay also,
The examinagtion of Witness No. 23 conciuded only
on 6,7,1990, Sane moye witnesses Werea exsuined
cegtween 9th July, 1990 %o 9th Aaugust, 1990

Since Advccates required time to prepare Lheir
arguneits, proceedings were adjoumed; the parti

3

clpants were directed to file written arguments

and fuinish copies to the other participant

i
w
a

The ovzl arguments in the Court were confined to
salient features only. This commenced on 17%h

Septembor, 1990 and hearing of arguments concluded

on 204 September, 1990, Court adjourned Uu prepara

the Report,

16



PART IT

1. FACTJAL INIORMATION:

P2«1. HISTORY OF FLIGHT:

On the 14th February, 1920 Indian Airlines
Alrbus A-320 airecraft VT-IPHN operated the first
flight of the day IC 669/670 on sector Bombay
Goa Bombay. Thesge flights were uneventful.

The aircraft was then scheduled to operate flight

IC 605 from Bombay to Bangalore. Cap%.C.4.Fernandez
was to fly the alrcraft for his first ronte check
for pilot in command endorsement under the super-
vigion of Capt,S.S.Gopujkarf a check.piiot on

A-1320 airers £t. Capt.S. g. Gopujkar being a check
pilot was the commander of the flight. Thereée were
S cabin crew members and 1.39 bassengers including

4 Infants on board the alreraft.

iy

1@ alrcraft tock off from Bombay at 1358 hrs,
IST after a delay of ahout 1 hr. from its schedule
time demarture. The aireraft was cleared to flv

o route W 17 from Bombay to Belgaum via Karad and
then an route ¥ 56 fron belgaum to Bangalore at
flight level 330. The alreraft climbed to the
assigned cruising level aad reported over Belgaum
at 12:28 ors. 18T, The aireraft contacted Bangalore
approazch at 12:95 hrs. giving the estimate for entry
into Ladras FIR at 1235 nrs and arrival Bangalore
at 177 nrs, I5T. Bangalore approach passed the
Prevalling weather at Bangalore to the aircraft

17




as "Jind variable 05 lkmots, visibility 10 lms.,
clouds 2 octa 2000 ft., temparature 27°C, IHH
1018 MiTibars". The R/W 1in use was 1ndicated
as 09, A% 19:29 ars. I1ST Bangalore approach

passed the new INH of 1017 Millibars.

Rottine contact with Indian Airlines £iight
desnatch had been estabiished on company channel
giving the ETA Bangalore as 1304 hrs. IgE. 3%
12:42 nrs, IsT, descent was requested, Eangalore
cleared the alrecraft o descend to flight level
110. Taring the descent the vnilots discussed
certain finer noints of descent vlanning and ziso
planned to carry out a VOR DMB approach to R/W
02 which included leaving 6000 ft. at i1l niles
and 4500 ft. at 7 miles for the MDA of 3230 ft.

Speed brzkes were used during descent as the air-

craft was slightly high. At 12¢53 hrs. I3T Bangalore
radar identified the aircraft at a distarice of 42

nautical miles on radial 316. Airerafi was asked
to turn rigzht onto heading 140° for vectcrs vigusl
apnroach RB/W 09, At 12:57 hrs. the heading was

changed to 150° by radar. The crew chanzed the
altimetaer getting to QHH of 1017 and chesited the

heignt at 8500 ft. 4t 12:58 hrs. anproach check

1list was completed and approach was activated

AL 15259 ura., ragenta speed which ig the
managnd anmroach speed was cross checked zs 132

knots., Various stages of flaps and gsars were
selocted whilst contimilng descent to 430 14. as



cleared by the ATC. At 13:00 hrs. IST the aircraft
was 7 miles west on left base for R/W 09 with the
R/% in sight. The autopilot was disconnecthed.
The zirceraft changed over to Bangalore tower after
being transferred by radar. Landing checks were
carried out at about 13:02 hrs. and cabln crew were
instmcted to be at stations for landing, The
aircraft went well below the normal appioach pro=-
file and initially touched the ground wiithin the
bonndaries of the Xarnataka Golf Club on its maln
wheels g% a distance of approximately 2100 £t.
prior to the beginning of R/W 09 and about 200 ft.

on the right side of the extended centre line of

"y

the rmunwayv. The alreraft went up into the alr
azain after rolling on the ground for abouf 80 ft.,
remained in the air for about 230 ft., thereafter

came down on to the ground again on fthe 1

~1

of the golf course. This time all three gears
have dug into the ground for a considerable depth
and at one stage the right engine also. dragged on
the ralsed portion of the ground. Shortly there-
after the aircraft inpacted an embankment which
s approximately 12 f%. in height. The under-
surface 6f the fuselage and the centre sechiion of
the wings appeared to have rubbed against the top

nortion
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landing gear directly impacting the embaniment.
This 1ed to the separation of both the engines
from the wings and the undercarriage. Tihe alr-

craft wings cut off some small trees on %top of

Sy5y Lo s 3 <+ - 3
Ehe smpalloent. ‘the aleeralf dn bhis conditien




leV¥W Over &l adjacent mullan and road jus+% cutside

the boundary embankment of the golf couirse a1d cane

te rest in a grassy, marshy and rocky arca beiween

the - and boundary wall of the aivport.

Tt is estimated that the aircraft fuselage st

have coms &~ Tast at its final position at spproxi-

mateily 13:03- Brs. 19T,

An
nortion
rear orl

through

intense fire which commenced at the forward

of the fuselage later spread towards the
the aircraft.

A few passengers @scaped

the overwing emergency exits and

cthar

openings as a result of breakages in the fuselage.

Some more passengers escaped through the rez» left
door which had been opened by one of the surviving

cabin ecrew members.

The final resting position of the aircraft
was outsidz the boundary wall of the ai
R/YW 09,

reratt fuselages was anproximately

wne fingl 5% The

ENhroach ares

of tha ai

from the boundary wall. The elevation of ihs
to 2850

is annroy: Aa»o7vfm4oé fest above mean sea level,

fceddent occured in broad day light.

)
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CRUISE AND LANDING

- Witnesses -

2.2: Toueh Downs:

(1) Two air-hosiesses who survived tShe

crash have given some idea about the fllght,

Krs.Sadhana Pawar (Witness No.4) told the
Court that she did not experience any abnorality
in the filsht in question till the plams landed.
The take off was quite normal from Bombay aud
cruising was also normal, She did not experience
any veculiar high speed as the plane came Gowm.,
She was sgitting at the rear side facing the tail
and thersfore she could not look through the
window after the announcement to the crew o
position themselves for landing. She has also
spoken about the 3-touch downs which will be re-
ferred later when the cceasion arises. She has
also filed a copy of the report signed by hier
after the crash. Esrller on the date on 14,2,1990
she was & orew member ia Flight 629 to Nagpur andg
Bombay 1n a different A-5:0 plane. The szigd flight
was commainded by Capt.Gopujkar. However, the
co-pilot was one CapteGaurav. After the completion
of the previous flight the entire crew including
Capt.Gopujkar were shified to the 111-fateq Flight
€05 in VT-EPN. The co-pilot was changed to Capt,
Femnandez. (who flew the plane as M1 undsz? Foute
Check anag Capt.Gopujkar functioned as the Pile:
Non-flying - PNF orp CM2, while checking M1).

According to hWap the Bre-flight ahacks of thig
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plare did not disclose any defects. Howsver,
at Bombay, after the doors were closed, another
member of the crew Mrs.Swami came tc the cock=
pit and reported that water flow from boilex
No.2 in her galley was flowing non-stops Capte
Gopujlar instructed her to st off the main
water valve sltuated in F.W.D. galley but she
sald,valve could not be closeds However,
Capt.Gopujkar tried snd managed to close the
main vslve with some difficulty. She also re-
ported that after the landing anncuncemsis was
made, all the crew members were positioned at
thelr respective stations for landing, when

Captaln announced "“Cabin crew to your stabions®,

(11) Mrs.Neela Sawant 'Is another Ailr-hostess
who was in this flight. Her report also is
annexed to her deposition. She substantially
corroborates Mrs.Sadhana Pawar's statementis.

Both these two witnesses speak of oniy 3 %ouch
downs of the plane. According to Mrs.Sadhana
Pawar, the flrst toucsh down of the plane did not
give any impression of any abnomelity., She
Ehought 1t was a normsl landing. Thersafter she
experienced something like, being dragged Lut not
a feeling of jumping. The second impact wag
heavy and terrible. The third landing was on a
marshy land, which was the final stop., She
stated "I am quite ecertain that in all, there

were three touch downs cut of whnich the =e-ond
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was the heaviest'. To the same ef:

report after the crash.

131) Mrs.Nesla Sawant who was alfo S1CuiDE

atetns that there were three lmpacis altogether.
The last Tesulted in the plane stoopliig finally
and ihe first impact gave her the impression that
i+ yes a normal landing. At the time of the

second impact she was thrown off her seat and fell

1]

an tha floor of the plane. She was cn the floor
when the final impact OCCurred.. Both these wit-
nesses speak of the fire coming out in the fronjg
portion of the plane. There was heavy =moke and
intenze fire. Mrs.Sadhana Pawar had cpened the

lefi side exit door while Mrs.Heela Sawant move

in the eabin asking the passengers to gc out. She sa

it wze impossible 4o open the ceniral exitas cabin

{iv) Mr.Hemchand Jaichand was one o7 the
vasssugers (Witness Ho.6). He is employed in
Unior Bank of Indis, According to him the take

L =t Bombay was an usual take off. During

-t

cruising, except fcir gome turbulance for a shory

wnile, sverything was rormal. The turbulance

R

was when the plane was flying through the dense

clewds. He had thas impression that the plans
was Ilving low prematurely before landing.

However he thought that the vlane wes movin

T)

for s formal landing. Before the touch down

s WAL

ha szb barren fields and the plane was almost

fevel tp the rielda,




a landing in an ajirport situated at a higher
altitude as in the case of Bajpe airpori,
hLecording to him the vassenger next him actually
gave CLt a curse and many passengers were open--
ing the seat belts. Afser the first touch down
there vas a jerky movement of the plane, though
nothing violent was experienced. Thercaiter the
plane tlzidded against a hard surface. The plane
came to o halt immedlately after the secons touch
downl described by him as thudding. At the tine
of the second touch down hils fore-head hit +the

front seat. Immediately he removed the seat

belts and he was afraid of the explosion and

came out of the plane. ‘hen he was unning away
from the vlane after gstting out of 1% nhe v
looking dack towards the pPlane. According to

him fire fighting operation had not started at
that time. The experience of first touch dewn
was similar» to his expsriences of landings

when he went to Mangalore.

(vi) Mr. E.s.Sridhaz is another passzager

(Wiitness No.7). He ig » Trezquent traveller ix

1

air. On tha previous day ne went to Ahewmadabad
and then returned %o Bombzy, According te him
the take off at Bombay +¥» RBangalore was = narmal
take off., The flight was rormal and cnly at one
noint there was some turtulance. Before ine
first touch down he felt that the plane wa

coming down fast. The Tirst touch down was =2
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mild one and he thought that the plane 1anded
on the runway. Thereafter there was soOume
movemen’ before the secend touch down. At

the time of the second impact he fell frward,
the scab belt snapped nd he thereafter went

on his fzet when the plane finally stopped at
the time of the third impact. This witness
said that ke lost his three teeth and sustained
some injury on the right leg. He saw the resr
door exit open gnd he simply ren out. As he
lost tls spectacles hls vision was slightl: Alm
though he saw yellow flgmes from the front

portion.

(vii) In the courrse of the enquiry certain
cuestions arose agbout the nature of the wvarious
touch dswuns. It has come out that geituslly
there wr2re 3 impacts after the first touch down.
After the first touch down the plane had iolled
for g:out 82 feet on the Golf Course zid siightly
went uvp into the glr znd moved forward for about
234 feet and then cgme down negr the i7th hole

of tu2 Golf Course. &arllier st the Time of

3

@aEs

b

tour 1 ¢own only two gezis touched the ground,

1 4=

t the 17th green threz gesrs were Sn the ground.

o

The »l e was on its maln wheels for ghout 302 feet.

The rizat engine grazed the ground for atoutb

40 feet, znd impactcd against the embankaent,

The =a:d embankmenti is zgbout 12 feex

naights | After thig dmpact egainst the enlonlment

[t 0%
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the twC engines @t separated from the pime.
The routatum of the plane took it furither in
the air and ultimately it landed on the narshy

lend just agbout 135 feet from the houndsry

well ¢f the airport.
2.3: The duration of the aircraft on ground

during first touch down is estimated as 0.42
second (0,418 second) end the short flight
during the bounce ig inferred as 1.i%4 seconds
at an average ground speed of 116 kmots., Severe
decelargtion must have tglten place betwser the
second touch down gd the impact wviith ithe

embagnlaent .

2.4: INJURIES TO pPFRSONS:

INJURIES _CREW PASSENGERS  QTHBRS  TOTAL
Fatal 4 88 * nil 92
Serious 1 21 nili 22
Minor/None 2 30 nil 32
Total 7 139 nil 146

* Two passengers of these 88 succumied to their

1

uries in bospital.
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2.5 DAMAGE TO A CRCRAFT:

The alircraft ivas destroyed as a raesult of

impact with grounu and subsequent fire.

2.6 OTHER DAMAGES:

One cow was killed in the final rest area
of the aircraft. 4 small porticn of the golf
club fencing was damaged due to impact with

alreraft.

5.7 CRFY PERSONN' INFORMATION:

The crew cons:zted of ﬁwo pilots and five
cabin attendents. FIoth the pllots were properly
-qualified and licerced to oﬁerate this flight
in accordance with the stipulationsg laid down
by the DGCA, India under the'IndianAircraft
Ruies 1©37. All the cabin crew had been trained

and yere competent to undertake this flight,

2.8.1 PILOT IN COMMAND:

44 year old Capt.S.S.Copujkar was an .
IncGion natidnal.holding ALTP licencs Ko.854
issaed on 7,7.1973,  He was employed as a piiot
in Indian Airlines diring the year 1969, From
1971 to 1981 he fiew :he HS 748 as a co-pilioct
and iater as a captgln. He obtained a Boeing
737 co-pllot rating on 1.8,1981, and = pilotk
in command rating on 24.2.1983. Aftér satis-
factory completion of convérsion training on

—oda

=
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Alrbus A-3 alreraft at Aeroformation, Toulonse,
France, he was grarnted co-vilot rating on
4.8.1989, He was granted a pilet in commang
rating on A-320 cn-5,9,198¢, CaptoSQS.GOpujkar’

-

12d total flying experience of 1034C lrirg, of

—~

wiilch 7176 hrs. were as pilot in commgnd. In
the A-320 he had 43 hrs. as co-pilot =ng 212
hrs. as Pilot in Command t11l the da%e of the
accident. He had flown 4:20 hrs. in the past R
24 hours, 16:50 hrs. in the past 7 days and

56-15 hrs. in the past 20 days,

Since his first medicsal exeminagtion in
October 1968, for the issue of Commereial
Pilots Licence he has been contirmously fit
to ily in all his subsequent medicai exaning~
tiors. The last medical @xamination was done

at IAM, Bangalore on 5.10.198¢9,

He was anproved and released to fly as
ehzek pilot on A-a3sh aircraft on 27,11,16809,
He had no earlier aceident record. He was
involved in a taxying incident in a HS 748 on
18,1979, at Coechin but he was not found
blameworthy. Prpiop to his conversion Training
on 4£-320 he had been approved as a flight in-
strictor on Boeing 737 alreraft. Iavestigation
of hlg activities on the.previoug day dld not

revsal anything abnormal.
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On this flight he wes carrying out the

duties of both co-pilot and checlk plliot,

2.8.2 PILOT IN COMMAND UNDER SUPFRVISTGN:

46 year old Capt.C.A. Fernandesz wes an
Indian holding ALTP licence No.$55 %ci:ed on
31.20,1977. He Joined Indian Aizlires
as u pilot, He flew HS 748 as co-pilos and
captain till 1983, s obtained Go=pilot rating
on Zoeing 737 on 2.7.1983 and Pilst in Comnand
rating on 12,10.1984. After sa Clefactony
completion of ground/simulator trsiningz at
Aeroformation, Toulcuse, and the required

,

flight checks in India, he was gransed a co-

pilot rating on Airbus A-320 airerat: on 19.12,89,

He hed a total flying experience of 9307 hrs.out
of which 5175 hrs. were as Pilot in Co omtiand .

On the date of the accident he hadg &3 hrs es
co-riiot on A-320. He had not flour during

the past 24 hrs. He had 11:5 hrs, in the past
7 doys and 52330 hrge in the past 20 days. His
firsz% medical for igssue of Comr mmercisl Pilot' g
Licetce was in July 1967 and was geaaTrine ont
hig medical examinations at regulay intervals,
In Pebruary 1 985, he was found %o have an ECG
abnormality and was declared temporarily medi~
caily unfit. After veview at the Aixforee
Central Medical Establishment, New Delhi, in
March 1985 he was declared fit and he¢ continued
to remain fit. His last medical 2yeminziion
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was on 28,3.1989 at IAM, Bangalore. He vas

i

not involved in any accident or incident

eariier.

While granting type endorsement on A-320,
the DGCA had advised Indian Airlines that
Capt.Fernandez' s performance be positively

nonitcored in -

a) operation of FMGS
b) single engine handling and procedures

¢) single engine non-precision approach

which required improvement and reporis on his
perZormance in these areas to be specifically
raised. These shall be taken inio conglderation
at the time of issue of PIC rating to Capt.

Fernzndez.

This advisory had been issued based on hi

ov

1y

rall performancs daring his training a%
Toulouse. DGCA had also advised that the naxiy
six monthly profeciency check of Capt.Fernandesz

v,

are to be endorsed in DeCA Headgquartaers oniyv.

Indian Airlines had Intimated the DGECA that
the performance of CapteFernandez in o operating
FMGS will be monitored when he ywas wzdergoing
Pilet in Command reouie checks and the remaining

recommendations would he acted upen duving his

next XB/LR cheek after commissioning of the
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the 4~320 simalator.

Investigation of hils activities ecn the

previcviug day did not reveal anything sztneoimal.

2.9.,1 AJRCRAFT TNFORMATION:

The Airbus A-3580-£3l, bearing Indian
Reglgsthration VI-FPN was manufactured by Alrbus
Industrie and rolled out from their plant at
Tovlouse, France during the fourth quarter of

9

1¢89. The mamufacturer's serial nunkesr 123

5

079. After acceptance by Indian Airiines <the
alrcraft arrived in Indila on 24.12,1889 with
an export certificate of airworthiness

No.15279 of 22.12.1989 issued by the DGAC,
France. A certificate of alrworthiness
N0.1945 was issued on £6.12.1989 by the DGCE
India. It was valid upto 21.12.1990. & certi-

ficate of registration No.2447 was also issved
on 26.12,1989 assigning the reglstraticn mark-

ings as VT~-5PH,

Airvus A-320 is a rarrow body, sinrle
aisle, subsonic jet transport airecrafi. The
fuselagec is pressurlsed throughout gxcent nose
cone, ail cone, landing gear bays and zip-
conditioning compartment. All aircrati and
system controls for the conduct of the flight
are arranged in such a manner that the crew
posltians are forward facing and both crew
membary ¢an monitor instruments and systems.
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In the Tndian Adirlinez configuration ths

oy

alrcraft can carry 168 passengers in 28 mows,

P

each row having 6 sezts. The seats are 3

(&)
i3

elther side with a central aisle.

i3

The flight deck of the alrcraft ig desig-
g

nated foxr two pllot cperation. The alrcrafd
uses a new technology Fly By Wire flight con-
trols operated by sidestick controls replacling
the conventional contzol columns. I% has six
large cathode ray tube (CRT) displays replacing
the conventional instruments. This ie known

as FElectronic Instrument System which 1z givided

into twe parts namely E (Elactronic ¥light

Instrmeant 3ystem) and ECAM (Electronic Cocntral-

e
(o)
P
i

pizeraft Monitor). The EFIS hss two CRT's

L.

each 1n “ront of the pilots and displays mainly

H
I..._J
Fle
m
)
=
(4n
(o
fe
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»
|
o

sters and navigation data on

,.,
o
Do
by
o

PFD (Primary Flight Die¢play) and the ND {Navi-
satlon Digplay). The ECAM utilises two RS
one below the other on the cenitre instrument
panel known as Engine/Warning display and System

display. The displays on these are engine

primary indications, fuel aquantity ingis ations,
flavs and slats vosition indications, warning
and caution alerts, memo messages, airerafi
systems synoptic dlagrams, status messages,

flight cata ete.

The #1lizht management and guidance [y s nems



4

(FHC8Y s a pilot interactive sygten whieh

provides autopilot control, flight direcior

commands, auto thrust control, rudder commandgs

flight envelope computations, navigatioa, nav

radlo auto tuning, performance optimiszition

= .

nd information display management. Th

(u

alreraft Is provided with Full Authority
Digital Electronlec Engine Control (FADEC
which provides a full range of engine control

and recelves its commands from FMGS.

The Fly By Wire flight system controls

LY

the primary and secondary control suwvrisces.
The ciewv inputs through the sidestick eontrols
are recelved and procsssed by varicus comout ers

vhich in turn give commands %to hvérauilc achu-

ators for related ilight control moveunents.

The airplane was powered by two V~2500

4l engines manufactured by Internaticnal Aero-
engines. These are high bypass turbofan engines
developing a sea level statle thrust of 25000
lbs. The manufacturers serial mumbers of the
engines were V-0021 installed in the No.d
position and V-0040 installed in the No. 2 posi-
tion. ®h the glare shield panel centrally
positioned there is the 'FWI. It provides short
term interface between MMGC (Flight Management

and Guldance Computer) and erew allowina:

a) Mmgagement of auto pilot, flight
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director and auto thrust systens.
b) Selection of required guldance modes
¢) Manual selection of flight pavameiasyrs
such as gpeecd/Mach, Headlng/Traclk,
sltitude or vertical speed/fliglit
rath angle.
Most actions on the FAU lead to amn inmediate
change in the guidalice or controi cf the

alreraft.

2.9.2 POWER PLANT:

The aircraft is fitted with two Inter—
national Lero Engine TAE V-2500 high bypasg
ratlo (5.44:1) turbo fan engines rated at
25000 1lbs. take off thirust at sea level and
flat rated to ISA + 15°C. The aircrafi is
equipped with a FADEC (Full Authority bDilgital
Electronic HEngine Control) sysbtem which pro-
vides gas generator control, engine limi:
protection, power management, automatic engine
starting, flight deck indication data, thrusth
reverser control and feed back and achs ne a
propulsion data multiplexer making enginz data

avallable for conditlon monitoring.

inglne thrust control is provided by
FADEC. Thrust selection is achieved by meansg
of the thrust lever in manual mode cr the MGS
in auto thrust mode to maintain a given speed
or redired thrust ssbting.
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HAMUAL MODE:

In this mode engine is controlied by the
posicion of the corresponding thrast laver

(throttle), provided suto thrust fneticn iz

not erizaged or engaged but not z ctive (thrus

tf‘

lever ot in ATS operating range and ulpha

floor protection not activated),

Iz the automatic wode thrust is coumputed
by FMGC and dis limited to the value cc TreSnonc-
7
{

position

i3

G')

Ing to the thrust lever sxreent 17
alvha-iioor mode is activated). ‘frne thivst
lever ¢oes not move Iin accordanece witiz 4ha

hrast produced under the commrand Qi EHET,

Ato shiust mode can ve eng raged (provided =%
least cite Flight Divector ic Jo i
1) manually, by pressing the autc thiust
paush mtton vn ™I on ground wiigh engine
stopped or In light when above 43 feat

radio altitude,
ii; when the pilok initiates a takawafl or

~

go-around, OR
i1%) if there i35 an alvha-floor detaciion
after 1ift off and down to 100 fTeet

radio altituds on landing,

Auto iisist is activz when the mode ig engaged
and Lt8iigt lever 1g 3et betweer IDIE and MGT/
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FLX (¥a:, continuous thiust/flexible talke of Ty
position. Vhen the active auto thrusgt function
is disengaged while the thrust lever ic in
MCT/FLX or CL (climb) position, the thrust of
both engines is frozen a% the value deoiined
before arto thrust disengagement. Manual
thrust control is recovered by selectinrz a
position of the thrust lever different fiom
the present position. In that case the new
PR (Eagine Pressure Ratio) given by ths

thrust lever position i¢ reached SMOLTLL Y.

ALPHA FLOOR AND AUTO THEUYST:

Fas

I the particular case of Alpha flcow
detectlon, the max.. take off thrust %3 auto-
matically.selected irresvective of thg position
of the thrust lever. Alpha floor function

becomes active when:

angle of attack iz more than 9.5° in confligs O,

o

()]
o
123
4
o
G
=
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o
o
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n

angle of attack is more than 1
Z oF 38

cx

argie of attack is more than 14,5° :n conflg,
o

L% is also active wien sidestlcek 1z no e
than 14° noge up and iy pitch attituds is graater
than 25° or 1f angle of aliack protection iy
active. Alpha floor function is inhilbiied
100 feay radio altitude. During the couvse of
inquiry; Alrbug Industrie bave evalualed znd infomed
the CGourt that g4 delay of 0.8 to 1.9 s8ednds could
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2.9:3 PARTIQLAR ALRCRAFT: VT-TIPN

Airbus A-320 ~ 231 alrcrafi bearing
S1.10. 072 was assembled/manufactured ab
Touletize plant of M/s.Alrbus Industrie,
Blegniecy France. Both engines were imstalled
on 3,85.1989. The aircraft completed & hours
35 mirgites flight hours and made 7 landings
between 12.2.1989 and 22.12.1989 in France,
Exporé Certificate of Alrworthiness i0.15370
was lssued in respect of this alrcrafi on
22.12.198¢ by DGAC/Bureau Veritas of TFrance.

On the strength of the export certificate

of airworthiness (C of 4) Director Generzl

of Civil Aviation, India, also issued on

short verm C of R (Certlficate of Registration)
assigning registration No.VT-EPN %o {thls aip-
crafi and short term C of A which was walid
from £2.12.1989 to 22.12.1990 to ensbls the
alrerass to fly to India under Indian @z istra-
tion e:id with Indian C of A. A1l She require-
ments of CAR (Civil Airworthiness Requilrzments)
Serieg 'F' Part IV Issue II were followed in
this regard including certificatdon oFf ¥lieht
Release at Toulouss by duly approved Indian
4irlines AME (Airecraft Maintenance Ingineer)

prior %o the flight.

The aircraft arrived in Indla cn 24,12,1¢8¢,
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After thorough checlks the full term C v R
No, 244/ and full term C of A No.1941 wore
issued by the nirector General of Civii
Aviation on 26,12.1989 classifying the wir-
eraft in the normal category for Public
transport for carrlage of passengers, mall

and gocds. The C of A was valid upto 21.3i2.192S0.

r

».:

he alrecraft was maintained in accordance
with msintenance programme drawn up on the

basls ¢f recommendaticns of the manufacWirers
and‘experience of the operator and approved by
the Director General of Civil Aviatlon. As per
this vrogramme the maintenance schedules spprovad

are ag follows:

Seitedul e Inspection Periodicity

1. Preflight check - To be pe

rfor
every fligh

Lo

V]

o Daily check -~ To be carrled out during
: nignt halt ox lay-over
veriod not exceeding 36
hours elapsad time.

every 75 fxight nours
or 8 cilender dev
whichever 12 eaxl

3. Veeiliy check « To be accomplishad at

4e '4' Check (Flight To be perfeormad
Relezse Certifica- 300 fllghﬂ hours
tion) 40 days elapsed tim
whichever 1s sarlie

" e e e b v e i e -
- s e e e o m  hs e AN LT SR e = s T S s s M R A3 D MO =5 s AN mE WO S TS e b £

Liss of the abové checks carried en ihils
alrcrait and hours dcne by the ailrerafi since
last stich check are as follows:
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3 Hours done since the
Last check on VI-fAPN check till the time
of acclident.

- e e - e arp e AN AT AN OB Sy W B eup SN Wi I CH Wi ST R WO D Lo > sy S s ) an M b A3 A3 N e 3 Y SN AT A% WP WS ap £l

1. 'A' Check done on 31.1.90
at Delhi, at airfrane
houirs 277:55 and Fliight 99: 4) FH{Fiighi
Eelease Certificate issu- Hours)
ed valid t111 11.3.1990/

577556 .

2. Weekly check done on
7.92.,50 at Bombay atb 4
297:30 FH valid 11l
15, £2.80/402: 30 FH

n)
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Bonmbay on 13.2.20 &b 03: 28
236682 55 FH valig i
night halt on 14.2.

4. Preflight check done at
Bombay on 14,2.20, &t @iz g8 ¥
IEB: S5 FH

The aircraft .did not exceed the flight
hours or elapsed time limit of any of the approved

ma int enance schedulese

i

"ae aircraft completed total Alrframs hours

370: 32 TH and 202 landings.

Since the aireraft was pressed into service
on 97.12,16890 +$111 the accldent occured {80 days)

following defects were reported:

1} Ilap system:- "Wing tip brake fauli®
was veported 15 times in 10 days. Howe
rver, the snag was not confimmed oa 10 -

accasions. (.B. (Circult breasltar:
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2)

3)

recycling, canncn plugs cleaning or
allowing sufficient cooling time and
rasetting rectified the defect which
wis last revorted on 13.2,1990,

aec - 1 fault was reported 11 times

in 7 days. This snag was not confirmed
on 3 occasions. Comruter was re-racked
cnce and C.B. was recycled 7 times to
cure the defect. After C.B. recycling
on $.2.1920 the snag got cured cf its
OWile

Aiag - 2 fault was reported 6 times in
3 days. The defect was not confirtimsd

one2 and C.eB. was xecycled on 4 ggoa=

( e
1921
ot
o
i
{991
°

on 13.2.1€20, however; the

Flac - 2 was replsced.

3efore operating the 111-fated flight 1C-605

(Bombay-Darigalore) on 14.2.1990 there were two

reported defects on completion of the earlier

flights

a)

b)

1¢-662/670 (Bombay-Coa-Bombay) Viz,,

"Redn repellant in yellow band” which
w=s rectified by replacing rain repe-

1iznt can.

"First Officer seat lumber veriical
adjustment un~-serviceable" whica was
being carried forward since 11.2,50

ané was also carrled forward during
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ilight IC-€05. CiR (Civil Alrwerihi-

rireS Requirement) Serles "B *Parg I

+L35Ue

III Permits carrying forwazd of

sitch defects, which do not affeci

cafety of Alrworthiness of airewa

i
L)
<

Eniy

and as such not included in the MEL

Minimum Equipment List)

2.%e4 THYL FNGINES:

The details of IAR V-2500-41 engines Iin.

stalled on VT=-FPN are as follows:

TS s e e o e ot WU Gt T e e

—_._.--.-.-_—._-—....,.--.-._.—-.._..-—--.....-.~.-\q_.....u-.-,-.._._

Engine nosition Hoe.1(left) ic. 2l pipht)
Serisl Number V-0021 V-0o40
Hours (one since newy  306:33 Y 39¢:31a 74
Cycles done since 318 359

nNew

Date of Installation 3.8.1282 365,180

Date oi Overhaul N/A NS

Date 21 Manufacture Jan.1S89 Feb, 188¢.

The engines were also maintained as ver

arpproved maintenance schedules by approved AME,

There was 1o

repetitive detect reported cn the

engines. ifo mandatory inspection was cutsiend-

ing on the engines or asscoiated systeus.

None of

the componenis of Airframe ai.d

engines exceeded its stipulated Y L W

aireraft weg

e ad

alrworthy and its Certificate ot
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Alrworchiness was valid upto 21.12,1920,

2.%e¢5 WHEIGHT AND BALANCE:

Iz the Indlan Airxlines configuraticn

ct

he passcager cabin had 168 passenger soais
as indicated earlier. There are five calbin
crew seats in the cabin, three of which ave
near the aft entry doors and two are nesy»

the forward entry doors. The flight deck

[us
&
6

two pillo®'s seats, one observer seat and
another occupant's seat. During the subject
flight the aircraft was carrying 2 pilots,

5 cabin crew and 132 pasgsengers which include
4 infante, As per the Load and Trim sheat
the take off weight oi the aircraft at Bonvay

was 61470 kgs. Computed CG position wag 28.6

d

74
%

of MAC. The take off fuel was 6950 kgz. HAstie

mated tyip fuel was 3390 kgs. Hstimated land

welght wes 58080 kgs. The take off wsight,

.
':‘\"I
ing

the landing weight and the computed CG ware all

well witkin the operational limits of the aire

craft. The load details are:

‘1. Operating empiy welght e 42,684

2. rantry load vo (¥ DO

B o T

3. Dry. operating welght e 43,164

4. Total traffic load
(baggage, Mail & Cargo
1851 kgs.and passenger
A505 kgs.) (+) 11,38

L

\)\

-
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kgs,
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Es Zero fuel wt.for the

flight oo 54,520 kgse

6. Take off fusl oo("') 69950 kgse
. -
7. Take of weight i 8L 470 kg s
&. Trip fuel eo(=) 3,390 Kgs.
9o Landing weight o 589080 kgS.
Note:

a) Max.zero fuel wt. s 60,500 kgso

t) Dry operating wét.for
the flight e e ("‘) 4:3916‘4 kgSB

¢) Allowable traffic load .. 17,356 kgso.

d) Actual traffic load eef=) 11,385 kgs.

Traffic underload lé 2,980 kgso.

2.10 MEIFOROLOGICAL INFORMATION:

At the time of the accldent, the prevailing
weather at Bangalore was good. The Bangalore
met. reports for 12:30, 13:00 and 13:30 hrg,IST
were ag glven below:

TRSN O SS TRm ST UI LM S ey TR am T T em w50 T e s o f ) S8 w9 TP ey S Gn G0 S0 o0 e WP M0 G Gt S Gm wM SAP e af =0 S

Time 1230 (0700 UTC ) 1300 (0730 UTC y1330 (08OCU TG

Surface Wind 140/05 Kts. Var/05 Kis Var/04 Kits,

Visibility 10 kms, 10 kmse. 10 kms.

Clouds 2/8 2000 ft. 3/8 2000 ft. 3/8 2000 ft.°

Temperature 28°C 8°C 29°C

Dew Point  15°C 14°¢ 149¢

QNH 1017 HPA 1016 HP4j 10i€ HPA
(30.03%) (30.C0M) (22.00m)




QF A 014 HPA 914 HPA 913 Ha

(26,59") {26.29") (26.5G%)
Trend No &ig No Sig No ¢ig

The met reports indicated the existence of
falr wzather conditions at the time of the acel-
dent. Yo significant changes in the wecatlier had
been anticipated between 12:30 and 13:30 hrs.
The Barigalore Control tower had indicated the
prevailing surface wind as 120/05 kts. 2% the
time of issuing a clesrance to land based@ on the

display in the control tower.

Tr.e NNH which has been conveyed t¢ the alr-
craft was 1017 HPA. Though ANH had changaed %o
1016 at 13:00 hrs.IST the report may not have
reached the tower controller by the timas of the
crash, The one HPA change 1< not considered

significant in respect of this ecrash.

Geod visibility had been confirmed by the
pilot of IC~€05 by reporiting R/W in sight =t a

Jistancs of 7 nautica. miles.

2,11 ATDS TO NAVIGATION:

Bangalore airfield is served by a Non-
Directicnzl Beacon (NDB), a VHF Omni Range {VOR)
and a Distance Measuring Equipment (DME). There
were no ¥nown navigational aid difficultiass,
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Instrument Lending System (ILS) nad not

been installed at Bangalore airfield.

/W 09 at Bangalore 1s served with a
threc bar visual approaen slope indicetor

(VASI) lights. It was reported 4o bs gervic-

?

able on the day of the accident. VAigT lights

-~

ad last been caliberated on 20.,10.1553

oy

ct

hevcafter they were checked at irreguliar

S

intervals. It was last checked oi 17.12,1989%
and found satisfaciory. The serviceability
check of the lights had been caryied cut-on
14,2,1990 at 0900 hrg.ISTy they had beeu found

servicaable.

Approach radar is installed at Bangalore
which provides navigational assigtance fic air-
craft during deparftures and arrivals and as an
aid %o provide air traffic services. A4pproach
radar had given assistance to IC-605 until 7
niles from runway 09 for carrylng out a direct
appreach on R/W 09. As IC-605 had the R/W in

3

sight, approach radar service was Uerminsz

e i)
Q.

b
+
s

There was no navigational difficuliiss

s

4P erd

=

ed by 1C-605.

2.12 (CHMUNICATIONS:

Aiere - WweTe no Xnown diffienlties 4i%h

comnuilZcation equipment or facilitles exzperienced

by IC-E05,
45
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A% Bangalore ATS {Alr Trafflc Serwicas)
Istabllishment, a 45 czhannel recorder is zwail-
able for recording various communicziions

chamnels, However only two channels nanely

...,,
25k
et
-
™

193:.5 TWR freg.) and 122.7 Hhz (4
freq.) were recorded. Even the tims sipgn:
had net been recorded. Hence it was nosd

possible o establish the exact timing of

ion on TWR and APP chammels witn

alreraft TC-605. Howsver the transeript with
ne avuroximate co-relation with CVR/DFELH has
been ugsd for investigation by the Insvectow

P e SN K K sy ey e
of Accidants in his reports

{E INFORM/ TLON:

el e

Bangalore alrport is in the ecity of Banecage

o

el

lere in the state of Karnataka and is

administrative control of Hindustan Aercnautics
Limited (HAL). The co~ordinates of the a@ro-
drome reifsrence point ape 12°57' 03,506 ¥

and 77°3%' 56.858" E, The elevation of the

AP ig 8934 feot., The glrfleld has o singl
RO 09/E7 which is 10850 feet long and o005
feet widw, The R/YW hag a eonside

in the wpiddle. The ma:

2 ST Gl

”~ "f / < - e 5 Forad ——
R/W are Q83 /268 . The levdatlion orf wAYW o8
threshold is 9972 feet. The decliared disiancos

of TORA, ASDA and LDA o= R/W 0% and R/YW 27 are
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10880 feet. TODA foi R/ 09 is 1128) seet
and R/W 27 is 11480 feet. There arve no
obstructlons in the approach and talke crf
arees. All other operationally significant
obstructions are lighted and marked. The
R/W is marked with R/W threshold, toucadown,
centreline and R/W side 1line markings, The
taxiways leading to the R/W have cenire

line markings and taxi holding position
markings. There are three wind direction
indicators, two lighted indlcators at either
end of the R/W and one unlighted indicator
at the signal area. There is an aerogroms
beaccn flashing white and grecn atl 2 {lashasg

per mlmite.

Yhe airfield is used by both civii eng

military airerafts and an arrestox tarriey

i1

1s raised when reqiired, at which time the
TORA and TODA for the R/W in use will reduce
to 10000 feet. The alrfield boundary wall
1s & féet high and rung across the auvprcach
path of R/W 02 at 1085 feet ahead of the R/
threshold. The North South boundary wail
across the aporoach path of R/W 0% wuins at
right angles towards the east, outsids the
right hand corner of the basic strip. There

gl

(7]

a gate made of steel grills at this corner

=

Uch opens southwards and 1s nommally Xkept

locked. Thers is an approach roed which rns
47




parall«l to R/W ' 09/27 cn the south side.
At aprroximately the middle pertion of the

R/ touards the south of the

drome control tower and the f

located from where azccess to

road and the R/W are available

— o

slightly ralsed portion in th
from the tower building to th
which ig called the ramp from
and departing aircrafte could

clear weather.

Beyond R/W 09 threshold «
road, is a mump which is appro:

high. The road passing over t

properly paved and is very rov

gr

steep gradient up and dovi.

mnmp is the channel for the az

cable.,
mentionad
eross the

at a very slow speed.

Bangalore airport meets 4

VII requirements in respcct of

services.

and onegc

lance under the eontrol of sen

KA N
fa

)
(=%

aerodrome

foda

which is at d T

48
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U

This approach wocad les
above and any vehicl

mmp should traverse

There are two crash

rapld intervention veh

R/W, the asro-
ire station are

this approach

There is a

road leading

e apPproach road

where arvlving

be seen in-

m this approach
ximately 3 feet
the hump is not
1gh and has =a
ndernsath the

"3"1';
S

rrestor ba ar

ds to the gate

e which hasg ¢

&

this portion

he ICAO category
" fire and rescue

end

e

fire ers
An ambu-
ior manager,

2

ent locatiocn and




is used in case of emergencies. HAL has

three other fire stations at different
locations and they have two crash fire tenders
and one water tender in total. They would
also be pressed intc service in case of an
emergency. The type of foam used in the

crash fire tenders is aqueous film forming

(flouro protein) foam.

ferodrome fire station has an overihead
water tank of 5000 gallons capacity for #111-
ing the crash fire tenders by gravity feed.
There are three static water tanks one &%
each ena of the R/W and one at the middle
- with 180CO gallons capacity each. Communi-.
cation between the tower and the aercdrome
fire station are by an internzl HAL telephone
link. There is no crash siren but the tower
indicates flying operations requiring pre-
paredness of fire erew by audio visual signals
below:
1) Flying in progress : Amber light dig-
played on both side walls of fire
station.

2) Declared emergency : Amber ligh$ and
buzzer.

3) Aircraft accident/fire : Red light
and bell.
There is rno RT communication facllity between
the tower and fire fighting vehicles. A portable
radio transmitter is available for communication

between tower and aerodrome fire station but was
: ' 49




not serviceable on the dzy of

W/henever alrcraft movement is e:m

or is in progress, tower indi

by switching ON the amber light.

fire tender is started and is
ness with full erew on koard.
alreraft reports an emergency
by amber light and buzzer and

-
L

ing vshicles are requi
positicn and they would proce

-

aircraft as required. In cas
red light =znd crash
1 fire filghting
out immediately. The
used for further Information

accigdent.

2,14 ILIGHT RECORDERS:

2.14,%

rates

d to move to

the cecliens,

~ Je -
CCLE

o
Ui S

One

=
-

-

el

equipnment are turned

COCKPIT VOICGE RECORDER (CVR):

T

Ihe aircraft was eguipp

Cockpit Volce Recorder model &

wvas found in a good condition

ood condition and

pe

ct

ance of abhout e

50

rd witar o

The CVR installed in tae %o

from the erase head.

1004,

331

<

DGCA.

rash

about the fire/

tatus

walklie talkie has %o be

The tepe



was then played on the Racal Instrumsnt Tape
Recorder and a copy of the original tape was
simultaneously prepared in all ths 4 channels.
The recording on the CVR was good and a trans-

cript was prepared from the taped copy.

2.14.2 DIGITAL FLIGHT DATA RECORDFE (DFDR):

A Fairchild DFDR model 17M 800 251, serial
No.37¢8 was installed in the tail section of the

alrecraft. It was recovered in & gecd condition

with no damage.

Sri H.S.Khola, the then acting DGCA, heading
a team of two other members carried the DFDR to
the Canadian Aviation Safety Board (CASB), Ottawa
The magnetic tape was removed from the DFDR and
was cut before the record head in order that
the physical end of the tape represented the
end of the data. A detalled DFDR readout of
approximately the last 5 mimites of the TEight
wes prepared. A full flight DFDR data for the
flight.from Bombay upto the time of acceident
with a few selected parameters was also pre=

parced bty the CAsB.

2.15 WRICKAGE AND IMPAGT INFORMATIONS

2.15,1 GROUND l.:RKSs

The aircraft initially contacted the ground
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or. ivs main wheels in the golf ccurse wvhiech
lies in the apprcach funnel of R/W 03, The
first touch down point is apout 23500 fesd
from the beginning of the R/W anc slightly
to Uae right of the extended centrpe line.
The alvecraft after rolling about 80 feei on
the nain wheels, went up into the air and
remsined in the air for about 234 feet. Small
trees in the way of the aircraft were it by
landing gears and engines. Alrecrafs: again
hit the ground on tha slightly rising 17%h
green of the golf course on practicaily all
thred gears creating desep furrows. Iven the
central bottom pawst of the bogey bezm on which
the Zour wheels of cach main landing geais axre
fitied,lef't considerable indentatiorn between
the tyre furrows. The left main gear marks
wo = ‘rved for a distance of 102 fest app ro-
ximately. On the raised ground ahead of the
rigat hand main gear the right engine covwling
grazned the ground foir about 40 feets Possipiy
bacause of the support affordaed by the right hang
ergine nacelle the right main geg= rheel
marke and the nose gear wheel maxlks were
shorter in length than the left main gear
marks. The nose gear marks were for a distance

of 30 feet only. The aireraft %hzn golli

ja
@
0

(

wlth 2 trapezeidal ecubankment wixich forms the
botndary of the gelf course. This eabankment
15 approximately 12 feet high witn a base
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width of 70 feet. There were goilg cuca~
lyptus trees over the embankment about 15 fee
in height by comparison o othe» sracs wiich
are existing outside thils area. The lowver
part of the fuselage wabbed over thz Smbenl-
ment and the engines and the gear directly
impacted the embaiiment. Trees on the ambani-

ment were cut off by the wings as de z2iver:

Z &L~

C\"

i

o

moved forward. Ths englnes got detached from
the wings and fell =head of the embaulkmente
The right engine f2ll into the nullzah and the
left engine fell on to the road aftexr the
millah, All three landing gears broie &3 a
result of the impact. The alreraft fuselage
with the bottom poriion severely darzged and
broken landing geers hopped over the mellan
and it impacted the ground approximmitaly 280
feet on the other side of the embanlciente.

During this hop of the aircraft the variou

A

1

4}

broken and disintegrated componerntis of Lhe
aireraft fell down and lay scattered all cver
the ground between the road and itz final

resting

1=t

vlace. Alrevalh skided, ongliis beldy
for about 170 feet before coming feer e A" fanal
stop with the forward end of the ailrcralt

about 150 feet short of the boundary e L s0d

the airfield.

20].502 YJ }\C‘r A(TJ.) DI‘ "’ L':;g

The main wreckame of the aircrart at the
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final rest position was about 150 feet shors
of the west side boundary wall of the Bangalore
alrporé, The scatter of wreckage is rmainly
confined between the embanlment and the final
rest position of the aircraft. Wreckaze trail
extends to about 500 feet behind the msin body

of the aircraft.

Engines 1 and 2 which separated from %the
wing after impact with the embankment fell in
the muilah and the road respectively. Beth the
nallah and the foad run adjacent ta the embank-
ment which forms the boundary to the Karnataka
Golf Club, The pylon of the No.l engine was
still attached to the engine. However the
pylon cf the No.2 engine had separated from its
attachmeiuts to the engine but 1t contimied to
cling on to it. Both the enginss had disinie-
grated into three major portions namely Tan
casing, Booster stages along with portion of
fan bledes and the reraining part of the englne,
Fan casings of both the engines caught £ire
after brezking away from the engines as the oil
and fuel system units are installed on the Fan

casings.

Main and nose landing gear stracture
sheared from their atitachments and were dragged
forward along with the airernft. Some portlon
of these evomponents fell in the trail of the
wreckagee Bogey beam of both the main under-
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undercarriages along with the supportilng
structure suffered extensive damage., Nosc

vheel stiut and 1its supporting structure

fars
s

(o

<«
pel

e

N

ntegrated. The wings remained attached
to the fuselage. Extended slats and flaps
on both the wings suffered damage due %o impact

with the trees on the embankment .

Scatter behind the alrcraft inecluded the
broken surfaces of rigkt hand elevator, portions
of right hand flap surfaces and parts of stmuecture
of the front fuselage. Some of the uniits of the
electronic equipment bay were also scattered.
These included a number of computer units which

suffered extensive damage,

Lower portion of front fuselage ahead o?f
wings was severely damaged by impact with the
embankment. Rear fuselage behind the wings
nowever remained in shane till the fire caused
severe damage. On the right hand wing there
are ruviures and openings on the front and rear
Svar near the root end Tzom where the fuel lecgked
suntorting the fire. There i3 evidence of the
wing being on fire at the wing root ares and for-
wars and aft spars area. TForward spar buckle
R

ward of slat track Mo.l and 83108 e G |

C
b=
®

ir the Dorward spar just outboard of slzt trgek

[S9)

=)
® ?An’

alté scpar ticlle on the rear Spear with

~

wed broken and forced outwards, nay give

0
"J
2\
5]
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the indication of a post crash explosion inside
the tank. The left wing damage is macii less
than the right wing. Main landing gear separa-
tion has caused damage to rear spaxr which appear-
ed to be more severe. Upper Spar boom 1z ex-
posed and cracked. Fuel may have split:due %o
the damage caused. However approximately 200
litres of fuel was retrieved from the left wing
tank, The forward wall and approximately 30%
of the forward tank roof of the cent re tank was
completely destroyed by the intense fireo‘ The
aft wall was fully intact with fuel valves ete.,
fully in place. Flaps of right wingﬁgﬁﬁpletely
destréyed and on the left wing only 7 feet of
outboard flaps were left. Slats were also badly
destroyed on the right wing and on the left wing

the slasts damage was comparatively lesse

Seats, cabin {loor galley equipment and the
front fuselage forward of the wing root were
totally consumed by flre. Few partially burnt
and demaged vortions of the fuselage containing
forward doors and forward -cargo hold doors were
left, Also the right hand half of the cockplt
shell was remaining with the front and side
wind shields in position. Though therse was some
burn damage to the wind shields, the outer skin
of the fuselage surrounding the wind shields did
not show any evidence of wrinkling, eruupling

cracks etc., particularly around the wight hand
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gliding window. Even ci tha inside, the ki
sliding windaow framework was flrmly intact with
minimwal busn damageo The window handle appeared

P

to be intzel with the release bution in the

sressed vusitlon. The bottom rall of the siid-

®

ing window did not indizate any buri camage

rub the %Low rail showed hurn damage in the i

g

e T A
JuOf:t A 2y

peq

Tpn the niddle and rear flugelage mosht of
the seats and flooring were varnt and the vop
portion of she fuselage shell upto +the window
level in thils area was 8lSO consumed by fLrd.
The rear galley equipment has been exposed o
severe cabin flre. Severe longitudinal/circumm
ferential crumpling has been observed aft of
the centrs wing boxe. About 11 feet aft of the
wings resn 30AaT, there is a fuselage fraciure
about OF wide extending fyom just above The
windew 1ins to the lower belly on the left rand

side. On the BH side-stnis 1s not obeerved. Thne

generally intact, though on the inside, the—£locr

and the galley are danged due to fire. Hint
nally the doors were in bebter condition. Yias
L horlzortal stabilizer and the el evalor w3
in good condition mat sone outhoard peri of the

P

RH stabilizer and some pertion of the Rd
vator had been breoken by impact. The position
indicator of the trimmabie horizontal stabiiize
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was reading close to 6° nose up. The reawn
pressure bulkhead was in & fairly good condition
except for aamage to the lower section due to
crumpling. The crash recorder racks behind the
Tear pressure bulkhead were undamaged and the

rr torders were retrleved In good conditlon by
cutting out an .opening on the LH side. The
stabilizer actuators were in good condgition,

There 1s no evidence of any damage to the AFU

or the structures surrounding the APU.

The ©in and rudder appeared to be in

structurally good conditicn.

The left rear passcenger door had bea:
opened with 1ts escape slide extended and de=
flated. The arming levexr of the door was iIn the
"Armed" pogltion but the Inflation reservolr of
slide was gt111 pressurised. The right reszr
passenger Goor had been opened most probably
from the outside as the opening lever was 1n the
UP position and the escepe slide was not extended.
Thercentre pedestal showed flaps and slats handle
in full extended positlion. The master levers
of both engines were in the ON positicn. Ground
spoiler lever was in the "Armed" positiocn and
thrust levers in TOGA posgition. Trim wvheel wag
Jammed and was showlng 5.2° ndse up. Parking
brake lever was OFF. Gravi iy gear extensicn
handle had come out. ALl four transfer switches

were fournd in normal posiilons. (ATT/HDG,’
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AIRDATA, TMC, ECAM/ND). On both audio con-
trol vanels INT/BAD switeh was 1n INT pPCsition,
Radar select switch waiz on nosition 2. Gn
glare c¢hield panel VOR/ADF swltches weys iy
VOR 1 znd VOR 2 positlons. Awre mede and 10
miles vaize had been sciected on both sides, e
On the orerhead panei 2xfernal light syideh
positicns were norma L, for day time fiishd sod

uring =2poproach for leading.  Engines . ond 2

and APU fire switches “¢re found in novusl and

S

glarded positions. Sidesticks ol pilcs rig

co-pilct were burnt.

Orly three ovem ing emergency exiie:indaus
out of the four coulr he located. Harndls posiw

tion of %“wo windows indlicate the nc«sgo'}ity of
thelr besing vulled. The third window wacz neavils
burnt snd no indieatior of the positica 57 ihs
handle is available. scape slide of Igri IV T
wing exit was lying iside Dut 1@ dmriatd s3]
reservole covld not he fgen, being wurdes g
fuselage. The RH ove wing esecape siide 28

feund packed and partiflly burnt ingids

fuselags in cating i it was not denloved.

The 111 fated flizht had 146 pe ersons on toz

which consisted of 2 pilots, 5 cabin crew and

139 passengers includl: 1 4 infants,
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The A-320 seat confignration indicabing

the ellotted seat positions of the suxvivons

v

and ths dead ig found as an annexure Ho

-

Trhibnis 1.

i
oy
(6]

47 intense fire jnitially started in

forward fuselage and labter soread towards the
rear. 16% (8 out of 50) of passengers 1 ZODS

L, 279 (13 out of 48Y in zone B and 735 (35

cut of 48) in zone C sarvived.

zad bodies were identified by ferzusic

experbs with the help of the relatives of

victimz. Bodl

Q

of 25 unident ified victims

were cremated enmassés 30dies of the 2 pilots

i

and 2 air hostesses were identifled and claimed

by their relatives.

Tndian Airlines doctors at Bombayy
Dr. V. K. Kunte and Dy.S. V. Thakkar had carrled out
the preflight medical examinations of Cap Ve
Gopujkar and Capt.Eérnandez prior to this fiight

and they were found £it to fly. Yo breath

analyser tests were carrled out as they were not
suspected for a1l chohol consump tion by tha doctors

Though 56 had survived the crash a% the time
1, 2 of them died later in hosoitals
cut of the above 56, 54 had been initially ed-
mittad in the Indian Alr ¥arce and HAL Hospita
at Bongalore and gubzequently some wEne shifted
tn otier hospltals.
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The analysis of the injuries suffeved by
survivers indicated that 8 persons had bum
injuries, o8 versons had face, neck and head
injuries, 8 persons hac¢ nasal bone injuries
and 16 versons had frectures in other paris
of the body. Many cases had multiple ab?asions,

lacerativns, etc.

ma.

There was some confusion in the identifi-
cation of the body of Capt.S.S.Gopujkar initially.
Dr.S.B.Patil, Assistant Professor, Forensie
Medlcire, BMC, Bangalore, had carried out the
post mortem examination of the identified body

of Capt.Xfernandez. The death was due to shock
and the btarns sustained and the burns wsre ante
mortem in nature. There was no abnormal smell

in the stomach contenis. ‘There was nos injury

to, the body prior to death. He did not fing

any fraciires.

Dr.?atil had also carried out the pest
morter of a body (51.No0.358) which was laten
identified as that of Capt.Gopujkar. The age
mentioned in the autopsy report was copled f
the age indicated in the police reports Dr.
FPatil was aware thzat subsequently doubdt arcse
about tie identity of the body and relativesg

of Capt.Copujlkar later identified anotherp body

¢

as thr t ¢f Capt.Gopujkar. Dr.Patil wes not

e
npegent st tha

budo

me of identification., MNo dental
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mprints of any of the deceased were furalsied

to him fox» use towards indentificaticen.

D1, S, Ce Shankaralinglah, Assistant Surgsod,
Jayanagayr General Hospital, Bangalore, condacted
the autcvsy of the body of a vietinm later identi-
fiad as the body of Capt.Gopulkar by his relatives.
He had died of burns and the consequential shock,
There wers no fractures of any bones. Hlg-

.

tovathnlcogical and toxicologlical examinailon

)-

nf the samples of body sent to IAM, indicabed
no abnormality. Though there was a repori of
nost mortem burns based on the examination of
“skin sample sent to IAM, Dr.SbﬂnAaral«ng izl who
carried ou® the autopsy categorically stated
quring hiz deposition that Cant.Gopuikar nad
died due to hurns followed by shock. He sitated
that possibly ante mortem skin had not. been

examined by TAM. (It may be noted thatv an eye

witnezs, Mr.Laxmiah Reddy who had seen the air-
raft coming to the final rest position, ana
had min towards the nose of the alreraft has

tated that he had seen someone thumping azaingt
*¢ RH cockplt window whom he thought to bte 2
nilot before the fire engulfed the nlane. Possidbly
skin sample sent to JAM may have been a pvars of

burnt skin with no ante mortem portion).

inalysis of autopsy reports of the 20 persons
killed in this erash was carried cut. Seat allo-
lons or identifled nassengers were considered
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and an attempt has been made to co-relate the
injuries sustained. Dr.¥ijal Xumar, Deputy
Director, Medical Services, Alr India aud
Weg.Cadr. Roopnarayan, Aviation Patholeogist of
Indian air Force posted at IAM, Bangalore,
gave very valuable assistance towards thig

analysic. The following are the observeticns:

M

The autopsies had been nerformed at Victoria
Hospital, Bowring Hogpital and Jayanagar Ceneral

Hospital at Bangalore.

The formats used for the autopsies wiere the
general sutopsy formats used by hospitals in

this region. Some were In Ingllsh and some were

fD

in Yannada language. These formats were not
corresponding to the requirements of DGCA, Alr
Safety Directorate Clrcular 3 of 1984, Several
details which may be of use in air crash investi-

gation have therefore been left out.

Seating patterns of 65 victims based on seat
allocation are indicated separately snd attached
to this report as an appendix. Body No.88 ang
body No.59 were both shown agalnst seas 6E.
However by injury paitern it ig likely ihst bhody
No.38 was seated in 4C. .Qut of the €5, 4 infanis
had ocainled the seaks along with adulte, The
rest c{ the 25 velng unidentified could nct be

placed c¢n the seat charts.
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0f the 90 victims cause of death for 81
have been mentioned as shock due to burns
sustaired. Only in 9 cases burns ware not
mentionsd in the autopsy reports. But almost
all these were stated to be allotted seats in
rows 2, 3, 5 and 6. As there was severe fire
during the initial stages in the forward portion
of the ailrcraft it 1s difficult te comprehend
that these bodies had not sustained burns.

Possibly the burns may have been post mortem.

In 13 individuals only, there was evidence
of severe injuries with shock pregent., This
would indicate that 4 of these had sugtained
both severe injuries with shock as well as
hurns, The pattern of injuries is indicated
in the document appended to this repori. It
is seen that 32 persons sustained injuries to
the lower limbs, 20 sustained injuries to the
head ard 7 sustained thorasic injuries. It
is highly probable that at least some of these
have died of burns because of physical inebility

to escape quickly.

It 1s evident frcm the seating patitern
from the identified bodies, that most of the
deaths nave occurred in passengers ocaipying
the flrst 10 rows and rows 17 to 20, the cock-
nit crew and the two hostesses oceupying the
forwvard seats. Passengers in the vicinilty of
the cmzrgency exits and those near the rear
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door -generally have maunaged to escapes.

Tt seems extremeiy unlikely that Sl.¥os.15
and 48 were occupylng the seats allotted to them
namely 264 and 28D. It is probable that they
may hiave shifted to some vacant seabs further

foruard.

It seems possible from the injury analysis
that the occupants of seats 8A and 8B hove

sustained injuries due %o a hard object 1ike

a brieTcase hitting the head/shoulder.

-

11 occupants of the left siae seats of
rows 5 and 6 have sustained multiple injuries
including head injury indicating the possibility
of soms forces causing severe damage in this

area o causing fallure of these seats.

The autopsies on the cockpit crew G1d not
reveal iy evidence of acute physical in-
capacitztion. The cause of death in both cases
were dus to burns susteined. Histopathological
and toxicological examination of both did not

show any abnormalilty

24 bodles showed injuries to leg/anklse.
The pcssible cause of such injuries could be
the flailing of legs at the time of impact
hitting against the bottom bar of the seat ahead.

These injuries may have prevert ed scme of these

passengars from exltting the alreraft in Lime
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such that it could cause such injurles).

3) £ large number of dead passengers and.
survivors had face, neck and head injurles. I%
is possible that quite a few of these may have
been due o the passengers hitting their face/
head against the back of the seat in front of
them. Sudh injuries could be possible iT the
vassenges does not tie the seat belts stugly
ar the sest in front is not kept in the vertical
nosition wrior to landihg. It is advisable for
instmicticns to be issued for all cecabin ciew to
check and incist on the iaid down procedure of
seats tn us upright, seat belts snugly fasiened

and ‘the tray tables stowed properly.

1Y SsDDITICNAL INFORMATION:

2. 171 ENGTNBERING:

YA

e alreraft hadia night hslt at Bombay
on 13.2.1890. Prior to the subject flight on
14.2.,19¢0 %the aircraft had operated fiight

I1C-669/870 “ambav-Goa-Zombay. The daily check

Q

achadule 2t Dombay, transit check at Goa fellowed
by the transit check at Bombay before LC-6085 took
off was carried cut by Indian Airlines engineers

having sucority passes.

9,17.2 CLUALING OF THE 4 TRCRAFT:

M 14 29,1000 the fadian Alrlines eleanine
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staff at Bombay cleened the alrerarft after its
arrival from Goa. All these staff wore checked

and frisked before entering the aircrafs.

2.17.3 CARGO AND UNACCOMPANIED BAGGAGR:

There was no cargo or unaccompanied baggage

loaded onto this alrcrafs.

—

16 fransit mail bags plus three covers
welghing 52.7 kgs. had been loaded at Bombay
on board this flight. A cooling perlcd of
26 hours had lapsed before loading this transit
mail on the airecraft. Two parcels and one cover
of speed vost welghing 1.4 kgs. in transit from
Bombay zirport was loaded onto this aircraft
from Bombay. There were no courier bags-on

this alrecraft.

2.17.5 CATERING:

M/s.Taj Alr Caterers loaded thns catering
items for this flight. The equlipment and food
loaded had been isolated for anti sabotayge checke
The 11 ft on which th: articles were carried %o

the alrcraft was also chackegd by the Bombay

Alrport Security Police 2t Gate Ho.le
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2.17.6 TIMBARKATION OF PASSENGERS

A1l 139 passengews had been checked in
and then boarded the iflight 1¢=605. Thls was
confirned by matching the number of flight
coupons and boarding card stubs, retained at
Bombay. All passengers had gone through security
checks in the Alrbus side of the domestic termi-
nal. &1l DFMD's (Door Frame Metal Detectors),
H'MD' s (Hand Held Metal Detectors) and X-ray
machines were in working condition. WNothing
objectionable had been detected during the
frisking and baggage checking of passengers of
IC-605. Prior to bearding all passengers identi-
fied thelr checked-in-baggage. There was 1o
"Gate No Show Passengers™ in respect of this

flight.

2.17.7 OBSERVATIONS:

In view of the comprehensive drill carried
out for the security check of the.sircraft,
passeng ers and baggege there 1s no evidence of

any sabotage,

An examination of the airplane and engine,
flight and maintenance log books did not reveal
any discrepencies or malfunctions zt th: time
of dsparture from Bombay which could have

adversely affected the safety of the fl1ight planned.
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TFESTS_AND RECEARCH:

Salient observations from the field investi-

~

on of various systems and engines: -

c.1&,1

(2.1)

-

9]

FLIGHT CONTROLS:

(23 Primarvy Controls:

0o

Sidesticks of pilot ang co~pilot
vere damaged and bumt. Also the push
mttons of various flight control compu-
ters on the overhead panels were burnt.
A few related computers could be re-
covered from the wreckage trail. These
computers had suffered impact; Eamages°
Rest of the comvuters are likely to

have been consumed by fire.

Ailerons

Control surfaces on hoth the wings
were found intact along with actuators.
The surfaces could be moved freely and
there was no apparent indicaticn of any

abnormality with these surfaces and

Rudder control surface suifered no
darage during crash. The surface was
found free %o move ang there was no
apnarent indicstion of any abnormality,
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(a.3) Ilevators:

(2.4)

(b)

§ 58

Port elevator surface wazs intact
along with actuators. The surfzce was
free to move and there was no Jamming.
However, the starboard elewvator hagd
suffered impact damage and the surface
was broken. Both the actuatecis of
starboard side were in the extended
position for a length of about 1i to
12 cms. This was due to impact damage
suffered by starboard trimmable horizon-

tal stabilizer and elevator.

Trimmgble Horizontal Stabilizer (THS)

The positlion indicator of THS was
reading close to 6 nose-up; Port THS
surface was intact, however, starboard
surface was damaged due to impactk.

THS motors and screw Jacks were intsct.

Trim wheel on the central pedestal

wvas found jammed in approximately 5,2

Jiose up positicn.

secondary Controls:

Trailing Edge Flaps:

Surfaces of trailing edge flaps

were damaged during the impact of the

alrcraft. Examination of. carriazes

revealed that flaps were fully extended.
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(b2)

(b.3)

This was also corroborated by the
flap lever which was in contigura-
tion full position.

L.E.Slats:

Slats surfaces were damaged due
to lmpact with trees on both the wings.
Position of tracks or various slats
indicated thelr full extended position.
This conformns to the flap/slaﬁ lever
position,

Spoilers:

Spoiler surfaces were found re-

tracted on both the wings. Spoiler

lever was found in the armed position,

2.18.2 COCKPIT PANEL SWITCHES AND LEVER POSITIOUS:

All the cockpit panels suffered impact damages

and were exp

osed to intense fire. TFollewing are

*he position of some of the switches and levers:-

i) On glare shield panel: (For LH and RH

Navigational Display Control) VOR/ADF

switches were in VOR 1 and V0a 2 positions,

with Range Switches in 10 miles snd Mode

select in ARC mode,

1i) On overhead panel: Ext. light swibches

nosition were as followings

Strobe S/W - Auto

Beacon $/W - ON, Wing, Insp.Light SW-0OFF,

72



oo

}de
e

Nt

"hese switches indicate preparation for
tanding. Engines Nos.l and 2 and APU
7:re switches were found in normal and

guarded positicn.

Dn Central Pedestal:

.. Ground svoiler lever in armed positlon.
-~ Thrust levers in TOGA posiltion (Left

i to move, while right

fde
o)

laver was ST
iever was less stiff to move):

- Trim wheel vositlion is.5.2 Degrees Nose
= and Jammed. 2

h engines master switch lever ~ ON,

Pzarking brale lever - OFF.

~ Gravity gear exb. (handle had come out

due tn impact).

-- ¥lap lever fully down.

=

adar select switch of nositioh 2.

- Switches on both Radio Management Panels
were OH,

- On bectk the audio Control Panels INT/
BAD switeh wae INT positione

- 41 the four Trans fer switchss ¢f. ATT
hiezding, Alr Data, DH€Cgs and BLAH/MD

were found in Hormal positlons. A1)

451 <




20 ]-8. 3

1.

controls correspond to a normal landing

configuration.

DOORS, EMERGENCY EXITS AND EXCAPE. SLIDES:

Cabin doors and slides:

Both the forward doors on port and
starboard sides were found closed. Both
the rear doors were open. The port side
rear door was opened from inside, but the
starboard side rear door was openea from
outside. The esmergency control handle
on the port door was in armed condition.
The escape slide for the rear port side
door was lying detached from the door in
un-inflated condition. Inflation reser-
volir atﬁgched to slide was found pressur-
ised to 2500 PSI (in green band) indi-
cating that it had not discharged ang
slide had not deployed. A4s the rear
starboard door was opened from outside,

1t had not deployed the escape slide.

Overwing Fmergency Exits, Windows and Slides:

Only 3 overwing emergency exit windows
out of 4 could be located. Handle position
of the two windows suggest that probably
they were pulled. Other window was ex-
tensively burnt and no indicaticns are

available regarding position of handle.
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Escape slide of port overwinz was
found lying out, but its inflation re-
servoir could not be seen as it was
lying under the fuselage. It appears
%o have been burnt. It may be pessible
to confirm from the pressure reading
of inflation reservolr, which mlight be
under the fuselage, regarding the
deployment status of this escape slide.
The starboard overwing escape slide was
found packed and partially burnt inside
the fuselage indicating that it was not

deployed.

3. Cargo Compartment Doors:

Both front and rear cargo doors were
found closed. The front door was partially
burnt and damaged. Nature of turns clearly
indicated that the fire was initielily
outside the cargo hold on the c¢abin side
and fire had travelled from cabin to the

cargo hold.

2.18.4 STHICTURAL- DISINTEGRATION AND FIRE:

Fajor disintegration of the aircraft took
place at the time of impact with the embankment
when both the engines and landing gears were
detached. When the aircraft impacted embankment
it was in slight right bank as revealed by marks
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on the embankment and the broken trees. The
lower side of for -~ .d fuselage had suffered

severe :crushing loads.

Imnediately after separation of the ~mgines
from thl~ wings, there was fire on fan casing of
both the engines, as the fuel and oil system are
located over it. In the wreckage trail, burnt
pieces could be seen around 170 feet short of
final rest vosition of airecraft. Major Tire

erunted in forward fuselage and fire travelled

to rear side of the cabin,

Mie to shearing of main undercarriage from

L

the attachment poincs on the wings, fromt and

S

ear snars ruptured more severely on starboard

side. Fuel of starboard fuel tank supported the

L

fire. Port wing tank fuel dripped out from the

cracks o srar, but did not support the fire

The Port ™gines (SL.NC.VCC21) and the
starbeand engine (5L.HQ.V0040) were visualls
1

insnacted in as is condition at the slte of

rcefdents,  Thé inspections were:

LHePort inpine:
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Structural Observaitionss

External:

The engine disintegrated into % major
portions of Fan case, LP Fan along with
couster stage and the remaining engine,

The Fan case was foung runeured

arcund 6' 0'clock position and left side

ice nose covwl valve was foung Getachad,
the valve was in closed nesltien,”  mno
unit was found intact except some minor

damag es,
ge

displaced 1in disc slots. The blacdes
were pent in g direction oproslte to the
dlrection of rotstion. Booster stage of

thie comoressor wag attached to-ih

D
b4
(i)
()

shaft. Anproximately 407 of the hoos
stages (1, 2 and 3) rotors and sisco-
blades were intact, Visi
stege rotor blades appeared . to be Leont
in a direction opposite to rotation,
fhe broken end of LP shatth vas Shoidig
gvidence of torsion failuzre,

LPT 5th stage rotors e Eaaes
intaect and there wasz evidence of

tip damage.




(b)

Internal Boroszsconic Observations:

Boroscoplec inspection was carried
out from the acecessible boroscopic ports
with the engine on ground in as is con-
dition. The engine could not be rotated.
During the ingpectlon, damage was obzerved
on the visible blades of 3rd stage BEPC.
Some IGCs (iniet to HPC) were alsc found
oent. Damage was alsc observed cn 3wd
stage stator vanes leading edges. All
visible 4th stags blades ware found
damaged and torn at leading edges. The
blades bent in the circumferential di-
rection, oppesite to direction of. rota-
tion. 4th stage stator vanes were found
damaged at leading edges.

Metal splattering was observed on
the 1st stage HPT blades visible as well
as second stage NGVs. Slight splatter-
ing (Metal) was observed on ¢nd stage

PT blades on cunvex sides. Slignt

splattering was alsc observed on ieading

edges of the 1st stage LPT hlades.
Conditlon of visible fuel nozies
were found satisfactory. Sslignt metal.
splattering was observed on the ocuter
casing of combustion chamber. Condition
of 1st stage visible NGV was fcund to be

satisfactory.
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2. Obhservation on variable stator wvanes

(77sv), Booster stage Bleed Valve
Sht LA B

rance Conticl

a>
Q
Er
}-:.
<
W
(]
;._1
@
0

A BERY) and |

®
CJ

sunners links were found position
zoproximately 10-15 degree from engine
centre line. 4ctive clearance control
manlfolds were found crushed. AGC
actuator was partially intact and one
of the butterfly valves was found in
closed position. DBooster stage bleed
actuator was intact and slave actugtor

was showing impact damage.

3. Stzarboard Fngine:

l. Structural Obhservations:

(a) External:

The HEngine disintegrated into

V]

[}

major portions of Fan case, LP fan

i

with booster stage and the remaining
engine. The fan case was found
ruptured around €'0 clock position,

The left side of the mcdul 2 wag

—_—

ZEC unit was found intact excent
some rminor damages. Two fan blades

were found in disc slots and were




tound bent Ir a direction opposite

to the direction of rotation.
spproximately 40 %o 209 of the roiors
and stators of booster stages (1, 2
and 3) were found dislodged from their

positions. The visible rotor blades

s

and 2

of 1,

%)

3 stages of the btoocsier
jere found bent In a direction ovbo-
slte to directlon of rotation.

The broken end of the LP shaf
was showing evldence of torsion fuil-
ure. 5th stage LP turbine blades
were intact and there was evidencs of
shroud tip damage.

Internal (Boroscopic Observations):

Metal splattering was obseciyved
on the convex side T.E. of tas 1s%
stage HP turbine blades. No damage
was observed oa 2nd stage HPT, Metal

.

) V1S L

2]

splattering was observed on th

¢

vle blades of the 1st stage LPT.
Abrasions vere zlso observed on Gtro
153t stage LPT vane. Visible fae:l
nozzles were found to be satisfactory
letal splatterine was observad on the
combustion chamber liners at © Qi clock
nosition, abrasion was observed en

the visible 1st stage HP iuvbins vanes

AL 10 0'clock vosition conditiocn of

visible fucl nozzles were foung 6 La



satisfactory, &light metai sviatter-
ing was observed on the combustion
chamber liners. During visual inspec-
tion of HP compressor inlet, IGV were
found detached from 10 0'clock to 4 O
clock position. Visible blades cf 3ra
stage were found broken from the Diat-
form. Third stage stator vanes vere
found damaged and blades were found
dislodged at certain locations. 4th
stage blades were found damaged and
broken at tips., L.E's of the bioken
blades arveared bent in the cirmim-
ferential direction opposite to the
direction of rotation. 4th stage stator
vanes L.E.'s and T.E's were aleo found
damaged. Sth stage visible blades

also exhibited damage

T
v
A

N
G

Chservation on variable vane (V
Vd
(

'
and Active Clearance Control q

)
ors

VSV Synchro runners ware found

e

positioned 10 to 15 degree from engine
contre line (similar tc No.1 Fagine),
Bell crank of VSV was found glightly
damaged and was in position.

ACC acvuator was found displaced
and damaged and the operating levers
were found bent. ACC utterfiy HP

£

valve was found closed and LP vaive
was found opened,
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Mnal Observ tions:

General pattern of damages to the

ccrnuressor and turbine blades and ctheyw

4

varvs of both the engine as described

o

above, are as a resulf of impact danege
and as a result of disintegration of
eng Ines,

Torsion failure of LP shaf¥s of
both engines and bending of LP fan
blades and compressor blades in the
direction opposite {to the directicn
of rotation indicate that both enginas
viere devoloping power during the tiae
of impact and the pesition of varigble

stator vanes on the engines are indi-

cative of high power setting.

FNCH CHECK AND STRIP INVESTIGATION:

Elavator servo control actuators parg

N0, 31075-205 /N 332, 362, 364 ang 367

The above servo control actiators
ware bench checked at the Makeris faciiit
‘Lucas #ir Equipment, Paris) as pew
Maker's specification amd the tash r&ésults

were found within limits as specifios and

cempared with the previous values rpecorded
S €ach acceptance test report and found
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b)

satisfactory. Uye end of acluator
S/N 362 was found bent.
Flight Control Unit Part No.KSl7 AAM

7AB 5/N:183:

The unit was examined a% th: YMakerts
facility (Sextant Avionique, Paris) and
found exposed to intensive fire and
impact damage. Altitude and veriical
speed knobs were found jammed., 100!/
1000" altitude selector was found in
100" position. Internally all cards
and components suffered extensive fire
damage. The Unit could not be

due to impact and fire damags.

Contralised fault display interfac

i®

unit (CFDIU) Part No.B401ACMO/303/S/

430
The computer was tested at the Makert
faellity (sextans Avionique, Paris) ang

found damaged due to impact, Reading of
the memory from all display pages was done
concerning last leg report, last leg

ECAM report and previous leg revoits.
Since the printouts were bad, it =48
fnstalled on AIRINTSER alrcraft F-GOEB

on 18.6.%0 around 22.20 hrs.GMT and

clear print-outs were taken for last
leg report dated 14.2.90 at 06:11 hps

GMT and last leg ECAM report upto
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07:33 hrs.GMT on 14,2.920. In addition,

intout for malintenance post fiight
report was also taken. Significant
reading was noticed at 07:29 hrg.GMP
on 14.2.90 on ECAM warnings reading

ENGINE 1 and 2 FADECH,

Hlectronic Ingine Controls Part No.728300-

$-027 S/N _2500-01.26 and 2500-0157.

The functional test carried out on
the two EEC at the Maker's faclility
(Hamilton Standard, Connecticut, USA)

revealed: -

i) The Units were partially demaged
due to imvact.

ii) Channel B of S/N 9500-0157 b passed
vroduction acceptance test which could be
conducted on a single channel, ‘

i1i1) Channel A processors of §/F¥ 0157

and 0126 passed board level produciion

v) EEP R O M data from 8/H 0ics
channel B and g/N 0157 channel wsre not
walid.

v) Channel 4 of S/N 0126 and Cha nnel

B of 0157 had valiid data. These tuo

.banneols were in control of the engines



e)

at the beginning of February 14, 19¢0

and fault data did not indicate tHat

& control channel switeh over occurred

during flight IC-805,

vi) The only fault stored in
EEP ROMwas DI 8 C FL (Instinctive
Disconnect letched). The faul% occurred
at 07:29 hrs.GMT and was recorded in
both EEC. DISCFL was a known recarring
muisance fault and this code/message
has no operational effect on the engine
or alreraft. This nuisance fault has
10w been eliminated by EEC specification

changes in future software version.

’MGC part No.B 398 BCM102, Serisl No.702:

The computor was tested at the Maker's
facility (Sextant Avionique, Paris) and
found front face damaged by impact. The
‘board No.A54 and A71 containing FG bite
information were removed. For extracting
bite information bite components were
further removed and mounved on new beards.
These boards were then put in the service-
able FMGC and bite memories extiaciod.
Printout of memory extracted for both
command and monitor boards were taken.

The details were in a coded form, The
Same were decoded by Ailrbus Industrie,

Memory in cards of Flight Management
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Portion could not be extracted. But

the latest information recovded was

at 04:57 hrs.GMT i.e. 10:27 hrs.IST

on 14,2.20 which was before take off from

Bombay on IC-605.

Strip investigation of IAR V-2500 engine
/N _voe2l (LH) and V0040 (RH):

Both engines were strip investi-
gated at HAL, Bangalore facility by
Maker's representative along with
Indian,Airlines and DGCA representatives.
The detailed report is appended to this
report separately. The salient features
of the strip Investigation were as
frollows:

1. The engine break-up, due to ground
impact of both engines were similar.
But the No.2 engine H.P,C. was found
to have sustalned more damage.

2. No pre~impact foreign debris vwas
found in the engines (birds, trees,
etc.).

3. Both engines had extensive (I',0.D.)
detached object damage in the air-
stream due to detached haxrd body
objects passing through the airstream
while the engine was rotating.

4. Both engines had a substantial quantity

of dirt ingestion. Also magnetic and
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5.

non-magnetic metal particles were

found in the diffuser and high

pressure turbine.

In the No.2 engine these pleces wore

fairly large and appear to bs com-

pressor blade and varie remains.

There was no evidence of any pre-

impact onboard fire (other than

normal combustion of fuel in the
combustion chambexr).

Both enginés did not show any evi-

dence of any pre-impact distress.

The break-up characteristics of

both engines indicated high rotation-

al speed under power at the time of

lmpact. Some of the significant
break-up characteristics were:

i} Fan blade brezkage at the blade root
and bending of the blades cpposite
to the direction of rotor rotation,

i1) Blade breakage and bending of the
bladeé opnosite to the direction
of rotor rotation at various loca-

tions through the engine.

ili) The L.P.C. stub shaft was twilsted

and separated due to torsiom,

- 1v) Substantial HPC blade and vane tip

mab with HPC knife edge seal groov-
ing into the seal langs.,

v) Metalization (Metal splatter) in
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g)

tYie combustor H.P.T. and L.P.T,
blades.

Sub-Soil test at site:

The Court requested Geotechni-~
cal consultant M/s.Nagadi Consultant
(P) Ltd., to carryout the work of
sub-soil testing near the first and
sacond touch down points in order

rﬁo obtain sufficient data regarding
sub-strata conditions at site. The

report No.B-1508, dated 15.5.90

revealed that:

i) The sub-soil at landing point 1
is predominently sandy whereas
at the iocation of landing No.2
the sub~soil is clayey.

The relative density/stiffness

3=t
L.,
s

(hardness) of the sub-soil especial-
ly close to the ground level poiafd
¥o.l is greater than that at
Point No.2. This is confirmed
both in the borewell investi-
gation as well as from the results
of the dynamic cone penetration
tests.

N-Value at a depth of
0.0M at Point No.l wes 44 ggainst
17 at Point No.2 and a depth of
2.25M was 53 at Point No.1l |
against 24 at Point Ho.2.
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h) Fuel samole test:

Muel sample collected from
the accident aireraft was sub-
jected to full specification
test at approved Indian 0il
Laboratory and found to meet
he full specification.

1)} Engine accelerstion/decelaration

test as per Maintenance Manual:

To know whether the engine
acceleration/deceleration’ rates
meet the requirements stipulated
in the maintenance manual one
time fleet-wise inspection was
carried out on 26 engines fitted
to 13 A-320 aircraft. The test
was primarily based on ground
test No.13. Pre-tested re-
placement engine test (Rer., TASK
71-00-00-700~011).

Actual engine acceleration
time intervais of the engines
tested varied from 4.56 to 8,35
seconds ggainst maximum 1imis
of 8.5 seconds. Actual engine
deceleratlon time intervals
varled from 3.8 to 5.0 seconds
against maxirum limit of 6.0

seconds.
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All the engines have been
found to satisfy the acceleration/
deceleration requirements of

Maintenance Manual,



PART III
Re: INVESTI GATLON

Ao QUESTION OF LAW

j 1 The Court of Investigation is gppointed
under Ruie 75 of the Alrcraft Rules, 1937, The
Rule states that where 1t appears to the Central
Government ‘that it is ewpedient to hold a
"formal investigation®, this investigation may
be ordered irrespective of any other investie
gation or inquiry under Rule 71 or 74, Toe
person appointed to hold the investigation is
referred as the Court, The Central Govermment:
may alse éppoint One or more persons possessing
legal, aemonautical, engineering or othegr
special knowledge to act as Assessors. The
Court rhall hold the investigation in opan Court
in sueh manner and under sich condi tiong as the
Court may “hink most effectual fow ascertaining
the causes and circumstances of the accident and
for enabling the Court to make the report stated
in Rule 75. The Court shall have all the powars
of a Civil Court for the purzpose of the investi-
gation. Thc Assessors are glven the same powers
of entry and inspection as the Court. 4= par
sub-rule (7Y of Rule 75 the Assessors shall.

- either siga the report, with or without TOSOT=
vations; ov state in writing their dissent thepe-

from and their reasons for such dissent, andg
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they are tc De forwarded {0 the Central Govexa-

‘ment with the Reporte.

2, The question is to wbat extent the Court

can rely on a material which has not been brought
in as evidazce, fommally. In the course of an
investiga®.on of this nature, the Court willi havs
to seek clarifications apart from getting technlcal
matters analysed. Similarly, the Assessors also
may clarify their doubts and for this purposs,

they may have to get tecnnical matters analysed

scientifically.

3. Under Rule 75, the investigation 1s
referred cs a*fonnal investigation. This indicates
the restriciive nature of the investigation in the
matter of pvocedure., It is restrictive becazuss

the formaliiies of the Court are to be respected.
No materizl cen be considered as a plece of evidence
without beiisg properly proved and no i sputed state-
ment could be relied upon without the particinants
having an oppﬁrtunity to explain the same, thcugh
there is no 1itigation amongst the participants

and as such there is no 'lis' and the Court is
concerned uith finding out the real cause of ths

crash,

4, Sub-tule (2) of Rule 75 directs the
Court to hold the investigation in open Ccurt,
though the mznner and the conditions of tha lnves-

tigation are left to the Court to decide,
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e In the Report in connection vith an
accident to Air India Boeing 747 - Kanishka,
Justice B.¥:.Kirpal of Dealhi High Court rezliseqd
that the investigation in cpen Court ceme in +the
way of collacting some raterial svidence and
therefore the law was sought %o be amendesd Lo
enatle inecszera proceedings. Justica Kilrpal
however cbserves in para 1.4,3 of his repcrh
that the 1ole of the Court under Rule 75 ig
essentially fhat of an iavestigator. In %the
report of Justice P, B. Sawant, Res acclident to
Air Indla Boeing on 22n¢ June e, 1982 I fing
some observations on this question in Part IV

of the Report, Justice Sawant otserveds

“although the strict miles of the
law of evidence do not apply o
the present inquiry, it is axio-
matic that the inquiry should be
conducted in conformity with the

principles of natural Justice, mng
no material should be used for
arriving at a cenclusion against
@y person which he had no Cop o=

tonity to meet, ®

At p: ;e 56 the learned Judge had to consider ths
complaint of a few participants that some CQYTES-

pondence was not given to them. In that connection

bservuads
1t was obser 93




“In any inquizy of this maluryg,
g Court and he Assessors may have
iritially thely oun notions, ldeas,
gdouibts and views on matters having a
bezring on the accident, Such vieug
are purely personal to them and are
nov even meant for the auditica of
otiiars,. They are thelr inarticulzve
praudses and no more than a loud
thinking on thelyr part. In order %o
sa*isfy themselves as to whether the
vicus and notions, which they have,
are¢ right or wreng, they may collest
tho required infowmatlon by various
meazins including by addressing hypoe
thetd cal querries To the concemied
scurces, The Coirt and each of the
Assessors may further have dlffepent
ideus and different lines of thinking
oviginally and the infomatlon sought
by “hem may even run in oppositea
divections, It is eonly after getting

4

the vequired infomation that Theli

e

vicus will be clarified. They may then
elect to pursue some and abandorn otchers.
No o::a has a right %o know what weras

theliy initial thoughts, views or noviocu
or for what purpose a particulayr infci-
maition was sought by them, Ths thenze-

b ool or factual lolommation they may
94
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coi.lect is only for thelr self=
lastruction and scducation. It is

¢ty 1f they decidn to pursus a

pacticulay line of inquiry and fou

Iet pumpose uss the infomatl on

S0 collected, that such infomaticn

wiil hgve to be placed before ftha

——

parvies and not otherwise. So long

as such information is not used in
the inquiry, nobody has a right %o
ask for it and it need not be dis-
cicseds To ask for such infomaticn
is % try to proobe the mind of the

Court and of the Assessors by attenmpte

and the line or lines on which thoy
warae originally thinking, This is
not only ~urposelaess, but positively
hamxiful to the spirit of enquiry.

The C&urt and the Assessors may have
initially views and notions whilch may
be faulty or even fanciful, If, therpece
fore, every infoumation that is sought
and collected by them 1s to be a
matter of scrutiny by others, %hs
spirit of enquiry itself will be
thiarted. This is apart from tha fact
that every individual has a right o
privacy which includes a right %o keap

hi s Thoughts to himself, ®
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6, Any mzterial gathered by the Court cv the
Assessors, whichi s to be the basis for z $ind-
ing on ths maln issue, should be testedq fow
1ts correctiness and acceptability; this ig
possible caly if the participants have an
Opportunity to examine the said material. Fasis
for the conclusion is diffurent from the conclige
slon itseli. The basis has to come out in theo
proceedings in the open Cour®t; itis cnly suen

a fomality in the procedure that could save the
Court from commltting an ewror by raelying on
legally untssted material. I am of the view
that reliance on any rebuttable infomation wi the
out the same being placed in open Court, will be
negation of the idea of zn c¢pen Court investi-

gation,
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B. ASSESSORS

s dule 75 of the Alrcraft Rules provides
for the appointment of the Assessors; bui thelirp
functiocns are not defined, Assessors ars to be
drawn from'those who possess legal, aesronautical,
engineeiing or other special knowledge, “Rile
says thas they have to 'act' as Assessors. The
Assessors shall have The "same powers of entyy
and inspuction® as the Court. In other raspects,
they avs not given any other power of the Court,
As per sub~1ule (7);, The Assessors are glven ths
liberty o dissent from the report and inm such a
case, theipr reasons for the dissent o any veser-
vations ghall be forwavded to the Central Covemn-

ment with the Report.

The functions of the Assessors will
have to ks understood from the purposs for which
they are appointed and the qualifications required
for their appointment. It is obvious that they
have To bring in their specialised knowledge, in
certain subjects, so that they can assist the
Court in appreciating the technical questions.
The Assescors are not an integral part of the
Court of Inquiry. They are given the pauer to
investigate in view of thse powers of antry z2nd
inspection, obviously to enable them <o izmderstand
the subject involved and to probe into the questions

that are o be answered by the Court in which their
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assistanc. will be required. The Dictlonary
meaning of the word ‘asscssor' is "to sit
teside, acaist in the cffice of a Judge; an
official to> assist a Judge 1s called an
assessor® - (vide Wevstor's New Collseglate
Dictionawy). This aspsct was considersd Ly
Justice F,E, Sawant in his report made in
connection with the accident to Alir India Boeing
707-437 asiveraft VI-DIJ. At p.57 of the sald

report, th: learmed Judge pointed out:

“The purpose of the appointmant

»f the Assessors, further, is o
zring to bear onr the proceedings
“heivr speclal knowledge, eitheyv
1agal, aeronautical, engineezing,
or from any other field helpiul <o
whe investigation, The role cof 1s
sssessors is, therefore, completaly
distinet from that of the jurors
in a eriminal or civil trial. Tas
jurors are dravn from laymen and
those with a special knowledge in
any field which has a direct or

indirect bearing on the issaes’

agdde The puiposs of the appoint.
mint of jurors 1s to temper the

scriect letter of the law by a mozre
ehlarged and libsral view according
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o the morality znd the equity of

u:a case, The jurors are not
stpposed to discuss the evidencs

aid meri ts of the case before the
Coart, Their discussions are “g be
eranng themselves and independent of
the Presiding Judge, The Jurors
furiher are not required to glve
recsons for thnelr verdiet and the
Court 1s bound by their verdict aven
if 1t 1is erronecus, The Assessors
on the other hand are required to
assilst the court mainly on technieal
retters and to help oring on recors
and appreclate the technical evidenca,
The court and the Assessors are requi rad
to discuss the evidence togethey and
given yveagsons for the views they © aits
and the conclusions they arriva at,
The “dourt is not bound by the vieug of
th issessors and thae Ass@ssor op
Assersors taking a different view has
to 7ivae his dissenting report. Sincs

the wole of an Asses

(6]

or is to gpprz-
clato the technical evidence it i rot
necsszsary for him to watch the danernouy
of viv witnesses (unlike the Jurors)

to ducide upon the veraclty of thel-

tescimony., 4An Assessor may help iz
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court bring tha necessary evidence on
record either by instructing the cours
in advance about the questicnsto he
asked to the gelevant witness ozx by
forwarding the questions to tha court by
poste It is not necessary foy hia Lo
ramain present in the court for ihs
purpose or even ask the questicn himsel I
even if present in Court. When evidence
on a subject of which he does not possess
experience is iy progressy; he may choose
Yo remain gbsent if he thinks he will
not be of any help to the Courl, If an
Assessor feels that some material which
Is useful has not come befors the Court
because of his absence, the wiinaess can
bo recalled at any time at his instance,
There are various modes in which +%ho
Assessors may assist the Court and disg-
charge their function, There is oo parii-
cular manner laid down anywhera for

discharing their role.®

In the course of the proceedings, I hava
enatled the Assessors %o put questions o the
witnesses and seek infommation whatever they
thought as necessary, having regard to vhe abeve
principles. Many of the questions were of high
techniczl nature. Mzny questions haad to bs

further developed for zlarvifications of the ansviers
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and therefore, I thought, instead of asking ths
dssessors to give me the questions in advance,
time of %o Court will ba saved by permitiing the

Assessors themselves to question the witineszes.

e Assessors have vigited the brzining
centre at sevofomation, Toilouss wherain pliots
were btrainods Similarly, “he manufactuwing
cartre of Alrbus Indusberae L5 also 5busbed ab
woulousse, Certain test flight was cocnducted by
the Assesunrss They had alsc visited WASA and

Hartford, U.S.4.




C. RATTEBN OF THE RERIRT

8. On many cuestions there has been nao
unanimi £y amongst the Lssessors, dinece T have
to eonsidsy thogs qgiestiona gaod arvive at iy
conciusiong and a8 the Two sets of vieus of S ke

Asséazure reflacted the two rival cuses purojested

cgsdings, I have given their wmzarcns alabowalelv

in Part IV of this Report, beforse glating ny

conclusions, The main differenccs were in respect

of the following questicns:

(1) Whethsr the pilots followed
the VOR~DME approach o .adop'izéd
visual approach for landing and
Af visal spproach uas adopted,
was there en emzssion %o put
¢if the £1izht alrectors (#Fo =),
in wmay

{2) The §,185 *¢* foproe (avedl evatlon)
rOeOTGdd in DFDR pevtatns %o which
of the twe impacts — &g
the sagecond impact? or vhether is
was an 2ryonsous recording by the

DFIR.

(8) Whethep ke Coeralatior of VR
LDFDR timings furnisned by CASE

102



— — e m—

9.

cular

(4)

Loy
(&)
Nt

The wival reasonings in support¢ of pay

ansvers to those questions and my vi

Were thrust levers pushed in time ow

1T there was delay in doing s=o

requires modification as suggestad

by Capt.Rao and Capt. Gopal?

What caused the idle/open descent
mode of the plamne at about T,F, =95
seconds and vhy the plane continuza

to be in the idle open/descent mode

thereafter?

Wihether the D 2 was switched off

Oor not at gbout T, F. 3137

Whether the pilots monitored %ho g7 eed
or not during the last phase of thy
landing and whether any display systen

in the cockpit nisguided then by mgle

B R PN

functioning?

there any reascn for it?

are given in Part IV of this Report,

considered and they a re dealt in rart:

10,

wa 3

fliare were other questions %o be

j3

e

Voto VIX

The main contes®, in the Cour: pracscdings,

cetwoen the aAirhus Industrie Ciolpleis

SO
g LCRA

the fomer as the manufaciurer of the airerzit,

blamed the pilots fov ths crash, ICPA (whie

S s
el 1Ls
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a reprcsentative body of the pilots) tried to
establish that the systems in the aircraft caused
the crash by their misbehaviou¥ and that the

pilots must have acted properly.
%

Indiar airlines has not projected any
particular case, though its learned Counsel was
highly critical of the role played by Alrbus
Industrie and the latter's attitude in trying to
cut short the Court proceedings, in some aspects
Indian airlines supported the case of the I¢ra,
dero Ingines vas interestsd only in its enzines,
Mo particular view point was projected by other
participants. There is no 1is in the investigaiion
between the participants; therefore no participant®
need tc have a particular case established, Bat,
to enatle the Court to find cut the cause of thg
crash, different probatle causes are to b
projected so that no line of investigation would
ce left out. It is not enough for any partici-
pants to propound a theory; the participant should
develop it and try to establishi t. Open Court
engulry envisages evidence being gathered and
tested in the manner of any cother adversary litie
Zation, The questions fomulated by me above,
dc rot create any turden of proof, on any ono oi
the participarts; they are ths questicns 43
identify the pioilems to be solved by the Joury,

generally, They are fomiulated for the sake orf

convenience at the time of wyiting this REpOTE,
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No point for consideration nor any issuc uvas
franed by the Court prior %o the commencezent

of the proceedings since the object of the
enquiry s to find out the causs of the crash,
Each of the questions, like many cther ¢restions,
arcse in the course of the invesfigation and ths
Court's znswer was invited to sach of thei, eas
relevant oy leading to the cause/causes cf the

crash,

6 X Sgveral questions were technlczl in

o
2Q

nature. & feyw,I have lafl open, having wu3ssza
to the two sets of views supported by siring
reascns for each of thea: I felt it unnecsssary
to go infto those questions such as the timing of
6, 225'G' foyce and the co-relation betwesn CVR-

DFDR. I am of the view, the unanswered guestion
do not affcct the ultimate conclusion axriva

at by me on the basic guestion to be answerad

in this investigation.
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PART-IV . ANALYSIS
CHAPTER-1

Descent and Approach

1. The aircraft VI-EPN operating flight
IC-605 (Bombay-Bangalore) took off from Bombay
at 11:58 hrs.(IST) on 14.2.1990. The aircraft
contacted Bangalore approach control at 12:36
hrs.and informed its flight level 330 (33,000
ft.) and that it was estimating to reach Banga-
lore at 13:04 hrs. Bangalore approach control
then passed on the prevailing weather informa-
tion and informed that Runway 09 was in use.

At 12:44 hrs. the alrcraft requested for a de-
scent and was cleared to Flight Level 100
(10,000 ft.). From 12:50:26 hrs. the pilots
discussed between them about VOR-DME approach
to Runway 09. At 12:53:39 the aircraft was
identified by Bangalore Radar Control (ARSR -
AIR ROUTE SURVE'LLANCE RADAR with maximum range
of 170 nauticel miles) at 42 nautical miles on
a VOR radial 213, At 12:53:45 the airaraft

was cleared tc descend to 6000 feet on 9NH

1017 and informed by Bangalore Radar that the
alrcraft woul be vectored for a visual annroach
to Runway 09. At 192:54:09 Capt.Gopujkar con-
fitmed recelv: ng the Radar instructions. At
12:57:16 Bang lore Radar control instmiected
IC-605 to tury to right on heading 150. A&

7122 thie alrcraft acknowledged and foll-wed

1 <
J_(J’:

¥y}

the instructior. At 12:57:37 approacn check
115t started and completed at 12:58:10.
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o. At 12:59:24 approach target snmeed 132
kts. indicated by the magenta triangle on the
sneed scale was confirmed by both the nilots
and then flap was selected to No.l positinn.

At 12:59:48 the alrcraft was cleared by Radar
Control to descend to 4600 feet when it was 10
track miles to run to touch down. At 13:00:19
flap was selected to No.2 position.and at 13:00: 22
landing gears were extended. At 13:00:35 Radar
Control informed the alrcraft position at 7 miles
west on left base leg for Runway 09 and asked
IC-605 to report Runway in sight. At 13:00:38
the flap was selected to No.3 position, At
13:00:42 the aircraft reported Runway 1n sight,
At the same time the Auto Pllots were disconnected
as indicated by cricket sound 3 times in rVR.

At 13:00:48 Radar Control asked IC-605 to resume
its own navigation and switch over to control
Tower frequeﬁé&kI23T5T’Tﬁ%\é%;éﬁmgijgﬂg_jlap,M
was selected to No.4 position. At 13:00:51

the alrcraft changed over to Bangalore Tower

for further instruction. At 13:01:20 CHMl a=kes
if landing checks were completed but CM2 wanted
to complete the check at 1400 feet A.G.L.

(above ground level). At 13:01:36 (DFDR second s
228) CM2 announced alt.star and repeated that
announcement at 13:01:40 (DFDR second 232).

This speed al%.star indicated altitude acoui-
sition mode for 4600 feet which was selected
earlier. This timd CM2 wanted to set go around
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altitude but CM2 suggested vertical speed
selection which CM1 finally agreed to.

Had go around altitude of 6000 feet been
selected the aircraft would have gone into

open climb which was not desired at this
Juncture. Scrutiny of the DFDR data revealed
that at DFDR second 225 the alrcraft was in
altlitude capture mode when it was descending

to 4600 feet and when alt.star phase was

active the aircraft went into idle open descend

at DFDR second 235 obviously due to a selection
of lower altitude than 4600 feet. However,

at DFDR second 247 the 1dle open descend mode
was changed to speed mode again by selection

of 1000 feet/min.rate 4&f descent on FW by CM2,

3. At DFDR second 260 CM2 asked tower for
landing clearance when CM1l asked to set go around
altbtude again.W’At/DFDB,seeend 265, CM2 reported
to be aﬁ\;éﬂért final" which was acknowledged
by the tower and landing cl earance was given.

CM2 seems to have not acted as reaquested by

CMl to set go around altitude. At 13:02:23
(DFDR second 275) landing checks were completed.
Capt.Thergaonkar in his deposition s.ated that
at this time (T.F.260) go around should have

been set.

It was contended that this was a daviation

from "Normal Procedure' under "Fingl Approsaoh!
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check list detailed in FCOM Vol.3 Chapter

3.03.15 page 2 which states that

"(PNF) GO AROUND Altitude.......set.
Set go around altitude on FCU".

This is required to be done before completion
6f landing checklist. However this deviation
was not a major error and did not contribute

in any way to the accident.

From co-relation of CVR & DFDR data 1t is
evident that at DFDR second 225 altitude acqui-
sition mode for 4600 feet was activated. The
chart showling the approach path indicated that
it was about 600 feet higher than the normal
path when altitude acquisition mode was acti-
vated. Normally 700 ft./min.rate of descent
is required to maintain the final approach
path but in this case the aircraft was higher
and CM1 asked for 1000 ft./min.rate of descent.
Accordingly, vertical speed mode was selected
with 1000 ft./min.rate. Actual rate of descent
was, however, around 2000 ft./min. initially
and then reducing gradually to about 1300 ft./
min, Due to higher rate of descent the aircraft
speed increased to about 148 kt. whereas approacﬁ’
target speed of 132 kt. was required to be main-
tained. However, when landing clearance was
glven, the aircraft was almost in the proper

apprnach path but its speed was ahout © knots
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higher than the required speed.

4, Therefore, 1t can be said that the
alrcraft, more or less, descended properly and
its initlal approach profile, even though
slightly higher, can be said to be normal.

The aircraft was: falrly in approach profile
when 1t was 1000 feet AGL and obtained landing
clearance. .:The alircraft was also in proper
landing configuration. There was no contro-

versy on thils question.

5. At this stage, two conflicting views
have been expressed. According to one view,
the pilots though initially discussed about
VOR-DME approach, later accepted the Radar's
offer to be vectored for visual approach to
Runway 09, and from 42 nautical miles to 7
nautical miles, Plane was guided by Radar and
thereafter pilots adopted visual approach.
Thls view 1s accepted by Sri Goswami, one of

the Assessors and is given at Section 'A'.

6. The other view 1s that the approach
adopted by the pilots was perfectly normal and
even 1f 1t was visual approach other aids avail-
able can be availed of by the pilots. This
view found favour with i/s.Capt.C.R.S.Rao and

Capt.Gopal, 1s elaborated in Section 'B', below.
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A. ONE VIEW:

A(l): Capt.Gordon Corps of Airbus Industrie
in reply to questions by ICPA Counsel,
explained in his deposition, "It is
our considetred opinion that having read
the CVR transcript and heard the CVR
many times in conjunction -with the pub-
lished procedure for a non-precision
approach that; whilst as in normal- practice
the appropriate radio aids wetre tuned the
actual flight path of the aeroplane was
such that a non-precision approach as
laid In the Jeppessen Mamial was not

actually being followed".

A(2): Perusal of the CVR transcript reveals that
from 12:50:26 hrsg.the pilots dlscussed
between themselves about VOR-DME appnroach
to Runway 09. But at 12:53:45 hrs.they
were informed by Radar Control that the
alrcraft would be-vectoréd for visual
approach to Runway 09, At 12:54:092 hrs.
Capt.Gopujkar confirmed receiving the
Radar Control instruction and accepted
visual approach to Runway 09. In this
connection it is stated in para 10.1.4
page 2-11 of ICAO Dc.4444/RAC 501/12
"Rules of the Air and Alr Traffic Servies™
(l2th editfon, 1°85) “If an alr Traffic
clearance is not suitable to the pilot
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Al3):s

in command of =an alrcraft he may recuest
and 1f practicable, obtain an amended
clearance". Having accepted Radar Con
trol instruction for a visual approach

at 12:54:09 hrs. Capt.Gopujkar never
asked for an amended clearance for VOR-
DME approach instead of being vectored

by Radar to follow wvisual approach as
offered by Radar Control. From the CVR
it is apparent that after being spotted
by Radar at 42 naitical miles at 12:53:30
hrs. the aircraft was under constant
survelllance of Radar Control which was
giving necessary guidance and instruction
to the alrcraft from time to time upto

7 miles west on the-left base leg for

Runway 09.

Further, it has been observed in the
Jeppessen Mamual that the chart dated
25.8.89 dealing with VOR-DME approach

to Bangalore Runway 09 reocuires a mini-
mum sector altitude of 6000 feet. Initial
approach altitude is 6000 feet, initial
approach fix is 13 DME and inbound of

the approach is 089°., In other words

from radial 316° the aireraft has to

come upto 13 DME arc. At 13 DME the

alrcraft has to turn right to maintain
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A(4):

11 DME arc and 6000 feet to descend

to 4500 feet. On crossing lead radial
of 279° the aircraft has to turn left
to intercept inbound 089° radial.

4500 feet altitude should be left at
final approach fix of 7 DME and descend
to MDA of 3270 feet. Missed approach
will be at 2 DME as per procedure.

If, only VOR is available the alrcraft
has to come over VOR at 6000 feet .and
then, follow 269° radial outbound to
4500 feet and turn right at 7 DME to
meet radial 089° inbound and then follow

the procedure as stated above.

In this case the aircraft was vectored
by Radar Control from 42 nautical miles
to 7 miles and then the rinway was in
sight the alrcraft was asked to resume
its own navigation i.e., visual approach
as already instmicted by Radar. —In this
connection it is .to be noted that as per
Schedule IV of Alrcraft Rules 1037
Section 3, para 2.5.1.1, "An aircraft
shall be operated in comnliance with

alr traffic control clearance received.
"ﬂperation‘Manual” Complled by Indian
Alrlines under CAR Series '0' Part I
Issue I dated 31.12.1976 para 4 1s a

mandatory document to be carried on
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board for the guidance of the flight
crew. It also stipulates in Chapter-I
page 1.20 para 1.3.4.2 item 2 "ensure
that the flight 1s carried out in

accordance with the ATC clearance'.

A(5): Thus, from 42 nautical miles to 7 miles
the alreraft was under Radar Control
and since then on visual approach.
Therefore, the aircraft did not follow
VOR-DME approach at all, although VOR
radisls were used during flight which

is normally done.

A(6): Para 3.7. 3.3.1 in page 3.19 of Chapter
III of the same Mamual states in respect

of stabilised approach:

"The approach is said to be stabil-
l1ised vhen the aircraft is flown

at constant rate of descent, at

—— ¢5Trect speed and altitude in
approach configuration and only
minor power and heading adjustments,

are needed. All approaches, irres-

pective of the weather conditions
should be stabilised well before

crossing the Runway thresholad".

A(7): Normally an approach should be stabilised
in landing configuration by a safe alti-
tude above touch down. At this safe
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altitude if the aircraft is not on the
correct glide path or approach profile
in landing configuration with speed
stabilised, then the approach must be
aborted. The idea behind such a re-
quirement is self evident. The inertia
and forces acting on large commercial
Jet alrcvaft are such that alterations
to approach profile and speed cannot

be made at a late stage in the approach.

A(8): It is evident in the case of VI-FPN the
aircraft did not stabilise at any stage

during approach.
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B: ANOTHER VIEW:

B(1):

A jet transport aircraft is an aircraft
which can become extremely critical
within a few seconds during the vital ‘.
phases of flight of take off and landing '
in case they are not handled correctly.
This 1is dye to varlous reasons.
(a) The heavy weight of the aircraft.
(b) Characteristics of a jet engine which
tekes quite a few seconds before the
engine develops thrust if the power
was at idle prior to acceleration.
(¢) The high power to weight ratio due

to present day modern technology, etec.

For example, under any particilar condi- -~
tions of flight, in case the engine power
is at 1dle, 1f thrust lever is moved for-
ward for engine acceleration at a parti-
cular speed, the aircraft would lose its
ébeed by approximately 6 to 10 kts depend-
ing on the type of aircraft and the type
of engineé fitted provided the same flight
profile is maintained. Similarly if an
alrcraft is descending with engines at
idle maintaining a constant speed and if
thrust levers are moved farward for

accelerating the engines at a particular
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B(2):

height, there would be a certain loss
of helght before the alrcraft would
level out and start climbing if the

same speed is maintained.

During final approach, aircraft would

be having the undercarriage down and wing
flaps and slats extended. The under-
carriage -contriutes to a lot of addi-
tional drag. The wing flaps and slats
when extended provide a larger wing sur-
face area and smoothen out the air flow
over the wings at higher angles of attack.
More 11ft is generated whereby the alr-
craft at the same weight can be flown

at slower speeds when compared to flying
wlthout slats and flaps extended. These
devices also-help in improving the visi-
bility available to the pilot because

of the change of the pitch altitude avail-
able to the alrcraft. The plane can be
landed safely at a lower speed. From the
A-320 quick reference handbook page 22,
we observe that the approach speed, when
the slats are lesser than one ang flaps
are lesser than one would be Vrefr50 but
for the aircraft at the same weight with
flaps and slats at full position, the

-approach speed would be Vref. Extended

flaps and slats increase the drag con-

siderably and as a result reducing the
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B(5):

margin of power available in cﬁse of

encountering a difficult situation.

On final approach, when alrcraft is
descending even on the normal avoroach
profile, for examole, with a speed of
about 20 kts above Vapp and the thrust
is at 1dle for purposes of reduecing
speed, it would be necessary for the
pilot to anticipate and Iincrease thrust
about 6 to 10 kts before targét speed
if he wishes to prevent the speed drop
below Vapp, all the while contimuing

to malntain the normal approach profile.

If a pilot 1s high on approach and is

at the correct approach speed, 1if he
wishes to regain the normal apvroach
path by increasing the rate of descent
holding the thrust at idle, he should
anticipate in advance of intercenting
the desired profile by increasing thrust
to prevent going below the approach pro-

file, and losing speed below Vapp.

The range of height loss and the range
of speed loss would vary with the weight

of the aircraft, the engilne characteristics

and the flight environment prevailing.
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B(6): Pilots fly into various airfields. The
R/W's may be level, may have an upslope
or may have a downglope. Normally the
desired approach profile would be close
to 3° to the horizontal. On the same
approach slope, if the R/W has a down-
slope in the approach direction, the
pilot would feel that he 1s on a lower
approach slope. If there is a gradual
sloping ground below towards the R/Y
1% can cause severe problems to the
alrcraft, 1f for any reason .a slightly
lower approach profile i1s followed.

An aircraft has crashed on aporoach to

a south easterly R/W in Cailro due tn
such downslope of R/W and high gradually
sloping ground below. If there is an
upslope on the R/W in the direction of
approach and landing like it was at
Bangalore R/W 09, the pilot on approach
would feel that he is high even if he

is on the correct approach profile. This
is due to the approach perspective he is
used to, at a majority of airfields
which a"re level. There could be a
tendency for a pilot to come a little

lower.

B(7): Considering all these above factors,

pilot instructors have always trained
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jet transport pilots to use all alds

available at the time of an approach to

ensure safe approach and landing even

whilst carrying out a visual approach.

Normally there are various radio aids

like NDB (Non Directional Beacen),

Marker Beacons, VOR (VHF Omni Range),

DME (Distance Measuring Equipment),

ILS (Instrument Landing System), etc., '
To assist during the visual segment of
any approach, we have VASI, PAPI, etc.,
which gives, by means of certain type

of 1lighting on either side of the R/¥W

or on one side of the R/W, a safe
approach angle to the touchdown zone.
Though at night VASI would be visible

for a longer distance in go6od weather,
during day light and sunshine the dis-
tance to differentiate the colours for
interpreting a proper approach path would
be very short. From personal exmerience
of the two assessors, Capt.C.R.3.Rao znd
Capt.B.S.Gopal who have been on board
the aircraft during approach to Bangalore
on both, R/W 09 and 27 at times close

to mid afternoon in bright sunlight,

it was observed that VASI could be used
meaningfully for an anpproach from

300/400 feret.
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B(8):

B(9):

If an NDB is located at 1.7 nautical
miles 1like "BB" at Bombay in line with
R/W 14 at Bombay (which has a downslope)
and & pilot even if on visual approach,
crosses this NDB at 500 feet above
threshold elevation, he would achieve

a safe approach and landing by maintaln-
ing a correct descent rate and speed to
the touchdown zone. Similarly if knowing
the location of the DME transmitter of
the airfield that is being utilised, 1f
correct heights are maintained at anpro-
priate distances from the R/W threshold,
the pilot would have at all times an
idea of how the aircraft 1s placed,
whethetr high or low opmpared to the
normal desired profile. For example,

if a pilot is at 200 feet at 3 nautical
miles from touchdown zone, he is on a
good approach path. If higher or lower,
corrections may be needed. Normally a
safe approach always results in a safe

landing.

A1l approach procedures are deslgned to
cater for bad weather and low clouds
over the airfield or low visibility.
They also cater to different tymes ~f

alreraft having different types of
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navigation equipment. It also caters
to separation requirements between
alrcrafts, delay to aircraft where
holding is required for any reason,
failure of some navigational aids or
ATC facilities available at the air-
port and comrunication fallure between
aireraft .and ATC. Considering the VOR
DME approach for R/YW 02 at Bangalore,
if ATC radar is not operative, an
alrcraft could join at any Initial
Approach Fix (IAF) and come onto final
using the VOR and DME. If DME is also
unserviceable and only VOR is availl-
able and it is not possible for the
aircraft to absolutely locate its
vosition with respect to the airfield
it would become nécessary for the
alrcraft to come overhead the VOR and carry
out the prescribed procedure of the VOR
approach for R/W 02 by using elapsed time
during the outbound leg. This is the
reason why the same chart indicates VOR

approach for R/W 09 also.

Normally all schedule operators file

an IFR (Instrument Flight Rules) flight
vlan. The flight is conducted according
to instrument flight rules. ATC would
be responsible for ATC separation till

the time the aircraft lands or cancels
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IFR flight pvlan at an earliler stage.
ATC radar knows the location of the
aircraft with respect to the alrfield
at all times once the aircraft has been
ldentified on the radar screen. Thus
they would bé able to guide any air-
craft, both 1n good weather and in bad
weather to a position from which the
pllot can take over for contimuing the
approach, elither by use Jf the radio
ailds serving that R/W or 1f conAitions
permit, a visual approach. Once a
vllot sights the R/W and is willing to
take over for a visual approach, the
responsibility of the ATC radar to
position the aircraft for a safe

continuation of approach, ceases. If

.the radar is handling other aircrafts

such a change over would assist the
radar. controller in reducing his work-

1oad.

Capt. Thergaonkar has deposed on vnage 5
that it is normal to carry out an in-
strament avnroach even i1f the weather
eonditions are good, when the pilot is
under check. For other nilots under
good weather conditions visual anproach
1s permitted. For the nurnose of route

check, the tests are carried ocut hy
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B(12):

B(13):

applying both kind of approaches.

One of the items to be filled by a
check pilot during route checks in

the DGCA proforma 1s "Type of Approach”.

A1l available radio navigational aids

as appropriate should be used even

during a-visual approach to establish

a safe approach path. Even if an air-
craft is cleared for a visual approach
and an ILS is available for that R/W,

it would be prudent on the part of the
pilot to use that aid which would give
the pilot a far superior fligh® guidance
compared to his own judgment based on

the R/W perspective. If anyone feels
that it is wrong on the part of the
pilots of IC-605 if they had used the

VOR and DME and NDB that were avallable,
then their opinion would not be in the
interests of flight safety. In Banpalore
even for a visual apnproach, DME would

be an excellent aid to check heights at
various distances for evaluating the
correctness of the approach profile and
to receive the DME, VOR should be selected.
The final approach segment of the VCOR DME
approach 1n no wvay conflicts with the
visual approach or any other aircraft in
a visual circuit.
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B(15):

An ATC clearance is only a clearance.

It cannot be mandatory. For example,

if an airecraft is cleared to land, it
does not mean that an alrcraft should
land. A pilot will carry out a go around
if for any reason he feels that the
approach becomes unsafe to continue,

or 1f when he is on short final a vehi-
cle crosses the R/W, etc. The pilot
cannot be faulted for not landing during
that approach. It is necessary to look
at the spirit behind any of these clear-

ances.

Capt.Fernandez was carrying out his first
route check for PIC endorsement. The
DGCA requires 10 satisfactory route checks
of which at least 5 shall be by night

for granting this endorsement. Generally
dauring winter the weather allFOVer Indis
would be good. It is quite possible

that on the sectors thatbA—BZO.was
operating at the time of the crash,

for the Bombay based crew, the weather
could have been visual for all these 10
route checks. If a pilot is not checked
for various types of approaches even
under visual conditions and all these 10

route checks carry out visual aporoaches
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B(16):

B(17):

and landings, 1t would not be in the
interests of flight safety to grant PIC
endorsement and release him to fly as
Pilot in Command both from the point of
view of regulatory authority and the air-
line. It 1s necessary to check the

competency of the pilot carrying out

both visual approaches and instrument

approaches prior to certifying him as
fit for PIC endorsement. Policy of
Indian Airlines as deposed by Capt.
Thergaonkar would be very correct in the

interests of safety of operation.

There were arguments regarding the re-
quirements of a visual approach. The
flight manual 2.01.00 page 1 permits
VFR operations. Flight manual 4.03.00
page 7 permits use of auto thrust with
or without AP/FD. During approach the
use of FD is approved with use of NAV
mode for VOR/DME, VOR, ADF approaches.
The above statement is made based on the
revision dated 16.3.1989 valid for
A-320-231 aircraft which clarifies that
use of both auto pilot and FD engaged

is approved.

This.revision would appear to mean that
in the three earlier lines under APPROACH
the use of auto pilot or FD is apnroved,

Nowhere in the flight mamual we can fing



3(18):

a prohibition of the use of FD during
a visual approach. Use of available
radio navigation alds durinpg a visuval
approach is also not prohibited by the
flight manual.
Airbus Industrie referred to FCOM 3.04.11
page 63B, revision 09, seq.001 under the
heading 'Visual Approach with FPV', They
provided a copy of this page to the Court.
Héwever they did not provide the copy of
the page 63A in respect of the same pro-
cedure. There was some confusion in the
mumbering of the pages of FCOM covering
the same procedures between the copies
with Airbus Industrie representatives and
the coples made available to the court
by Indian Airlines immediately after the
accident. We would be quoting references
from the manuals made available to the
Court, which were the status of the Indian
Airlines manuals on the date of the acci-
dent. On page 63A 1t is clearly indicated
as below:

"The described visual approach is
made with FPV only (for usually, there
is no FIX to initialize target slone)
(Both FD OFF) ",

On page 63B for the visual approach
with FPV, both FD1 and FD2 are required

to be put off at the start of the aporoach.
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B(20):

This 1s not relevant to the approach

of the VI-FPN at Bangalore.

FCOM 3.04.19 page 5, revision 03,

seq.001l, under heading 'TFlight Patterns
Visual Approach (one or two engines)

does not state at any point, the re-
quirement of flight directors to be

put off. Similarly FCOM 3.04.19 page

7, revision 03, seq.001l, for standard
circuit pattern does not indicate the
requirement of putting the FDs off at

any time. FCOM 3.04.19 page 9, revision
03y seq.001, for low visibility circling
approach does not indicate any requirement
for the FDs to be put off. Any of these
approaches would have the visual segment
of final approach which VT-FPN had.

Except for a visual apbroach with FPV

as mentioned earlier, nowhere in the

FCOM volume 3 under procedures and
techniques have Airbus Industrie mentioned
the prohibition of the use of FDs during

a visual approach.

When we look at the full flight simlator
profiles of the Aeroformation course

(PF CM1 which we expect Capt.Gopuikar

and Capt.Fernandez would have carried

out), we find the following:
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In FFS 1 there is one visual

approach ILS supported.

In FFS 2 thare is one visual apnroach
ILS supported.

In FFS 3 there is one single engine
visual approach raw data (which we again
think is raw data ILS as raw data is
generally used for ILS approach without
FDs) and there is one visual approach and
landing on 15R.

In FFS 4 we have one no slats visual
approach 15R with FDs:

In FFS 5 and FFS 6 there are no visucl
approaches.

FFS 7 is a check session wherein there
is no visual approach.

From all the above we see that there
is only one visual approach without the
assistance of any other approach aids
indicated in these profiles, (i.e.), in
FFS3.

Aeroformation have also carried out
in FFS 4, a visual approach with FD (item
7).

The pllot has not been checked out
for visual approach capability in his
similator check ride. &lso FFS 4 shows
that use of FD is permitted during a

visual approach.
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B(22):

B(23):

The above profiles also show
that Aeroformation have trained pilots
to uge avallable aids such as ILS during

visual approaches.

Capt.K.Shreshta on page 3 of hls deposi-
tion has stated in conneetion with a VOR
approach, "Only in case we are visual

we can switch off the FD bar if we so
desire". He is a very young pilot with
limited experience and this statement
indicates that FD bars can be used even
during the visual segment of a VOR approach
after the MDA. This would only be based

on the training he has received.

The contention of the Airbus Industrie
representatives who deposed before the
court that FD bars should be put off for
a visual approach cannot be accepted.
Secondly, VOR DME usage by the pilots
cannot be faulted. All fhis unnecessary
cont rovdrsy would not have risen if the
pilot had just transmitted to the ATC
that they would continue on a VOR nMR®
approach after being positioned on final.
No ailr trafflc control unit in the world

would say NO to such a statement.

The clarifying submissions on behalf of
Alrbus Industrie sent to the court vide

130



AI/DA L.No.115.0740 dated 5.10.1990,

has enclosed in appendix C of one of

the booklets, a JEPPESSEN anproach vlate
for Bangalore VOR DME R/W 02 & VOR R/W
09 approache. This approach plate is
dated 25.8.1989. On page 5 of that
booklet under section 5 they have not
made any mention of the MDA. It 1s
observed that the MDA indicated in this
chart 1s 3270 feet. Referring to CVR
transcript page 8 in IExhibit 1, at crash
seconds 730, CMl has indicated MDA as
3280, Indian Airlines Aerodrome operat-
ing minima chart dated 22.12.198° has
given the MDA for VOR DME R/W 09 as

3980 feet. This ‘has been used by- the
pilots in their discussion. On CVR
transcript page.13 at crash seconds 162
Bangalore radar has indicated position
of 7 miles west on left base R/W 09 for
Ic-C05. The pink approach path indicated
by Airbus Industrie on this J PP ESSEW
approach plate has brought the aircraft
to a position which is 4 nautical miles
on the DME. VOR and the colocated DME
are close to the beginning of R/W 27.
Length of the R/W 1is 10,850 feet. A%

4 DME the alrcraft is just 2.4 nautical
miles from the R/V.
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The aircraft commenced a slow left turn
from heading 150° from about 188 seconds
as that was the time a left bank has
been introduced. Alrcraft was also
having a tailwind component of nearly
14 kts. Aircraft would have had a wide
turning radius with a slow increase in
bank angle. The maximum bank angle out
ih was close to 25° when the aircraft
wvas Just angle 15° from the R/W heading,
most probably because the pilot felt
that he may over shoot the centre line.
If an immediate 30° bank angle had been
put in at 188 for turning on to final,
the aircraft would have been on final
very mich earlier. R/W was visible.

So a pillot -using both the VOR DME and -
his vision of the R/W has carried out

a shallow turn which 1s quite natural.
The slow correction can easily be seen
from the way the headings have changed
from DFDR time frame 225 from fig.l of
the rerised data. Considering at + 15°
to R/V heading whilst turning visually
on to final as heing close to the final
approach path, this aircraft would have
been on final well before vhat has been
indicated by Airbus Industrie. We should
also remember that this airecraft crashed
wel’ "»efore the R/W and we muast allow

for the location of the VOR.
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B(26):

The approach path indicated by Air-
bus Industrie on this JEPPESEN chart

is inaccurate.

The pilots of VI-FPN were meticulous as
they used the latest MDA of the Aerodrome
operating minima chart and not the MDA
glven on the approach plate which was of

an earliet date.

FCOM 3.04.11 page 62, revision 12 and
page 63, revision 9 are for a non-
precision approach. This does not call
for FDs to be switched off. The bottom
portion of page 62 and 63 would refer

to the use of FD as the FD bars have
been shown in the pictorial representa-
tion. In this approach which is the
usual nrocedure that should be followed,
Alirbus Industrie have not indicated any
point at which the go around altitude
should be set. They have not prohibited
selection of MDA on the FOU altitude
selectors This FMGS procedure is des-
cribed from the start of the approach.
The only requirements indicated are:
Reach final approach fix with configura-~
tion full and Vapp.

Passing fix select vertical speed = =1000

feet per minute,
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Keep vertical speed down to MDA.

At MDA, 1f external visual’ conditions
sufficient....continue visual approach.
Though on page 3.03.15, page 2, revision
12, during final approach they have 1indi-
cated that go around altitude is to be
set. If the non-precision anproach pro-
cedure described earlier in this paragravh
is followed, there is no requirement to

set go around altitude.

At DFDR seconds 234 zauto pllot altitude
capbture has gone off and the alcitude
of the aircraft was about 4600 feet.
This was approximately 100 seconds from
the touchdown zone. At that time the
alrcraft would have had approximately
100 to 105 seconds from the touchdown
zone and the aircraft would have been
approximately 4 to 4.1 nautical miles
from the touchdown zone. For a normal
approach aircraft should have beeu
around 1200 to 1300 feet above the
touchdown zone (TDZ) elevation. The
alrcraft was slightly high at this point
of time but it was in a position to
carry out a safe approach for landing.
This was evidenced by %hewgégcraft
being at the correct height/at 500 feet
above TDZ(elevation.
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Selection of 1000 ft/minute rate of
descent upto the MDA and selec¢tion of
MDA 6n the: FCU have shown that these
piloté were using the VOR DME approach
procedure when the alrcraft was on

fin&lo

Capt.G.Corps during examination on
behalf of the court was asked a few
questions about the Bangalore approach
charts and the flight patterns in FCOM
section 3.04.19. Heé confirmed that
there was no svecific chart associated
with a visual approach at Bangalore in
the charts that were made available to the
court by Indian Airlines which are used
by their pllots. He also stated this in
his answer, "But I believe that it is

standard practice to assume the go

around altitude published -on the chart

for the appropriate R/W in case the go
around has to be made for whatever reasons".
It 1s only a belief and not a statement

of fact. When visual approaches are
carrlied out, an aircraft on a go around
will continue on a visual circuit.

Even the flight patterns in 3.04.12 for
standard circuit visual approach, etc.,

show a helght of 1500 feet ahove Aerodrome
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B(30):

B(31):

Flevation as the circuit height. If
that is considered the circuit height

at Bangalore would work out to 4414 feet
to 4500 feet.rounded off to the nearest highe
mndred. Even Airbus Industrie's own
theory of 6000 feet go around altitude
to be set does not conform to a visual
approach. It would only refer to a
missed approach altitude for either

the NDB approach or VOR approach for

R/W 09.

Further, in his deposition, Capt.G.Corps
has confirmed that there is no mention
of FDs to be put off in the visual
patterns on page 5, 6 and 7 in FCOM
section 3-04-19, A-320 FCOM bulletin
No.2 of April 1989, page 3, permits use
of FD during visual approach but auto
thrust should be in speed mode. Thus
this also shows that there is no prohi-
bition by Airbus Industrie to keep the
FDs 'ON' during a visual approach. In
that respect the pilots have not erred

in keeping the FDs 'ON' even if 1t 1s

considered that it was a visual apvproach.

A-320 FCOM bulletin No.S dated april
1990 which was latér revised by FCOM
bulletin No.09/2 June 1990 on page 3

under recommendations item 1 states that
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nSalected altitude in the FCU window
should never be set nvelow 1500 feet

when in VMCHY,

It must be observed that Alrbus Indus-
trie have usea the words "SELECTED
ALTITUDE IN .THE FCU WINDOW.*® 4ltitude
1s always used to r efer to height
atove mean sea level. The Asesrodrome
Elevation of Bangalore at the ARR is

214 feet, 4Altitude of 1500 feet if
selected on the FCU window would be well
below ground level at Bangalore. Airbus
Industrie have not indicated that this
1500 feet in VMC should be above ground
level. When this was pointed out to

Mr. Guyot they have accepted the error.
However this bulletin is current even
now as we havéqﬁgiiﬁééﬁ—ihfonned of

any cancellation or supplied with a
revised tulletin, If we accept the
Inspector of Accident'!s theory on page
55 and 56 and Alrbus Imdustrie's opinion
of a selection of a lower altitude to
engage Open Descent mode, "was Capt. Gopuj-
kar trained to set 1500 ft. on the FCU
Al titude Window, and did he implicitly

follow such a procddure®, The Court cannot
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answer this question due to non-availatlity

of FOU selection data on the DFDR.

B(32): Looking at the CVR transecript it is
observed that the two pilots have been
totally cordial through out the flight.
Capt.CGopujkar has taken great pains to
explain various aspects of this aircraft's
handling to Capt.Fernandez as this was
his first route check. All procedures
have been followed, all check'lists
have been carried out. When CM1l asked
for go around during Alt Star at DFDR
seconds 232 1t was not set by CM2
knowing the implications and he guided
CM1 to select vertical speed. Lending
checks were carried out after passing
below 1500 feet as Airbus Industrie
have provided the landing check list on
the ECAM after passing below that height
above ground. FEven the call for 700 feet
rate of descent by CM1 at DFDR seconds
292.5 was correct as aircraft had come
to the correct anvroach brofile. As
mentioned earlier the correctness of
their procedures has been indicated by
not following the MDA on the VOR DME
approach chart but using the later
revised Indian Airlines' MDA of 3280
feet. They have followed heading
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instructions and come on to final closer
than 7 DME. This is nothing abnormal

as even in International airfields 1lik
London, Paris, Frankfurt, New York, ete.
‘there are occasions when radar would guide
an aircraft.on to final closer to the

R/W than normal to pick up ILS or final
VOR radial, to expedite landing of this

alrcraft as well as those following.

B(33): Capt.Bmjwala during his cross examina-
tion had stated on nage 2 that "Cant.
Gopujkar adapted himself to the new
technology very well and at no time he
was critical of the same. fCapt.Gonujkar
was an instTuctor in Boeing 737 and a
check pilot on A-320. He used to take
a lot of pains to teach the trainees.
His approach and attitude towards the
trainees was quit;\EEIEEEIT'ﬁThe trainecs
used to be qulite comfortable with Cant.

Gopujkar'.

B(24): It should be noted that thils® above state-
ment has come from a long term close
associate, who joined Indian-Alrlines in
106© along with capt.Gopujkar, trained
on Hg 748 when cCapt.Gopujkar was his
batchmate, later when being trained on

Baoeing 737 Capt.Gopujkar was again his
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batchmate. Both of them underwent
induct*on course together and in July 189
when they went to Toulouse for A-320
training they were sgain batchmates.

There can be no doubt that the problems

on this flight which led to the crash

occurred only in the last few seconds.
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IV - 1C

/ COORT'5_OP INION /

(1 Whatever may be the controversy regard-
ing the technicalities of the annroach, whether
it 1s visual or VOR-DME, I find this controversy
has no substantial bearing to solve the problem
before me which has arisen only after 292 se-
conds. The crash ceccurred because something
harpened between DFDR seconds 293 and 321. In
fact all the particivsnts substantially sgree
that the plane was in proper configurstion, at
about 294 seconds. It is glso clear to me thsat
after 321 DFDR seconds it was impmossible for
any one to prevent thils crash having regard to
the nlanets situgtion at or asbout the time
frapme 320. The cause for the . erash has . to be
found out 1in between these cruclal seconds

(294 to 320 seconds).

(2) The controversy was raised in connec-
tion with the switching off, of the FDs. The
idea seems to be to show that visual annroach
was adopnted, but in practice not promerly fol-
lowed; fallure to switch off the FD 1s one
such failure. The pilot wiinesses have denosed
before the Court that the nlane can be landed
safely elther by non-precision ennroach or by
visual annroach even i1f FDs are on. If FDs
are 'on', either the auto thrust should be
dlsconnected and thrust controlled manually

or ‘auteo thrust should bein speed mode:. If
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an emergency 1s foreseen the pilots can always
push the throttles to increase the power of

the engines. Even here, engines tske 8 seconds
to develop accelerastion from i1dle; that is why
I onine that it was beyond anybody's capacity
to nrevent this crash after TF.321.

(3} A strict adherence to the VOR-DME would
have kept the nlane at the proper altitude;
the procedure followed by the pilots in the
instant case kept the plsne slightly at a.
higher altitude, which, did not create any
problem by itself snd had no bearing on the
real situation that developed on or after, the
TF.294; pilots, obviously followed a mixed un
procedure. The plane should have moved alcng
11 DME arc (an imsginary arc around the Air-
nort, Indlcating 11 miles to the Airnort),
t111" the 269° and then move straight towards
the runway direction by crossing 7 DME st

4500 feet altltude. However, the plane moved
almost straight and joined the runway direction
near 7 DME arc, belng vectored by the Radar.
The fact remains thst, by 292 or 294 seconds,
the nlane was 1In a promer situation snd there
has been no dispute, alteast, on this asnect
and that, FDs could have been put of f subse-
quently slso if necessary. At 572 crash
seconds (7:23:45 hrs.) the ATC had directed

the plane to "desgend to 6000 feet on QNH

1017 HP %turn right on to hesding 140 for
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vector visual approach R/W.09". CM.2 had
reolied "Roger" and then repeated the words of
ATC., This is a specific word indicating that
CM.2 understood the instructions of the ATC.
ATC had affirmed thls again to which CM.2 had
renlied "Roger" (ses - CVR transcription, for

crash seconds 572 to 5233).

(4) The two experienced pllot-Assessors
have oplned that, 1f the pilots are cleared

for visual avnroach in clear weather conditions
and 1f pllots follow an instrument let down
procedure as a back up to the visual anproach
without deviating from the standesrd visual
approach, the procedure 1s an acceptsble
procedure. This is so because in visual
approach, the pilot has a greater discretion
and may utilise any facility available to

assist him in judging his aoorocach path.

Discussion on this question 1s, therefore,
unnecessary to find out the cause of this crash.

I find no major deviation in the abnroach by

//((%m

the pllots.
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PART IV
CHAPTER ~ 2

REGARDING: (1) Touch downs
(2) CVR - DFDR co-relztion

DFDR data and the replay of the CVR tgpe has
indicated that this accldent was z result of certain
events that happened during the last 35 to 37 seconds.
On meny aspects, such as co-relation of CVR i th
DFDR timing, the nature of the first touch down,
the timing of the recording of 6.125 'G' force and
as  the click sound found between the words
recorded in CVR . "Hey we are going down", divergent
vlews have been expressed. The two sets of views
could be brought out exhaustively in the differing

Opinions on these questions, gmongst the Assessors.

IV 2.A The reasoning of M/s.Capt.C.R.S.Re0

and Capt.Gopal 1s reflected in the following:

1. On 20th June, 1990 after carefully listening

to the last few seconds of the CVR recording
repeatedly on a sultable equipment at NAL, a metallic
click sound was noticed by one of the Assessors
(Capt.Copal) during the phrase "Hey we are going
down" uttered by CM1l, The sound was similar to

the eclick sounds observed by the AssessoTr on

the A-320 simulator of Indian Airlines at Hyderabad,
an /£-320 gircraft of Indian Airlines at Bombay

and the 4-320 simulator of Aeroformation at Toulouse.
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The sound was between words 'GOING' gand 'DOWN' very
close to the beginning of the word 'DOWN! The

sound was demonstrgted to the Court gnd the Assessors
on 2nd July, 1990 and to the representatives of

the participants on 4th July,1990. The representatives
of Alrbus Industrie indicated that the cllick sounds

could be from gny of the 4 items below:

(1) Cockpit door closiug due to not having

been closed but left free to move.

(11) Pulling of sidestick controls to the
full aft position to the mechanical stop.

(111) Thrust lever movement and

(iv) Shgking of the pilot's or copilot's
seate As this hgd come from the manu-
facturers, further investigations were

carried out.

2 The Assessors visited Hydergbad during

mind July. On 17th July, the Assessors went on board
an. A-320 gircragft VI-EPJ znd recorded the sounds
generated by the above four items with engines
running close to VI-EPN rpm gnd without engines
running both on a hgnd held cassette bape recorder
and on the CVR., The mlcrophone of the cassette
recorder had been held close to Areg Microphone
location. Cgpt.S.T.Deo, Director of Tralning

of Indien Alrlines assisted by Capt.Johnson and
another A-320 pilot carried out various actions

as requested by Assessors to obtaln these records
VI-EPJ was an glrcraft which had been registered
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earlier than "T-EPN. During the recordings, the
pllots seats did not shalte or generate =ny noise

even when the pllots tried to shake the seats wilth

a lot of force while sitting on the segts. The
sidessticks generated a 'SWISH' sound when pulled
fast to the aftmost positicon. No metallic sound
was beard, let alone a multiple metgllic click
comparable to the click sound on the VI-ERN

CVR. Cgpt.Deo mentionped that pvll forces during
flight in the alr would be higher then that on
ground by design. The clicks generated by the
door being banged shut agnd thrust lever movement
from Climb to TOGA were simil_.r. The door had

to be banged shut for it to go through both
locldng stops. Slow movement could not close the
door fully. Also, g very good magnetic latch was
available to secure the door in the open position
and force was needed to relegse the door from
this latch before banging the door shut. These
tapes (CVR gnd gudlo cassette) were analysed by
RAL ond compared with the VI-EPN CVR recording

of the clicks in question. At this time freame,
thers 1s no likelihood cof anyone entering or
going out of the Cockplt, as crew were directed
to positicon themselves for landing by about 35 to

37 seconds earlier,

3 At one stege tThere was a doubt gbout the
identity of the pilot who had uttered the phrase
"Hey we gzre going down". 14, were requested

to 1dentify the spealer,1f pcssible. However,

at a lzter date, Wirs.Gopujkgr, wlfe of Cspt.CGopujkar,
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visited Bangalore and after listening to the CVR
tape confirmed that the volce was not ‘hat of
Capt.Gopujkar but 1t was Cagpl.Ferngndez who hgzd
uttered the sglid phrases The methodology used by
NAL was to determine the chgracteristic signagtures
assocl gted with different sounds =nd to co-relate
them with the signatures of known sources such gs
human woices, cockplt door closures, thrust lev;r
mo vement from climb to TOGA gtc. In respect of
volces of Cgpt.Gopulker end Cept.Fernandez the
above ol gnatures were obtalned from en earlier
part of the VI-EPN CVR recording which were lgter
comp ared with the wvoice of the person who uttere?
the phrase "Hey we are going down'". Similarly
the cockplt door closure, thrust lever movement

from climb to IOGA etc. which had been recorded

on VI-TEPJ at Hyderabad by the Assessors was comparlel

with sounds available on the VT.EPN CVR tane.

4, The slgnatures were defined by the cepstrunm
of rthe signzal .. Using the shutilidng fegture.of
the RACAL recorded it was possible to extract

di fferent speech segments mnd sounds of the CVR
or the audio tgzpe end then separately recorded
these segments on an gudio cassette recorder with
appropriate connotation. The separated segments
were gnalysed using digital signal processing
techniques particularly cepstrum analysls.
Conclusions were based on comparision of the

anal ysed cepstra plots,
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The equipment used were:

(1) RACAL model STORE 4 DS 4 chgnnel Instrument-
ation Tape Recorder with Transcription gnd Analysis
Controller model TAC 4.

(11) Rockland Multi chgnnel Signal Processor
model 804A.

(1i1) Nationgl Portable Stereo Component System
model RX CW55,

(1v) Masscomp 5600 Real Time Computer System.
(v) Honeywell Viecicorder model 1858.

The following were the observations during

the analysls:

(1) The cepstrum corresponding to Cgpt.Gopujkar's
voice was chagracterised by a distinct peak at

8.5 milli seconds.

(2) The-cepstrum corresponding to Capt.Fernandez

voice hgd a characteristic peak at 6.7 milll seconds.

(3) The cepstrum of the speech "Hey we are
going down" raovealed a distinct peak close to
7 milli seconds. This clearly identifies the

speaker of the above phrase as Capt.Femmandez,

(4) Using the shuttling feature of RACAL
recorder it was confirmed that the metalllc click
sound during the phrase "Hey we are going down"
occurs between the words "going" and "down". The
cepstrum of the gbove metallic click sound is

characterised by two peaks at 3 snd 7.2 milli seconds.
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(5) The cepstrrm of the sounds generated during
the throttle lever movement from climb to I0GA in
VI-EPT at Hyderabad also shows two characteristic

peaks at 3 and 7.2 milli seconds.

(6) The cepstrum of the sound generated during
the cabin door closure of VI-EPJ has two characteri-
stic peaks at 4.8 end 9.5 milli seconds. These
were very clearly different from the pattern observed

from the throttle lever movement from climb to T0GA,

(7) The cepstrum of the sound of cabin door
closure at the beginning .of the CVR recording of
VI-EPN (most probably by the hostess who had come
into the cockpit earlier humming "Ke sara sara
whatever will be will be") shows two characteristic
peakis at 5.2 and 9.3 milli seconds which 1s close
to the cepstrum of the door closure of VI-IPJ

indic ated gbove.

1AL Scientists have drawn the following final

concluslons:

(a) The speaker of the phrase "Hey we are

going down" 1is Cgpt.Fernandez.

(t) The metaglllec click sounds in the phrase
"Zev we are going down" occurs between the words

‘Jll md HdOwnH.

(¢) The metallic click sounds heard on the
CVR hetwem the words "going" and "down" is not
due to the cabin dcor ckosure but is compatible

cith the gound mada by the thrmottle lever movement,
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S. From the nature of the multiple click sounds
which closely resembled the sounds genersgted by
elther the cockpit door closure or by the thrust lever
movement from Climb to TOGA gnd the above conclucions
by the scientists of NAL thgt the metallic click

sound between the wcrds "going" and "down" correspond:;
to the moving of the thrust levers from Climb

to TOGA by the crew of the 11l-fated aircraft,

From the DFDR data it 4s observed that thrust

lever movement should hagve occurred between time
frames 324,906 and 326,781 seconds. Alrbus

Industrle have indicated in their letter No.AI/E FS
420,0218/90 dated 25-9-1990 that the minimum and
maximum time to process the TLA ( Thrust Lever Angle)
signal from the TLA transmitter to the instant

1t is recorded on the DFDR gre 183 gnd 423 milli
seconds. An gverage time figure of 0.3 seconds

as Indicgted by them is considered good for use.

As the time for the sound of the thrust
lever movement to travel from the thrust lever
guadrant to the area microphone 1s aglmost instantaneous
compared to 0.3 seconds delay for the thrust lever
anzle to be recorded on the DFDR, it would mean
that on the CVR {he click sounds referred above
should be between the times of 324.606 and
326.481. These figures would be in terms of

co-Tel gtion wvith the DFDR time frames.
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G To obtagln a good correlation between the
CVR and DFDR a continuoug UV (Ultra Violet)

recording for g little over 40 seconds from the
end of the CVR recording was taken. It was
recorded on Honey-well type Vicicorder after
synchronising the tgpe speed using 400 Hz invertor
frequency as the reference. Recording was done
at a paper speed of 16 inches per second with

a spacing of O,1 second between the two vertical
time divislons. The first identified phrase in
this recording is "OK 700 feet ragte of descent",
For computation purposes a reference time 0 was
given to the end of the CVR recording gnd the

times were measured backwards wlth a negative sign.

Listening very carefully to the last few
sounds of the CVR recording it i1s observed that
the crash sounds exist for g period of 2.4 seconds
before“the CVR stopped recording. In addition
it 1s obgerved that there is an audible sound as
1f something was breaking just prior to the
termination of the CVR recording.

% Coming to the physical evidence left behind ~
during the second touch down of VI.EPN it was
observed that all three gears of VI-EPN had

left a deep indentation on the 17th green of

the golf course prior to the impact with the
embankment. The nose gear of the alrcraft is

very close to and below the pllots cabin. The
nose gegr deeply digging into the ground including
the axle between the wheels also causing

indentation would create severe nolses inside
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the coclpit, All three gears dlgeging into the
ground and the right engine nacelle glso dragging
on the raised ground on the 17th green would cause
severe deceleration of the agircraft. From the
nature of these indentations, it is evident that
the alrcraft has takem galmost 2.4 seconds from

the time of the second impagct till the impact of
the bottom surface of the fusel age or the nose
gear with the embgnkment. Most probably, the
nolse which gppeared to be of some component-
breaking Just before the CVR stopped recording,
could be the impact of the nose gear with the
embankment whilst the fuselage of the alrcraft
went sliding on top of the embankment. At this
time the power supply for the CVR must have failed
resulting 1n the stoppage of thé CVR recording.
The DI'DR has stopped recording after word Ho,23
of the time frgne 331 has been recorded.

Words No.24 and 25 would not have been recorded

at Bangaglore due to non- avallagbllity of locgliser
or gllde slope. Word No,26 which was EGT engine
Ho.2 has not been recorded. Hence it 15 estimated
that DFDR hgs stopped worling between time

ITgnes 331.375 wnd 331,406 seconds or 331.4 seconds.

B The DFDR needs AC power supply for the bus.
The CVR power supnly is avellable from the battery
through the invertor. The very heavy impact

with the ground at the time the alrcraft touched
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the ground within the golf course Jjust short of
the embagnkment may have possibily cut out the
power supply to the DFDR due to loss nf AC power
supply to the DFDR while the CVR could have eacily
continued working with power supply from the
batteries. It is the opinion of the two Assessors
(Capt.Rao & Cgpt.Copal) that the DFDR stopped
working at the time of the second impact with

the ground and the CVR continued working for

2.4 seconds till the power supply of the CVR was
cut when the alreraft fuselage under surface impacter
the embgnkment and for a good co-relation of the
CVR sznd DFDR they say that the commencement of
crash sounds should be asslgned the time of 331.4
seconds DFDR time aznd the end of CVR would
correspond to the DFDR time frame of 333.8 seconds
if DFDR hgd continued working. They further
estimate that the click sounds between the words
"going" and "down" in the phrase "Hey we are

going down" has occurred from 9.18 to 9.13 seconds
from the end of the CVR recording. This would
correspond to the DFDR time frames of 324.020 and
324.670 seconds. Referring to the earlier computation
of DFDR time for thrust lever movement on the

CVR as between 324.606 gznd 326,481, the time of
324.620 to 324.670 falls within thls range and
hence it is consl dered to be correct. The

reasoning given by the two Assessors are:
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9.(1) There was a school of thought that the final
sounds of the CVR, which is referred to as crash
sounds earlier, was due to a very hard first touch
down on the golf course cgusing 6 Hz vibration of
the structure of the aircraft, which in turn gave
rise to g high level of sounds in the cockpit and
the CVR recording. As the-CVR is a direct audio
recover using microphones located within the
cockplt, Indlan Alrlines was requested to send

the specifications of the microphones and the CVR
receivers. The data has been made avallagble to

the Court. The noilse level In decibels originated
by a 6Hz vibration of the structure would hagve to
be so very high for it to come within the range
of the specifications of the microphones and the
CVR for recording purposes. Such audio noise
generation from a very low frequency structural
vibration of 6Hz 1s unimgginable. In gddition,
continuous crash sounds have existed for a

period of 2.4 seconds. The alrcraft after the
first touch dovm has flown for g distance of nearly
234 feet which would take agpproximately 1.23 seconds
at the speeds recorded on the DFDR, Air is g
very good damper for any vibration of an alrcraft
structure when it is flying in the glr. Severe
turbul gance during flight can cause very low
frequency vibrations of the alrcraft wings, osci-

llations of podded engines etc., and the two
pllot pssessors with their cumulative nearly
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4000 hours of flight experience have never experlenced
such high levels of gudio recordable nose similar

to that of VI-EPN CVR. Aslo there is no further
intesification of the crash sounds after the second
impact which was far more severe than the first
touch down. If such noise levels could be generated
by a 6Hz structuragl vibration in the coclkpit,
simil ar nase should have occurred in the cabin

also., No survivor witness has indicated any

high unusual noise after the first touch down.
Further, if DFDR time of 329.937 which is the

time at which 6,125 g has been recorded is
considered as the time for commencement of crash
sounds, the end of the-crash sounds would correspond
to 332,337, This would mesn that the thrust

lever movement sounds as determined earlier

would have occurred at 323,157 to 323.207 DFDR
seconds. This is well outside the DFDR recorded
thrust lever angle at TOGA, Hence this opinion

has to be discarded.

(11) Though the DFDR time frame range for
the TLA position at TOGA could be between 324,906
and 326,781, eny movement of the identified thrust
lever clicks towards the higher value cannot
be considered because the radio agltitude call
outs would have g very big discrepancy. For
exerpke, if thrust lever movement time is glven

as 326 seconds, with the knowledge that the

)

sireraft was on the ground at 329.8, the UV
recording would show that the aircraft would
be between the chime znd the subsequent sink rate

155




call, If the thrust lever movement is glven the
time of 325 seconds, the time of first touch dowm
would occur during the sink rate thirty call. Thus
i1t can be seen that the time of 324.620 to 324,670
seconds which hags been indicated earlier as the
time during which the thrust lever has been moved
gives a very good co-rel ation between the DFDR

and the CVR. The gircraft is on the ground =2t

the time 1t should bé on the ground as per DFDR data.

(111) The phrase "Sink Rate Thirty" was used
in the previous paragraph. From repeagted-listening
of the CVR tgpe, it gppears that it is "Sink
Rate Thirty"™ end not "Sink Ragte Fifty". However
it is necessary to mention that this can only

be observed by repeated shuttling of the tape
on g suitgble equipment with possibility of reduction
in tgpe speed and frequency filtration. Also,
it would correspond well within physical evidence
of the first touch down and the radio altitude
values on the DIFDR,

(iv) Based on this time determination of thrust
lever movement to TOGA gnd identification of certain
important phrases during the last 40 seconds
(using the UV recording) the co-relation of CVR
and DFDR has been carried out, Even though the
ground below the alrcraft during the last 40 seconds

was very uneven, giving rise to the recorded

radio gltitudes the auto radio gltitude call outs

156



do correspond well. The impcat time with the
embgnkment corresponding to CVR stoppage would be
close to 073320 hours UTC or 13:03:20 hours IST.
The alrcraft has covered another 430 feet before
coming to a fingl stop. At agbout 85 to 90 knots
on legving the embankment gnd to a sliding stop,
the aircraft could hagve tgken 4 to § seconds.
Hence, aircraft is estimated to have reached finel

position at 07:33:25 hours or 13:03:25 hours IST.

(v) The Court and the Assessors proceeded to
NAL on 6th November,1990 to 1listen to the CVR tgpe
again as there was a difference in the time
indication of the radio ;altitude auto callout
of "Three Hundred" and the CM2 cgll out of
"You gre descending on 1dle open descent ah all
this time" in the CVR transcript from CASB and
the trenscript prepared by two pilot Assessors

after co-rel gtion.

In the co-relation from CASB, the call out
of "You are descending on idle open descent ah
all this time" 1s shown against DFDR time 304.9.
The call out "Three Hundred" has been shown agalnst

time 305.3.

The pilot Assessors had shown the call of
"Three Hundred" before the other CM2 call out.
The call "Three Hundred" was sgainst DFDR time
303.7 seconds and the CM2 cgll "You are descending
on idle open descent ah gll this time" was from

305.5 to 306.6,
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After listening to the various chagnnels of
the CVR recording at NAL by the Court and the
Assessors, 1t was established that the "Three
Hundred" call was before the CM2 cgll "You are
descending on idle open descent ah all this time".
However "Hundred" in the "Three Hundred" appears
to have overl:pped the first two words of the
CM2 call namely "you are". These two words "You
are" are very clegr in the CM2 call on the CM2
microphone channel. "Hundred" and "You are" which
are overlgpping are shown in drackets in the
CVR-DFDR transcript below (It is necessary to
note here the timing co-relatlion was not done

by the NAL, but by the two Assessors).

(vi) Timing agalnst important CVR phrases
only, are indicated below. These timings

indicate the stort of the phrase or callout

or aoccurrence. Where considered importent the
time tgken for the full phrase or call out is
indicated to nearest decimgl of g second.

Crash seconds are accounted for from the time of
DFDR stoppage at 331.4 seconds which corresponds
to start of crash sounds. This has been used

as Inspector of Accidents also has taken crash

seconds as O at start of crash sounds.
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TIME
< SOURCE INTRA COCKPIT CONVERSATION SOUND/
CRASH DFDR AL ARMS
Secs. Secse

39.4 202.0 CM1 0K, 700 ft.rate of descent
to to
38.1 293.3

36.5 294.9 CM2 Missed gpproach is
to to
36.1 295.3
32,8 298,6 Four hundred
.7 3087 ( Three
to hundred)
304,8
25,9 304,8 CM2 (You are) descending on
to to idle open descent gh
24,8 306.6 all, this time
28.7..08,7 CM2 You want the FDs off
now
18.7 311.7 CM1 Ok, I already put it off
17.2 313.5 cM2 But you did not put off
mine
14,8 316.6 Two hundred
10.7 B20.7 CM2 You gre on the guto
pilot still?
8.4 323.0 CM2 It's off
7.35 324,06 CM1 Hey, we are going down
to to
6.6 324,80
6,0 325.4 One hundred
rate
3.9 327 +'S Sink rate
3.6 327.8 Chime
2.3 329.,0 Sink rate
0
0.6 330.8 Sink rate
10
0.0 331.4 Crash
sounds
begin

159




10. REGARDING FIRST TOUCH DOWNs

The aglrcraft first touched the ground in the
grounds of the Karnataka Golf Club gpproximately
2300 feet short of the beginning of R/W 09 of
Bangglore Airport. The wheel marks on the ground
during this touch down were for g distance of gpproxi-
mately 82 feet . Only the maln gears had touched
.the ground and there were no wheel magrks from the
nose gear. The DFDR data has shown that the radio
altitude at 329.953 seconds was O feet. The rgdio
altitude at 328.953 seconds was 12 feet and the radio
altitude at 330.953 seconds was 2 feet. The ground
speed recorded at time freames 328,734, 329.734 and
330.734 is 116 knots while the CAS was 112,78,

113.03 and 110.28 at 328,234, 329.234 and 330.23
respectively. As the accuracy of ground speed
recording is + 8 knots gnd the CAS recording
accurgcy is + 1 knot, considering an average CAS

of 112 knots at these very low radio gltitudes it
would take .43 seconds to cover 82 feet after which
the alrcraft went up into the alr. Also the DFDR
normal acceleration at time frames 329,687, 329.812,
329,937, 330.062, 330,187 and 330,312 are 1.06250,
2,78125, 6,125000, 3.01563, 1.57813 and 0.01563
respectively. The maximum normal acceleration recording

of 6,12500 hags been gt 329.237 seconds.

11. Mrs, Sadhgna Pawar Joined Indian Airlines in

1982 and is now a senior Airhostess with Indian Airlines.
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She is one of the survivors of this accident. She

was assigned duties at the rear of the alrcraft during
this flight. She was the ailrhostess who opened the
rear left mgin door through which quite a few passengers
were gble to escgpe. She 1s sn experlenced cgbin

crew member gnd she has stated both in her affidavit

and during her deposition that the first touch down

was qulte normal. In the affidavit she has stated:

" The agircraft's first touch down there
was nothing gbnormal felt or heard. The
first touch down seemed to be like an

average landing".
In her deposition she has stateds:

" The first touch down of the plane did
not glve any impression that there was
an atmormality and I thought it was a

normal 1anding".

Mrs.Neelg Sawant 1s another alrhostess who
survived from the accldent. She was also seated at
the rear of the alrcraft when the accident occurred.
She joined Indian Alrlines in 1982 and presently she
is g senior Alrhostess. In her affidavit she has

stated as beloy:

"Before the first touch down there was
nothing abnormal heard or felt in the
alrcraft and seemed to be an average

Y anding".,
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In her deposition she has stated as below:

"There were three impacts altogehter
and the last one resulted in the plane
stopping finglly. However the first

impact gave me impression that it was

a normal lgnding".

Agaln during ceoss-exagmingtion she has confirmed
as below:
"The first landing gave the impression

that 1t was a very normal 1anding".

A surviving passenger, Sri.Hemchand Jaichand,
who 1s a bank official, occupying seat 21A ( a window

seat on the left side) has deposed as below:

"Before the first touch down I saw
barren fields and the plene was almost
level to the fields but even then

I thought it was a normal landing”.
During cross-examingtion he stateds

"The first touch down was not g smooth
touch down but something like g landing

in an alrport situated at a higher
altitude as in the case of Bajpe alrport,
even then I did not experience any unusual

feeling while landing".

He glso stated gt a later time:

" Though I thought it was a normal

1anding at the first touch down, still
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it was rough. Most of the times I went
to Mangalore I had experienced the same
kind of landing”.

Mr.E.S.Sridhagr, *a survivor, who 1s an Engineer,
was occupying seat 27D (an alsle seat) is a frequent

alr tragveller. He hgs stated:

"The first touch down was a mild one &and

I thought we had lgnded on the R/W",
During oross examlnation he has stateds

"The first touch down did not give me
any jolt"., Mr.Kumar Nadlg, an Industrial
Designer was occupylng seat 12C (an alsle
seat) at the time of the crash. He also
held a private pilot's licence which has
expired. During his deposition he has
stateds

"It was quite a hard touch down in the
initial stage. It was too quick gnd
unusually hard impact. The second impact
was much more severe than the first,
After the second impagct I think the plane

came to a final stop",

The two surviving alrhostesses have had 7 to 8 years
experience as cabin crew. Flylng has been their
profession and they would have had plenty of experience
to judge a nomgl landing or a very hard landing. Both
have stated that there were three impacts out of which
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the first was a normal landing. Mrs.Sadhana Pawar
has stated that the second impact was heavy and
terrible and the third which was the final stop
was on a marshy land. Mrs.Neela Sawant has stated
that on the second impact she was thrown out of
her seat and fell on the floor and she was still

on the floor when the third impact occurred.

Mr., Hemchand Jaichend has stated that within
a very short time after the first touch down the
plane thudded againét a hard surface. He has
al so observed the signs goling off gfter the
second touch down though he had been injured
and was bleeding through the nose.

Mr.Sridhar has stated that at the time of
bsecond impact he had fallen forward and the
seat belt had sngpped and the plane stopped at
the third impact.

The only person who has sald that the first
touch down was a hard touch down is Mr.Kumar
Ngdig but he has also stated that the second impact
was more severe than the ﬁrs”c‘and he suffered
injuries only after the second impact. He has
not deposed gbout any third impact and he felt
that the aeroplane came to a stop after the
second impact. The possibility of Mr.Nagdig not
having remembered the first touch down due to
fts smoothness does exist. He was sitting in
an aisle seat with an adult lady by his side in
the center seat and a child in the window seat
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and hence his vision through the window would

be severely restricted.

12. The Court and the Assessors had visited

the crash site a few days after the crash at the
earliest possible opportunity after g formal-
investigation was ordered by Government of Indig.
All telltgle marks were fully evident at that

time as nothing had been distrubed except to clear
some debris at the embankment and on the road
parallel to the embankment. Photogrephs taken

by the tean from Government of India, Civil
Avigtion Department immedigtely after the accldent
are avallable with the Court. These photographs
have been filed as Ex.46 series. There are
certaln significant observations to be considred
in respect of the ground over which the gircraft
rolled during the first touch down. The
photogregphs 46( 1), 46(2), 46(3), 46(5), 46(6)

and 46(20) which were tgken immedlately after

the acdident are very pertinent with respect to
this portion of the area of the golf ground where
the first touch down took place. Photographs
46(6) and 46(20) clearly show the undulgting
nature of the ground. Photegrgphs 46(2), 46( 3)
and 46(5) clearly show that during the 82 feet
roll the ground surface had considerable undul gtions
in the mid part of the wheel marks. There was

a sudden dip in the ground of gpproximately 3 inches
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as observed by the Court and some Assessors on
thelr numberous visits to the crash site. This
depression wés more‘predominant in the left whesl
track area compared to the right wheel track
aTea. The whole surface of the full 82 feet

of the first touch down was grassy land which

was falTly dry at the time of the crash. From
Ex.46(2) we can make out the undulating ground
even in the right Hend wheel track marks. Looking
at photogreph Ex.46(1) which 1s a close up view
of the initial touch down point of the first
touch down, it is observed that hardly any
indentation has been magde by the wheels; It
should be remembered that at this point. the
wheels of the alreraft would have been'stationary
and at the time of touch down the friction between
the tyre end the ground would start the wheels
rotating as well as create severe erosion of

the top surface. Just before this touch down

at right angles to the wheel marks we can also©
see a.mark left by possibly a whe®l borrow.

This is our assumption as there is only one track
that is observed in thls photograph. In the

same photograsph 1t is agpparent that the depth

of the impression left by the aforesagld wheel
barrow sppears to be more than that created by

the pircraft wheels. A4lso a cagreful observation

of this photograph indicates grass being seen

in the srea of the tyre marlks. Photograph 46(5)
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agaln shows a marking left by an equipment 1like

a wheel barrow running parallel to the wheel marks
indicating that the top surface of the whole area
was similgr in nature. One question that needs

to be answered is whether asn aircraft at a weight
of 58 tons coming down and hitting the ground

at a normgl acceleration of 6.125 g or greater

and at a speed of gbout 115 knots can leave a
wheel mark whereln éven the grass of a soft

top layer has not been Memoved by the friction
created between the wheels and the ground when

the wheels have to start rotation. This would
only be possible if the alrcraft touches the
ground very lightly and the welght of the alrcraft
graduglly settles onto the ground. Though

soil testing which was carried out had indicated
a falrly hard surface underneath the area of
the ' first touch down compared to the soil strength
0f the area of the second touch down, it is
evident from these photogrgphs that the top

sur face of the ground in the area of di scussion
was fairly soft because of the wheel barrow
marks. This type of impression, with the grass
remagining at the point of intial contract can
only occur if the contget between the stationary
wheels and the ground is very light end there

was no severe friction.
13, Ex.94 is a DFDR data of the landing of
the same gircraft VI-EPN gbout 6 landings earlier,
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The various recorded accelerations agre in the data
of the exhibit, This was filed before the Court
by Airbus Industrie representatives. From the
pressure altitude it agppears that this 1lgnding
was at Bangalore itself. After the alrcraft had
touched down, at a slightly later time during
the landing roll, normal acceleration had shown
a sudden incregse. When this increase in normal
acceleration was brought to the notice of
Mr,Geragrd Guyot his gnswer was:

" I d not see other explanation than

the alrcraft could may be have been on

a particulgr rough R/W becguse it could

hgppen that R/W surface have significant

irregul arities",

He glso confirmed thgt the same PFDR was on board
VI-EPN gt the time of the crash.

14, Though Mr.Guyot was sent as an expert

by Alrbus Industrie and was supposed to be competent
to interpret the DFDR data, during cross examination
by the learned Counsel of Indian Alrlines, Mr.Guyot
has stated that he expected fuel flow readings
after' the first touch down if the touch dovmn had

a verticel velocity compared to a normagl landing
(page 18)., From the time after the first touch
down, till the time DFDR stopped recording, by
design there was no possibility of g fuel flow
recording. The next recording of the fuel flow
would have come for enfine-1 at 331,781 and for

engine-2 gt 331.9206 DIDR seconds. The DFDR
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had stopped working at 331.4. During questioning

by an Assessor, Mr.Guyot agreed that this was the
first accident wherein he was interpreting DFDR data
in respect of normal, lateral and longitudinal
acceleragtions of .the mggnitude experienced in

this crash (page 97). From this it has to be
inferred that Mr,CGuyot was not an exﬁerienced

expert witness to give an opinion on the proper

recording of the 'g' vaglues.

15, The Court had requested the Airbus Industrie
to carry out certaln mgnoeuvres on an alrcraft
similer to those of Indien Alrlines and fitted
with V-2500 engines. DFDR data of that flight

was requested for. The flight was carried out

on 20-6-19920 at Toulouse. The DFDR data of the
flight was made avallable to the Court. The
duration of the flight was for a period'of

1 hour.45 minutes. Only a few minutes data

were requested for by the Court. Four profiles

at very high angles of gttack were carried out,
One was a repeat of the Bangalore scenario.

The second profile was under direct law initiating
TOGA at the onset of stgll warning and continuing
flight at an angle of attack to get intermittent
stall warning. The third was recovery at stall
speed +12 Kts gpproximately. The fourth was
engine acceleration gt high angles of attack.

The total duretion of the DFDR data made available
to the Court (which covered these four profiles)
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was © minutes and 52 secondse. Elght seconds data
from 15110336 to 15110343 UIC (inclusive) could not
be retrieved from the DFDR., In the remgining

9 minutes 52 seconds, there were a total of 151
erroneous recordingson the DFDR. These included

26 erroneous readings of normal acceleration,

17 readings of longitudinmal acceleragtion and 11
regdings of lateral acceleration. Throughout

the perlod this data was collected, the alrcraft
was in flight. One of the Assessors was on board

this fl1ight as an observer.

The acceleration walues recorded during this
f1ight varied from -7.3748 to +5,96992., Such
values cgn never be achleved by this aircraft both
by design or by even very violent manoeuvting .

It is extremely surprising ang significant to note
that the errors in the acceleration values have
occurred only after g profile at high angles of
attack was carried out. During the part of the
flight prior to initiating the profiles and
getting in to the high angle of attack segment,

no such accelergtion errors occurred. Also, it
was observed from the data that at certaein times
incorrect acceleration figures have been recorded
in zn 1solated manner and sometimes in groups

of 2, 3, 4 or even 5 consecutive readings of the
ssme acceleration parameters. This does indicate
that there is a definite possibility of incorrect’
acceleration readings being recorded by the DFDR
after a flight segmeét_at very high angles of attack.
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This was the case during the last flight segment
of VI.EPN till the first touch down. The possi-
bility of the normal acceleration recordings in

the VI-EPN DFDR data at the time of first touch
down being incorrect cgnnot be ruled out. It would
be necessary for the Alrbus Industrie to carefully
examine the design aspects of the accelerometers

and the DFDR recording to overcome this problem.

Scrutiny of the VI-EPN DFDR data indicates

that thezazzéa.%fgq altitudes recorded at 326,953,
X7.953/and 329,953 seconds were 60, 30, 12 end
0 feet respectively. The pressure altitudes
recorded against time frgmes 329 gnd 330 gppears
to be in error. The pressure altitude difference
and radio altitude difference shown against
326, X7 gnd 328 gseconds co-relate falrly well,
but for 329 gnd 330 they do not co-relate even

allowing for certaln uneven ground observed
in that areas At the. speed that existed, the alrcraft
would have been gbout 195 feet horizontally
behind the point of first touch down 1 second
earlier to that touch down. There was no very
significgnt high ground to consider the radio
altitude agalnst DFDR time frgme 328.953 as
erroneous. On the contrary, there was a slight
depression in the ground in that area. There is
a possibility that the radio altitude figure
of 12 feet may not have been the height of the
alreraft gbove the altlitude of the point of the
first touch down. It could have been less by a few

feet. The same can be seen also by the comparison
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of pressure altitudes recorded sgalnst time
frames 327 and 328, Hence it is possible that
the alreraft was only about 10 feet (or even lecss)

at the time 1 second prior to first touch down.

18, It is common knowledge that in these

jet transport alrcraft during tgke off on rotation
a Tate of descent is indlcated on the VSI though
the aircraft is on the ground and trying to-

get airborne. Indications become normal and
correct after the aircraft gets alrborne and
stabilised in climb. Pressure sensing instruments
cznnot be relied upon at heights very close to

the ground. This would include pressure al ti tude
instruments and regdings. For alrcraft approaching
the ground at even normal approach angles, the
pressure al titude readings may not be correct

both becaguse of al timeter setting and possible
higher pressure sensing due to ground effect.
Mr.Cuyot during hils cross exgminatlion has
concurred with the suggestion that ground effect
cguses errors in static pressure me gsurements.
This 1s the reascn why radio altitudes which

are rore accurate are used for Auto 1lend znd
Category III landings. It is there fore necessary
for us not to consider the pressure sensed
messurements during the last 2 or 3 seconds,

but rely upon the radio altitude datas
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17 Looking at the pitch angles from DFDR times
324 to 329, 1t is observed that there has been

a continuous increase in pitch gl titude. At 328.641,
the gngle of gttack has reached the magximum
recorded vglue. This is just gbout 1 second from
first touch down. The elevators have also started
moving upwards in the last few seconds prilor

to the first touch down. Altitude loss per

second has shown a reduction from 30 feet. between
time fremes 326 and 327 to 18 feet between 327

and 328 gnd 12 feet between 328 gnd 329, If

we consider what we have stated earlier whilst
looking at the radio altitudes, then during

the last 1 second, the altitudes loss would have
been even less. This clearly shows that the

al reraft was in the process of recovery from

a very high sink rate during the last 3 seconds
prior to the first touch down. It is possible
that this gircraft did touch dovn fairly smoothly
at the time of the first touch dowm with a very
light contgct at the point of imnitlal touch

down. The normgl acceleration data that have

been recorded cannot be rellied upon because of

the type of data that has been recorded in

the Alrbus Industrie test flight and because of
non-co-rel gtion with other parameters of flight

during the last few seconds.

18. VT-EPN was experiencing a tallwind component
during 1ts final spproech. At the Initial stages
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it was gbout 8 to 9 kmots at time frgme 296, The
tail wind component continued during the flight
with gpproximgtely a 7 knots component till

about 321 seconds and Increagsed to 9 knots at

323. From then on till the first touch down the
tallwind component reduced. The photogrgphs of
the burning alrceraft published by some of the
magazines indicated the smoke travelling from

the front towards the rear of the crashed alrcraft
and also  towards the right of the crashed alrcraft.
This indicated a east north easterly wind
direction. Hence 1t 1s evident that prior to

the first touch down the aircraft had experienced
a head wind component. A chgnge from g tallwind
component to g head wind component increases

the performgnce under azny conditions of flight.
The £4S would increase and also the alrcraft

would tend to gain height at the same agngle of
attack. This would mean that VI-EPN which was
having a high sink rate would have been gssisted
by this wind change in its performance by

reducing the sink rate; this would have contributed
to arresting the sink rate just prior to the

first touch down.

19. Though 6.125 g has been recorded during
the first touch down, it is necessary to note that
no part or even a panel had been shed by the

alreragft between the first nd the segond touch downs.
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The first shedding of parts started'only.after

the second touch down aznd the right engine cowling
was riding the ralsed ground near the 17th green
of the golf course. The photograph Ex.46(20)
clearly shows where the shedding of alrcraft
components/parts commenced. Two of the Assessors
had personglly seen the type of damage that would
occur after a high 'g' impact. In the Boelng 707
crash at Bombgy in June 1982, the vertical
acceleration recorded was a little over S g.

The No.2 engine fell off after the impact and

some other parts and panels of the aglrcraft had
been shed before the alrcraft came to a final

stop though the alrcraft had rolled for a

short period on its landing gears and subsequently
had a very short hop before the final impact.

It is very difficult to imagine that this

alreraft VI-EPN would not have shed any components

if 6.125 g recorded was indeed the correct figure.

Mr.Ronald W.Weaver an accident investigator
with International Aero Engines stated that it
was common within the industry that DFDR data
recorded after a 6 g impact cannot be valld.

He quoted an accident to a DC 9 alrcraft of

Airborne Express at Philadelphia in 1985 wherein

the aircraft had a 6 g impact and no parts of

the alrcraft had been shed immediately after that
impact. The Court was able to obtaln complete

data of this accident and it was found that the maximum
9 recorded at the time of impact was only 2.76 g
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‘and the alreraft had shed 1ot of parts and
components immediately after the impact (Ex.143)
Mr.Weaver,however , after his return to USA
realised his incorrect statement and sent g letter
indicating the correct information in respect of
this accident. It is not possible to agree

with the contention that -DFDR data would be
invalid just because a nommsgl ascceleration in
excess of 6 g has been recorded. The Court is
not in possession of any documentation whieh

can justify such g contention based on previous
accident investigation records. As DFDR data
recorded could be in error, every parameter has

to be carefully evaluated agalnst evidence avallgble

prior to accepting or discarding the data.

20. Mr.Gerard Guyot, in a technical note

dated 10-7-1990 (Ex.95), has explained the
Teagsoning for coming to the conclusion of the

fixrst to;ch down being'in excess of 6 g. Only
pressure agltitudes have been utilised for thisg
computation. Ground effect had not been corisidered
as per his deposition during cross exasmination
(page 24). We cannot agree to this computation

as the other valld parameters, physical evldence
and survivor statements do not tally with this

opinion.

Mr.Gerard Guyot during his deposition on
page 10 has stated that if the gircraft had
touched down with a ventlcgl acceleration of
6.125 g at the centre . gravity, the vertical
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acceleration would be 13 » ~* ‘= level of the
cockpit, 12.2 g at the Levcl cf the electriuonic bay
and 17 g in the rear part v. ..c¢ fuselage. In spite
of the estimagted 17 g vertical acceleration, the
two alrhostesses occupylng seats at the rear end
of the cagbin and Mr,Sridhar occupying seat 27D
have stated that first touch down was g normal
landing. Mr.Jglchand in seat 21A which is also
towards the rear part of the cabin has stated

that it was a normal landing. Even though one
witness sitting over the wing close to the centre
of gravity felt that it was hard, 1t must be
remembered that the alrcraft had touched down

on a golf course with g shgllow area in the middle
part of the first touch down. Passage over this
shallow area may have caused the impression of

a hard touch down to this witness. 4n alrcraft

in flight 1s a moving object whose profile

is continuously changing particul grly under the
condi tlons experienced by VI-EPN in the last

few seconds before the crash.

21, Taking into consideration all the evidence
before the Court, 1t 1is our considered opinion
that this alrcraft was in the process of changing
its flight profile and arresting the sink rate
when it touched down smoothly in the golf course
for the first time before going up into the alr
again, |
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REGARDING SECOND IMPACT;

25, After the first touch down and rolling
on the ground for a distance of 82 feet on the
maln gears only, the aircraft went up into the
alr and came down rather violently at the time
of the second touch down. The gircraft had
covered g distance of 234 feet from the end of
the first touch down to the beginning of the

gdecond touch down.

23. This short flight was for g duration of
approximately 1.2 seconds at the speeds recorded
on the DFDR, There were a few small trees on

the golf grounds between the two touch downs which
were hit by the eircraft end cut during this

short skip. One tree in line with the left engine
was broken gpproximately 10 feet from the ground.
One in line with the left maln gear was broken
approximately 9 feet from the ground gsnd two trees
on the right were cut gt gpproximgtely 8 feet

4 inches and 7 feet 2 inches by the right hand
engins agnd the gear. These trees had jagged

edges at the top which would indicate that the
impact point of the alrcraft structure sgainst

the tree should have been higher than the remaining
height of the tree. Also gs a sink rate warning
had been generated just before the second impact,

by the design of the GPWS this glireraft must have
attagined g helght greater than 10 feet before
the alreraft came down and had the second impact,
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24, Referring to FCOM 1,09.10 page 8, the
flight mode changes to landing mode when radio
gltitude of 50 feet 1s passed. Considering the
flight before the first touch down the alrcraft
would have been in landing mode on passing

50 feet radlo gltitude. This would have occurred
about 2% seconds prior to the first touch down.
Reference FCOM 1.09.10 page 7, on the ground

above 70 Imots, the maximum deflection of the
elevator 1s 20° up and down. During the first
touch down both pilots were holding the si desticks
fully back. The moment the alrcraft was no longer
in flight but on the ground (during the first
touch down), the angle of attack would have
changed. The high angle of attack VI-EPN experienced
during the last few seconds would change to a
value close to pitch altitude at the time of touch
down (gngle of incidence of the wing has to

be accounted for). The pitch angle at 328,125

was 8.79° . It is possible that the pitch
altltude could have increased to about 9° to

9.5° in the period remaining before the first
touch down. The angle of attack recorded at
329.641 was 15.650. Immediately on touch down

it would have changed to a figure close to 9°

end the aircraft would be immedlately out of

alpha protection renge (which starts at %),
Under this condltion the computers (ELAC) would

no longer dictate the position of the elevators

to maintgin the maximum gngle of attack. With
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the side sticks hgd fully back by the pllots,
the elevitors would deflect upwards to the
maximum permlssitle value under the present
conditions of flight namely 20°. Such g violent
movement of the elevators would create a very
severe pltch up of the aglrcraft. At the speed
of first touch down which was well above stalling
speed, thlis would surely result in gn immediate
flight of the plane in a very steep nose high
altitude. All this would have occurred in

Just 0.4 seconds. Elevator angle of -17.7° at

330,719 seconds confirms such movement,

25. Such movement of the alrcraft does

explain the hitting aznd breaking of the trees

at such high measured heights even though, the
alrcraft was in the alr for gbout only 1.2 seconds
before 1t hit the ground again. It is most
likely that thls elevator movement which initigted
the bounce could hgve tgken the alrcraft altitude
to a very steep angle possibly beyond the stalling
angle. The momentum of the gircraft would have
taken 1t upwards to a certain extent after which
the m0s56 would drop and the alrcraft would come
down., This is evident from the way the ground
marks are, at the second impact. We do not
believe that any computer can stop the momentum

of g 58 ton alrcraft in about 3 to 1 second.

26, Most probagbly the pilots gt that time
realised that they would be coming dowm onto
the embankment which they would have seen during

the first touch down. It is possible that Auring
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that short skip and the steep attitude after

the first touch down they might have released
their hagnds from the sidestick controls at almost
the sgme time either to protect their faces or
due to the realisgtion of the inevitability of

a crash. It may be Just a coinclidence that

both SSPPC gnd SSPPFO hgve recorded the same

value ggalnst time frame 330,

27 . The distance between the tree broken

at a height of 10 feet and the end of the wheel
marks of the first touch dowmn i1is 118 feet.

The dlstance betwsen the tree and the beginning
of the second touch down markings is only 46 feet.
This shows that the alrcraft came down very
steeply at the time of the secondwimpact after
attaining a considerable height. -This al so
explaing the generation of the sink ragte warning

as well as the 10 feet guto call out,

28, In spite of all the factual evidence
avallgble, we are unable to understand how

A rbus Industrie could have seat a technical
Note No.AI/LE A441,08289 dated 13.9.1990

(it has been erroneously shown as 1989) wherein
they hgve asserted thatl the maximum variation
of altitude between the two main gear marks

in respect of this gccident would be 0.8 meters
& 30%, Even allowing the maximum 1limit =s

per thelr cglcul ation it corresponds to 3 feet
5 inches. Airbus Irdustrie's explanation is

unaccepteble. 181




29, Some of the statements of surviwr
wltnesses are quite relevgnt. Mrs.Sadhana Pawar
during cross-examinatlon has stated "I cannot

say whether the plzne was rolling or dragging

after the first touch down and it is very difficult
to describe gs I haveé not pald my attentlion on

that aspect". Mrs.Neela Sawant has stated during
her deposition "There was a sort of movement

which I cannot describe either ags flying or

rolling before the second impact occurred”.

30 « Mr.Hemchand Jaichand during cross examingtion
stated "After the first touch down there was

a Jefky movement of the plane though nothing

violent was experienced". Mr.E.S.Sridhar

during his deposition has stated "Between the

first and second touch down, though there was
movement, I cainot describe the nature of the

movemnent¥.

31. These statements do indicate that a
movement of the alrcraft, which they could not
clegrly describe, had taken place between the
first touch down znd second touch-down. An
aireraft after touch dowvm, going up very steeply
and suddenly coming down would be a type of
movement which they were only able to feel but
could not see due to their seating positions.
Though Mr.Jaichand was at a window seat, he

has stated thgt he was not looking out of the window.
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32. From the physical evidence of the broken
trees, it 1s apparent that the aircraft had attained
an altitude considerably higher than 10 feet with
possibily g slight right wing low altitude. Due

to the closeness of the trees to the second impact
point, the glrcraft must have passed the trees

that were broken gt a helght greater then 10 feet
elther on the way up or on the way down. Most

probably 1t would have been on the way down.
L]

33. If a parabolic traverse is assumed the
helght attained at the mld point between the two
touch downs would be very considerable to bregk

the trees in the manner observed.

34, The sink rate of the agircraft just prior
to the second impact should have heen quite high
reaching an gpproximate verticgl accelerstion
value of more than 16 feet/second to generzte the
sink rate warning. Airbus Industrie have
confirmed that the GPWS on board VI-EPN was a new
version whose lower 1limit for generagting the
waming is 10 feet above ground. This also confirms
that the alrcraft should hgve attained a hei ght
greater than 10 feet during this bounce. The
very hard impgact reported by all the survivor

vl tnesses corroborgtes this conclusion.

a5 The 17th green of the golf course where

the second impact occurred hagd a rising profile,
M1 three gears have dug into the ground csausing
considergbl e decd gration of.the alrcraft as the

engine power was still at a low level at the
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time ofothe impact. However the engines appear
to have continued accelerating to take off power
and sustained that power, till the impact with
the embankment. After a short distance, the
right engine cowling was riding on the surface
of a ralsed ground. This provided a support to
the gircrart on the right side with the left

main gear supporting the agircraft on the left:

or it is possible that the right main gear broke
at thlis point due to the high forces of the
sectnd impget in the golf green and forces due

to gear digging into the ground. (The: right
wheel marks had started before left indicating
thet right gear hit the ground first, may be

due to slight right bank). This could be

the reason how the right wheel marks abruptly
ended when the right engine cowling magrks commenced.
Also, becguse of the type of rising ground, the
nose wheels may have 1lifted off and 1later

the under surface of the fuselgge sliding on

top of the embankment kept the nose gear clear of
the ground. Though there was a depression between
the 17th green and the embankment, the fast acce-
lergztion of the engines tn tgke off thrust would
have contributed to g considerable piltch up
movement. This would have also assisted in
getting the nose up whereby the fusel age went
over the embankment instead of dipping down and
hitting it directly. This 1s bgsed on the very
significant thrust change in the last 2 seconds
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of the 8 seconds: during acceleration from gpproach
idle to TOGA, (As indicated by the acceleration
charts of the V-2500 engines made avallable to the
Court).

The alrcraft continued its forward movement
asslsted by engine thrust. When the nose gear,
the engine nacelles followed by the maln gears
impacted the embgnkment, they were all broken off
from the alrcraft structure causing severe damage.
A nolse similagr to something bregking is there
in the CVR just before it stopped.

36. From the type of the imprints left by

the alrcraft in this area, 1t is quite possible
that the alrcraft has taken 2.4 seconds or even

a 1ittle more before the impact with the embankment
as indicated by the sounds recorded on the CVR

before it stopped.

B The glrcraft fuselagge and the wings

chopped off a few small trees and busheson the
top of the embankment during its passage. The

thudding referred to by one of the surviwvors is
considered to be the impact of the gircraft

structure against the embgnkment.

REGARDI NG THIRD IMPACT:

38, The fuselage with its damaged wings still
ISR NG I ey il
engines broken off, hopped over the nullagh and

a rosd parallel to the‘embankment and impacted
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the ground for the third and a final time at
approximately 260 feet on the other side of the
embankment. The glrcraft skidded on its belly
for about 170 feet before coming to a final stop. -
During the hop, the disintegrated portions and
various components of the aglrcraft 1lay scattered
all over the ground between the road and its fingl
resting place. The forward end of the aglrcraft
was approximately 150 feet short of the boundary
wall of the alrport towards runway 09. The
alrcraft came to rest on its belly in an upright

condition.

The alrcraft did not stall prior to the

third impagct because of:

(1D The long skid marks for a distance of
170 feet cgused by the belly of the alrcraft before
it came to a stop as reported by the Inspector of

Accident,

_{2) The right hadd half of the cockpit which
has survived the fire has shown the front sloping
nortion below the right hand front wind shield
having a smooth surface as it would be on an

el recreft.

(3) The post mortem reports of both pilots
showed that they died of burns and not due to
injuries sustained. Both the pilots had not
sustalned any fractures. Items (2) and (3) indicate

“HET “HE RIrer#dT AN anw eome Shaam o an T ote ne, e
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(4) The portion of th¢ tall from the tall sldd
to the APU exhgust does not show any signs of
damageleave glone serious crumpling of the structure
to indicate that the agircraft hit the ground on
its talil during the third impact.

(5) There were big stone boulders in the area
of the third impact over which the aircraft had
impacted which would hagve caused serious damage
to the bottom part of the fuselage, during the
170. feet skid of the alrcraft.

39, Mr.Laxmi gh Reddy of Hindustazn Machine

Tools was witness No.22. From the evidence on
record, he is the only person who has seen the
actual progress of the aircraft from the embankment
to the third impact point and final rest position,
His statement about how the engines fell is
corroborated by the positlon of the engines after
the crash. During cross examination by learned
Counsel, he stated that the cockpit was in normgl

position and that the front portion.was not

separated from the other part of the plane when
he saw it. According to him, the plane 1landed

on the marshy land as if it was a normal landing.
Hde also deposed that there was an explosion in
the front portion of the plane almost immediately

after the aircragft came to rest.

40, We are of the view that the fusel age in
one piece with the wings attached came to rest
in an upright conditlon after the third impact.
There was al explosion immedi ately thereafter along

w’i th a m ,'2,101' fire, 187




Iv 2.3 (Mr.GOSWAMY'S VIEVS)

FIRST IMPACT ON GOLF COURSE;

1. At DFDR gsecond 319 CM1 asked CM2 whether

he was still on the Auto Pilot. At 321 second

CM1 replied in the negative and CM2 also confirmed
that Auto Pilots were off. At 322 second CM1
reslised that the aircraft was sinking abnormally
and explained "Hey, we are going down". At

323 second "Sink rate" warning from ground proximity
warning system and Radio altimeter "one hundred"
feet call out came. Then CM2 was alarmed
realising that the matter was serious and said

"0, shift". Immediately CM1 called "Captain"

and at 324 second desperately repeated "Captain
still going". It is implied that he lost all

hope and was appealing to CM2 to do something

to recover from the situgtion. At 325 second

second "sink raﬁéig;arning came indlcating

that the rate of descent was abnormally high.
At 2326 second most probably CM2 disconnected
the auto thrust depressing the instinctive

push buttons on the thrust levers and moved
them to TOGA position, which was confirmed by
the "Chime" sound in the CVR and thrust lever
full forward position in DFDR, vide page 4 of
DFDR figure 10. But this actlon did not change
the situation materially because engine powor
was alrfeady bullding up due to alpha floor
activation gt 328@9 cecond as indicated by gredual

increase of alrcraft speed from 106.53 kt. at
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323 second to 111.28 kt. at 326 second. At 327
second third "sink rate" warning and RA call out
ney fty" feet was wiced. At 328 second fourth and
1ast "sink rate'" warning and RA call out "Ten"
feet was sounded. By this time engine built up
some power as evidenced by actual EPR increase

and speed increase to 112.78 kt., vide DFDR parameters.
But power build up was not sufficient like any
other jet engine due to slow response to gcceleration
from lower power. Finally, at 329.8 second the
aireraft impacted the ground on the golf course of
Karnataka Golf Association. Due to increased
downward momentum (inertia) of the alrcraft like
any other jet glrcraft and due to slow response

to acceleration of the engilne like any other

jet engine the sink rate could not be arrested
since the height avallgble was not sufficient and
the aircraft could not be recovered because action
initlated, in this case, triggering of alpha
floor was too late. Experiments carried out

by Airbus Industrie, International Aero Engines
and also by the Court indicated that if alpha
floor could have been activated 3 seconds earlier
1.e. gt DFDR second 320 or thrust lever moved to
TOGA4 position at that time, then only i1t was
possible tor the pllots to arrest the sink rate

and recover the alreraft.

2s It may be stated in this connection that

during replay of CVR at NAL, Bzngalore, 1n presence
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of all participants 1t was confirmed that there
was a click sound between the words "going" and
"down" when CM1 sald "Hey, we are going dowm". It
appeared that this click sound could be the

sound of the thurst levers moving to TOGA ( extreme
forward) position. But Airbus Industrie felt that
this was the sound for CM1 sidestick pull to

full backward position. DFDR data shows that

CM1 sidestick was moved to full back position
between 322 and 323 .second alpha floor was triggered
at 323.1 and EPR command started increasing

from 324 to 325 second. These parameters match
Alrbus Industrie thinking. But if it 1s
considered that 1 second time is lost between
uttering "Hey, we are going.... " and the thrust
levers movement to TOGA position it can be
presumed that the thrust levers were moved to

TOGA at 323 second. But TLA position (Throttle
lever position) paraneter in DFDR figure 10

page 4 shows that 1t was moved to TOGA position

at 326 second.

3. As per Airbus Industrie letter No.AI/E-FS
420,0218/90 dated 25-9-1990 it appears that Fhere
might be a time lag of mgximum .4 second for

the DFDR parameter to show the TLA position.
Therefore, it can be sald that the actual TOGA
position movement could be at 225.€ second. If
we further conslider 1.second time difference for
CVR-DFDR co-rTel ation still 1.6 second could not
be accounted for. However, if CVR-DFDR co-relation
made by Canadian Aviation Safety Bo ard, vide
CASB document No.EP 36/90 dated 4.6.1990 is

accepted then "MHey, we are going down" was
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spoken gt 323 second. If it is further considered
that 1.5 second was lost in uttering the phrgse
"Hey, we are going down" and if g margin of 1 second
time difference is allowed for CVR-DFDR co-relation
then it can be sald that the thrust levers were
moved to TOGA position at 325.5 second. If the
time 1lag of .4 second maximum is subtracted

from actual recorded time of DFDR TLA parameter

it indicates that the TLA was moved to TOGA
position at 326 - .4 = 325,6 second which

matches well with the thrust lever movement at
325.5 second as stated above. Therefore, as

per the second analysis, although the TL was

moved when CM1 sald "Hey, we «cscisennsess Hodt
actually reached TOGA position at 325.5 second.

It may also be construed that the thrust levers
were moved by CM2 to TOGA position while CM1

was saylng "Hey, ee.e.. " and moving his sidestick
to full back position. Although the action was
del ayed, this theory does not materlally improve
the sltugtion gs the engine power was already

in the process of bullding up since alphg floor
was already activated at 323.9 second. This
theory only supports that CM1 acted as ne sald
"Hoy, WO e.ssses "o+ But this thedry doesinet
explain when and how sidestick was moved unless

it was presumed that both sidestick and thrust
levers were moved simultaneously while saying,
ey, cns-ssse' - and -that sidestiers and-thpottle

movement sounds coincided. Also 1t'dOes not
{
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explaln the chime coming at DFDR second 326 in
the CVR‘.

HARD LANDING ys. SOFT TOUCH DOWN AT FIRST CONTACT

WITH GROUND

4, First touch down on the golf course left

a continuwous print of MLG wheel tyre marks for
about 82 feet . At approprigte speed it was

calcul ated znd established that the aircraft remained
in contact with the ground for agbout ,42 second.
Then 1t bounced gs indicated by discontinuity of
tyre marks for gbout 234 feet gnd touched the

Golf Course near 17th hole for the second time.
Time taken by the alrcraft to reach thls point
woTks out to about 1.5 second from first touch
down. Here first magin wheel touched, then nose
wheel touched. Main wheel contact with the

ground was for 102 feet but nose wheel contgact for_
30 feet only. The soll was softer here and the
tyre marks were deep. After the second impact

the RH engine grazed a raised portion of the ground
for about 40 feet. The alrcraft thereafter jumped
off the ground for g distance of about 43 feet

till it collicded with the embankment. According

to Mr,Wegver of I1.A,E, time between first

impeact ond hitting the embankment 1s more than

2 second . At ground speed 118 kt. i.e. 201 feet/second

time to cover the distsnce of ghout 475 feet works

(6))

to 2.3 second vide page of his deposition,

The eollicion of the ~ircraft with the embankment

ery hard and ongines to drop down,

&)
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nose and main landing gear to shear off and front

bottom fuselage to be crushed near electric and

electronic compartment,

5. Regarding nature of impact at first touch

down there were two dlvergent views. Indian Airlies,
Indian Commercial Pilots Association and Alr
Passengers Association, Madras felt the first touch
down was soft and cannot in any case cguse a

6.125 g 10ad. On the other hand Airbus Industrie -
I.A.E. felt it was a very hard 1anding encountering

a normal acceleration of 6.125 g.

B Parties in favour of soft landing quoted

two reagsons:

1. Light tyre mark on the ground and

2, Passenger/sirhostess statements.
Alrbus Industrie aznd I.A.E. put up technical
justification to prove their point of view of
hard I'anding:

To decide whether a landing is soft or hard,

the following points have to be considered:-

1. Strength of the subsoil

2. Ground marks

3. Rate of descent or vertical speed
4. Normal acceleration

5. Passenger witness

6. Matching of DFDPR parameters.




(1) Strength of the suhsoil:

Subsoil testing of the Golf Course near first
and second impact was carried out by an independent
Organisation and it has reported that the soil near
first impact was much harder than the soil near
second impagct. Theérefore, a hard landing would
not make a deep impressions at the first impact
peint. Since the soll was softer, the second
impact point reglistered deep groove mark which

was not gt all indicative of hgrd impact.

(2) Ground marks:

As stated gbove ground marks did not prove

that first impact was soft.

(3) Rate of descent or vertical speed:

From Ex.95 it 1c observed that the rete of

descent or vertical speed before first impact was in

N /

excess of 20 feet/second and from GPWS sink rate

m

‘warning it works out to 16 feet/second to 25 feet/sec-
ond. Therefore, it was definitely more than

16 feet/second. Cgpt.Guyot in page 9/10 of his
depo=ition stated thal as per Alpbus Industrie

design office tie design 1imit 10ead Of A-220

aireraft corresponds to a vertical veloclty on
1anding of 10 feet/second. Ultimate 10ad is

1.5 x 10 = 15 Teet/second. Therefore, vertical
velocity of 16 feet/second was 1n excess of

ultimate design 10ad and sO the first landing was

vesy nardé. He furtﬁér stated that corresponding
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to a normgl acceleration of 6.125 g at the C.G.,
the g effect near cockpit was 13g and in the rear
part 17g. In page 73 of his deposition, he stated
that even if hard landing at first touch down did
not disintegrate the structure, it is considered
that some internal damage is possible such gas
rupture of pipelines, disconnection of electrical
wire in joints, ‘damage to components and cracks

in metal parts, etc.

To verify Capt.Guyot's statement "Aircraft
Structure" by PEERY yhich is a standard book on
alrcraft structure was consulted. In page 52
1t has been stated that 1f landing shock occurs
for a short interval of time, it may be less
injurious to the structure gnd less disagreegble
to the passengers than a sustained load would be.
This explains that even if the nomral acceleration
exceeds the design lbad it is not necessary that
the structure will disintegrate. Nature of
di stribution of load over the structure has te
be considered. In page 60 it has been shown in
the same book that in the tail portion of aircraft
the 'g' effect may be 10 even if the 'g' effect
the the U,CG. is 3.5. Thils explains that even 11
normal accelerztion gt the C,G., of VI-EPN was
6.125 it 1s possible that in the°cockpit it could
be 13 or in the tgll portion it could be 17,
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{4) Normal acceleration:

During normal flight envelope the 'g' effect
is aromnd 1. Scrutiny of Normal acceleration data
of DFDR during last S minutes reveal that it was
so. In their first letter dated 23.2-1990 to
Mr.Khola, Deputy Director General of Civil Aviation,
Canadian Avigtion Safety Board informed for the
{irst time that normal acceleragtion signal had
experienced expansiop and compression distortion
,f Ler approximate 3/4th of the way through the
e nframe 329 ceecond. This distortion was due to,
they consldered, as a result of vibrations
induced by the aircraft impact with terrain.
Therefore, it 1s clear that the first impact
on the golf course was at the end of subframe
322 gnd the lImpact was heavy. CASB subsequently
recovered this distorted slgnal through analysis
of the DFDR wave form. Additionally, a portion
of a second after reference time 331 was alsoO
recovered. Alrbus Industrie, vide letter
No.prI/BE-S MV/IG 447 0608/20 dated 18-7-1°90
intimated that according to their cglculation at
first touch down impact at the Mgin Landing Gears
was 4.14 'g' and corresponding normal acceleration
at the C.C. 1s 6.125 g. Following the method
enunci nted in the text book ! Alrcraft S+tructure'
nv PEERY 1t has been calcul ated and found that
'a'  a2lue at the LG and ot the C.G. are matching
the Alrbus Industrie calculgted 'g' values.
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The value of normal acceleration recorded in last
two readings of 329 second and first two readings
of 330 second agre 2.78', 6.12, 3.01 and 1.57 .,
These readings recorded by the accelerometer seem
to be perfectly in order, since it has gradually
Incregsed to a peak value of 6.125 gnd then
reduced gradually.

(5) Passenger witness:

Two airhostesses in the rear and two out

of three passenger witnesses stated that the
landing was normgl but one witness Mr.Kumar Nadig
who was also a pilot (Private Pilot Licence Holder)
and who regularly flies once or twice in a month
stated in his deposition that it was quite a

hard touch down, too quick and unusually hard
impact. Therefore, passengers opinions are

at variance on the issue. Considering the valued
opinion expressed by the guthor PEERY of

Aircraft Structure' in page 52 that 1f the
landing shock occurs for a short interval of
time, it may not be felt by the Dassengers, it
may be stated that passengers witness did not

project the correct picture,

(6) Matching of DFDR parsmeters:

CASB in the introduction to their document
No.EP/36/90 dated 4.6.1990 stated in page 3 para 3.3
"The DFDR gnd the CVR was gligned such that the
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erash sound on the CVR occurred at reference time
329.8, the time at which an impact occurred on the
DFDR a$ evidenced by the normal acceleration and
the distortion of the DFDR wave form signal. This
time magtched well with the VHF keying and the
radio altitude calls by the aircraft”. It has
gl so been stated that "the DFDR data, the distorted
wave form signal in subframe 329 and the single
crash sound on the CVR indicated that only the
first impact was recorded and not the second.
The recording continued for about one and one
half second and then ended, on both recorders,
wi thout recording a second impact". This further
proves that the first impact was at 329.8 second

and 1t was a heavy impact. It al'sO proved that
second impact was not recorded. Additionglly,
1t must be clearly understood that the severity
of impact on second touch down following a bounce
after first touch down can never be more than
that on the first touch down because most of the
verticsl velocity will be lost after first touch
down.

Further, Inspector of Accident during his
cross exgmingtion clarified in page 34 that
"now with the final DFDR data it appears that the
6g has occurred at a place which hadfﬁzgcribed
as a soft touch down". "The impact occurred during
1ast ‘quarter of the seconds of subframe 329 of DFDR",
In this connection comments of CASB, in

their reply No.142-1 dapted 2-10-1990 gddressed

to the Court is very pertinent. It says
198



LA

"as for vertical acceleration which was specifically

queried, it appears to follow a believable trend
and I think thagt it is therefore most probably

vallid, including the value of 6.125 g during the
end of subfreme 329",

Te Furtber, a site inspection of the initiel
touch down area in the golf course within a few
days of the date of accident did not reveal much
undul gtions. The surfgce gppeared to be falrly
even except for a couple of shallow depressions
without sharp edges at the periphery. This

was also confirmed by the continuous tyre marks.
By any stretch of imagination normal acéeleration
cannot reagch more than 6 g value as a result of
flexible and large diameter tyre rolling over

such a proffle of terraln.

Reallability of DFDR data after first dmpact :

8, airbus Industrie in their letter No.AI/E-fs
420.0103/90 dated 4-5-1990 in the last sentence

in page 3 first intimated DGCA that "we think that
any data retrieved after the first impact cannot
be considered as reliable" since the impact with
more than 6 g 1load was well out of any design
objective. CASB, in their fingl report No.EP 36/°0
dated 4-6-1990, while giving their assessment

of DFDR data stated " the normgl acceleration

data after subframe 329 suggested that the
alreraft was in a bounce, after the first impact,
when the recording stopped. The first impact

was therefore, considered sufficient to have
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caused interngl dsmage to the slrcraft which
affected the operation of both recorders. After
subfrzme 329, the sidestlck pltch controllers for
both crew went to exgctly the same number (-9.519).
It would be highly coincidental that both sidesticks
were moved to the same value. It 1s considered
more likely that the alrcraft was "broken" in

some magnner which caused the system to malfunction'.
Therefore, malfunction of DFDR recording system
including wiring used to cagrry signals from

pickup points (transmitters) of some of the
components gnd systems cannot be ruled out. Under
such circumstances some parameters recorded by

the DFDR cannot give the true piéture or status
after initial impact which exceeded 6 g value.
Capt.Guyot gnd Capt.Gordon Coi-ps of Al rbus
Industrie and Mr.Weaver, Mr.Bolt and Mr.Sunder
Venkat of I.A.E. had in their deposi tions rightly
stressed this point. Thus, it is seen that

after 329,8 DFDR second when the first impact
occurred encountering more than 6g, the following

paraneters misrepresented the actual values:

(1D Parameter SSPPC gnd SSPPFO representing
both sidestick movements in figure 4
of DFDR parameter listing, showing the
same value -9.51° which 1is highly
coincidentagl and hence improbgbla.

(2) The engine parameters such as EPR
actual which was steadily increasing
from DFDR second 324 suddenly came
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down at DFDR second 331 whicn weTe
inconsistent,
(3) Engine 1 EGT came down at 331 second
al though fuel flow increased substantially.
(4) With correctly operating ELAC-1 transmitting
sgme signal to both elevators, thelr
movements because erratic at 330 second-LH
elevator movement -8.89 and RH elevator

-17.70 which 18 absurd.
(5) DFDR normal acceleration parameter did

not show any significant g value for the
second impact; in fact, after mid 330 second
it recorded less than .7 g only.

(6) Hitting the embankment with severe impact
did not show any appreciable longitudinal

acceleration vglue.

9, with regard to reliability of DFDR data
after first touch down the CASB, in thelr reply
No.142-1 dated 2-10-1990 addressed to the Court
stated "The data which follows trends should
generally be considered valid, right through to
the end of recording". Most of the data, in
fact, sppears to follow trends (it is not way off).
Wwhile the data may be considered valid, it is
important to realise that, after the impact during
subfrane 329, the source (signal from the transducer
or electronic buzes) of the data may no longer
be representing reality, even though the DFDR
appears to record a valld word. Asit . is likely
impossible to determine absolutely, one can only

judge the data by the trends 1t is following and
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try to assess it as it relates to accldent.

10, Therefore, DFDR parameters after first
impact have to be considered with proper judgment
and technical reasoning. Only those parameters
which gre found consistent and followling the same
- trend before gnd after the impaget .hould tre

considered acceptable.
Engine power build-up =nd acceleration:

1l Serutiny of snag sheets of VI-EPN since
its introduction into service did not reveal
any significant, major or repetitive defect on
the engines. Before take-off from Bombay on
IC_.605 on 14-2.1990 aglso there were no engine
de fects reported either by the pilot or the
engineer. During flight no defect on the engine
operation, performance or failure to respond to
the pilots input were reported as evidenced by
absence of any such communication from the
pircraft to ATC as required by I.A. Operations
Manual Chgpter I page 1.20 para 1l.3.4.2 item 3.
From the time galpha floor was activated
at 323.9 all relevant engine parameters viz,
EPR commgnd, fuel flow, EGT, EPR actual and N2
responded propeTly and increased as recorded
in the DFDR (reference to figure 11 and figure

12 of DFDR pgrameter listing may please be made) .

A close agreement between engine simulation
and DFDR data in respect of the above parameters
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demonstrated that the englnes behaved normally

during acceleration from 323,9 second prior to

the first impact at 329.8 second Z Please refer
to Annexures (1), (2), (3) and (4)_7.

12, In respect of EPR actugl it has been observed
that 5 readings recorded in the DFDR before the
first impact, when plotted in the acceleration
simul ation curve, matched well, rather, found
better than expected. There was an abrupt

devi ation from the expected values after the
first impact at 329.8 second. Values at 330

and 331 seconds were found inconsistent with the
previous trend of the actual curve for which
there cannot be any technlcal reasons other

than unTealiability of the DFDR EPR actual data
after first impact with more than 6 g lozding

which has already been di scussed earlier in detall.

Even if it is presumed that the éngines
started mal functioning for some reasons OTr the
other, it 1s highly improbable that same type
of defect will occur in both engines at the same
time to give same type of poor performance i.e.

failure to accelerate at the same time as per schedule.

Functional test of EECs at the Mgkers'
facility revealed that the channels that were in
control of the englnes were functioning properly
and test of fgult memory dump showed that there
were no fgult that would have affected normal

engine operation. In this connec tion deposition
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of Mr.Bolt of I.A.E. in page 7 and also strip
investigation gnd functiongl test report of EEC

may please be referred to.

13. Physical inspection in the crash site,
boroscopic inspection and strip investigation of
the engines revegled more or less sgme type of
damagge. Bent and broken fan and compressor bl ades
in the opposite direction of rotgtion, metalisation
in the burner and shearing of low pressure rotor
stub shaft due to high torsion indicated that

both the engines were operating at or nesr take
of f power before they were dropped after hard
impact with the embgnkment, In this connection
engine on-site and strip inspection report may

please be seen .

14. Mr.Weaver of I.A.E. in his deposition

stated in page 11 that based on the design criteria
of the engines the calculagted value of the torsional
load required to shear the LPC stub shaft structure
at full pover is minimum 710,000 in 1b. To cross
check this statement the pertinent calcul ztion
sheet was asked for by the Court which was duly
forwarded. It showed that the ultimate torque

was 719,000 in 1b. With the data provided the
ultimgte torque to shear the stub shaft

was recaglcul ated as shown in the text book

named "strength of Materiagls" by Timoshenko
published by Van Nostrand. The recalcul ation
worked out to 719,39 in 1lb. which matched

with figure forwarded by I.A.E.
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15. Summgri sing the above 1t is stated that:

(1) There was no defect in the engines which

operated satisfactorily.

(2) Engine parameters recorded by DFDR prior
to the first impact at 329.8 second were
absolutely normal commensurate with the
expected performance,

(3) Relevant DFDR parameter figures concerning
engine response to acceleration when
plotted against the simulated nominal
graph did not show any abnormality EPR
actual value, in particular, was little
better than expected.

(4) Both engines falling to accelerate at the
samne time due to any mechgnical failure

1s highly illogical.

(5) Functiongl test of EEC did not revesal

any defect or mal functioning.

(6) Physical inspection, baroscopic inspection
and strip inspection of the engines
revesled thapt they were operating at or
near full power when they dropped off

the wings.
(7) Nature of damage to the LPC stub shaft

of both engines indicated that ultimate
design‘torsi?nal force must have been
applied to sheer off the shaft which is
possible only if the engines were

operating at full power.
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From the above it 1s. concluded that the
engines responded properly to the acceleration
schedule .as per speclification gnd were producing

almost full power before hitting the embankment.

Second, third and fourth impact:

16. Al though many witnesses have stated that
the alrcraft experienced three impacts, from
ground marks it ig established that the alrcraft
actually impacted four times
(1) First impact on the golf course with
6.125 g .
(2) Second impgct after bounce near 17th
hole on softer ground.
(3) Third impact with the embankment which
was very hard and
(4) Fourth impact on the belly on the
marshy area which was on the other
side of the embgnkment, nullah and road
finally coming to g halt,

In this connection, Capt,.Guyot sald in his
deposition in page 11 "our estimation is that the
time lgpse between the first touch down énd
the point where the alrcraft finglly stopped is
about 4 to 5 seconds. The gircraft during this 4 to
5 seconds was eXperiencing 3 very severe impacts
before the final one"., By simple calculation with
the help of ground speed, the distance and time
difference between first and second impact were

found to be 316 feet and 1.5 second respectively.
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Distance and time difference between second and
third impact were 169 feet and .84 second gpproximate.
Both CVR and DFDR stopped functioning just before
seécond i1mpact. Cgpt.Guyot in page 11 of his
deposition said "In this crash both CVR gnd DFDR

go off at gbout the time of second touch dowm".

He also sald in page 39 of his deposition,

"on my knowledge the DFDR stops at 1.6 second

after first touch down which corresponding roughly

to be second touch down". CASB gl so confirmed

this view in thelr report No.EP 36/90 dated 4.6.1990.
It stated that the analysis of the DFDR data

and the single craesh sound on the CVR indicated

that only the first impact was recorded and not

the second. The recording continued for one

and half second and then ended, on both recorders,
vithout recording a second impact. The normal
acceleration data after subframe 329 suggested

that the agircraft Qas in a bounce after the

first impact when the recording stopped. The o
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Distance and time difference between second and
third impact were 169 feet and .84 second approximate.
Both CVR gnd DFDR stopped functioning just before
sécond impact. Cgpt.Guyot in page 11 of his
deposition sgid "In this crash both CVR and DFDR

go off at about the time of second touch down".

He also sald in page 39 of his deposi tion,

"on my knowl edge the DFDR stops at 1.6 second

after first touch down which corresponding roughly
to be second touch down". CASB also confirmed

this view in thelr report No.EP 36/90 dated 4.6.1990.
It stated that the analysis of the DFDR data

and the single crash sound on the CVR indicated

that only the first impact was recorded and not

the second. The recording continued for one

and half second and then ended, on both recorders,
vithout recording a second impact. The normal
acceleragtion data after subframe 329 suggested

that the alrcraft was in a bounce after the

first impact when the recording stopped. The

25
recorder was determined to have stopped at 331 64

1.e. 331.4 second gpproximate. DFDR Radio

al timeter recording indicated that after the
first impact 5t -329,8 second when radio altitude
was 'C' the aircraft bounced znd in the next
second went upto g helght of 2 feet. Afirbus
Industrie, vide Technical Note No.AI/EE - a441.
0828/90 dated 13-9-1290 calcul ated roughly the
helght upto which the alreraft went during bounce

was about .8 metre i1.e. 2.6 feet which is very

~ . 2 nTTm TN
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17 After the second impact the alrcraft hit

the embankment very severely dropping both engines,
bresgking nose and main landing gears and crushing
front bottom fuselgge contgining electric and
electronic bay. It is most likely that the fire
was inltiated at this stage due to some short
circuit in the electricgl net work in the electric
and electronic bay. In this condition the glrcraft
hopped over the embankment, nullab and the road
and grazed on the belly over the marshy area
before coming to a final rest. There were cracks
on the front spar of the RH wing which gllowed
fuel from RH taznk to rush forward due to inertis.
This fuel mainly supported the flre. There was
extensive flre damage in the front fuselegge

area ahead of the wings and practically the whole
of the fuselage with other structure were consumed

by fire,

Co~reclation of DFDR gnd CVR

18. Digital Flight Data Recorder (DFDR) records
VHF keylng parameters showing VHF transmissions

by the alrcraft. When the alrcraft transmits this
parameter 1s recorded on the DFDR, The actual
transmission is simultgneously recorded on the
cockpit wice recorder. DFDR records a time

signal which 1s not gvallable on the CVR. DFDR-CVR
co-rel ation requires expertise. The normal
practice is to have a copy of CVR tape was prepared
wlth a time signal recorded on one of the chgnnels.
This recorded time will be simuitaneously displayed

208



during the replay for transcription. Timings

of the VHF transmissions recorded on CVR were
matched with the timings recorded on the DFDR VHF
keying to obtain the co-relation. There is
absolutely no material to doubt that this method
was not adopted either by the DGCA or by the

CASB assisted by the American experts (NISB), It
was noticed during co-rel ation that the speed

of the CVR replay was about two percent higher
than the DFDR recordings and CVR timings were

accordingly corrected.

19, Actual co-relation of CVR and DFDR timings
achieved by synchronising the VHF No,1 keying
parameter with the transmissions to the ATC
showed that the transmissions by the aircras:
fell within one second of the VHF keyings except
one transmiss!on which was synchronised by about
two seconds. Sampling rate of the DFDR for

the VHF keying parameter is once every second.
The co-relation achieved between the DFDE ard
CVR, therefore, has an accuracy of about ons
second. This co-relation by the Inspector of
Accident 1s within one second of the CASB's

co-rel ation except for a couple of readings.

20, CASB in their report No.EP 36/°20 dated
4.6-1920 stated in para 3.2 and 3.3 in page 3:

" The CVR igpe provided by the Indien
Government on Tuesday, Aprl]l 17, 1990 weco
played back at the CTAISB Litoratory at its
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standard speed snd 1t was determined that the
400 hertz alrcraft power was displaylng as
384 hertz. The CVR was therefore played back
4% faster and a copy tape was made while a
simultzneous reagl time code was written to the
copy tzpe. The time code, co-related to DFDR
reference time, 15 shown on the partial CVR

n

transeript provided in 4ppexdix 'D'.

21, The DFDR gnd the CVR were aligned such

that the crash sound on the CVR occurred at

reference time 329.8, the time at which an

impact "occurred on the DFDR as evidenced by

the hormal acceleration and the distrotion of

the DFDR waveform signal. This time matched

well with the VHF keying and the radio altitude

cglls by the ailrcraft”. —
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There has been a controversy as to the
nature of the first touch down and whether
'‘G' force at that time was 6.125, or whether
the sald *'G' force 1s the result of the second
impact at the 17th green of the Golf Course
or whether the recording of 6.125 in the DFDR

was 1ncorrect.

(2) The rivel view points are projected

in the words of the respective Assessors.

(3) Mr. Goswamy ovrefers to hold that the
6.125 'G' force 1s attributsble to the first
touch down, while Capt. Rao and Capt. Govnal
opine that the sald 'G*' force recorded by the
DFDR cannot be referable to any of the touch

downs and 1t 1s not a correct recording. Diver-

gent views are also expressed regarding the co-

relation of CVR-DFDR timings.

(4) I am of the view, vhether the co-
relation of timing 1s to be as furnished by
CASB or as noted by the two Assessors, does
not affect the ultimate conclusion, for the
simple reason, that the timing as to the
activstion of Aloha floor and the movement
of the thrust levers were within 8 seconds
of the crash from whatever angle the timings
are computed. The movement of the thrust

levers at this point of tire (whether at
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324.05 seconds or thereafter at 326.seconds)
would not have changed the course of the plane
towards the crash. I am of the view that the
controversy need not be technically resolved

here, for the determination of the bgsic cause

for this crashe.

(5) There has been unanimity about the
performance of the-engines; the ultimste
conclusion is that engines behaved satisfa-
ctorily. DFDR shows that throttle lever

was at Toga position at .326 seconds (as 45°).
When performance of engines has been found
normal by other process of investigation, EPR
values at TF.330 loose: significance. A
definite answer regarding the timing of 6.125
'G* 1h no way substantially aids the investiga-
tion. It may be an interesting subject for
examination by the Scientists and technologists.
No other significance of the timing 6f

6.125 'G' was pointed out during the course

of the enquiry, nor in the arguments.

(6) No expert was examined by anyone to
actabligh that the plane's first or the second
‘iroact resulted in 6.125 'G*; only certain
suggestions were made to the witnesses, without

eiliciting technical data for investigation.

(7) However, 1t 1s necessary to mske some
observations:
(1) The triggering of Alnha floor is stated
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to be at 323.1 seconds; at the earliest 1its
activation will be at 323.9 though one cannot
be too sure of this time of activation; it
might have been at 324.3 seconds also (consider-
ing a delay of 1.2 seconds for activation); if
so, by TF.329.9, it will be 5.6 seconds from

the time of activation of Alvha floor. The EPR
value should be slightly more thgn 1.05. If,
only movement of throttle levers is considered,
then between TF.326 to 329.9, the available time
was 3.9 seconds. EPR gctual at TF.329 seconds
for eneine-1 ig 1.05 and for engine-2 it is
1.065 at TF.330 it is recorded as 1.07 and

1.07 respectively. These figures subgtantiaslly
satisfy the acceleration curve (BEx.105), wherein
it is indlicated that at 5.5 seconds, EPR ought

to be 1.05 and at 6 seconds 1.08.

(11) In the written arguments submitted by
Indlan Alrlines, the time taken to estimate the
EPR value at 6 seconds is tsken with effect
from 323 seconds; this is clearly an erroneous
basis. The Alpha floor triggering, at the
earliest, will be 323.9 seconds (and I think
1t may perhaps be at 324.3 seconds or even
later, 1n view of the uncertaln knowledge as
to this delay, exhibited by Airbus Industrie).
Therefore, at 329th time frame, engine had not

6 seconds to develop acceleration.

(111) A momentary impact of 0.42 seconds
may not be injurlous to the structure gnd that
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possibility cannot be ruled out in this case,
especially when the plane was new and had not

experienced metallic fatigue.

(1v) The psssengers and air-hostesses did
not feel the first touch down and this may,
support the theory thet the first impact was
mild and normal. On the other hand it is
sald that the first impact on the ground was
only for 0,42 seconds, a momentary action
and therefore these wlitnesses did not feel the
exverience so ss to retain the experience 1n
thelr memory; and that these witnesses have
missed one of the touch downs, and have mixed
up two impacts as one, which shows that thelr
statements regarding the experience of the
touch downs 1s faulty; they stated that there
were only three touch downs in all. It 1is
also.sald that if at the time of first touch
down the plane was In the take off stage, the
pleane would not have agaln landed immediately
within such a short time, with a heavy force;
further, the EPR actual was only 1.05 for
engine-1l and 1.06 for engine-2 at TF.329 and
therefore engines had no sufficient power and
sSpeed to take off at the moment of the first

touch down.

(v) Capt. Thergaonkar said in his denosition
in vage-14 in the last sentence that during

normal landing normally 1.25 'G' normal
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acceleration 1s obtained. Therefore, if 1t 1s
presumed that the first touch down was a normal
landing, 1.25 'G' would have been recorded at-
least twice, since the alrcraft was in contact
with the ground for 0.42 seconds; normal accele-
ration is recorded every 1/8th seconds in the
DFDR. Thus, if second touch down was hard and
experienced 6.125 'G',then 1 to 1.5 seconds
earlier than this recording,1.25 'G' would have
been recorded atleast twice. But,perusal of
'G' recording revealed that there was no such
recording; it was 1.06 or 1.07 which 1s normal

when the alrcraft was in air.

(vi) In the reasoning of Caot. Rao and
Cant. Gonal, minute discussion 1is found as to

why 6.125 'G' recording is unacceptable.

(8) Welghty reasons are found in the two
sets of rival views.

(2) The touch downs are vart of the crash.
The cause for ;Ziash develoved earlier to the
touch downs. In fact, the cause for the crash
develoned somewhere between DFDR seconds 294
to 321. Therefore, an exact finding on this
controversial question of 6.125 'G' by 1itself
cannot give any clue to find out the cause

for the crash.

- (30 It was pointed out that the first

touch down was a sqft one as spoken. to by the

215 /(Lj}) ‘/\‘/\/




passengers and the two air-hostesses; no damage
resulted to the plane by the first touch down
and by its own force, the plane moved forward
climbing up after the first tough down; the
plane must have gona up to about 14 to 20 feet,
cutting a few trees jJust before it hit the
ground severely near the 17th green of the Golf
Course; the 6.125 'G' force was never there
elther at the first impact or at the time of
second impact. This 1s so because, the plane
had 'skip bounced' at the first immact., The
relevancy of this question relating to 6.125 *'G?
force 1s stated to apply the DFDR readings
after 329.8 seconds (i.e., aofter the first
touch down, which was a soft impact); the idea
conveyed was that 6.125 recorded by DFDR was
spurious or incorrect and that any data giver
by the DFDR should not be accepted without
being cor;oborated by other sustaining evidence.
Arguments were addressed (in the written sub-
missions) about the reliability of DFDR data
after the first impact, but not of any earilier
recordings. No DFDR recordings for the vneriod
295 segonds to 329.8 seconds were challenged
specifically .in the Court. Airbus Industrie
has sent an explanation dated 19th Sentember,
1990 (after the arguments were over) as to why
the DFDR recording for the initial 52 seconds

showling auto thrust speed select mode as engaged,

when the aircraft &as still on the runwsy. The
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auto thrust logic, is stated to be in and
remains in speed as long as the throttles sre
not pushed for take-off power selection. The
doubt sbout the DFDR recording for the first
52 seconds was ralsed by one of the Assessors
only for the first time at the time of question-
ing Capt. Corps and the witness had to get the
answer only from Toulouse. In fact, Cant. Gonal
| has not persued his 1ine or thinking after
receipt of this letter as to the validity of
DFDR recording during the initial 52 seconds

before take-off at Bombay.

(11) The evidence on record exnlaining the
nature of the 'G' force and the basls to infer
the impact which resulted in 6.125 'G' is toco
sketchy; the princivles anovlicable have not

been placed before the Courthby any of éhe
witnesses. As Indian Airlines also has exnressed
doubt about this recording, a further reseasrch

on this question may be conducted by the DGCA

and the Indian Airlines, in the 1ight of rival
reasons found in thexviayawexnressed by the

Assessorse

(12) ICPA contended that the reading for the
last quarter of time frame 329 never came out

in the normal manner even at the CABB; that

CASB did not recover some circuits as disclosed
from the letter of CASB; this last sub-frame wsas
short of 6 bits. Admittedly the signal for

N
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this time frame had experienced expension com-
pression and distortion after approximately three
quarterg of the way through the sub frame;

this was assumed to be as a result of vibration
and recording of 6.125 'G' had been therefore
inferred, having been recorded after approximately
3 quarter of the way from sub-frame 329. In
these circumstances, ICPA contended that record-
ing of 6.125 'G' cannot be relied upon as the
correct 'G' force exerted at that time frame,
having regard to the fact that this accelera-
tion is the 60th word of the second (TF.329)

out of 64 words, and?ihere were distortions

at this point of time, this value of 6.125 'G'
cannot be relied upon for this time frame. ICPA
also points out that CASB had revised the data
subssguently, but not considered by the Inspe-
ctor of Accident (Ex.115 is the letter of CASB
dated 23-2-1990 written to the DGCA; the

revised data and the relevant letter of CASB

878 not faed &s an ¢rhibit). Indian Airlines
has referred to this controversy elso to
question the accuracy of the recordings by

DFDR after the first impact and from this the
EPR values recorded after TF.329.8 was questioned.
At the same time, the Indien Airlines contended
that 1f DFDR readings upto the nlane's impact
with the embsnkment (i.e., third impmsct) were

to be accepted, BPR values shown are only 1.06
for engine-1 and 1.11 for engine-2 at TF.331;

these show how poor and insdequate was the \(
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engine response in the engine acceleration in

the last crucial seconds. The trend 1n the
written submissions of the Indian Airlines casts
doubt on the engine’s performance, a very

serious matter for the operator of the aircraft
to make. During the investigstion, its witnesses
did not speak anything against the power-bulld

up capacity of the engines; no expert was exa-
mined by the Indian Airlines to help the Court

to understand this problem of 'G' force.

(13) Indian Airlines, as the operator of

this alrcraft, should have aided this investiga-
tion by examining some experts on this qu-stion
rather than belng satisfied by placing evidence

to sustaln its case that the alrcraft was proverly
maintained and the pilots were properly trained.
However, its learned counsel placed a very ana-
lytical and unblgsed sdbmissions, which has been
guite usgtgl;ﬁg»me to anprecigte the various
facets of the nr;;I;;;—;;;giggaxiﬁ tnis investi-

gation.

(14) Capt. Gupta in his evidence has ernlained
the nature of 'G' force thus:
"At the time of normal landing
the 'G' force could be anywhere to
an extent of 1.0 to 1.05 value. At
1.5 'G*' cannot be called a hard land-

ing. I cennot say what could be the

G

value on g hard landing. while

anproaching, the 'G® value in normal
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circumstances should not be more

than 1.5. Any time when 'G' wvalue

i1s more than 1.5 does not necessa-
rily indicate that the aircraft is

on the ground. The load factors on
the aircraft at the time manocuvring
have direct relation to the 'G' vslues.
The load factors asre referred in
terms of the pressure, the 1ift, the
surface and the weight of the air-
craft. The pressure means the air
pressure. It is difficult to explain
the concent of 1ift in simnle terms.
The concept of surface does not mean
that it is on 1land, it will only
conclude the surface area of the
alrcraft. So far in my experience

I have not exceeded the 'G' 1imits
during any of the anproaches on

A.320 sircraft. The values of 'G°
force 1s only reflected in the air-
craft if 1t exceeds out of the 1imits
of 0.7 to 1.25. There will not be
any 1indication of the 'G' force when
it is between 0.7 and 1.25. This is
reflected on the Ecam and where time
is reflected will disavpears and fG!
value will aopesr in amber. I reneat
any 'G' force indication or value can

never indicate whether the sircraft is
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in the air or on ground under all

possible circumstances."

Cant. Guyot (witness for Airbus Industrie)

has given his concept of this force:

"Accofding to me the soft land-
ing is lsnding with a vertical
velocity I would say between 2 and
4 ft. per seconde I have a record
of the soft landing of the VI-EPN
alrcraft, which was recorded on the
DFDR, during its flight No.6 prior
to the accident. It 1s marked as
Ex.94, where the normal acceleration
was a maximum value of 1.10938 %G °.
At the time of accident the vertical
speed was atleast 16 ft., per second
is revealed by the DFDR and the
derivation is explained in the docu-
ment now producéd by me (Ex.95).
Taking in account the pressure alti-
tude evolution between time 324 to
329 we find an average vertical soeed,

which is in excess of 20 ft. ver
second gnd whgt 1s sald in this docu-

ment is that the value corresnonding
to time 329 csnnot be taken into
account because the pressure altitude
i1s recorded in sub-frame 64 which

mesns et the‘end of the second 329
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when the alrcraft has already
touch down. I experienced twice
heavy landing earlier during my test
flights. The second one I experien-
ced was during A.320 flight testing.
During this second flight testing the.
relaticnship between vertical speed
and 'G' was 9 ft. per second related
to 3.6 'G*. The CVR also indepen-
dently;lndicafes the high rate of
deécent at the time of touch down -
vides: CVR pasge 17, 2 seconds prior
to the crash there is the first sink
rate  warning, sgain on the next
vsge there was further sink rate
‘warning and in the note Ex.95 this

| is explained; the sink rate warning
activation conditions are attached
.to the note Ex.95 are'showing‘that
very closé to the ground, the verti-
cal sneed conditions were upto

between 1000 and 1500 ft. per minute."

N
Again, he said: A
-
"I think that the first touch down
was between time 329.7 snd 329.8.
It 1s correct that the first impact _

was at 6.125 'G' force.

Qs Refer to DFDR flight parsmeters -
it is not correct that st 329.8
seconds the'impaqt was 2.78 %G* 2
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A: Thefirst impact is lmmediately
before the time corresponding to
2.78125 'G*' that mesns correspond-
ing to time 329.75 or 329.8.

Q: Explain why 3.01563 has anveared
at 330 ?

A: After the peak of vertical
acceleration which could have
exceeded 6.125 'G*' the vertical
acceleration is decreasing as the
alrcraft is starting to bounce.

Qs The initisl touch down of
6.125 'C* was in excess of the design
1imit of the aircrsft ?

As Yes. As I already stated.

Qs At such an impact even if it
does not lead to the structure dis-
infegrating, it is nossible that
internal damage such as. runture of
pipéline, disconnection of electri-
cal wire in joints, damage to
components and cracks in metal
perts‘might have taken nlace ?

A: Yese.

Q: What made the plsne to roll for
about 80 feet after the firsf impact
instead of bouncing ?

As It was rolling for agbout .4
seconds that means less than half a

second which‘meens that the bouncing
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was quite immediate."

Then, further, he was questidned agbout the
possibility of first touch down being a
soft one. The relevant questions and

answers were:

Qs You have indicated that this
alrcraft would hgve atleast 16 ft.
per second vertical velocity to
record 6,125 'G' ? |

Al Yes.

Qs This would be very close to a
rate of descent of 1000 ft. per
minute at the time of first touch
down, Will this stgtement 1s
correct ?

A: Yes;

Qs A8 explained earlier if there
is a sudden rise of the ground of
only 3 inches in a distance of

4% ft. you can get a value of
6.125 'G' recorded on the DFDR.
Could this not have havpened in
this touch down. Did you consider
these factors when you confirm that
the 'G' vslues were correct ?

A We considered this factor but
we did not think that the undulation
of the ground was such‘that as the
one you are 1indicating.

Q: Coming back to Ex.94 you have

stated that a rough run way surface
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would give‘yoﬁ increased 'G' values.
Could not a definite falrly deep
undulation as indicated in this
photograph 46(5) caused a very
high increase in the 'G' value ?

A: The only way to know how deep
is thst kind of depression 1is to
have had after the crash s very
accurate measurement by speclalist
people of the topographic measures
of the ground in the Golf Course.
Anywéy, it is provident that the
aeroplane had a very high verticsl
speed at the touch down which is
consistent with the previous values
of a hard landing which was recorded
in Toulouse.

Q: Do you mean to say that the
expert team from Alrbus Industrie
which visited the crash site did
not take this into cognizance
before coming to a conclusion ?

As I do not say so.

Q: Please refer to fig. 4 page
28. Please look at the elevator's
position commencing from the right
elevator at time frame 328 till the
right elevator at time frame 330.
Both side sticks were held fully
back, which was the maximum the
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the pilot could do under the si-
tuation. I wish to suggest to you
that this elevator movement has
been absolutely correct has had
proper effect and hag arrested the
rate of sink just before the touch
down and the aircraft would have
touched down at a very low rate of
sink with the *G* iIncrease is re-
corded only due to the severe undu-
lation of the ground. This has been
confirmed by the surviving experi-
enced alr-hostesses and some
passengers.

Al I do not agree with that.

Qs I would also like to suggest
that any rotstion of the alrcraft
will induce a positive *G' and that
is what has caused this alrcraft

to go up into the air again, after
the first touch down and because of
lack of speed and in addition the
landing mode the aircraft hit the
ground agaln hard just prior to the
imnact to the embankment ?

Az I do not agree with that. The
alrcraft due to the touch down at a
high vertical sneed, had probably

very strong pitch down movements at
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the time of the touch down and its
very low speed he had at this time,
he was unable to comensate the pitch
movements by a normal rotation and

the aircraft was bouncing."

Here during the course of recording
the evidence, for the first time on 26th
July 1990 I find g suggestion by one of the
Assessors in his questions, the reasons for

his opinion that the first touch down was a

soft one. Capte. Gopal disclosed his doubts

end it was for the Alrbus Industrie to clear
jt. A mere assertion by a witness is not

oproving any technologicsl fact.

(15) This witness was further questioned

by reference to photogranhs of the crash
site.by pointing out that from ground markings,
it has to be inferred that landing gears

did not suffer sny distortion. Throughout

the investigation I understood this contro-
versy about 6.125 'G' force as relevant

only to find out the accelerating characteri-
stics of the.engines§ its relevancy otherwlse
was not known to me. If it has a bearing

on any other question and has a significsnce in
considering any other nossibility, then I am of the
view, it is too late to consider such a

nossibility. fﬁ%ﬂ fd
o
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CVR-DFDR__CO-RELATION,

(16) The sheets deplcting the graphic ane-
lysis of the cliék sound preﬁh{gd'at NAL ‘were

placed as part of court records. On 1st

August, 1990 a letter was issued to all the

participants in this commection. This analysis >
was through ultra-violet (UoV) recording. I
expected, atleast, Airbus Industirie to take um
the clues and get ,the sound analysed scienti-
fically so that the Court would be provided
with another Opinioh for comparison. Airbus
Industrie have taken a negative attitude on
this question, for reasons best known to them,
No independent attempt was made by Airbus
Industrie to have this sound analysed scienti-
fically. The mode and manner of analysis done
at NAL was made known to all by placing the
pavers as part of Court records. This anslysis

1s relevant, mainly to identify the click sound.

(17) In case the thrust lever movement

caused the sound, recorded in between the words
"Hey we are going down", the timing given to
the sgid expression by CASB will have to be
slightly shifted by a second, but that in no way
materially affects the ultimate conclusion, as

is clesr from the two rival sets of reasonings.

(18) According to the revised co-relation
shown in the opinion of M/s. Capt. Rao and Capt.
Gooal, CM.1 asked for "700 feet rate of descent"
between 292 to 293.5 seconds. If CM.2 had
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actually attempted to set the sneed of 700 feet
rate of descent, immediately thereafter, the
tiring of such selection will be 294 seconds,
at a time, when the plane was in Alt* phase.

In case CM.2 had not noticed the Alt* vhase,

or failed to follow the procedure svvlicable

to the Alt* phsse, his selection of 700 feet

of descent rste would be a futile exercise.

To this extent the revised co-relation made

by the two Assessors has some bearing on the
situation to be found out by the Court during
the first phase of the crucial seconds. Simi-
larly it has relevancy in the context of identi-

fying the exact timing of the crssh sounds.

(18) The revised timings made by'the two
Assessors were not before the Court at the

tima of the actual enquiry and the arguments;
the mode adooted to dissect the timings and co-
relate them could not be tested by the varti-
cinants. Such an examination is possible only
if the participants knew of 1t and had onvortu-
nity to challenge it. Therefore, I am of the
oninion that this co-relation of the timings
made by the two learned Assessors cannot be the

sole baslis for any decision by me.
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PART IV
CHAPTER - 3

THE _CRUCTIAL, SECONDS AND THE CRASH

1. Some of the controversial events are found NS
after 292 DFDR seconds and i1t can safely be said
that the problem of finding out the cause for the
erssh commences at or about the time CM1l said
"0,K. 700 rate of descent". It i1s after this
time the plane seems to have gone into idle open
descent mode, which was noticed by CM2 at agbout
305 seconds. What made the plane to go into this
mode? Why spped mode was not selected or

attained; when and how did the pilots react and

resorted to remedial action? gre some of the
questions to be answered. Here again, one
view referred below as 'A' is preferred by
M/s. Capt.C.R.S. Rao and Capt. B.S.Gopal and
the other point of view 'B' is preferred by
$1i.8.G.Coswami. Their respective reasonings
reflect the views and the contentions advanced

by the concerned participants also.
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(1)

(2)

(3)

At DFDR time frame 271, IC 605 was given
clearance to land by the Bangalore tower.-
The wind direction and speed indicated
was 1209 at 5 kts. Thereafter CMl,
(Capt. Fernandez) asked for landing checks
and CM2, (Capt.Gopujkar ) carried out the
landing checks which has been indicated
against DFDRtime frume 275 seconds. Qi2

‘{nstructed the cabin crew to take their

stations for landing at 286 seconds.

Against DFDR time frame 290 seconds the
pressure altitude was 3392 ft., computed
alr speed 135.78 kts., a ground speed of
144 kts. and the magnetic heading was
88.24°, The engines were at idle and

the SSPPC was 1l.50 which was very close to
the neutral position., The pitch altitude

was 0.709,

The elevation of the threshold of R/W 09
at Bangalore is 2872 ft. The R/W rises
steeply. The elevation of the Aerodrome
Reference Foint (ARP), which is near the
apron 1 (where Indian Airiines aircraft
nomally park) is 214 ft. This is an
increase of 42 ft. above the 09 threshold
elevation, Assuming that the elevation
of the R/W at a parallel location to the
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(4)

(5)

ARP as 2914 ft., it would mean an increase
of 42 ft, in about 4000 ft. of R/W. Nor-
mally a narrow body jet transport air-
craft 1ike the A-320 is expected to
touchdown between 1000 to 1500 ft. from
the veginning of the R/W. Assuming the

mean increase in height in this zone is

approximately 18 ft. fram threshald,
the elevation in the touchdd-wn area would
be %90 fto

The pressure altitude against DFDR time
frane 20 would be at time frame 291 as
1t is recorded in word 64, At this
point the aircraft was close to 500 ft.
above the touchdown zone elevation., The
speed was 4 kts, above the required mag-
enta speed of 132 kts. and the heading
was correct. The magnetic orientation o

R/W 09 1is 0830,

Assuming an average ground speed of

130 kts, /~(144+116}/2 /, the alrcraft
would have been horizontally about 6300 ft.
before the second impact point., The
impressions of the second impact point

are approximately 1980 ft. from t he thres-
hold of the R/W. Considering the mean
touchdown zone of 1250 ft, from the
beginning of the R/W 09, the horizontal
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di stance of the alrcraft from the
expected touchdown point at DFDR time
frame 291 would have been €900+1980+
1250=10130 ft. This would be equivalent
to approximately 1.7 nautical miles. On
a nomal 3° approach angle the rate of
descent would be 300 ft. per mile which
would correspond to 500 ft., at this
distance fram the touchdown point. The
alrcraft was at the correct height at
DFDR time frame 291 seconds on a corract
heading proceeding towards R/W 09 with a
computed airspeed of just 4 kts. above the
required approach speed of 132 kts, Air-
craft was in a position to continue for
a very safe approach and landing at this
point of time; in fact there has peen no

serious controversy on this point,

(6) The revised DFDR data, (flight discretes; S)
has shown auto pilot altitude capture-
from 22.766 to 24,766 seconds (i.e. Alt.
Star phase). As per CASB (the corslated
timings amended by CASB), at Time Frame
293.9, CM1 called out; "OK 700 ft. rate
of descent"® (According to m/s. Capt.Rao
and Capt. Gopal, this time frame ought to
be between 292 and 293.3 seconds). There-
after CM2 has called "Missed approach

i1scceee"; CASB has agllotted the timing of
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(7)

293.9 seconds for this statement, while
the two Assessors opine this to be bet-
ween 24,9 and 25,3 seconds. CM2 did
not continue the words regarding missed
approach because of the ATC transmission
giving airfield infomation, as it is a
nomal practice for a pilot to stop
talking whenever there is an ATC trans-

mission.

From DFDR revised data fig.9, the auto
throttle speed select discrete which was
showing 1 against time frame 294 has
changed to O against - T.F., 25, This is
recorded on word 63, The change over of
auto throttle speed select and the auto

pilot altitude capture have to be analysed

heres

Exhibit 111 was an affidavit by Capt. Gordon
Corps of Airbtus Industrie; this was filed on

%.7.90.

The theory of Airbus Industrie for this time
frame, as lndicated in pages 8 and 9 of this
Exhibit from question 29 to answer 33, ars

reproduced below:

Q2. At time 35 to crash CM1l says "OK 700 feet

rate of descent®™; Wwhy?

Ans. By reference to the profile shown in
Annexure 'C' it is clear that he was
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Q30.

Just crpossing a 3 degree slops at about
this tile. It was a correct ghange in the
vertical speed mode tc maintain a 3 degree
sl ope,

But was the aircraft still in the vertical

speed mode?
No, it had changed to alt star at time 36.

So could vertical speed have been reset?

Yes, but 1t was not,

What in fact happened?

At about the same time CM2 says ®Mfissed
approach 18 ah.... sebies eemn del%ehndis he says
this, he takes the altitude knob and winds
it up towards 6000, but because of alt star
mode the systeam changes to Climb/Open Climb,
The aircraft is cammanded to climb., CM2
does not want that and so, in order to gt the
FD to show a fly down command again and to

gat the thrust reduced again, he again makes
LCE ~agal .

a "wrist flick" on the altitude knob, setting
a level below ground level and reintroducing
Idle/Open Descent, Now he has made a mistake
and he realises it, The altitude knob was
originallya t 3200 feet. If he had wound it
up a féw hundred feet and then flicked it
back down again, he could have set about
2000 feet in the FCU window.
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(8)

(9)

(10)

Q33. Why do you know that this is what he
diaz
Ans: As explained by Mr.Guyot, this is the
only way that the EPR command trace
could be"humped" as it is between 38 .

and about 26 seconds to crash.

EPR command of engines 1 and 2 at DFDR time
frame 22 were 1.00 and 1.00, They are
recorded on words 34 and 42, At 24 seconds
it was 1.01 and 1.00 respectively. At 296
seconds it was 1,01 and 1.01. a4t 28 and
300 seconds it was 1.02 and 1.02. At 302
seconds it was 1,01 and 1.01l. At 304, 1..00
and 1,00, At 306, 0,29 and 0.29. a4t 308
it was 0,98 and 0,28, The minimum command

reached was at 310 and it was 0.97 and 0,27,

DFDR gives both EPR command and EPR Actuals.
EPR command is registered immediagtely as

per the order given to the engines, There-

. fore if higher altitude had been selected
by CM2, EPR command value should have regis-

tered a higher value, representing the climb

value. EPR actual is reglstered only when

engines develop power after acceleration in

case of CLIMB and this will be subsequent b

to EPR command.

If CM2 had dialed the gl titude knob towards
6000 during ALT STAR mods, the sys-em would
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(1)

change to Climb/Open Climb, If this had
occured, EPR command should have immediately
reglistered the Climb-limit EPR. For example,
at Banbay after take off during climb
through 3000 ft, EPR command value was 1.29.
Actual EPR of the engines would bte slow to
pick up and accelerate gradually. The
thrust lever angle of engine 1 is in DFDR
revised data fig.1l0 against word 50, -The
thrust lever angle of engine 2 is in the
or' ginal DFDR data fig.ll and recorded in

WOrd,58.

The Alpha Floor was triggered at DFDR
seconds 323.1 and activated at 323.2. There
has been no serious controversy of this point.
This is taking into consideration the mini-
mum of 0.8 seconds delay in activation. The
delay could be upto 1.2 seconds also. EPR
command of engine 1 and engine 2 at DFDR
seconds 324,531 and 324,656 respectively
have recorded 1..27 and 1.27. A4lpha floor
gives TOGA command and the next recording
during time frame 326 has shown the figs., of
1,41 and 1.41l, If alpha flecor activationi s
taken as at 323,29 seconds, then EPR command
has registered a value of 1.27 in 0.6
seconds on its way up. If maximum delay

of 1.2 seconds is considered, alpha floor
activation would be at 324,3 seconds and
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(12)(a)

EPR command recording 1.27 would then be
just 0.2 seconds later.

DFDR data of Indlian Airxlines A-320 VI-EPN
which had carried out touch and go landings
and a go around on 27-2-1990 has been made
avallable to the Court by the office of.the e
DGCA, The following were the inferences of

the two pilot Assessors:-

Figs. 1 to 4 refer to tovch and go No.l.

Thé parsmeters being looked into, would be
TLA engine 1 (word 50), TLA engine 2 (word 58)
EPR command engine 1 (word 34), EPR command
engine 2 (word 42), EFR actusdl engine 1 (woTd 2)
and EPR gctual engine 2 (word 10) against
DFDR time frames. These are avallable in
figs. 1 and 2. At time frame 2448 TLA

engine 1 and 2, EPR command engine 1 and 2

and EPR actusgl engine 1 and 2 were all &t
idle. AT DFDR seconds 2450.781, TLA 1 was
11.95° ad at 2450.906, TLA 2 was at 25.66°.
This indicated a continued movement of thrust
levers from idle to TOGA as.the next record-
ing at 2452 showed both TLA 1 and 2 et 45°
which is TOGA, Looking at EPR command values,
st time 2450.531 seconds EPR command engine 1
was at 1.33 =and at 2450.656 seconds EPR command
engine 2 was at 1.39. The increase of

EPR actual of both engines was slower. EPR
command has moved glmost immediately to

the maximum ordéred thrust corresponding to

238



s =S

thrust lever angles, Fuel flow increase

has started at 2449 time frame only.

Against time frame 2470, both thrust levers
were at TOGA -and EPR command was at 1, 38.
Against time frame 2472, both thrust levers
have been brought back to MCT (maximum
continuous thrust) position showing TLA
angles of 34.8 for engine 1 and 34.1l., for
engine 2. HPR commands have dropped imme-
diately to 1.32, 4s auto thmust control
would be active in position MCT and below,
the EPR subsequently have varied btoth in
this position and the climb position.
Considering touch and go No.2 (fig.5 to 8},
similar immediate increase and decrease of
EPR command corresponding to thrust lever
position can be seen against time frames
2782, 2784, 2816, 2218 and 2820, Against
2818 it must be remembered that EPR commands
1 and 2 have been recorded before the thrust
lever angles 1 and 2 hence the figures co-
relate. Considering the go around (figs. 9 to
12), it 1s noted that a simulated engine
failure of engine No.2 has occurred a few
seconds after TOGA had oeen applied for the
go around. The power was restored to climb
povwer after about 20 seconds. A4t time frame
3150, TLA 1 and TLA 2 were in the climb
detent recorded as 24.61°. As auto thrust
was active during approac'h, EPR command and
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(12) (b)

EPR actual of both engines were at 1..07.
At 3152 we see both TLA at 45° (i.e. TOGA)
and EPR command has immediately recorded
1..39 on both engines. EPR actuals of
both engines still .remained at 1.07 at 'y
that time frame but showed an increase at

3153. TLA engine 2 which was at 45° at

3162 seconds has been moved to idle position

(0.359) as.recorded at 3164, EPR command

engine 2 has immediately dropped to 1.00.

EPR actual which was 1.38 at time 3162

showed 1.37 at time 3163 and 1l.24 at time

3164. Lodking at fig.1ll of the go around

and comparing fuel flow of engine 1 and 2

at 3163 we find deceleration order has

already been given at 3163, Consldering

time frames-3180 and 3182, TLA 2 has moved

from idle (0.359) to climb (24.96°). EPR

command has jumped from 0.98 to 1.2. Actual
EFR has remained at 0.99 at both these

times and has increased only later., Simi-
larly at time frames 3180 and 3192 seconds,
TLA 1 has moved from TOGA to climb, the

EPR command engine 1 has changed from 1.39

to 1.2 but EPR actual has remained at

1. 40 and reduced later to auto thrust

command.

The DFDR data of the flight test carried

out by Airbus Industrie at Toulouse on
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20,6,190 show the following:-

(1) The T 1 series data are the repeat of
the Bangalore scenario. Referring to
page T 1.5.4, EPR command at 15.10.12
was 0,977 for engine 1 and 0,977 for
engine 2. The next recording at 15.10.14
showed EPR command 1.305 for both engines
and at 15.10.16, the TOGA command of 1.422
has been recorded for both engines. From
page T 1.2.7 SSPPC was 13.27° at time
15.10.12 end 14.94° at time 15.10.13.
Alpha floor would have been triggered
between these two time frames. EPR command 1
has registered 1.305 at 15 10 14.531 secondse.
An immedisate EPR commgnd increase has been
recorded. A short while later at time
15.11.04 EPR command engine 1 was 1.430
in word 34. Immediately thereafter TLA
engine 1 at word 50 has shown 36.92°
compared to 44.660 two seconds esrlier.
This is from page T 1.12.5. At 15.11.06,
the TLA engine 1 was at 24,97° which
appears to be thé climb detent on that
aireraft and EPR command engine 1 has
shown 1.309. Again this has shown that
EPR command's increase and decrease are
almost immediate. The EPR command was
1.305 which has remained constent till
15,1116 inaiCating thgt this was the
climb EPR value under those condi tions.
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(11)

(1i1)

(iv)

(v)

Later thrust modulation has started.

During the second profile under direct

law referring to page T 2.12.2 at

15.,16.44 TbA engine 1 was 0.32° indi- 'y
cating idle position. EPR command ,

englneiwas 0,996, at 15.16.46 TLA engine

1 1is at 44.66° and EPR command has

regli stered 1, 422, This would be the

TOGA power.

Looking at page T 3.12.3, TLA engine 1
was 0,320 a't 15.23.32 with EPR command
at 0,996, 4t 15,23.34 TLA engine 1 was
42,559 and EPR command engine 1 was at
1.324,. The next recording at 15. 23, 36,
TLA engine 1 was at 44.66° anq EpR command
engine 1 was 1,422, At time frame

15, 23.34 the EPR command was recorded
agalnst word 34 which was earlier than

TLA engine 1 at word 50.

Referring to page T 3.12.5 another
engine acceleration has been carried out
at tlme 15.24.40. TLA engine 1 was 0, 32©

with EPR command engine 1 at 0.996. At
15.24.42 TLA engine 1 was at 44,66° ang

EPR command engine 1 was at 1.418,

In all these abtove engine gccelerations

the EPR actuals have responded slowly
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though EPR cammand has reglstered
immediately., From the above it
follows that vhenever a 1imit thrust
order is given EPR cammand reflects
that order immediately. Climb/Open
Climb is a thrust mode. Immediately
this order is given, EPR command would
register the value of Climb thrust.
When aircraft starts climbing and alti-
tude capture occurs the thrust modu-
/lation would commence. Similarly idle
open descent is a thrust mode where
idle thrust is ordered. The EPR command
should register the order immediately
though EPR actual may lag behind. KRR
command would start modulating again on

altitude caputre (or'Alt Star).

(13y In case of VI-EPN, at 294 seconds
altitude capture phase has ended and auto
thrust speed select has shown zero at
295, If-the theory that CM2 had moved
the altitude towards 6000 during ALT
STAR and Climb/Open Climb had engaged,
EPR command should have registered
Climb EPR under those conditions, This
‘would have been close to 1..28 to 1.30.

(14) VT-BN has shown a slow increase in EPR
command which is matched by the EPR
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(15)

actuals, EPR command which was 1.01 for
engine 1 and 1.00 for engine 2 at DFDR
seconds of 294 has only gone up to 1..02
for both engines at DFDR time of 298 and
it has remained constant at DFDR time of
300 seconds zfter which the ERR command
has slowly reduced., If a "wrist flick"
had been done selecting a very low alti=-
tude as explained by aAirbus Industrie after
Climb/Open Climb, the EPR command should
have immediately changed to 0.98 or 0.97
on both engines fram the climb thrust

EPR command, This has not occurred. The.
Airbus theory of these modes namely CLIMB/
OPEN CLIMB and IDLE/OPEN DESCENT having

occurred cannot be accepted.

The .change of auto thrust speed select

discrete cannot be accepted with certainty.

aAlrbus Industrie in its letter
AI/E FS 420.,0208/90 of September 19th 1990
has shown Open Climb and Open Descent as
thrust modes. on VI-EPN the thrust was
modulating during the times in question.
when you look at the entire accident flight
data, whenever the auto throttle speed
select has shown zero indicating a thrust
mode, the EPR command engine 1 has been at
a constant thrust value. This has been

shown till time 2637 seconds after which the
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climb schedule has been changed. The ERR

command 1s modulated during the cruise and
during descent 1t held a fairlyA steady .
value, It must be remembered during descent
until slats extension minimum idle would be
‘the criteria and this value would depend
upon the ECS demand. After slats extension,
idle open descent will order approach idle.

(16) Fran 'fig.9 and fig,1ll of the revised DFDR
data of VI-EPN, auto thrust speed select
discrete has changed fram O to 1 at time
274 seconds. At 248 seconds EPR command
of bota engines have changed .from 0.96 to
1.01 and at 250 the EPR cammand was 1.00 on
both engines and later it decreased to 0.98
and 0,96, The EPR actuals increased to
1.00 at 250 and return to 0.99 at 254 on
both engines., Similarly EPR command has
shown an increase at time frame 278 and auto
thrust speed select discrete was showing 1.
All this was during the period when the air-
craft was descending with vertical speed
selected at -1000 fpm (rate of descent of
1000 feet per minute). From fig.2 we find
that the rate of descent which was 1410 fpm
at 246 was reduced to 1090 fpm at 248 after
whichit again increased to over 1600 fpm at
252, Similarly the rate of descent which

was 1410 fpm at 277 was reduced to 1090 fpm
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(17)

at 278 and again increased to 1410 fpm

at 279. From the CVR we know that
vertical speed had been selected and
hence 1‘t 13 confimed that during these
time frames vertical speed was active. -
This i s a thrust modulating speed/verti-
cal speed mode and the thrust would
adjust to maintain speed. If rate of
descent is reduced, more thrust would be
needed to maintain speed. Corresponding
to the reduced rate of descent, the EPR
command has increased followed by. EPR
actual and later when the rate of descent
was increased, the EPR command and EPR
actual have decreased, At time frame L2
though rate of descent had been decreased
to 961 fpm, similar reacticn on EPR
command has not been observed, but fig.l
revised data shows that at that point the
CAS had increased by a few knots whereby
the thrust requirement was offset by the
speed reduction requirement, The slight
increase and reductionof EPR command and
EPR actual correlates with auto thrust
speed mode being active at the time frames

mentioned.

EPR canmand’ indicating either the climb

value or the idle value at time frames
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(18)

205 to 304 to indicate the engagement of
Climb/Open Climb or Idle/Open Descent mode
is not found. In case the auto thrust
speed select discrete is considered faulty,
and if 700 ft, per minute rate of descent
is assumed to have been selected by CM2,
inference is, during time frame 295 air-
craft has left pressure altitude of 3300 ft.
This would have been the altitude selected
by the pilots as the MDA was 3280 as per the
Indian Airlines aerodrome operating minima
chart for Bangalore, ALT STAR would no
longer be available. The slight increase
in the EPR, both command and actual, to
1.02 would correlate with a reduced rate of
descent toget op to the nomal approach
angle, At that stage the CAS was slovly
dropping towards the target of 132 kts,
Alrcraft having a tailwind component would
need a slightly higher rate of descent to
maintaln the nomal approach path., This
possibility can only be explained upto

DFDR time frame of 298 or 29 wherein the
CAS was close to the target speed (allowing

for error of 1 kt, in CAS recording).

After the auto call outs of Radio Altitude
400 and 300 ft, CM2 suddenly announced at
about 305 seconds, ®"you are descending on

idle open desgent ah all this time.® From
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the tone it gppears that 1t was a surprised
type of remark. The tone does not indi-
cate that it was a sarcastic remark. This
call indicates the engagement of Idle/open
descent around 304 or 305 seconds. CM2 at
about time frgme 208.9 asked CM1l, "you want
the FDs OFF now?" CM1 answered, "Yah" at 309
or 310 snd again he said at 311l.7 second "OK,
I have already put it off." From this
conversation it is natural to presume that
CM1 put his FD off somewhere between this
conversation. But MMGC used FD mode has
already shown '0' at 307 seconds. This

was one of the parameters used by Airbus
Industrie to say FD 1 had been put off.

If CH1 had put off the FD earlier he would
not normally say, "Yab " and "OK, I already
put it off", but he would have immediately
answered; "I have already put it off",

At sbout 313 CM2 finding that his flight
director had not been put off by CHM1 who
had put off the FD on his side, called out
"But you did not put off mine". This

call appears to be natural because whoever
puts off the FDs should put off both

though nomgally during manual flight it would
be the PNF to do so. (Capt.Fernandez had
operated as co-pilot from the time he
started line flights until thils i11-fated
flight where he was CMD . At this stage
it was lmpossible to expect that CM2 would
not have tried to put off hls flight direc-
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tor. If he had tried, there is a possi-
bility that the FD may not have gone off
due to proper contact not having been made

on the FD push button.

Nomally any pilot would look at the mode
annunciation on the PMA to look for the
mode change that was anticipated. In this
case the anticipated change was from Idle/
Open Descent to Speed. As this did not
occur on the FMA CM2 must have been per-
plexed. Even 1f FDs are "OFF™ and if
auto pilot is "ON" the mode annunciator
would have remained. During these few
seconds the 200 ft. call has come between
316 and 317 and CM2 must have locked at
the auto pilot indications both on the
FCU and on the MMA and instinctly called,
while looking at these things to say,

"You are on aguto pilot still.™

With the type of low speed display that

is available in the A-320 it is impossible
to imagine that a pilot when he looks at
the PFD can overlook the speed of the
alrcraft having gone below the magenta

and the top of the VLS amber strip. BEven
if the engines were at i1dle and the pilot
pushes the thrust levers forward when the
speed tends todrop below V-app i.e.,
Magenta speed, by the time the thrust ccmes
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on there would be a loss of about 6 to

10 kts.

Capt. Rao and Capt. GOpal have an experience

of nearly 40,000 hours of flying as Pilots;

they are emphatic when they say that they

never savw a pllot or a cowpilot in the

airlines, ever dropping speed below

V-app without reacting immediately on

thrust levers.

Questions were asked of Capt.Gordon Corps

during his examination and his answers

are as belows

O
(1)

"From your experience as well as
experience of other instructors of
Alrbus Industrie or Aerofomation have
you ever come€ across or heard of a
pilot whose alrspeed monitoring was
such that he could not identify the
danger zone from the top of the VLS
strip to the V Alpha Max. and pemitted
the speed to drop from § kts, above
VLS to V Alpha Max? "

™o, I have not found any one who
had difficulty in indentifying the

low speed scale."
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Q3

D

As

"Do you agree that a pilot of any of
these types would try to maintain the
speed trend indicator at the absolute
minimum, preferably umseen, to fly
accurately when he is at the correct

desired speed?"
"Yas."

"Yould you also agree that if the desired
speed such as Magenta or V approach 1is
lower than the actual speed of the alrcraft
and the speed is reduclng towards the
desired speed, the downward speed indicator
would not be a cause for serious concemn

when auto thrust is on?®*
"It depends on how long it is. "

"Would you agree that if the present speed

is above the VLS amber strip there is no

cause for serious concem?®

“In general, Yes. DBut it also depends on
the sign and the magnitude of the speed

trend. "

Would that apply even when auto thrust

is on"?

"Yes, "

"Would you also agree that on these modem
glass cockpit aircraft with such speed
indications a pilot does not read the speed
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figure but flies to achieve the desired

spaed indications?®

"I do not know what every pilot does. But
I believe that they should be conscious
of the indicated speed,®

Capt.Steve Last who is the Chaiman of
IFALPA Alrcraft Design & Operations
Committee (International Federation of
Alrline Pilots aAssociations) presented a
paper for Aerotec 1089 at dAnahien, USa in
Sep tanber 1989 on the subject of M4-320
and B 757 on the line: a line pilots pers-

pective.®™ This paper was also discussed
at the IFALRPA Accident Analysis Committee
meeting at London on 17th and 18th October
1989, This paper is Exhibit 144, Para 4
on page 4 1s relevant here, It is quoted

below:

"I have to say that I have consi-
derable reservations about the

¢ Ltotal alrspeed/thrust control and
monitoring concept on the a4-320,
This is due to the fact that there
is so much reliance on the combi-
nation of auto throttlg and IMS
for speed managanent, A4s I stated
earlier, the best feature of the
alrspeed indication is the trend
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arrow, which is very compelling.
Actugl alrspeed value is not. The
normagl operation 1s in reglity to
drive the speed trend arrow towards
the selected alrspeed triangle, and
at that point to minimise the

trend arrow. During approach with
the normil "managed speed", the
selected alrspeed is driven by the
FMS to values which are provided
minimum ground speed, and gre derlved
from values inserted by the pilot for
surfac€ wind, and actual wind at

current altitude.

As a result, the pllot relies totally
on the FMS output for approach speed

informgtion".

hen this was shown to Capt.Gordon Corps during
his examination, he sald 1t was an individual
opinion of a respected member of the community.
However, Capt.Gerdonm: Corps asserted that,

with regard to the auto thrust system, at a recent

conference at Toulouse, there was unanimous
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support for the guto thrust system of the 4-320,

On 27th June 1990, representatives from IFALPA ;
member associations which operate A-320 had met
with Alrbus Industrie to discuss the A4-320 auto
thrust system. Alrbus Industrie captains Bernard
Ziegler, Piere Baud and Nick Warney gave a
presentation.on the subject of A-320- guto
thrust system and energy awareness. At the
time of this presentation S/F/0 Cgpt.Richard
Pike, Chairman, New Aircrafts Study Group of
British Airline Pilots Association made a
presentation on the subject of energy awareness
and control in the A-320 and fufure Airbus
products. Later IFALPA pilots user group
commentary gn the Alrbus. Industrie presentcztion
has been prepared end sent to various user alrlines.
These papers were circulated to the participants
and these do not confirm Cgpt.Gordon Corps
statement quoted above. Anxiety has been
expressed agbout the auto thrust system and
the speed indications. In spite of all this
Cespt.G.Corps seems to think that "For regsons
that none of us will probably ever know
1t would seem that both of these experienced
pilots made a similar mistake at the sane

time" as stated on page 118.

Two more questions and answers of the
wltness are necessary to be quoted here:-
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"You have been a certification test

- pilot having flown many different

types of aircraft before ccming on to
the glass cockpit aircraft of airbus
Industrie. The two pilots of the ill-
fated flight had flown on earlier
technology aircraft safely and effici-
ently including monitoring speed pro-
perly as-they were alive to convert on
to 4-320. Do you have any comment in
respect of alr speed indicator on the
earlier and the present 4-310/4-320
alrcraft 'as speed is a primarily para-

meter of the flight?"

"I think that the speed indlcation on.
the 4-320 is vastly superior to that of
conventional aircraft because of the
displaying ‘things that werse not possible

with conventional. instruments,

"But still you think as stated in your

affidavit the pilots are able to appre-
clate the loss of speed which they have
never dons before on the earlier conven-

tional aircraft?®

"Aircraft systems are duplicated or
triplicated to make them failure tolerant.
With r egard to the pilots we have two

pllots and we have crew procedures which
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are intended to achieve the .same fbr
the human as we cén achieve for the
systems, for reasons that none of us
will probably ever lknow it.would seem
that both of these experienced pilots

made a similar mistake at the same time".

During these happenings, certainly CM2
was looking at the ™A on the PFD and

the .FCU to check what has gone wrong,

as the mode _has~ not changed. Every time
he has .1ooked at the PFD in.this period
the speed has been well below the desiredv
approach speed. The CAS went below 132 kts
at DFDR time 296/297 seconds, 127 kts

at 303 seconds, at 313 seconds it was

112 kts and at 329 seconds it was 106 kts.
If the magenta speed was 132 the amber
arc from VLS would have commenced at

127 and the red bar of V Alpha Max

would have been around 111 kts. Normally,
the pilots should have seen the speed

fall below the magenta triangle =nd

the VLS gmber sector. V alpha prot

speed as per 1.09.10 pg 9, revision 11,
would have been between 115.5 =nd 118.5.
The speed dropped below V alpha prot
somewhere between 314 and 318. The

range of V alpha'ﬂoor from the same

FCOM page was 112.3 to 115.4 but at
7
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that speed the alpha floor was mot triggered.
Even 1f slpha floor had triggered at the .
1o&est speed of the range, i.e., at 112.3 kts,
it would have occurred between time frames

319 and 320 giving a margin of over 3 seconds
earlier than the actual alpha floor triggering.
Information given,in this FCOM page 1is

elther incorrect or not gccording to alrcraft

design.

(25) The speéd has drOpped 26 kts. belowy the
desired V-app of 132. The speed trend
indicator, the VLS, V alpha prot.and V alpha
max indiéations and the magenta speed
which can vary depending’upon the environmental
conditions are so obvious gnd compelling.

If the alrcraft speed lubber line 1s above
magenta triangle, the pilot may never
read the absolute speed value. So long
'as the speed is at magenta or above there
would be no sense of anxlety at any time.
‘Until the phrase "Hey we are going down"
uttered by CM1l at 324,05 seconds there has
been no snxiety and both the pilots have been
very calm in a1l their expressions. ©Speed
had dropped to 106 kts one second earlier
and had increased to 109 kts at 324. It
is impossible to believe that any pilot
would be calm under these conditions. The
speed drop from 132 kts to 106 kts has
cccurred from‘about 297 seconds to 323
seconds, a period of 26 seconds. A pilot

during any approach would be looking at’
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his alr speed indicator very very frequently
as every pilot would kmow that it is the
paraneter to keep the aircraft flying.

In spite of nearly 10000 hours of experience
each had on earlier technology planes -both
of them have overlooked speed on conversion
to A-320., Again this 1s impossible to
believe. The 'only'way that this phenomenon
can be explained is that something has
occurred during these vital seconds from
about 296 or 297 DFDR time frgme which

has changed the display of the low speed
indications to a lower value, By the
very nature of the low speed warning
display if the lubber line has been

above the Magenta and the Vls, there would
be no anxiety. Only when CM1 realised
"the alrcraft was going down he has started
instinctively reacting on the side stick
control pulling it aft to the full position
relying on the alpha floor pmteétion.

When engine response was slow he has
called out "Hey we are going down" and
again instinctively pushed the thrust
levers forward. By that time accident

had slready begun due to non-availability
of speed, height and time. Subsequent

258



(26)

auto cgll outs gre g result and the
concerned cgdll outs have been explained
earlier under heading "First Touchdown"

and "Second Impact".

Capt.G.Corps stated that be would not

be gble to tell the EPR readings for this
engine or the N1 readings for the CFM 56
engine that would be necessary for an

al reraft in configuration full descending
at about 1000 ft/mt. with a tail wind

of atout 10 kts. when, -

(a) speed is established at V-app and

(b) speed is reducing to V-app.

Even though he is a test pilot, as a test
pilot presently of Airbus Industrie he
would be flying the two types of A-320.
This gives room for suspicion that engine

power awareness may not be there in a

' good number of A-320 pilots. May be this

could be due to the very limited movement
Qf thrust levers needed to be carried out
by the pilots during the normal flight.
Tre thrust levers not moving would be a
disadvantage, as when thrust is at idle

a pilot would never knew unless he looks
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at and reads the thrust figare from the-
engine EPR indication on the ECAM. From
VT EPO clircuits and landings and the
previous landing at Bombay by VT-EPN.
(ILS approach onto R/W 27), it is leamt
that the power of approximately 1.05
EPR is needed during approach with con-
figuration full. 1.05 EPR would be very
close to the lower limit. If due to any
gusty wintis 1f the speed increases, the;
thrust would come to idle under auto
thrust control and it would not be actnor-
mal. If they were 'moving auto throttles',
the pilot would feel through the
thrust levers that the thrust was at idle
and no pilot would accept such a position
on short final even if the .speed was

slightly higher than V-app.

(27) One slds stick‘control movement is not
reflected on the side stick control of
the other pilot. Capt.Gopujkar could
never have realised that Capt.Fernandez
had started pulling the side stick aft
from a time as early as 316 seconds. If
conventional control column was avail-
ablé with dual _control movement even with
FLY BY WIRE syst:'an; Cap t. Gopujkar would |
have realised this movement irrespective
of what he was dolng at that time, If
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at that time of 316 or for that matter
even unto 320 seconds, if the thrust
levers had been moved unto TOGA this
gircraft would have survived.

(28) From the data available, it is not
possible to definitely conclude thsat
IDLE/OPEN DESCERT was due to the selection
of a lower altitude by the crew during
Alt star . Even Alrbus Industrie, when
they had to explain the uncommsnded CLIMB/
OPEN CLIMB engagement during the bird hit.
iicident at Delhi on 10-8-1989 Have stated
that "the exact resson for CLIMB/OPEN
CLIMB mode engasgement cannot be determined
wlith avallable data. FCU selected alti-
tude would be necessary to state defi-
nitely on the subject. This data 1s not

avalilable.

(29} We have the ldentical situstion wherein
IDLE/OPEN DESCENT mode 1s engsged at sbout
304 or 305 secs. snd data is not available

to 1dentify why.

(30) Similarly there 1s no data available to
explain the reason why tyo exnerienced
vllots have not exnressed any anxiety
even though a speed loss of 26 Kts. below
Vann has occurred. We can give only a
00ssibility to eidnlain how 1t may have
occurred. It would be for sll concerned

authorities to deenly Investigate if thié*
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possibility could occur due to a very remote

computer mglfunction.

The commencement of the chime just before
the crash is at DFDR of 327,8 seconds. Alrbus
Industrie have congldered that this chime is
due to disconnecting auto throttle by the

pilots using the instinctive disconnect buttons.

The time duration between the action of
disconnecting auto throttle and the begining
of the chime was checked by one of the
Assessors, Capt.B.S.Gopal on VI-EPQ on 23-9-1990
at Bombay. The time varied between 0.9 to
1.2 seconds, Vhether it was disconnected
using the quick disconnect push buttons on the
thrust levers or the auto thrust push button
on the FCU, the perlod remained the same.
From the co-relation of the CVR agfter sclentific
analysis it 1s observed that the gap between
the thrust lever movement and the beginning of
the chime on VI-EPN is 1ittle more than
3 seconds considering the completion of the
thrust lever movement. This does not correspond

to what happened on VI-EPQ.

As explained earlier under 2.1 "CVR DFDR
CO-RELATION", if thrust lever movement i1s
moved from what has been established to a later
time, the alrecraft would still be in the alr
when DFDR has recorded that the alrcraft was

on the ground. There are many items which
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can cause the occurrance of a chime below

800 feet and some of them are not recorded on
the DFDR, These i1tems have been indicated by
letter No.AI/E FS 420.0102/90 of 3.5.1990
addressed to one of the Assessors, Capt.B.S5.Gopal.
We are unable to confirm that this chime was

due to disconnecting the auto thrust by the
pllots using the instinctive disconnect push
buttons. Auto throttle would have automatically
got disconnected even without any actions on
these buttons as the thrust levers were moved
from climb to TOGA below 100 feet radio alti tude.
FCOM 1,11.30, page 61 referTs.

The cglls of Sink Rate 30, Sink Rate 10
the crash sounds have gll been explained earlier
under CVR DFDR co-relation, first touch down,

second impagct, etc,

. From the DFDR data of the previous landing
of VT EPN at Bombay, it is observed that the
alrcraft made a landing on R/W 27. The alrcraft
touched down, just after DFDR time 6679 seconds
as the radio altimeter has shown O at that
time but we have not seen thrust lever movement
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