
Control problems in icing, Serious incident occurring 14 December 1998,
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Micro-summary: This ATR 42-300 experienced flight control difficulties in icing
conditions.
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Factual Information

Type of Occurrence: Serious Incident

Date: 14. Dezember 1998

Location: 15 km westlich Cottbus

Aircraft: Aircraft

Manufacturer, Model: Aerospatiale-Alenia/ATR 42-300

Injuries to Persons: no injuries

Damage: Aircraft not damaged

Other Damage: none

History of flight

The aircraft had departed at 11:09 UTC from Dres-
den to Posen (Poland). The temperature at the
aerodrome of departure was +5°C (ATIS L
10:50 UTC). The first officer was the pilot flying
(PF). During climb the aircraft entered the clouds at
2000 ft. At 3400 ft the autopilot (AP) was connected.
The crew had preselected the climb out speed to
160 kt. The crew established light aircraft icing ap-
prox. from flight level (FL) 80 and moderate aircraft
icing from FL 120. The anti-icing equipment as well
as the airframe de-icing equipment were switched
on at stage III. A visual check indicated to the crew
that the deicer boots on the wings were functioning
normally and had no ice accretion. On the unheated
portion of the forward side windows of the cockpit
rime ice was visible. During climb the PF pushed the
touch control steering button several times in order
to check the control surfaces for smooth operation.
The climb rate decreased to approx. 500 ft/min.
Thus the crew reduced the climb out speed by 5 kt

to 155 kt, in order to maintain the climb rate and in the
hope of being able to leave the clouds towards the tops.
Approx. at FL 135 the climb rate, however, was only 200
to 300 ft/min (Attachment 1 shows the development of the
climb rate with time). Due to this fact the crew decided to
interrupt the climb to the planned flight level of FL 190 in
order to make the airspeed increase again. For this pur-
pose they activated the Altitude Hold Mode (ALT HOLD
Mode). After a light increase to approx. 160 kt the air-
speed again dropped to the initial value. Shortly after-
wards at a speed of 155 kt the stall warning was activated
suddenly and ‘quite unexpectedly’ for the crew and the AP
was switched off automatically. The aircraft immediately
banked heavily to the left and afterwards to the right. Now
the bank attitude changed several times from left to right.
The PF counteracted the bank attitude with full aileron
deflections. The aircraft assumed an uncontrolled flight
attitude. After the crew had regained control of the aircraft
the pilot-in-command (PIC) declared an in-flight emer-
gency to the responsible air traffic control unit and at
11:49 UTC performed a precautionary landing to Berlin-
Schönefeld aerodrome without any problems.

Investigation

Crew

The crew statements concerning the course of the inci-
dent, which were made on December 23rd,  1998, on the
occasion of an enquiry by the BFU in the presence of rep-
resentatives of the operator, did not differ from the written
report submitted by the PIC after the incident.

After they had observed icing and the resulting reduction
of climb performance of the aircraft, the crew decided to
discontinue the climb. The aircraft was to regain airspeed.

The crew declared that they were able to determine the
kind of icing - rime ice. The crew assumed icing of mod-
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erate intensity. The icing of the forward side win-
dows in the cockpit was not defined as severe icing
by the crew.

The transition into the uncontrolled flight attitude
came quite unexpectedly for the crew.  The instru-
ment readings never indicated an impending stall. A
mistrim could not be established.

The following remarks made by the PIC should be
mentioned:

• After the onset of the incident the PF tried to
keep the wings level by full aileron deflections.
He tried to push the control column; when doing
this he had the feeling that the aircraft did not re-
act to elevator deflections.

• Unusual control forces were not realized.

• During the approach to Berlin-Schönefeld the ice
separated almost completely from the aircraft.
The wings were free of ice. After the landing only
light ice accretion on the nose tip (approx.
0.5 cm) was found. At the time of the landing the
temperature was +6°C.

By letter of December 18th, 1998, the operator in-
formed the aircraft manufacturer that during the
climb the first officer took two photos of the ice build
up on the unheated portion of the forward side win-
dows of the cockpit. The photos had been devel-
oped by the operator but without any result (Photos
were blurred/unsharp).

The PIC had accumulated 4570 flight hours (approx.
1 year on the ATR) and the first officer had
2250 flight hours.

Aircraft ATR 42-300

The aircraft is certified in the transport category FAR
and JAR 25 for day and night operations. It is a tur-
boprop aircraft powered by two engines. The aircraft
has the appropriate equipment and instruments re-
quired by the airworthiness provisions to be oper-
ated in icing conditions. A pneumatic de-icing sys-
tem on the exposed critical parts (wing and
horizontal tailplane leading edges, engine air intakes
and engine gas paths), complemented by an electri-
cal anti-icing protection for the parts on which a
pneumatic de-icing device cannot be installed, i.e.
rotating components (such as propellers), wind-
shields, probes, flight control horns are installed.

In particular, the aircraft is equipped with extended
de-icing boots on the outer wing, in front of the ai-
leron.

Digital flight data recorder (DFDR)

The evaluation of the flight data recordings revealed
essential findings concerning the course of the inci-
dent and the parameters having caused the incident.
The evaluation made by the BFU was based on the

raw data recorded by the DFDR which had been secured
by the operator concerned.

The evaluation covered the period of time relevant to the
incident, from the activation of the ALT HOLD Mode at
FL 135 (11:26:20 UTC) until the crew had regained con-
trol of the aircraft (11:29:44 UTC(Attachment 2).

After the activation of the ALT HOLD Mode the aircraft
flew with an indicated airspeed of 155 kt at 13 479 ft, the
total air temperature (TAT) was -5°C. The AP was con-
nected. Further important parameters were: Pitch angle
+5° and vane angle of attack (AOA) +9.5°. Except for the
AOA all of the parameters listed here are indicated to the
crew in the cockpit.

At 11:27:30 UTC after 70 s in horizontal flight the airspeed
had increased to the maximum value of 159 kt. This air-
speed (159/158 kt) was maintained over a period of 42 s.
Afterwards, however, the airspeed dropped again to its
initial value of 155 kt. The pitch of approx. +5° remained
almost unchanged during the whole period, when the air-
craft was in horizontal flight.

The AOA did not change much either during the first
phase of the ALT HOLD Mode. The AOA variied between
+9° and +10°. Only 12 s prior to the occurrence the angle
increased continuously from +10.0° to +11.9°.

At 11:28:25 UTC a light bank angle to the left (1°) com-
bined with a light increase of pitch (+0.35°) and of the
AOA was registered. At 11:28:52 UTC a roll to the right
with a maximum of approx. 4° was recorded. Both turns
were compensated automatically by corresponding ai-
leron deflections. The AP was still connected.

Immediately afterwards there was a roll to the left. During
this phase the AOA reached approx. +12°.

Shortly prior to the occurrence the following parameters
were recorded: flight level 13 479 ft, airspeed 155 kt, left
bank angle 10° and increasing, aileron deflection 5° to the
right, rudder 0.5° to the left, pitch +5°, AOA approx. +12°
and TAT -5°C.

According to the statements of the aircraft manufacturer
the stall warning will be activated and the AP will be dis-
connected if the mean value of the right and the left AOA
sensor reaches 11° or more.

At 11:28:54 UTC after 154 s of flight in the ALT HOLD
Mode the AOA-threshold was exceeded so that the stall
warning was activated and the AP disconnected. The yaw
damper remained in circuit. Immediately the left bank an-
gle increased, the pitch decreased and the aircraft as-
sumed an uncontrolled flight attitude.

The subsequent uncontrolled flight attitude, which lasted
approx. 50 s, was characterised by the following:

• High bank angles changing from left to right counter-
acted by opposite aileron deflections by the crew with
almost identical frequency with extreme values of 103°
to the right and 48° to the left, resulting in the so-called
wing rocking.
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• Rudder deflections coordinated with aileron de-
flections.

• The AOA did not decrease considerably during
the first 43 s - in the meantime it increased to
values up to 15° - only at 11:29:37 UTC AOA
values below 10° were recorded.

• The elevator position remained nearly un-
changed.

• The trim tab was not operated.

• The pitch decreased to a minimum of -17°.

• The airspeed increased to a maximum value of
221 kt.

• The vertical acceleration reached a maximum of
+2.16 g.

• The speeds of the propellers remained constant
at 86%.

• After 10 s of uncontrolled flight the crew in-
creased the engine torque to approx. 107%.

• The loss of altitude was approx. 3800 ft.

• At approx. FL 110 the aircraft reached warmer
air masses (TAT up to +1°C).

• The wing rocking stopped when the speed in-
crease reduced the AOA below the critical value.

• There was no other conflicting air traffic.

At 11:29:44 UTC when the normal flight attitude had
been restored and the crew piloted the aircraft into
climb, the DFDR recorded the following parameters:
flight level 9800 ft, airspeed 209 kt, pitch +10.5°,
AOA +4° and TAT +1°C.

Aircraft Flight Manual

The LIMITATIONS SECTION - part ICING
CONDITIONS (Chapter 2-06, pages 1 and 2,
Dec 97) of the ATR 42 AFM contains a warning that
the aircraft is not certificated for flights under severe
icing conditions. It contains information about the
visual cue for the crew to recognise severe icing of
the aircraft as well as the prohibition to use the AP if
there are signs of severe icing (Attachment 3 ).

Ice covering all or a substantial portion of the un-
heated portion of either forward side window, possi-
bly associated with water splashing and streaming
on the windshield, is considered to be a visual cue
identified with severe icing.

If this visual cue exists, the icing conditions must be
left immediately by changing the flight route or alti-
tude.

The AP shall not be used at all, if the visual cue ex-
ists, unusual lateral trim requirements are estab-
lished or AP trim warnings appear during flight under
icing conditions.

The EMERGENCY PROCEDURES MISCELLANEOUS
(Chapter 4-05, pages 5 and 6, Jan 97) describes secon-
dary indications of severe icing of the aircraft. In addition
the procedure for leaving the severe icing conditions is
prescribed (Attachment 4).

Under the Section PROCEDURES AND TECHNIQUES
ADVERSE WEATHER (Chapter 2.02.08, page 13,
Mar 97), the Flight Crew Operating Manual (FCOM) pre-
scribes a certain method to be applied in case of unex-
pected roll and/or in case of abrupt aileron force changes:
The controls are to be held firmly at the desired position
and control surfaces shall not be allowed to deflect by
themselves. With the aircraft in the clean configuration
the landing flaps are to be extended to 15° in order to re-
duce the AOA. And finally the engine power shall be in-
creased.

Operator

In preparation for the winter period 1998/99 the flight op-
erations manager of the operator issued the fleet infor-
mation 09/98 dated September 16th, 1998. Under Sec-
tion 1 - Winter Operation - the procedures to be applied
under severe icing conditions were recalled. The actions
to be undertaken by the crew prior to the flight as well as
during flight are established in detail.

In paragraph 5.2.1.4.2 of the Flight Operations Manual
(FOM) of the operator (Chapter 05, page 88, Decem-
ber 16th, 1997) the effects of icing during climb on aircraft
performance are described. If icing conditions exist, a
high airspeed should be maintained, in order to reduce
the AOA. Furthermore the time of flight under icing condi-
tions should be kept short.

Manufacturer AEROSPATIALE (ATR)

The incident prompted the aircraft manufacturer to hold a
Severe Icing Operations Conference with all ATR opera-
tors (Flight Operations Managers) on March 9th, 1999 at
Paris. On this conference the incident of Decem-
ber 14th, 1998 was described in full detail.

On this conference, the manufacturer also outlined
planned design improvements for the ATR 42/72 as well
as changes in the training and operational procedures.
The whole ATR 42/72 fleet shall be equipped with ice evi-
dence probes, the icing light flashing logic for the cockpit
shall be modified and the median wings boots shall be
extended.

The referenced design improvements are already part of
the standard aircraft definition and accomplished in the
new production aircraft. The retrofit of these modifications
to ATR 42/72 fleet in service was decided after this inci-
dent and prescribed by the associated Airworthiness Di-
rective (AD).

A specific procedure change was the direct result of this
incident: the increase by 10 kt of the minimum icing
speeds in case of inadvertent encounter with severe icing.
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On April 21st, 1999, the French certification authority
(DGAC) issued a corresponding AD no. 1999-165-
077(B) for all model ATR 42 aircraft and no. 1999-
166-041(B) for all model ATR 72 aircraft.

Furthermore the manufacturer accomplished per-
formance calculations and simulations concerning
this incident on the basis of the DFDR data pro-
vided.

The results were communicated to the BFU by letter
of March 25th, 1999 (Note DAR/T/EG no. 557
5008/99). Noteworthy in the context of this incident
were the statements concerning the changes of
drag and lift. Section 3 PERFORMANCES contains
the following explanations (original text):

3.1)  Drag

• a continuous increase in drag for 20 minutes

• that the aircraft was flown in severe icing condi-
tion for at least 13 minutes (from airframe de-
icing ON to AP disconnection)

• more than 100% drag increase at the AP discon-
nection

3.2)  Lift

• five minutes after entering the clouds the loss of
lift coefficient is -0.15

• this loss remains constant throughout climb
whereas drag increases

• switching the airframe de-icing ON has no effect
on lift

The investigation of incidents and accidents to
ATR 42/72 aircraft caused by icing as well as test
flights performed by the manufacturer revealed that
in case of severe icing conditions ice accreted not
only on the leading edges of the wings but that icing
extended also beyond the boots (aft of the protected
surfaces). Ice may accumulate on the upper as well
as on the lower surfaces of the wings and cannot be
dropped in flight by technical means. This very often
results in a high drag, aerodynamic buffeting and in
an early and sudden stall without any warning.

In September 1998 the manufacturer had issued a
booklet of 32 pages with the title ‘All Weather Op-
erations’ dealing exclusively with matters of icing
accretion on ATR 42/72 aircraft. Among other
things, this booklet addresses the recognition of
conditions beyond the certification conditions.

French Certification Authority (DGAC)

By letter of January 13th, 1999, the DGAC issued an
AD no. CN 1999-014-076(B) for all aircraft of the
ATR 42 series and no. CN 1999-015-040(B) for air-
craft of the ATR 72 series. This AD dealt with flying
under icing conditions. The actions required were an
immediate amendment of the Chapter

EMERGENCY PROCEDURE SECTION and LIMITATION
SECTION of the Flight Manual (AFM).

In this AD the visual cues for the recognition of severe ic-
ing by the crew, the conditions of ice accretion as well as
actions to be taken after entry into severe icing conditions
were described more precisely and in further detail.

By letter of April 21st, 1999, the DGAC issued another AD
no. CN 1999-014-076(B) R1 dealing with flying under ic-
ing conditions. The Chapters LIMITATION, NORMAL
PROCEDURE and EMERGENCY PROCEDURE
SECTION were amended and modification 4222 was to
be retrofitted.

Activities of the Luftfahrt-Bundesamt (LBA) as German Certification
Authority

On April 22nd and on June 17th, 1999, the LBA issued an
Airworthiness Directive (LTA-Nr. 1999-088 and 1999-
088/2) on the basis of the AD of January 13th and
April 21st, 1999, issued by the DGAC.

Meteorological Information

Prior to the flight the crew was provided with meteorologi-
cal documentation issued by the German Meteorological
Service (DWD) which was required for this flight. It was
valid at the time of departure from Dresden.

The aeronautical meteorological forecast was a part of
the briefing of the crew.

Among other things the forecast contained the statement
that on the flight route the significant meteorological phe-
nomena of light to moderate icing as well as moderate to
severe turbulence had to be expected.

AIRMET (Airman meteorological information) no. 2 for the
FIR (Flight Information Region) Berlin, valid for the lower
airspace up to FL 100, the SWC (Significant Weather
Charts) up to FL 100 as well as the SWC for FL 100 up to
FL 450 (Attachments 5 and 6).

SIGMET (Significant meteorological conditions) no. 1 for
the FIR Berlin valid from 12:00 UTC until 16:00 UTC with
severe icing between 4000 ft and FL 180 had not been
issued yet at the time when the ATR 42-300 took off. The
incident was the trigger of SIGMET no. 1.

The DWD have an advisory centre for aviation at Dresden
aerodrome. According to the statement of the PIC there
was no reason to request additional forecasts for the
planned flight route.

Meteorological Expertise

Since a connection between the weather conditions and
the kind of incident was to be suspected, the BFU re-
quested a meteorological expertise from the DWD.

It was to be concluded from the meteorological expertise
that the location of the incident was on the frontside of a
warm front moving eastwards. In the front area prolonged
precipitations took place.
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From the weather reports issued by the weather re-
porting office Dresden-Klotzsche at 10:50 UTC and
11:20 UTC it was to be seen that at the time of take-
off time there was light rain at Dresden. The hori-
zontal surface visibility was 7 km and the base of the
lowest cloud layer was at 800 ft AGL. Above there
were broken strato-cumulus clouds with a base of
approx. 2100 ft AGL. There were multilayer bad-
weather clouds. The surface air temperature was
+5°C.

The radar pattern of the weather radar station Berlin
showed at 11:30 UTC between Dresden and Berlin
an extended strip of stratiform precipitation echoes
whose front side at the moment of the incident was
in the region of Cottbus. In this region there was lo-
cally light rain with drizzle. It may be supposed that
also at the location of the incident there were multi-
layer bad-weather clouds at the time in question.

The tops of the compact frontal clouds were be-
tween FL 200 and FL 250. Thus the aircraft might
have been in clouds almost during the whole climb
up to FL 135.

The freezing level at the moment of the incident was
between 3000 ft and 4000 ft. In the altitude interval
up to approx. FL 100 the air temperature dropped to
approx. -8°C. It may be assumed that light icing
started with reaching the freezing level. During the
further climb to FL 135 there was moderate to se-
vere icing (rime ice).

According to the statement of the DWD at a meeting
on February 5th, 1999 at Braunschweig, the weather
forecast for the day of the incident had been correct.
A different forecast for the region concerned was not
possible. It is not possible to forecast directly as to
where severe icing will occur. The meteorological
service can only evaluate the conditions leading to it.
For the warnings it is to be distinguished between
forecasted and observed, the latter are only possible
on the basis of a pilot’s report (PIREP).

In the framework of the investigation the BFU also
addressed an enquiry to ATC (air traffic control) as
to the receipt of PIREPs. It was found out that up to
the moment of the incident (11:30 UTC) no reports
had been received. Only after the incident had oc-
curred ATC addressed a corresponding enquiry to
the crew of an aircraft (aircraft type Beech 350) fly-
ing near the location of the incident. In reply to this
enquiry the pilot reported: “... moderate icing from
level 150 and we have now at level 100 about -1 to
-2 degrees“.

Analysis

The analysis of the incident is based on

• the evaluation of the DFDR

• the statements made by the crew

• the evaluation of the radio communications between
the crew and ATC Berlin

• a meteorological expertise

By the meteorological forecast documentation as well as
an existing AIRMET it could be realised by the crew that
light to moderate icing was to be expected on the planned
flight route (FIR Berlin). Severe icing conditions had not
been forecasted by DWD at the time of take-off.

There was no necessity for the crew to cancel the
planned flight for meteorological reasons.

Analysis of the temperature and presence of cloud con-
firm that the atmospheric conditions required to encounter
icing had been reached about 2 minutes after take-off.

From the meteorological expertise it is to be concluded
that the conditions for moderate to severe icing (rime ice)
were present and that the aircraft flew within clouds al-
most during the whole climb and horizontal flight.

The crew had realised moderate rime ice accretion on the
aircraft. The icing of the forward side windows had not
been connected with severe icing.

The side window cue as an indication of severe icing con-
ditions was established in 1994 and widely published in
ATR documentation including AFM (it is now also used for
this purpose by most of the turboprop aircraft manufac-
turers). The validity of this cue to identify icing conditions
beyond the certification envelope such as freezing drizzle
or freezing rain is consolidated by 5 years of operation.

Generally, rime ice forms a granular deposit on the air-
craft leading to a considerable reduction of the lift coeffi-
cient and an increase of the drag coefficient. This had
also been shown by the manufacturer by analysis and
simulations with respect to this incident.

According to the statements made by both pilots the
change in flight attitude was totally unexpected without
any warning (uncommanded and unexpected roll excur-
sion). Prior to the incident the rate of climb and afterwards
the cruise speed was within the allowable ranges but sig-
nificantly different from normal values indicating the en-
counter of severe conditions. As a reminder the rate of
climb was approx. 400 ft/min instead of 1150 ft/min,
speed in level flight was 158 kt instead of 221 kt (a speed
decay of approx. 60 kt). Monitoring of such parameters by
the crew has to be considered as a part of basic airman-
ship, and the extent of the a.m. performance degradation
should have alerted the crew.

As could be seen from the evaluation of the DFDR re-
cordings, the vane angle of attack was the only parameter
which remarkably changed prior to the incident. It in-
creased from +10° to approx. +12°. Since the angle of
attack was not indicated in the cockpit, this change re-
mained unnoticed by the crew.
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Due to the operation of the connected AP - it com-
pensated several roll excursions just prior the inci-
dent - the crew was not in a position to realize that.

The course of the incident could be reconstructed as
follows: In climb and horizontal flight the aircraft en-
countered moderate to severe icing conditions. Ice
accreted on the aircraft outside the protected areas.
As a result, the stall warning AOA threshold was ex-
ceeded triggering the disconnection of the AP. The
heavy roll movement assumed immediately by the
aircraft with a bank angle of more than 45° had been
caused by a local loss of lift on the left wing induced
by ice accretion probably located on the upper sur-
face of the median wing. The aircraft assumed an
uncontrolled flight attitude. The bank attitude
changed several times as a result of PF over reac-
tion to counteract the bank attitude changes with full
aileron deflection. The aileron deflections which
were made by the PF without any difficulties resulted
in wing rocking.

In the subsequent flight phase the AOA did not
change much over a longer period of time (43 s). If
the crew had simply complied with the FCOM pro-
cedure for regaining control of the aircraft, i.e.
pushing the control column forward or extending the
landing flaps to 15°, the time of uncontrolled flight
would have been reduced. The statement of the PIC
that he had tried to push the control column forward
cannot be reconstructed on the basis of the DFDR
recordings.

The AFM and the FCOM for the ATR 42 contain the
information required to have knowledge of the ef-
fects of icing on the aircraft.

According to the judgement of the Bundestelle für
Flugunfalluntersuchung, the visual cues to identify
severe icing of the aircraft as well as the avoidance
and recovery procedures to be applied by the crew
in case of unintentional entry into severe icing con-
ditions are sufficiently described in the documenta-
tion.

Due to the flight experience it was to be expected
that the flight crew was exercised and familiarised
with the handling of the ATR 42-300 and were flying
many hours a year under icing conditions.

The signs of icing registered by the crew were according
to their statements not as severe as to immediately rec-
ognise an emergency situation, particularly since the ice
protection and de-icing equipment installed on the aircraft
worked without any recognisable errors.

Conclusions

The incident was caused by the fact that the crew lost the
control of the aircraft after the aircraft entered and contin-
ued operation in severe icing conditions for which the air-
craft is not certificated. The crew had failed to associate
icing of the forward side windows with the severe icing
phenomenon.

Safety recommendation

The issue of a safety recommendation could be waived
since at a meeting held with the aircraft manufacturer and
the French flight accident investigation bureau (BEA) on
December 23rd, 1998, at Braunschweig the manufacturer
and the BEA presented a series of actions, which in the
opinion of the Bundesstelle für Flugunfalluntersuchung
are suitable to prevent future incidents of this kind.

Investigator in Charge Krupper

Attachments

1: Development of the climb rate according to the DFDR
2: Flight data from the DFDR
3. Limitations under icing conditions
4: Emergency procedures in severe icing
5. SWC below FL 100
6. SWC for FL 100 - FL 450

The investigation has been conducted in compliance with the Law Relating to the
Investigation into Accidents and Incidents Associated with the Operation of Civil
Aircraft (Flugunfall-Untersuchungs-Gesetz - FlUUG) dated 26 August 1998.
According to this Law, the sole objective of the investigation shall be the
prevention of future accidents and incidents. It is not the purpose of this activity
to apportion blame or liability or to establish claims.

Published by:

Bundesstelle für
Flugunfalluntersuchung

Hermann-Blenk-Str. 16
D-38108 Braunschweig
Germany

mail: box@bfu-web.de
http:// www.bfu-web.de

Tel: +49 531 35 48 0
Fax: +49 531 35 48 246

Sale:

Bundesstelle für
Flugunfalluntersuchung

Hermann-Blenk-Str. 16
38108 Braunschweig
Germany
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Attachment 1

Development of the climb rate according to the DFDR

COMP. TIME

UTC

FLIGHT LEVEL

FL

TAT

°C

COMP. AIRSPEED

kt

CLIMB RATE

ft/min

REMARKS

11:08:11 350 +6 120 --- LIFT OFF

11:09:00 1 642 +3 123 ---

11:10:00 2 541 +3 156 899

11:11:00 3 425 +3 160 884

11:12:00 4 443 +2 162 1 018

11:13:00 5 553 +1 161 1 110

11:14:00 6 634 0 162 1 081

11:15:00 7 701 -1 163 1 067

11:16:00 8 557 -2 163 856

11:17:00 9 421 -3 162 864

11:18:00 10 334 -3 160 913

11:19:00 10 973 -3 162 639

11:20:00 11 471 -3 162 498

11:21:00 11 962 -3 161 491

11:22:00 12 299 -4 161 337

11:22:03 12 321 -4 161* ---

11:23:00 12 700 -5 156 401

11:24:00 12 980 -5 156 280

11:25:00 13 198 -5 156 218

11:26:00 13 437 -5 156 239

11:26:20 13 479 -5 155 --- ALT HOLD MODE

11:27:00 13 493 -5 157 ---

11:28:00 13 479 -5 158 ---

11:28:54 13 479 -5 155 --- STALL WARNING

11:29:44 9 800 +1 209 --- RECOVERY

* AT THIS TIME AIRSPEED IS REDUCED BY CREW BY 5 KT
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Attachment 3
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        Attachment 4
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