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9 Within the general area of the strip adjacent to the runway, measures should be taken to prevent an aeroplane’s
wheel, when sinking into the ground, from striking a hard vertical face. Special problems may arise for runway light
fittings or other objects mounted in the strip or at the intersection with a taxiway or another runway. In the case of
construction, such as runways or taxiways, where the surface must also be flush with the strip surface, a vertical face
can be eliminated by chamfering from the top of the construction to not less than 30 cm below the strip surface level.
Other objects, the functions of which do not require them to be at surface level, should be buried to a depth of not less
than 30 cm.
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CHAPTER 3-11: LANDING

LANDING PERFORMANCE:
Aircraft landing performance is based on the following criteria-

IDry Runway

V=i

Actual Dry Distance ..|
L

Dry Field Length = 1.67 X Actual Dry Distance

|Wet Runway |

Actual Dry Distance l

Dry Field Length = 1.67 X Actual Dry Distance L 15% i
e .
Wet Field Length = 1.92 X Actual Dry Distance

Y

]
-
i

i
|
|
|

LANDING FLAP SETTING / STABILIZATION ON FINAL:

Whenever planning an approach and landing, the pilot flying should consider all relevant
circumstances, when determining the flap setting for this particular landing. For normal
operation, two different flap settings are available for landing: FLAPS 5 and FLAPS
FULL. Comparing the two flap settings, the correlation of lift and drag results in certain
advantages or disadvantages of either setting. If FLAPS 5 is selected for landing flap
setting, its lower drag requires less power, thus producing less noise and using less fuel.
In addition, the performance thrust available for acceleration is better than using FLAPS
FULL. However, pitch attitude and approach speed are higher than with FLAPS FULL,
in_order to produce the required lift. This leads to a disadvantage in increased landing
distance. So, whenever landing distance is a limiting factor (e. g. high weight and/or
short runway, intersection turnoff, runway wet or contaminated, downhill slope, tailwind),

FLAPS FULL is the preferable setting.

In other situations the higher drag of FLAPS FULL can be of advantage. The additional
drag results in better power/speed stability. This is especially true on steep approaches
(glide path =4.5%), in tailwind or with a very light landing weight. For a normal approach,
the landing configuration (gear down and landing flaps) shall be established on final
approach not below 1000 feet AAL.

%] 1.18-1 AOM Landing Flap Setting # 45 8]

ER&HGEEP % 6 £ ALA 2 $£77 (Procedures and Techniques) 6.9
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Visual approach should be planned to be in the landing configuration,
on proper glide path (VASI, PAPI), and at proper speed by 1000 feet
AAL. All visual approaches must be stabilized no lower than 500 feet
AAL. However, if maneuvering is required by the published procedures
in order to be established on the center line of the landing runway
(circling approach), the aircraft must be stabilized no lower than 300
feet AAL.

A stable approach is defined as:

= Aircraft in landing configuration (as per respective AOM); and

For airspeed, refer to respective AOM chapter 6; and

Maximum sink rate of 1200 FPM; and

Engines “spooled up”; and

For a precision instrument approach, less than 1 dot deflection on

localizer and glide slope until visual glide path reference can be

maintained (VASI, PAPI, etc.);

= For non-precision approach, less than 5 degrees deviation from
inbound course;

= For a visual approach / segment, less than full high or full low
indication on visual approach guidance (VASI, PAPI, etc.) unless the
descent to a landing on the intended runway can be made at a
normal rate of descent using normal maneuvers and where such a
descent rate will allow touchdown to occur within TDZ of the runway
of intended landing.

If the aircraft is not stabilized by 1,000ft / 500ft / 300ft AAL, as

applicable, a missed approach is mandatory. A missed approach shall

also be executed if, after passing 1,000 ft AAL on approach, it

becomes obvious that a safe landing cannot be made within the TDZ

(the first 3,000 ft or first 1/3 of the runway, whichever is less).

If, for any reason, approach conditions require any deviation from
stable approach criteria, such deviations shall be briefed prior start of
the approach.

] 1.18-2 FOM Stable Approach Criteria 4§ 45 ]
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FLARE AND TOUCHDOWN:

These techniques discussed are applicable to all landings including crosswind landings
and slippery runway conditions. Unless an unexpected or sudden event occurs, such as
windshear or collision aveidance situation, it is not appropriate to use sudden, violent or
abrupt control inputs during landing. Begin with a stabilized approach on speed, in trim
and on glide path.

When the threshold passes under the airplane nose and out of sight, shift the visual
sighting point to approximately 3/4 the length. Maintain a constant airspeed and descent

rate. Initiate the flare when the main gear is approximately 10 feet above the runway by
increasing pitch attitude approximately 3 degrees. This will slow the rate of descent. At
30 feet, smoothly override the thrust levers to IDLE to ensure that the thrust levers are
at IDLE when the airplane touches down, and make small pitch attitude adjustments to
maintain the desired descent rate to the runway. Touchdown with an airspeed of
approximately VREF plus gust correction. Do not trim the stabilizer during flare or after

touchdown.

Shifting the visual sighting point down the runway assists in controlling the pitch
attitude during the flare. A smooth power reduction to idle also assists in controlling
the natural nose down pitch change associated with thrust reduction. Hold sufficient
back pressure on the control column to keep the pitch attitude constant. Avoid rapid
control column movements or trimming during the flare to avoid increasing the pitch
attitude after touchdown. Such actions are likely to cause pitch to increase at
touchdown. Do not allow the airplane to float. Fly the airplane onto the runway and
accomplish the landing roll procedure. Do not attempt to extend the flare by
increasing pitch attitude in an attempt to achieve a perfectly smooth touchdown. Do
not attempt to hold the nose wheel off the runway. If the airplane should bounce,
hold or re-establish a normal landing attitude and add thrust as necessary to control
the rate of descent. Thrust need not be added for a shallow bounce or skip. When a
high, hard bounce occurs, initiate a go-around. Press the go-around button, place
the thrust levers in the TO/GA detent and use normal go-around procedures. A
second touchdown may occur during the go-around. Do not retract the landing gear
until a positive rate of climb is established.

RUDDER CONTROL AND NOSE WHEEL STEERING AFTER TOUCHDOWN:

Rudder control is effective down to approximately 50 knots. Rudder pedal steering is
sufficient for maintaining directional control during the rollout. In a crosswind, displace
aileron into the wind. Any delay in performance of the after touchdown procedures will
markedly increase the stopping distance. Perform these procedures rapidly at
touchdown. A hesitation in application of brakes after touchdown will increase landing
distances approximately 230 feet for each second of delay. Stopping distance will also
vary with wind conditions and any deviation from recommended approach speeds.
Actual stopping distance will increase or decrease approximately 50 feet for each knot
of tailwind or headwind respectively. Similarly, actual stopping distances will increase
approximately 50 feet for each knot above VREF at touchdown. The above values are
representative for ERJ-190 airplanes in any normal landing configuration. During rolling.
PF shall avoid rolling the nose wheel on the centerline light, while the nose wheel shall
be kept as close as possible to the centerline.

Revision 11 Page 3-11-2
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Approach speed (VAP) = VREF+1/2 steady headwind component + gust factor.

Gust factor = gust minus steady wind.

A correction of 5 knots is added to the uncorrected VREF to determine the Vap.
When landing with Flaps 5 or Flaps FULL, the maximum wind correction is 20 knots
Allow speed to drop to VREF + gust factor just pror to touchdown.

Example #1:

Headwind component = 18 knots, gust to 25 knots

Add 9 knots for wind component and 7 knots for gust factor.
Approach speed = VREF + 16 knots

If the total exceeds 20 knots, add a maximum of 20 knots to the VREF.
Touchdown speed = VREF + 7 knots.

Example #2:

Landing runway 09, reported winds 180/20G30:

Mo headwind component because 90 degrees crosswind
Add 10 knots for the gust factor

Approach speed = VREF + 10 knots

EFFECT OF FLOATING:

uses a large portion of the available runway. The airplane should be landed as near the 1000
feet touchdown target as possible rather than allowed to float in the air to bleed off speed_ If the
airplane  shoul e over the recommended speed at the point of Intended touchdown,
deceleration on the runway is about three times higher than in the air. Consider an airplane that
would normally approach at 130 knots and require landing distance of 4000 feet. With other
conditions constant, flying over the threshold at 140 knots and touching down with 10 knots
excess speed would increase total landing distance only 500 feet. If this 10 knots excess speed
is bled off in the air before touchdown, landing distance will be increased by about 1150-1500
feet.

EFFECT OF GLIDE PATH AND HEIGHT OVER THRESHOLD:

Height of the airplane over the end of the runway also has very significant effect on total landing
distance. For example, flying over the end of the runway at 100 feet altitude rather than 50 feet
could increase the total landing distance by 1000 feet on a 3 glide path. This change in total
landing distance results primarily because of the length of runway used up before the airplane
actually touches down. Glide path angle also affects total landing distance. Even while
maintaining the 50 feet height over the end of the runway, total landing distance is increased as
the approach path becomes flatter. A combination of excess height over the end of the runway
and a flat approach uses up runway in a hurry. Glide path angle is a function of pilot technique
and best results will be obtained at a normal ILS glide slope angle.

Revision 9 Page 3-11-5
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PROCEDURES
- Antiskid Protection; and

- Touchdown Protection.

At high speeds, apply the Emergency/Parking Brake handle to stop
the airplane monitoring the Emergency/Parking Brake light and
maintain steady pressure. The brake system provides sufficient
pressure to start braking. As speed decreases the required handle
deflection increases to maintain continuous braking.

If a tire burst occurs applying the Emergency/Parking Brake, do not
release the Emergency/Parking Brake handle until the airplane stops.

LANDING ON WET, SLIPPE RY OR CONTAMINATE D
RUNWAYS

Wet or contaminated runways have much lower friction levels than a
dry runway; Friction depends on the runway surface, materials and
conditions. Runway contamination may reduce friction to very low
levels. The FAA defines that a runway is contaminated whenever
standing water, ice, snow, slush, frost in any form, heavy rubber, or
other substances are present. If such conditions exist at the time of
arrival and were not taken into account during dispatch, a landing
distance re-assessment must be conducted. The QRH presents tables
to aid this analysis.

Conduct a positive landing to ensure initial wheel spin-up and initiate
fiim ground contact upon touchdown. Such technique avoids
hydroplaning on wet runways and reduces the strength of any ice
bond that might have been eventually formed on brake and wheel
assemblies during flight.

Stopping the aircraft with the least landing run must be emphasized
when landing on wet or slippery runways.

- Anticipate the approach procedures and speeds: a well-
planned and executed approach, flare and touchdown
minimize the landing distance;

- Immediately after touchdown, check the ground spoiler
automatic deployment when thrust levers are reduced to IDLE;

- Lower nose wheel immediately to the runway. It will decrease
lift and increase main landing gear loading;

- Do not use asymmetric reverse thrust on slippery and icy

runways,
2
& 3-40
REVISION 14 Page 5 |
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T .n':;_ . FERFORMANCE DATA
EMORAER T80
| Approach
APPROACH AND LANDING REFERENCE
SPEEDS
EMBRAER 150
CF34-10E510E5A110E610E5A 1 ENGINES
WITHOUT ICE ACCRETION
¥, v Vror v
WEIGHT| e 2Fs | rdpa | THAP | pidpa | Vs
FULL
ooy | eaas) | pas) | paas) | pass) | paas)
62000 106 130 104 115 156
4000 108 132 104 17 159
E5000 109 134 104 119 161
3000 [iL 136 104 121 164
70000 13 138 108 122 156
72000 114 140 107 124 168
74000 1 142 108 125 171
76000 B 144 110 128 173
TH000 19 146 1z 129 175
BO000 121 148 113 131 178
B2000 122 150 15 132 180
4000 124 151 116 134 182
B&000 125 153 17 135 184
E3000 128 155 119 137 136
SO000 128 157 120 139 189
109 o0 T2l 120 L
54000 131 160 123 142 193
Tog oo 124 EK] 1
5000 134 164 125 145 187
100000 | 135 165 127 146 199
102000 | 136 167 128 128 ol
104000 | 138 168 128 143 203
10E000 | 139 170 130 151 205
108000 | 140 172 132 152 207
190000 | 142 173 132 154 708
112000 | 143 175 134 155 L
194000 | 144 177 138 155 FiF
-}
g
5
REVISION 7 FD30-3
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TECHNIQUES OPERATING __ . || FMERAER ;50
LANDING PROCEDURES e 195

Make sure that the airplane is properly tnmmed during the approach.
This maximizes elevator authority for the flare or in the event of a
missed approach.

Target approach speed is Vs, which is Vges plus wind correction. As
the airplane approaches the touch down point, initiate the flare
approximately 20 ft to 10 ft by reducing the rate of descent and slowly
reducing thrust levers to idle so that they are at idle when the airplane
touches down. Normally a 2° to 3° pitch change will be enough for the
flare.

Plan to touchdown at the runway touchdown zone, which is typically
located 1000 feet ahead from the runway threshold. Monitor the final
approach path using all reference available. Do not allow the airplane
to float in ground effect, which unnecessarily increases the landing
distance and risk of a tail strike.

After main wheel fouches down, use autobrake or apply manual
braking as required for the runway condition and length available while
easing the nosewheel onto the runway. Pull thrust levers to reverse
and verify spoilers actuation. Autobrake will be disarmed by gradually
pressing brake pedals.

Reverse thrust should be selected consistent with runway conditions
and modulated as required. Apply thrust reversers cautiously and

observe how the aimlane reseonds before full reverse is used.

Full reverse thrust should be used when landing over wet, slippery and
contaminated runways. Maintain maximum reverse thrust until the
airspeed is approximately 80 ki. Then smoothly reduce thrust reverse
to MIN REV at 60 kt and idle thrust at 30 kt. Thrust reverser is more
effective at high speeds; the use of reverse below 60 kt increases the
chances of foreign object ingestion by the engine. If necessary the
thrust reversers can be used until the airplane come to a complete
stop.

Rudder control is effective to approximately 60 kt Rudder pedal
steering is sufficient for maintaining directional control during the
rollout. Do not use the nosewheel steering ftiller until reaching taxi
speed.

SOPM-1TES

3-40
Page 2 REVISION 15
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APPROACH PROCEDURES i 195
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Airplane status and operational restrictions must be discussed during
the briefing. If any failure that affects the required landing distance
occurs in the final approach, consider a missed approach in order to
better evaluate the situation and an appropriate runway length.
Failures that affect the landing distance are commonly associated to
brakes, ground spoilers and/or thrust reversers.

It's recommended to perform an instrument crosscheck as soon as
cleared by ATC to intercept the final approach course. At this time
pilots crosscheck radios and minimums for that specific approach. For
far ILS captures, verify if intercepted course is in accordance with the
MARKERS indications and the PFD MARP display. If any discrepancy is
found disengage the AP and take the appropriate corrective action.

The altimeter setting must be done when passing Transition Level, or
according to ATC.

BASIC APPROACH MODES

— Pilot is responsible for monitoring all phases of the approach
and calls out any observed discrepancies:

— Any deviation from the flight director guidance -
“GUIDANCE".

— Rate of descent in excess of 900 ft/min — “SINK RATE".

— Airspeed above Target Speed + 10 kt— “SPEED™.

— Airspeed below Target Speed - 5 kt or below Vg, whichever
is higher —“SPEED".

— Localizer deviation in absence of flight director - “LOC".

— Glide Slope or FMS vertical deviation in absence of the
flight director “GLIDE”.

— Any Autopilot malfunction — calls the failure.

— Flight director failure to arm or to engage the next expected
mode — calls the failure.

— Perform the callouts in case the EGPWS fails to do so
automatically — calls the crossing altitude.

3-35-01

| Page 4 REVISION 10
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APPENDIX 01: STANDARD CALL-OUTS

Besides the standard call-outs for routine operation, call-outs shall also be made by PM
whenever situation so requires or when deemed useful for the situation awareness of the PF.
This is the case with:

® Significant deviation from intended flight path or speed.

® Abnormal condition, malfunction or system failures with respect to flight phase.

® Speed, altitude and/or attitude call-outs in special situations as wind shear, other adverse
weather, landing on slippery runway etc.

® |f any automatic call-out fails to occur.

® [Executing any FMS selections.

Also for special situations the PIC or PF can request additional call-outs by briefing his crew
accordingly. The PF shall always inform the other flight crew members beforehand when, for
sound reason, he intends to deviate from standard procedures.

%l 1.18-9 AOM Standard Call-outs # 45 ]
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CREW COORDINATION DURING LANDING

PF PM

- At 30 feet AAL, verify ATS retards (*) to
IDLE and commence flare.

- After main wheel touch down, lift the
thrust reverser triggers and select MIN Monitor two green REV indications
REV or MAX REV as required. on EICAS.

- Call-out: any deviation from normal.

- Call-out: “eighty”.
- Select ABS OFF by pressing brake

pedals. - Monitor aircraft deceleration.
- Call-out: “manual brake”.

- Call-out: “sixty”
- Check / select thrust levers MIN REV.
- Disconnect A/T.

- Call-out: “thirty™.
- Select thrust levers (forward) IDLE.

When reaching taxi speed and CM2 is PF, CM1 calls out: “my controls”.

(*) The automatic retard mode (RETD) function is dependent on RA signal. The PF should
always keep one hand on the thrust levers to monitor its movements, especially when
operating with a single RA. When both RA have failed (RALT 1/2 FAIL), disengage ATS
prior to the approach.

] 1.18-10 AOM Normal Procedure — Thrust Reduction 4 45 ]
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Embraer 190 AOM VOL1 CH5 05-35-Landing » # %3+ 8 #7 3 §a:p BEARPF - &
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2 spm sy gedg o Landing Distance Required

% Unfactored landing distance is the actual distance to land the airplane on a zero slope, ISA temperature, dry
runway, from a point 50 ft above runway threshold at Vref, using only the brakes and spoilers as deceleration
devices (i.e., no engine reverse thrust is used).
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# 1.18-1 Unfactored Landing Distance

UNFACTORED LANDING DISTANCE (ft)
EMBRAER 190 — CF34-10E5/10E5A1/10E6/10E6A1
MAXIMUM MANUAL BRAKING
FLAP 5 — NO ICE ACCRETION

PRESSURE ALTITUDE (ft)
WEIGHT 0 | 1000
(Ib) WIND (kt)
0 | 0o 10 | 20 | 0 0 10 | 20
66000 | 2496 | 2085 1955 | 1829 | 2543 | 2128 | 1998 | 1871 |
72000 | 2637 | 2217 2084 | 1955 | 2688 | 2263 2129 | 1999
78000 | 2777 | 2347 | 2211 | 2079 | 2831 | 2307 | 2260 | 2126 |
84000 | 2914 | 2474 2335 | 2200 | 2971 | 2528 | 2387 | 2251
90000 | 3050 | 2602 | 2460 | 2321 | 3110 | 2658 | 2515 | 2375 |
96000 | 3186 | 2729 2584 | 2443 | 3250 2789 2642 | 2500
102000 | 3320 | 2855 | 2707 | 2563 | 3387 | 2917 | 2768 | 2623 |
108000 | 3454 | 2980 2830 2683 | 3524 3046 2894 | 2746
114000 | 3584 | 3102 | 2049 | 2799 | 3662 | 3171 | 3016 | 2865
Per 5 kt above Vref (and no failure) add 206 ft.
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Figure 19-1. Landing Time Delays

PILOT PILOT
ACTIVATION OF ACTIVATION OF
- FIRST SECOND
. TOUCH DECELERATION DECELERATION STOP
Y DOWN DEVICE DEVICE
'\u\\\\
~ r A 4 r
(1} > ) e »
Transition from touchdown to Full braking
full braking configuration configuration to stop

(a) () This segment represents the flight test measured average time from
touchdown to pilot activation of the first deceleration device. For AFM data expansion. use the
longer of 1 second or the test time.

(b) (2 This segment represents the flight test measured average test time from
pilot activation of the first deceleration device to pilot activation of the second deceleration
device. For AFM data expansion. use the longer of 1 second or the test time.

'S . . . . . ~ . .
(¢) Step () is repeated until pilot activation of all deceleration devices has been
completed and the awrplane is in the full braking configuration.
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I = rainfall intensity {in/hr); and

S = cross slope (Ec/fc).
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See Annex 14, Volume I,
— Figure 5-18 and Table 5-2
for dimensions and slope
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_AE369 B-16825 CVR Transcript

'CVR Transcript

RDO : Radio transmission from occurrence aircraft
CAM : Cockpit area microphone voice or sound source

INT : Interphone
-1 : Voice identified as captain
-2 : Voice identified as first officer
TWR : Magong tower
APP : Kaohsiumg approach
...+ Unintelligible
() :Remarks or translation
* : Communication not related to operation / expletive words
hh' | mm | ss | Source Context
11 | 46 | 29.9 (CVR EC#%Rd48)
— ~1319:23.8 ~ 1325:18.7
mandarin tree six niner one one miles final contact
' 13 | 19 [23.8| APP . i
tower one one eight decimal tree good day
13 | 10 |20.7| RDO-2 o.ne one eight tree for tower mandarin treg six
' niner good day
13 | 19 |35.6 | RDO-2 g.ood e.vening magong. towe;r mandarin tree six
niner with you and on nine miles final
mandarin tree six niner good evening magong
tower runway two zero two thousand one hundred
meters available g-n-h one zero one zero visibility
13 | 19 | 406 | TWR )
tree thousand two hundred meters wind one four|
zero degrees one knot maximum three knots
cleared to land caution runway wet
13 | 19 |57.3| RDO=2 g-n-h one zero one zero wind f:opy an-d rfmway
i two zero cleared to land mandarin tree six niner
13 | 20 | 02.4 | CAM-1 |fFeFels&st
13 | 20 [03.2 | CAM-2 [FFr]3&it one four zero three knots
13 | 20 [17.9 | CAM-1 [#FELAERFE(E
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hh' | mm | ss | Source Context - -
13 | 20 |19.1 | CAM-2 |#F '
13 | 20 | 23.6 | CAM-1 |%& gear down
13 | 20 | 24.5 | CAM-2 |check speed gear down
13 | 20 | 26.9 | CAM-1 [check speed flap three
' mandarin tree six niner revise now wind zero niner
13 | 20 |27.2] TWR |zero degrees four knots maximum five knots
, caution cross wind cleared to land
13 | 20 |28.3 | CAM-2 |check
13 | 20 | 32.4 | CAM-1 (copy copy ' .
13 | 20 | 35.2 | CAM-1 |altitude
13 | 20 |36.1 | RDO=2 wind co_py and .run.way two zero cleared to land
: mandarin tree six niner
13 | 20 [39.3 | CAM-1 [k Tf# set miss approach three thousand feet set|
13 | 20 | 41.8 | CAM-2 three thousand check '
13 | 20 | 42.6 | CAM-1 3¢ without delay =¥ ¥
13 | 20 | 44.1 | CAM-2 |yes
13 | 20 | 44.2 | CAM-1 |check speed flap five
13 | 20 | 45.7 | CAM-2 |speed check flap five
13 | 20 |47.8 | CAM-1 |speed one four zero initially
13 | 20 | 49.4 | CAM-2 |one four zero check
13 | 20 |55.4 | CAM-1 [final checklist
13 | 20 | 58.1.| CAM-2 |final landing gear
13 | 20 | 59.4 | CAM-1 |gears down three green
13 | 21 | 00.2 | CAM-2 |down three green flap
13 | 21 | 01.9 | CAM-1 (five set
13 | 21 |02.8 | CAM-2 five set final check complete
13 | 21 | 04.3 | CAM-1 |5
13 | 21 | 084 | CAM-1 [EE=—+—
13 | 21 | 15.0 | CAM-2 |...75 ABSTE
13 | 21 | 18.8 | CAM-1 |flight path angle
13 | 21 | 27.1 | CAM-1 |set v approach
| 13 | 21 [29.7 | CAM-2 v approach check one three six check
| 13 | 21 |32.0 | CAM-1 [check
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hh' [ mm | ss | Source Context -
13 | 21 |56.3 | CAM-1 |=+H

13 | 21 | 57.3 | CAM-2 |check

13 | 22 [25.8 | CAM-2 |one thousand runway ahead
13 | 22 | 27.0 | CAM-1 |continue

13 | 23 | 18.7| CAM |approach minimums

13 | 23 | 19.9 | CAM-1 |continue auto pilot disconnect
13 | 23 | 22.5| CAM |autopilot

13 | 23 | 23.4 | CAM-1 [flight director off

13 | 23 | 24.3 | CAM-2 |flight director off

13 | 23 | 25.2 | CAM-1 [f-p-r three degree down

13 | 23 | 27.1 | CAM-2 (f-p-r minus three

13 | 23 | 27.6.| CAM |minimums

13 | 23 | 31.1 | CAM-1 |set runway heading

13 | 23 | 31.8 | CAM-2 |set

13 | 23 | 32.4 | CAM-1 |approach speed miss ... all check
13 | 23 |45.8 | CAM-2 [three red

13 | 23 | 47.9 | CAM-1 |correcting continue 2= 87k AY/E, -
13 | 23 [ 50.4 | CAM-2 [check

13 | 24 |01.5| CAM [two hundred

13 | 24 | 08.1 | CAM-1 |R#EATH

13 | 24 [14.3| CAM |fifty

13 | 24 | 155 | CAM [forty

13 | 24 |16.5| CAM [thirty

13 | 24 [17.7] CAM |twenty

13 | 24 |21.0| CAM |ten

13 | 24 |28.7| CAM |(“REEEZEE)

13 | 24 |30.2| CAM [(REHEZ4E)

13 | 24 | 33.7 | CAM-1 |manual brake

13 | 24 | 34.7| CAM |autobrake

13 | 24 | 42.3 | CAM-2 |eighty

13 | 24 | 43.0 ;| CAM-1 |check

13 | 24 | 50.1 | CAM-2 [sixty

13 | 24 |50.8 | CAM-1 |sixty check
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hh' | mm | ss | Source Context

13 | 24 | 54.8 | CAM-2 |not on track '

13 | 24 |55.8| CAM .|(FEAEREE)

13 | 24 [57.7| CAM |(SEliEURieE)

wx | o lemel Eam F,iandlng gear (auto callout i8HH 1.4 ¥ 3452 CVR

_ BCERES L)

13 | 24 [58.8] TWR |mandarin three six nine vacate via kilo one |
13 | 25 [02.7] INT-1 |attention ground station attention ground station
13 | 25 [08.8| TWR [EES=ANEHEEE

13 | 25 |14.4| CAM-1 |..IE -

13 | 25 | 16.2 | RDO-1 & '

13 | 25 [18.7| CAM |(master warmning)

13 | 49 [42.2] (CVR s28i# L)
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Left Nose  |Right
Control  |Control Latitude Longitude
Gear [|Landing |Gear
AIR/Gnd |Vertical Pitch  |Column |Column FMS FMS
ATC Time WOW |Gear Wwow
sensor  |Acceleration |Angle |Position |Position Present Present
Sensor WOW  [Sensor
LIB ROB Position Position
1 Sensor 11
(0-Air,1-G ) (deg) |(deg) (deg) (0-Air,1 |(0-Air,1- |(0-Air,1- (deg) (deg)
mm:ss e e e e e
nd) g g ¢ g -Gnd) |Gnd) Gnd) 9 9
24:34.004 0.984
24:34.129 1.008
24:34.141 8.6
24:34 152 Air
24:34.254 1.047
24:34.379 1.031
24:34.391 8.4
24:34.395 3.05
24:34.398 2.64
24:34.402 Air
24:34.438 119.627724
24:34.504 0.977
24:34.629 0.926
24:34.641 8.1
24:34.652 Air
24:34.754 0.918
24:34.879 0.953
24:34.891 8.1




MEC— ot antwme

24:36.141

6.9

24:36.152

Gnd

24:36.199

23.56636

24:36.254

0.922

24:36.379

0.836

24:36.391

24:36.395

24:36.398

0.83

24:36.402

Gnd

24:36.504

0.801

24:36.629

0.766

24:36.641

5.3

24:36.652

Gnd

24:36.754

0.805

24:36.879

0.902

24:36.891

4.6

24:36.895

2.96

24:36.898

2.57

24:36.902

Gnd

24:37.004

0.926

24:37.129

0.984

24:37.141

4.2

24:37.152

Air

24:37.254

1.164

24:37.379

1.379

24:37.391

3.7

24:37.395

3.31
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24:37.398

292

24:37.402

Air

24:37.504

1.297

24:37.629

0.992

24:37.641

3.2

24:37.652

Gnd

24:37.754

0.832

24:37.820

24:37.879

0.863

24:37.891

26

24:37.895

2.91

24:37.898

2.54

24:37.902

Gnd

24:38.004

0.848

24:38.129

0.957

24:38.141

21

24:38.152

Gnd

24:38.254

1.094

24:38.379

1.188

24:38.391

1.6

24:38.395

4.38

24:38.398

3.95

24:38.402

Gnd

24:38.438

119.626865

24:38.504

1.117

24:38.629

0.98

24:38.641

1.1
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24:38.652 Gnd

24:38.754 0.914

24:38.879 0.93

24:38.891 0.7

24:38.895

4.3

24:38.898

3.86

24:38.902 Gnd

24:39.004 0.914

24:39.129 1.031

24:39.133

Gnd

Air

24:39.141 0.5

24:39.152 Gnd

24:39.254 1.047

24:39.379 1.074

24:39.391 0.2

24:39.395

4.02

24:39.398

3.63

24:39.402 Gnd

24:39.504 1.023

24:39.629 0.906

24:39.641 0

24:39.652 Gnd

24:39.754 0.906

24:39.879 1.004

24:39.891 0

24:39.895

1.85

24:39.898

1.51
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24:39.902 Gnd

24:40.004 0.953
24:40.129 0.973

24:40.133 Gnd
24:40.141 -0.2

24:40.152 Gnd

24:40.199 23.564129

24:40.254 1.027

24:40.379 1.094

24:40.391 -0.7

24:40.395 -0.65

24:40.398 -0.8

24:40.402 Gnd

24:40.504 1.004
24:40.629 0.945
24:40.641 -1.1

24:40.652 |Gnd

24:40.754 1.016

24:40.879 1.031

24:40.891 1.1

24:40.895 -2.43
24:40.898 -2.47

24:40.902 Gnd
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7. /% *Z#/Landing limitation
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1LY ER T EFr - BEAA o R E P o s g g 2 16.2
F B R EHZ FEAEPN B E

a) FEHE AR F B 609 F #FK IR P o

b) 3“—'-’7‘/'/'5#‘2%4?””’%#?#&’ 21097 # FH fEHEZ R oo

C) K2 BE S KATFEP Tk BHFHHP L I FHELEE o B H
£7111 %7112 27113 -

1111 EFHEBELLERE ~BFFIZp EhT I ¢ jFH o

7112 FERHFHEBEELIE B4 ZTFRFEZEBLEAF LR R 2 EFT A
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The table below presents the required landing distances obtained from CAFM
combining different scenarios of runway condition (dry or wet), braking mode (AB MIN,
AB MED, AB MAX or manual braking) and thrust reverse (stowed or deployed). The
following conditions were assumed for all cases:

. 8 knots of VREF overspeed at 50 ft height;
. Flap/Slat setting 5;

. Airport elevation 100 ft;

. OAT 25° C (ISA +10° C);

. QNH 1010 hPa;

. Slope: 0.65% (based on Aerodrome Chart);
. Spoilers fully deployed upon touchdown.

NOTE: The accumulated rainfall record that you provided did not influence the

calculations.

Regarding the runway condition, the wet runway scenario is calculated by means of
applying a factor of 15% over the dry factored distance. The contaminated scenario is
calculated by means of AMC 25.1591 (EASA). The worst case scenario for the
contaminated runway occurs when the standing water content is of 3 mm, because the
impingement effect is minimal in this condition. In this analysis, the contaminated

condition assumed this 3 mm scenario.

Regarding the thrust reverse, landing distance requirements do not allow to take credit
of them except if the runway is considered to be contaminated. Therefore, the effect of

thrust reverse was considered only for the cases in which the runway condition was
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contaminated. Furthermore, it is possible to notice that when autobrake is used, the
usage of thrust reverse does not influence the results. This is occurs because the
autobrake tracks a constant deceleration rate, as explained in the previous question.
When the reference deceleration is reached, the system releases brake pressure,
regardless of the status of thrust reverse. Thrust reverse usage only has an influence in

braking distance when manual braking technique is employed.

Regarding the wind and Vgegr overspeed, based on the informed AWOS wind
measurements, the worst case condition in terms of landing distance results from the
measurement at 13:23 UTC at the runway threshold. This sample results in a tail wind
component of approximately three knots for runway 20. Therefore, a tail wind of three
knots was used in this analysis. This tail wind component was added on the Vger
overspeed input for the CAFM. Since the aircraft crossed 50 ft with approximately 135
knots of indicated airspeed, which is 5 knots above Vrer for that condition, the Vger
overspeed input for all cases was 8 knots (5 of actual Vggr overspeed and 3 knots of tail

wind component).

Runway Braking Reverse Factored Distance Unfactored Distance
Condition Mode (m) (m)

Dry AB MIN Stowed 3904 2342

Dry AB MED | Stowed 2508 1505

Dry AB MAX | Stowed 1930 1158

Dry Manual Stowed 1460 876

Wet AB MIN Stowed 4489 2342

Wet AB MED | Stowed 2884 1505

Wet AB MAX | Stowed 2220 1158
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Wet Manual Stowed 1679 876
Contaminated AB MIN Stowed 4489 3904
Contaminated AB MED | Stowed 2884 2508
Contaminated AB MAX | Stowed 2220 1930
Contaminated Manual Stowed 2094 1821
Contaminated AB MIN  |Deployed 4489 3904
Contaminated AB MED |Deployed 2884 2508
Contaminated AB MAX Deployed 2220 1930
Contaminated Manual  Deployed 1935 1682

It is important to mention that CAFM calculations assume that the runway threshold is
crossed at the 50 ft screen height (Landing Procedure — SOPM) following a given
braking technique, such as autobrake or manual braking.

In this occurrence, the 50 ft screen height was crossed before the runway threshold (160
meters before) and the braking technique applied by the crew combined autobrake
followed by manual gradual braking. A long flare was done and the touch down point
occurred at 850 / 950 meters beyond runway threshold. Therefore, the analysis presented
herein may not be representative of the actual landing distance due to these differences

in the landing procedure and should be used only as a reference.

Finally, we would like to clarify that the certified source of performance data is the
CAFM. In general, performance data in the QRH follows the CAFM. However, there
might be differences between these two sources. In such cases, the QRH information

will always be more conservative than that from CAFM.



MMEC— gy

Objective of brake coefficient calculation:

Brake coefficient calculation allows to estimate the runway condition, using

available engineering data and tools.

Calculation process:

The calculation of braking coefficient is based on Newton’s second law (F=m.a).
Aerodynamics forces, weight, ground reaction and thrust, altogether generate a resulting

force which is directly proportional to longitudinal acceleration.
See below three equations used for the calculations:
(1) F=T-D-Fa-Wsin(fi)=(WI/g) . a
(2) L+(Rn+Rm)-W=0
(3) Fa=Rn*mir+Rm*mibr

Where:
F — Resulting force
T — Thrust force
D — Drag force
Fa — Ground Resistance Force (frictional force)
W — Weight
fi — Runway Slope
g — Gravitational Acceleration
a — Longitudinal Acceleration
L — Lift force
Rn — Nose Landing Gear Normal Ground Reaction

Rm — Main Landing Gear Normal Ground Reaction
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mi-r — Rolling Coefficient

mi-br — Brake Coefficient
The vertical acceleration is considered negligible (see equation 2).

From equation (1) the frictional force (Fa) contribution can be found and then by

equation (3) the brake coefficient can be determined and so the plot can be generated.
Data Sources:

From aircraft DVDR it is possible to get mass, longitudinal acceleration, atmospheric
conditions, engine fan speed (N1) and aircraft speed. Genuine aircraft characteristics
like drag and lift coefficients when all wheels are on the ground, are also manufacturer

available data.
Resultant force (F) is obtained multiplying mass (W/g) by longitudinal acceleration (a).

Lift and drag forces are provided by their respective coefficients and dynamic pressure.
Thrust force is obtained from Embraer database depending on atmospheric conditions
and fan speed (N1). These forces are those expected for the flight conditions and do not

represent any abnormal behavior.

By equation (1) the frictional force (Fa) can be found, while by equation (2) the normal
ground reactions (Rn and Rm) can be determined. Normal ground reactions are
composed by Rn and Rm due to equilibrium considerations. Only main landing gear
contributes to brake coefficient. By equation (3) and typical rolling coefficient (mi-r) of
0.03, the brake coefficient (mi-brake) is determined. For this event and for the

considered interval the graph below shows the brake coefficient behavior:

Note: Out of this interval the results would not be representative of the aircraft

breaking capacity.
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Runway Conditlon Study
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Resulting Brake Coefficient:

The manufacturer data available is based on certified test flights, where
the landing procedure is carefully followed by the test pilots. Usually
during normal operation the procedure is not completely followed. Due
to these operational differences during landing, the brake coefficient
(and in consequence the runway condition) can be estimated only in a
few intervals, where the braking system is providing its maximum
braking capacity (break pedal is fully applied, anti-skip is operating,
reverse is deployed, the Thrust Lever Angle (TLA) is positioned in 0
degrees, N1 is near 70%, among others).
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