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Hard Landing Introduction

Description: A hard landing is a high energy runway contact.

Under normal conditions, landing-gear load is affected directly by the
airplane's gross weight. As gross weight increases, the required approach
speed increases. By keeping glide path the same, the higher approach
speed results in a higher descent rate and, thus, a higher load applied to
the landing gear. This load increases with the square of any increasing in
the vertical rate of descent.

A smooth touchdown typically is accomplished by extending the flare to
allow airspeed to decrease to just above the point of stall. The loss of
airspeed during an extended flare, however, can result in a sudden, rapid
loss of altitude and a hard landing. In some specific conditions, a firm
touchdown might be appropriate.
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Hard Landing Statistics
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Hard Landing detection
Must be done using AMM, checking:

Vertical acceleration and Roll Rate
Combined with Gross Weight

Pitch Rate
Old AMM New AMM
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Hard Landing — threshold comparisons

THRESHOLD COMPARISONS

——AMM

——Limit Load

——High Load

—m—Landing 190-00001-1145
m Ref.Thresh 44340 Kg

Nz=2.0280

Enough margin for current threshold

LIMIT LOAD FACTOR (a)

M= 44340 Kg -Nz =1.4418 g
|

AIRCRAFT MASS (Kg)
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Parameters used on threshold definition process

PROTOTYPE FTI - PARAMETERS AVAILABLE FOR HARD LANDING ANALYSIS AT 100 Hz

Vx : : Pitch : — Pitch rate
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Roll Rate : : vz
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Threshold definition process

DVDR SAMPLING PROCESS

—— Oniginal data
+ st Sample
2nd Sample
—a—3rd Sample

190-00001 — FLIGHT 1145
For example only i’

Random initial point
1st 2nd  3rd
0.000 0.125

TIME (Sec)
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Parameters used on threshold definition process

ERROR PROBABILITY DUE TO DVDR LOW SAMPLE RATE

= Normal distribution
m Data distribution

= B

Py

| "“-\\‘h N
Probability distributions indicate the
monitor confidence on capturing load
factor peak based on assumed

sampling error

CUMULATIVE PROBABILITY

ERROR (%)
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Parameters used on threshold definition process
THRESHOLD COMPARISONS

AC Mass (Kg | High Load Thres.{g) | Limit Load Thres.(g)
29500 253 230
44000 204 185
52200 187 170 = |_imit Load
=== High Load

LIMIT LOAD FACTOR (g)

Do the Phase-lIl inspection at
the next scheduled
maintenance opportunity (not

1 | exceeding 6250FC or 7500FH) or =
when 50 hard landing events insp-ﬁtio:-
occur, whichever occurs first. ol
w

AIRCRAFT MASS (Kg)
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Hard Landing new envelope

1-10

11-20
21-30
31-40
41-50
51-60
61-70
71-80
© 81-90

® 91-100

@ 101-110

@ 111-120

——High Load Threshold

Vertical CG Acceleration

——Limit Load Threshold

Aircraft Mass at landing(kg)
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Hard Landing new envelope

@ 1-5

® 6-10

® 11-15

® 16-20

® 21-25

Vertical CG Acceleration

® 26-30

Airport X
Runway Length ~10000 ft

——High Load Threshold

e 1-5

Aircraft Mass at landing(kg) ® 6-10

® 11-15

Airport X
Runway Length ~4000 ft

® 16-20

® 21-25

Vertical CG Acceleration

® 26-30

——High Load Threshold

=—Limit Load Threshold

Aircraft Mass at landing(kg)
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Hard Landing new envelope

1-25
26-50
51-75

76 -100

101 -125

126 - 150
151-175

176 -200

Roll Rates (DEG\S)

201 -225
226-250

251-275

276 -300
ROLL RATES THRESHOLD (Deg/S)
——ROLL RATES THRESHOLD (Deg/S)

Aircraft Mass at landing (kg)
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Hard Landing new envelope

® 1-5

® 6-10
® 11-15
® 16-20

® 21-25
® 26-30

Roll Rates (DEG\S)

e Airport X
;:ZLSEATESTHRESHOLD(Deg(S) Runway Length ~1000O ft

Aircraft Mass at landing (kg)

®1-5
® 6-10
® 11-15

Airport X
Runway Length ~4000 ft

® 16-20

® 21-25
® 26-30
® 31-35
36-40
41-45

® 46-50
=——ROLL RATES THRESHOLD (Deg/s)

Aircraft Mass at landing (kg)
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Hard Landing new envelope

o 1-70
® 71-140
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=
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YY)
® 701-770
200N e | ® J71-840
o PITCH RATES THRESHOLD (Deg/S)
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Aircraft Mass at landing (kg)
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Hard Landing new envelope
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Hard Landing ground spoiler

Normal landing
profile

Automatic auto-throttle retard delayed. Insufficient time for
ground spoilers triggering on touchdown leads to bounced
landing.

Automatic auto-throttle retard commanded
4| by radio-altimeter at 30 ft.

Short touchdown
distance

130 ft

30 ft + 3
threshold !
offset - threshold
vertical Touchdown
- offset point

Threshold offset Threshold offset No Threshold offset
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Bounced landing Introduction

Description: An event that measures excessive G-force at touchdown
followed by a second excessive G-force, indicating a bounced.

The FSF ALAR task force said that bounced landings usually result from
loss of visual references, excessive airspeed or a power setting on
touchdown that prevents automatic extension of ground spoilers.
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Bounced Landing
- Radar Altimeter is recorded on QAR at 1 Hz.
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Bounced Landing
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€ EMBRAER

ESTAS INFORMAGOES SAO PROPRIEDADE DA EMBRAER E NAO PODEM SER USADAS OU REPRODUZIDAS SEM AUTORIZAGAO POR ESCRITO.



