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Nx - Longitudinal Acceleration
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Nz - Vertical Acceleration
RWD - Right Wing Down
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The “vortex wind” is required for a period of 6.2 seconds, with peak wind inputs of

+10 ft/s and -12 ft/s with rapidly changing directions.
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Figure 1 — Rolling Moment and Vortex Wind Input
Simulation Replay of 20251 Incident — FDR timeslice: 720610 - 720671 s
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20. SEPARATION MINIMA BASED ON ATS SURVEILLANCE
SYSTEMS

20.1.  Forradar separation minima see ISRAEL AIP ENR 1.6.

Note: When deemed necessary ATC unit/ATCO may increase the separation above the
prescribed minima.

20.2.  The following distance-based wake turbulence separation minima shall be applied
to aircraft being provided with an ATS surveillance service in the circumstances

givenin 20.3
wg::a“r’;g:;em;:imga' Succeeding aircraft Preceding aircraft
40NM HEAVY . HEAVY/BT57
5.0NM | MEDIUM/BTST | HEAVY/BTS7
50NM R — UGH% ,,,,,, MEmUM —
50NM i non A380800 HEAVY A380800
Not required A380-800 A380-800
70NM MEDIUM A380-800
.......... 8.0NM LIGHT A380-800

795 DNXNNAY D7D NIMNONA NYXIAN H7AMD NINMINA OIPNIND NTION
.DIPNN INNL DTN D)

747 H2YPN2 DIV MINKX MEDUM 2 TNNY YNI’SN DIVND ,NT PN
991 5 NN NWITY NTI9NN HEAVY 1Thny

DWVNN NTIONN LIGHT 97NN 7N VN8N DIW0Nm NN 1 DD
9993 6 NVPNY NN NNMN HEAVY 1TV 747 H»N)2

22913 10 = 5 NNMN DXDIVIN NV P NNIN PITL DN NTIMNN : 2 DD

WAKE TURBULENCE >¥7°N2 1102 NANY Tvnna) on)wn Tonna .1.16.9
ACAO — 19 5y MODN NPIMNLP NADIND IPNNY DIPNN WA

IVAND T3 NNMN DIOIVNN DY NPNINVP GO VIAD DINNIN : NIWVD

ADXNNINN NOTHIN X2 NN NPIMNLPL DDV P2 OXNNIND MVPH
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All aircraft generate vortices at the wing tips as a consequence of producing lift. The heavier
the aircraft and the slower it is flying, the stronger the vortex. Among other factors, the size
of the vortex is proportional to the span of the aircraft which generates it.

At low altitudes, vortices generally persist for as long as 80 seconds, but in very light or calm
wind conditions, they can last for up to two and a half minutes. Once formed, vortices continue
to descend until they decay (or reach the ground). Decay is usually rapid and occurs more
quickly in windy conditions. Cross-winds can carry a vortex away from the flight path of the
aircraft.

Wake vortices are also a hazard at en-route altitudes:
Encountering the sudden uncommanded roll which can be induced when an aircraft
encounters wake turbulence from an aircraft on a similar track ahead, can lead to loss of

control. Prescribed separation for aircraft, receiving an air traffic control (ATC) service, do

not necessarily provide sufficient separation to remove the risk of loss of control.

Under a system promulgated by the International Civil Aviation Organisation (ICAO),
minimum separation between fixed wing aircraft on approach to land, or on take off into initial
climb, are defined by the use of aircraft categories based on aircraft maximum take-off mass
(MTOM) (see ICAO Wake Turbulence Category). This is judged to be a suitable proxy for
the strength of the turbulence which may be created, behind large jet aircraft at relatively slow

speeds, by the generation of wing tip wake vortices. The careful observance of these
separation minima has prevented loss of control, as a consequence of wake turbulence
encounters in the flight phases where they apply, but when they have been ignored, fatal
accidents have followed sudden and rapid uncommanded rolls.

The distance between two aircraft on arrival or departure is used where radar separation of
traffic is being applied and the time between the successive passage of two aircraft at a point
is used where procedural separation applies. Since relatively few airports routinely use radar
separation for take off and initial climb, the practical effect of this distinction on IFR traffic is
that wake turbulence separations between arriving aircraft are based upon distance and those
between departing aircraft are by time interval - at rotation, since this is where wake vortices
begin.
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The potential for hazardous wake vortex turbulence is greatest where aircraft follow the same
tracks - i.e are 'in trail' and closely spaced. This situation is mostly encountered close to the
ground in the vicinity of airports where aircraft are on approach to or departure from particular
runways at high frequencies. Sudden uncommanded roll moments may occur which, in
extreme cases, can be beyond the absolute power of the flying controls or the prevailing
response of the flight crew to counteract. The high rate of roll may cause uncommanded
disconnection of the Autopilot and transient or terminal loss of control can result in terrain
impact in rare cases. En route in-trail uncommanded roll can be similarly caused to smaller
aircraft by the effect of larger ones, which may be ahead at a higher level. Note that if the
generating aircraft is climbing or descending rapidly (greater than 1000 fpm) then a significant
wake vortex may persist across several flight levels. If the generator aircraft is descending,
this means that a WVE can occur above the position of the generator aircraft at the time of the
encounter. The greater longevity of vortices at higher cruise altitudes can lead to encounters
at much greater in track separation than ATC separation minima if the prevailing wind speeds
are low.

Separation Criteria

Under standard ICAQO criteria, wake turbulence separation, for arrival or departure, can be charted as

follows:
Preceding Aircraft Following Aircraft Minimum Separation
HEAVY HEAVY 4.0 NM
HEAVY MEDIUM 50 NM
HEAVY LIGHT 6.0 NM
MEDIUM LIGHT 50 NM

Note: The separation minima described in this article are based on the aircraft categorization
into 4 categories (Super, Heavy, Medium and Light). Additional minima are defined by ICAO
in case wake turbulence groups A to G are used. The use of these groups is subject to the

approval by the appropriate ATS authority.
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RECAT-EU is also integrated in the recently published ICAO enhanced wake separation minima
based on wake turbulence group (Amendment 9 to Doc 4444 PANS-ATM edition from Nov. 2020).

All aircraft types certificated prior to 01 January 2013 have been assigned to one of the new categories,

with examples provided in the table below:

Super Upper ) .
Upper Heavy Lower Heavy . Lower Medium Light
Heavy Medium
CAT-A CAT-B CAT-C CAT-D CAT-E CAT-F
AIRBUS AIRBUS A-330- AIRBUS ATR ATR-42- DASSAULT
AIRBUS A-318
A-380-800 200 A-300-600 300/320 Falcon 10

An Empty Field Indicates Minimum Radar Separation

Leader/Follower CATA CATB CATC CATD CATE CATF
CATA 3NM 4 NM 5NM 5NM 6 NM 8 NM
CATB 3 NM 4 NM 4 NM 5NM 7 NM
CATC 3NM 3NM 4 NM 6 NM
CATD 5NM
CATE 4 NM
CATF 3NM

(rnwrnn” NN ©N»NNa) ICAO PANS ATM- DOC 4444 7inn ©VIVIN 190Y

RECAT- Re-categorisation

4.9.1 Wake turbulence categories and groups of aircraft

4.9.1.2When approved by the appropriate ATS authority, wake turbulence separation minima
may be applied utilizing wake turbulence groups and shall be based on wake generation and
resistance characteristics of the aircraft. These depend primarily on maximum certificated take-

off mass, wing characteristics and speeds. The group designators are described as follows:
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GROUP A - aircraft types of 136,000 kg or more, and a wing span less than or equal to 80 m but
greater than 74.68 m;
GROUP B - aircraft types of 136,000 kg or more, and a wing span less than or equal to 74.68 m
but greater than 53.34 m;

B N2PY TIVN 747-400 H3ON12 - N DIVN ,NVTNNY NPIDNN Y DY : NN

GROUP C - aircraft types of 136,000 kg or more, and a wing span less than or equal to 53.34 m
but greater than 38.1 m;

GROUP D - aircraft types less than 136,000 kg but more than 18 600 kg, and a wing span greater
than 32 m;

GROUP E - aircraft types less than 136 000 kg but more than 18 600 kg, and a wing span less
than or equal to 32 m but greater than 27.43 m;

GROUP F - aircraft types less than 136 000 kg but more than 18 600 kg, and a wing span less
than or equal to 27.43 m;

GROUP G - aircraft types of 18 600 kg or less (without wing span criterion).

.G napY Twn CHALLENGER 300 - 1 ©01n ,7nvInNn” nionn 29 Dy : N9yn
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e Aircraft new categories examples:

nrpnd nvnan
noynz: n"nin"ul

JA,

AYIND” Q30 NP MPNAIYN NIINVP 29D BI0I1VN IND JY MNPNT

Q35 NP MINAIYNY DIDIVH MPIMNVPY INY APIYN NP FAA N9 Yy
D TIHNN DMPPNN NNV DY ICAO — Y FAA — 1 MITHN P2 DNV NDIAV PnD

O + SIN M AT 2P DIVND HEAVY TNH0N DT DIVH P2 MNIAPN dNYA
PV WPYN 13 DY (ICAO) Medium - N NXIAP NPNNNA IND’NN DIPXND NNY DY
Myavny any DM MY Dy NyaNn [ NXIApn v TN 0Nnd Ny

.Wake Turbulence
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FAA Aircraft Weight Class ICAO WTC
Code Class MTOW Code WTC MTOM
J Super A380-800 and An 225
H Heavy > 136,000 kg
H | Heavy | >300,000Ib (136,000 kg)
L Large < 300,000 1b (136,000 kg), 136.000k
> 41,000 1b (18,600 kg) . < 2 £,
g M Medium > 7,000 kg
< 41,000 1b (18,600 kg),
s | Sm 15 12,5001b (5,670 ke)
L Light < 7,000 kg
Small < 12,500 1b (5,670 kg)

(FAA) NIYN IN NDWIN A9V NTIND YPNIN NIV

8.7.3.4 When using wake turbulence categories contained in Chapter 4, 4.9.1.1, the following distance-based wake
turbulence separation minima shall be applied to aircraft being provided with an ATS surveillance service in the approach
and departure phases of flight in the circumstances given in 8.7.3.6.

Aircraft category

Distance-based

Preceding walke turbulence
aircrafi Succeeding aircrafi separation minima
SUPER HEAVY 9.3 km (5.0 NM)

MEDIUM 13.0 km (7.0 NM)

LIGHT 14.9 km (8.0 NM

HEAVY HEAVY 7.4 km (4.0 NM)
MEDIUM 9.3 km (5.0 NM)

LIGHT 11.1 km (6.0 NM)

MEDIUM LIGHT 9.3 km (5.0 NM)
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4.9.2 Indication of super or heavy wake turbulence category
For aircraft in the SUPER or HEAVY wake turbulence categories. the word “super™ or “heavy™ shall be included, as

appropriate, immediately after the aircraft call sign in the imtial radiotelephony contact between such aircraft and ATS
units.

4.11.3 Radiotelephony procedures for air-ground
voice communication channel changeover

When so prescribed by the appropriate ATS authority, the initial call to an ATC unit after a change of air-ground voice
commumnication channel shall contain the following elements:

a) designation of the station being called;

b) call sign and, for aircraft in the SUPER and HEAVY wake turbulence categories, the word “super” or “heavy”™
respectively;

PYOY ONNNA HEAVY DIVND  DNMNNA MPT NPINN I12T72 FAA - D HNN oY
: AERONAUTICAL INFORMATION MANUAL -2 7-4-8

c. For operations conducted behind super or heavy aircraft, ATC will specify the word
“super” or “heavy” as appropriate, when this information is known. Pilots
of super or heavy aircraft should always use the word “super” or “heavy” in radio

communications.

=124/

NYNIN PR .NPAD IMNYNIN NNMIPA P PHEAVY™ 18D wAT) ©»VN ICAO — N o by
NPAN DY MONN NPT

N2IN NPAN S NPON DY NNYPN D52 "HEAVY™ 1989 X910 ©»vn DY FAA — 13 by
NP D2 NNND INIPN MND HEAVY NN IR 9POINY
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