
��©  Crown copyr�ght 2008

 AAIB Bulletin: 3/2008 G-EMBT EW/C2006/12/08 

INCIDENT

Aircraft Type and Registration:  Embraer EMB-�45EU, G-EMBT

No & Type of Engines:  2 Rolls-Royce AE 3007/A�/� turbofan eng�nes

Year of Manufacture:  200� 

Date & Time (UTC):  29 December 2006 at 200� hrs

Location:  Br�stol A�rport

Type of Flight:  Publ�c Transport (Passenger)

Persons on Board:  Crew - 4 Passengers - �5

Injuries:  Crew - None Passengers - None

Nature of Damage:  None

Commander’s Licence:  A�rl�ne Transport P�lot’s L�cence

Commander’s Age:  40 years

Commander’s Flying Experience:  8,000 hours (of wh�ch 3,300 were on type)
 Last 90 days - �50 hours
 Last 28 days -   50 hours

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot 
and further enqu�r�es by the AAIB

Synopsis

Dur�ng the land�ng roll, �n a strong crossw�nd, the 
a�rcraft’s rudder hardover protect�on system (RHPS) 
tr�pped, wh�ch resulted �n the loss of both rudder 
hydraul�c systems and revers�on to the rudder’s 
mechan�cal mode.  Desp�te the loss of hydraul�c power 
to the rudder, the commander was able to ma�nta�n 
d�rect�onal control us�ng a comb�nat�on of asymmetr�c 
brak�ng and rudder.  There was no fault found �n the 
a�rcraft and no ev�dence of a rudder ‘runaway’;  h�gh 
rudder pedal or brake pedal force appl�cat�on by 
the commander, or incorrectly adjusted pedal force 
m�crosw�tches, may have tr�ggered the RHPS.

Th�s report �ncludes one Safety Recommendat�on to 
Embraer SA.

History of the flight

The a�rcraft was on approach to Br�stol A�rport after 
a flight from Edinburgh.  During the first coupled 
ILS approach the commander became v�sual w�th 
Runway 27 at approx�mately 500 ft agl and took manual 
control.  The last reported w�nd was a d�rect crossw�nd 
of between 23 and 27 kt;  the a�rcraft’s crossw�nd 
landing limit was 30 kt.  During the final stages of the 
approach the commander est�mated from h�s dr�ft angle 
of approx�mately �5º that the crossw�nd was now beyond 
the l�m�t, so he �n�t�ated a go-around.

Dur�ng the second approach the commander became 
v�sual w�th the runway between 700 ft and 500 ft agl.  
After dec�s�on alt�tude ATC reported a crossw�nd of 
3� kt.  The commander dec�ded to �n�t�ate another 
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go-around but the next w�nd report was ‘30 kt across’ so 
he cont�nued the approach.  The a�rcraft touched down 
on the runway centrel�ne near the touchdown markers.  
He then appl�ed heavy manual brak�ng.  At some po�nt 
dur�ng the ground roll he started to lose d�rect�onal 
control and had to apply a large rudder pedal �nput to 
correct �t.  At about the same t�me he felt that he had lost 
hydraul�c ass�stance to the rudder.  Th�s was followed 
by a Master Caut�on warn�ng and a ‘RUDDER SYS 

�-2 INOP’ EICAS message.  The commander reported 
that he was able to ma�nta�n d�rect�onal control us�ng 
asymmetr�c brak�ng and he could not tell �f the rudder 
pedals were hav�ng an effect.  Once the a�rcraft had 
decelerated below 40 KIAS he was able to use the t�ller 
to steer the a�rcraft and make a normal ex�t from the 
runway.

Post-flight engineering rectification consisted of cycling 
both rudder systems on and off.  Th�s resulted �n the 
react�vat�on of both hydraul�c systems and a return to 
normal hydraul�c-ass�sted rudder operat�on.

Weather and runway surface conditions

The reported weather cond�t�ons at �950 hrs (�� m�nutes 
before the incident) were: broken cloud at 400 ft, 
w�nd from �80º at 26 kt w�th gusts to 43 kt, l�ght ra�n, 
v�s�b�l�ty of 4,000 m and a temperature of ��ºC.  The 
last runway surface cond�t�on report at �923 hrs was 
‘Damp-Wet-Damp’ �nd�cat�ng that the centre sect�on of 
the runway was soaked but to a depth of less than 3 mm.  
A sect�on of the runway, 300 m long, had recently been 
resurfaced and had not yet been grooved.  

The subject of the runway resurfacing programme, and 
of two runway excurs�on �nc�dents, �nvolv�ng an ATR 
and another EMB-�45 on 29 December 2006, �s covered 
by a separate AAIB �nvest�gat�on and the results w�ll be 
publ�shed �n a future AAIB Formal Report.

Rudder control system description

The rudder on the EMB-�45 �s spl�t �nto two sect�ons �n 
tandem, forward and aft.  The forward rudder �s dr�ven by 
the control system wh�le the aft rudder �s mechan�cally 
linked to the forward rudder and is thus deflected as 
a function of forward rudder deflection.  The forward 
rudder �s dr�ven by two rudder actuators connected to 
a Power Control Un�t (PCU).  The PCU �s commanded 
by the rudder pedals v�a control cables that run from the 
pedals in the flight deck to the PCU in the rear fuselage 
(see F�gure �).  The rudder PCU �s a dual hydraul�c 
un�t wh�ch �s powered by two hydraul�c systems at the 
same t�me.  Each PCU hydraul�c c�rcu�t controls the 
hydraul�c power to one rudder actuator.  Therefore, the 
rudder system �s d�v�ded �nto Rudder System � and 2.  
E�ther system can be automat�cally or manually shut 
off.  When both hydraul�c systems are shut off the 
rudder can be operated d�rectly through the mechan�cal 
controls.  In mechan�cal mode the control forces are 
greater because the aerodynam�c loads on the rudder 
are d�rectly transm�tted to the rudder pedals.  If e�ther 
Rudder System becomes �noperat�ve a caut�on message 
�s presented on EICAS.  If both become �noperat�ve the 
message ‘RUDDER SYS �-2 INOP’ �s d�splayed.

Dur�ng normal operat�on both systems are powered at 
speeds below �35 KIAS.  Above �35 KIAS, Rudder 
System � �s automat�cally shut off.  If Rudder System 2 
hydraul�c power supply fa�ls above �35 KIAS, then 
Rudder System � automat�cally takes over.

The maximum rudder deflection on the ground is 
±�5º and �n the a�r �s ±�0º.  The correspond�ng rudder 
pedal deflection on the ground is ±9º and in the air 
�s ±6º.
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Rudder hardover protection system (RHPS)

The rudder hardover protect�on system �s des�gned 
to remove hydraul�c power to the rudder PCU �n the 
event of a rudder runaway (�e uncommanded rudder 
deflection).  RHPS will automatically shut off both 
Rudder System � and 2 �f the follow�ng three cond�t�ons 
are met simultaneously:

�. Rudder pedal force greater than �30 lbf (59 kgf)

2. Rudder deflected greater than 5º (±1º) in the 
d�rect�on oppos�te to the appl�ed pedal force

3. Both eng�nes operat�ng (based on eng�ne N2 

greater than 56%)

Cond�t�on 3 ensures that RHPS �s d�sabled �n the event 
of an eng�ne fa�lure.  RHPS w�ll �nd�rectly tr�gger the 
‘RUDDER SYS �-2 INOP’ message on the EICAS once 
the pressure sw�tches sense the loss of pressure.

The �30 lbf pedal force �s measured by a spr�ng-loaded 
cartr�dge.  There are four cartr�dges – one attached to 
each rudder pedal.  The cartr�dge conta�ns a spr�ng and 
m�crosw�tch.  When a pedal force �n excess of �30 lbf �s 
applied, the spring compresses sufficiently to release the 
m�crosw�tch, wh�ch sends a s�gnal to the RHPS.  

A rudder deflection in excess of ±5º is detected 
�nd�rectly by a pa�r of m�crosw�tches mounted on the 
p�lot’s pedal assembly stop.  One m�crosw�tch �s tr�ggered 
when the rudder deflects more than 5º to the left and the 

Figure 1

Embraer �45 Rudder System Schemat�c



�4©  Crown copyr�ght 2008

 AAIB Bulletin: 3/2008 G-EMBT EW/C2006/12/08 

other microswitch is triggered when the rudder deflects 
more than 5º to the r�ght.  These m�crosw�tches send 
the�r respect�ve s�gnals to the RHPS.

Brake system description

The EMB-�45 has two ma�n land�ng gears, w�th two 
wheels on each gear.  Each wheel has a d�sk brake 
and an assoc�ated brake control valve wh�ch controls 
the hydraul�c pressure to the brake.  Normal brak�ng 
�s controlled by toe brakes on the rudder pedals.  The 
ant�-sk�d system controls the amount of hydraul�c 
pressure appl�ed by the p�lots to the brakes.  The ant�-sk�d 
�s des�gned to prov�de the max�mum allowable brak�ng 
effort for the runway surface �n use, wh�le prevent�ng 
sk�dd�ng.  Th�s �s accompl�shed by measur�ng each 
wheel speed.  If one wheel speed drops significantly 
below the a�rcraft’s average wheel speed, a sk�d �s 
probably occurr�ng, so brake pressure �s rel�eved to the 
appropr�ate wheel brake unt�l �ts speed recovers.

The ant�-sk�d system does not apply pressure on the 
brakes, but only rel�eves the p�lot-commanded pressure 
to avo�d a sk�d.  Therefore, �n order to steer the a�rcraft 
us�ng asymmetr�c brak�ng, dur�ng a heav�ly braked 
land�ng, the p�lot needs to reduce brake pressure on the 
s�de oppos�te to the d�rect�on of turn, �nstead of apply�ng 
pressure to the des�red s�de.  The pedal force requ�red to 
command max�mum brak�ng �s 6�.9 lbf, and �s ach�eved 
when the brake pedal reaches its maximum deflection 
of �5º.

Flight Data Recorder

The FDR was removed from the a�rcraft and downloaded 
by the operator.  A copy of th�s data was sent to the AAIB 
for analysis.  The download contained just over 25 hours 
of operat�on, record�ng parameters at a rate of �28 words 
per second (wps).  

The FDR identified the aircraft on both approaches 

to Br�stol A�rport, the second approach show�ng the 

a�rcraft head�ng sl�ghtly to the left of Runway 27.  

No dr�ft angle or a�rcraft pos�t�on was recorded but 

th�s head�ng suggests that the a�rcraft was pos�t�oned 

w�th respect to the crossw�nd cond�t�ons.  The head�ng 

�ncreased as the a�rcraft neared the runway, co�nc�dent 

w�th r�ght rudder pedal �nput and a left roll �nput on the 

control column.  The aircraft touched down at 19:59:47 

(F�gure 2) w�th an a�rspeed of �24 kt, head�ng of 266º, 

the rudder pedals deflected 4.6º to the right and control 

wheel 37º to the left (max�mum ach�evable �s 40º).

The FDR shows that, once on the ground, the ground 

spo�lers deployed, brak�ng was appl�ed and further 

rudder pedal deflections were applied, predominantly to 

the r�ght.  Long�tud�nal decelerat�on reached �ts greatest 

value around five seconds after touchdown.  Throughout 

the following five seconds, this deceleration decayed 

from -0.37 g to -0.�6 g, �nd�cat�ng that the level of a�rcraft 

retardat�on was reduc�ng.  The eng�ne N2 speed rema�ned 

between 62% and 67% on both eng�nes, cons�stent w�th 

IDLE power select�on (the a�rcraft was not equ�pped w�th 

thrust reversers).

At 20:00:01, a master caution was triggered with the 

a�rcraft at a groundspeed of 79 kt.  Based on the p�lot’s 

report, th�s master caut�on was probably tr�ggered by the 

RHPS.  Accord�ng to the manufacturer, the ‘RUDDER SYS 

�-2 INOP’ message requires a 3 second confirmation time.  

The message should appear at the same t�me as the master 

caut�on.  The master caut�on �s recorded by the FDR every 

second so, �n th�s case, the event wh�ch tr�ggered �t would 

be between three and four seconds before 20:00:01.

Figure 2 confirms that, during this 4 second period,  the 

minimum rudder pedal deflection was 4º, corresponding 

to 6.7º of right rudder deflection.
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Previous incidents of dual rudder system shutoff

The a�rcraft manufacturer reported that they were aware 

of prev�ous occurrences of the ‘RUDDER SYS �-2 INOP’ 

message dur�ng land�ng.  They bel�eve that these were 

most l�kely caused by the p�lot apply�ng ‘excess�ve’ 

force on the rudder pedals (that �s, force greater than 

that requ�red for max�mum brak�ng) wh�le attempt�ng 

to brake – part�cularly �n strong crossw�nds – although 

these events were difficult to confirm with the limited 

parameter set of the Fl�ght Data Recorder (FDR).  They 

have also had reports of dual system shutoff �n the a�r, 

usually dur�ng approach �n strong turbulence, where 

they bel�eve the p�lot most l�kely appl�ed rap�d oppos�te 

pedal control �nputs.

The operator of G-EMBT exper�enced a s�m�lar �nc�dent 

on another EMB-�45 (G-EMBI) on 9 January 2007 wh�le 

�t was land�ng at B�rm�ngham a�rport.  Accord�ng to the 

operator the a�rcraft exper�enced a ‘RUDDER SYS �-2 INOP’ 

EICAS message dur�ng land�ng and d�rect�onal control 

was ma�nta�ned us�ng d�fferent�al brak�ng.  Eng�neers 

were unable to find a fault with the aircraft, but it was 

noted that there was a strong crossw�nd at the t�me of the 

Figure 2 

G-EMBT FDR Parameters
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land�ng.  The FDR data from th�s event showed s�m�lar 
character�st�cs to that from G-EMBT.

Analysis

The ‘RUDDER SYS �-2 INOP’ message was tr�ggered 
below �35 KIAS and was accompan�ed by the p�lot’s 
sensat�on of a loss of rudder ass�stance.  These factors 
�nd�cate a genu�ne shutoff of both rudder hydraul�c 
systems rather than a sensor or �nd�cat�on problem.  Both 
systems were eas�ly reset by eng�neers on the ground, 
wh�ch �nd�cates that �t was a trans�tory event tr�ggered 
by specific conditions rather than a permanent failure of 
both systems.  Therefore, RHPS was the l�kely cause of 
the dual rudder system shutoff.  

Of the three cond�t�ons requ�red to tr�gger RHPS, two 
cond�t�ons were apparent most of the t�me.  F�rst, the 
N2 on both eng�nes was above 56% dur�ng the ent�re 
ground roll.  Second, the rudder pedal deflection was 
3º or greater for a large port�on of the ground roll wh�ch 
corresponds to 5º, or greater, of rudder deflection.  The 
th�rd cond�t�on, pedal force, �s not known because �t was 
not recorded by the FDR.  

The Master Caut�on assoc�ated w�th the RHPS tr�p 
occurred at 20:00:01 hrs.  According to the aircraft 
manufacturer there �s a 3 to 4 second delay t�me 
between RHPS tr�p and Master Caut�on tr�gger.  
Therefore, the probable t�me of RHPS act�vat�on was 
between 19:59:57 and 19:59:58.  During this period 
the pedal was deflected by more than 3º to the right, 
which means that the rudder was deflected by more 
than 5º to the r�ght.  So, dur�ng th�s per�od the left 
pedal spr�ng cartr�dge m�crosw�tch probably tr�pped 
�n order to tr�gger RHPS.  Th�s would normally only 
occur as a result of a �30 lbf force be�ng appl�ed to the 
left pedal.  It �s poss�ble that the p�lot was apply�ng a 
heavy force to both pedals as a result of h�s attempts 

to brake and slow the a�rcraft.  A component of brake 
pedal force appl�cat�on �s detected by the rudder 
pedal force m�crosw�tch;  for example, a �63 lbf 
force appl�ed to the brake pedal w�ll be sensed as 
�30 lbf by the pedal force m�crosw�tch.  Dur�ng th�s 
same period (19:59:57 to 20:00:01) the aircraft’s 
decelerat�on rate reduced to a m�n�mum of -0.�6 g, 
after a max�mum decelerat�on of -0.37 g.  However, 
the ‘Brake pressure �’ FDR parameter had not reduced 
significantly so this loss of deceleration was probably 
caused by reduced fr�ct�on on the wet and ungrooved 
centre sect�on of the runway.  Th�s loss of decelerat�on 
m�ght make a p�lot �ncrease the force appl�ed to the 
brake pedals.  Unfortunately the brake pedal pressure 
parameters on the FDR do not �nd�cate brake pedal 
force or show whether asymmetr�c brak�ng was be�ng 
used, because the brake pressures were probably 
reduced by the ant�-sk�d system.  

It �s poss�ble that one of the pedal spr�ng-loaded 
cartridges was incorrectly adjusted and thus triggered 
at a force lower than �30 lbf of pedal force.  The 
only accurate method for test�ng the spr�ng cartr�dge 
�s to remove �t from the a�rcraft and bench test �t �n 
accordance w�th the component ma�ntenance manual 
�nstruct�ons (CMM 27-25-0�).  The a�rcraft operator 
plans to carry out th�s test dur�ng G-EMBT’s next base 
ma�ntenance check.

The low sample rate of the recorded pedal pos�t�on and 
brake pressures, comb�ned w�th the lack of recorded 
rudder pos�t�on, rudder pedal force and brake pedal force, 
make �t �mposs�ble to determ�ne exactly what caused the 
RHPS to tr�gger.  However, dual system shutoff had not 
recurred on G-EMBT (as of �4 September 2007) and 
therefore �t �s most probable that th�s event was caused 
by heavy pedal forces �n the unusually strong crossw�nd 
and sl�ppery runway surface cond�t�ons.
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A land�ng �n a strong crossw�nd, w�th sl�ppery runway 
cond�t�ons, �s a t�me when max�mum rudder author�ty 
and control �s des�red �n order to ma�nta�n d�rect�onal 
control.  It �s h�ghly undes�rable to have a system �n 
wh�ch the rudder’s hydraul�c ass�stance may drop out 
as a result of a p�lot’s energet�c attempts to control and 
slow the a�rcraft.  Therefore, the follow�ng AAIB Safety 
Recommendation is made:

Safety Recommendation 2007-112

It �s recommended that Embraer SA should rev�ew 
and mod�fy the des�gn of the RHPS (rudder hardover 
protect�on system) �n the EMB-�45, to prevent 
unnecessary RHPS tr�gger�ng. 

Safety actions

Subsequent to th�s �nc�dent, and the AAIB draft report, 
the Nat�onal C�v�l Av�at�on Agency (ANAC) �n Braz�l 
and the manufacturer, Embraer, have been act�vely 
rev�ew�ng th�s �nc�dent, w�th a v�ew to �ssu�ng an 
Operat�onal Bullet�n to operators and potent�al des�gn 
�mprovements.

Embraer has stated that they w�ll be �ssu�ng a rev�sed 
Component Ma�ntenance Manual (CMM) procedure 
for test�ng the spr�ng-loaded cartr�dges, to ensure that 
activation of the microswitches occurs within a specified 
range of load�ng.


