
In-flight upset, Boeing 747-236, G-BDXL, February 27, 2000

Micro-summary: This Boeing 747 encountered an in-flight upset during descent.

Event Date: 2000-02-27 at 2100 EST

Investigative Body: National Transportation Safety Board (NTSB), USA

Investigative Body's Web Site: http://www.ntsb.gov/

Cautions:

1. Accident reports can be and sometimes are revised. Be sure to consult the investigative agency for the latest version before
basing anything significant on content (e.g., thesis, research, etc).

2. Readers are advised that each report is a glimpse of events at specific points in time. While broad themes permeate the causal
events leading up to crashes, and we can learn from those, the specific regulatory and technological environments can and do
change. Your company's flight operations manual is the final authority as to the safe operation of your aircraft!

3. Reports may or may not represent reality. Many many non-scientific factors go into an investigation, including the magnitude of
the event, the experience of the investigator, the political climate, relationship with the regulatory authority, technological and
recovery capabilities, etc. It is recommended that the reader review all reports analytically. Even a "bad" report can be a very useful
launching point for learning.

4. Contact us before reproducing or redistributing a report from this anthology. Individual countries have very differing views on
copyright! We can advise you on the steps to follow.
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  On  February  27,  2000,  about 2100 Eastern Standard Time, a Boeing 747-236,  G-BDXL, operated by
British  Airways,  PLC.,  as  flight  179,  experienced  an  in-flight upset during a descent in the
vicinity  of  Providence,  Rhode  Island.    Three flight crewmembers, 14 flight attendants, and 354
passengers  were  not  injured.    One passenger received serious injures, while 10 passengers and 1
flight  attendant  sustained  minor  injures.  Instrument meteorological conditions prevailed and an
instrument  flight  rules  flight  plan  had been filed for the flight that departed London-Heathrow
Airport  (LHR),  England,  United  Kingdom,  destined  for the John F. Kennedy International Airport
(JFK), Jamaica, New York.  The scheduled international flight was conducted under 14 CFR Part 129.

In  an  interview  with  a Federal Aviation Administration (FAA) Inspector, the flight crew reported
that  the fasten seat belt sign was "off," and the airplane's electrical system was configured for a
Category  III  (CAT  III)  landing,  when they began a descent from "flight level 350."  At the same
time,  the  flight  engineer  began to reconfigure the airplane's electrical system for a Category I
(CAT  I)  landing, due to an improvement in landing visibility.  When the flight engineer closed the
"number  one  bus-tie-breaker,"  the  airplane's  pitch  changed  from 2-degrees nose-down, to about
5-degrees  nose-up.    The  airplane was utilizing the "A" autopilot system, which remained engaged.
The  pilot  disconnected  the  autopilot,  leveled  the airplane, re-engaged the autopilot, and then
continued  a  normal  descent.   The airplane landed at JFK without further incident.  Additionally,
the  pilot reported that the pitch-up was accompanied by numerous momentary instrument failures, and
the  effect was very similar to the electrical changeover that is experienced on the ground when the
airplane's electrical system supply changes from ground power to aircraft power.

Examination  of the airplane's autopilot and electrical system performed by maintenance personnel at
JFK did not reveal any discrepancies.

The  accident  airplane was equipped with a Penny & Giles flight data recorder (FDR), and an optical
quick  access  recorder  (OQAR).  The data from the recorders was downloaded by British Airways, and
provided  to  the  Safety  Board.   Examination of both the FDR and the OQAR information revealed an
electrical discontinuity around the time of the event.

According  to  British  Airways, on the evening of February 29, the accident airplane was flown on a
non-revenue flight back to LHR.

During  the  flight  to  LHR, maintenance personnel were able to duplicate a "sudden pitch-up" while
using  the  airplane's  "B"  autopilot  system,  and  closing  the  "number  two  bus-tie-breaker."
Additionally, the flight crew reported that the airplane "felt light in pitch."

A  subsequent  inspection of the airplane revealed that the number 1 and 2, "elevator feel computer"
pitot  connections  were  capped.    Review  of the airplane's maintenance history revealed that the
airplane  underwent  an "inter 2 check" at a British Airways maintenance facility between February 5
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and  23,  2000.    According  to a British Airways quality inspection report, during the time of the
inter  2 check, the pitot connections to the elevator feel computer were disconnected by maintenance
personnel  in  order  to perform pitot static system checks "in-accordance-with (IAW) the [airplane]
Maintenance  Manual  [Chapter] 34-11-00."  A functional check of the feel computer was not performed
before the airplane was returned to service.

Review  of  the  Boeing basic 747 Maintenance Manual Chapter 34-11-00, Pitot-Static Adjustment/Test,
revealed an "Elevator Feel Light Test" and the following note:

"The  following  test  must  be  performed to ensure that auxiliary pitot systems No. 1 and 2, which
were disconnected prior to system leakage test, are properly reconnected...."

British  Airways  utilized a customized version of the 747 Maintenance Manual, which was provided by
Boeing.    Review  of the maintenance manual chapter 34-11-00, Pitot-Static Adjustment/Test revealed
that  the  customized  section did not contain the requirement for an elevator feel light test.  The
section  did  specify that a "leak check" be performed after the pitot-static lines are reconnected.
A  representative  from  Boeing  stated  that  if  the pitot-static connections to the elevator feel
computer  were  left  disconnected and capped, then a "leak check" would not identify an unconnected
elevator feel computer, provided that the caps were pressure tight.

The  Boeing  representative  also  stated  that  Boeing  intends to publish a revised customized 747
Maintenance  Manual  for  British Airways, which will include an elevator feel light test in Chapter
34-11-00.    Additionally,  Boeing will revise the customized maintenance manuals for four other 747
operators.

Boeing  provided  information  on the effect of disconnected pitot-static lines on the elevator feel
computer.

According  to Boeing, the elevator control system required artificial feel forces that were provided
by  a combination of mechanical and hydraulic springs contained in the feel unit.  The feel computer
programs  hydraulic  pressure  to  the  feel  unit  actuators  as  a  function of pitot pressure and
stabilizer  position.  With the lines disconnected, the feel computer would react as if the airspeed
is  low  and  thus  the  feel unit forces would be less than expected.  The autopilot reacts against
artificial  feel  forces to regulate the deflection of the elevator surface.  If the artificial feel
forces  were  low,  the  autopilot  command  would  cause  greater  than normal elevator deflection,
resulting in a larger upset of the airplane than would normally be encountered. 

Boeing  calculated  that  the  normal  autopilot elevator authority for the flight conditions at the
time  of  the  accident  should have been about 4 degrees.  The estimated actual elevator deflection
during the accident sequence was 6.87 degrees nose up, and 6.97 degrees nose down.

British  Airways  reported  they  were able to duplicate the pitch-up during two test flights, using
two  other 747-200 airplanes; however, the magnitude of the elevator movement experienced during the
test flights remained within the autopilot elevator authority.

Subsequently,  British Airways instituted the following modified bus-tie-breaker (BTB) re-engagement
procedure:

"In  flight,  when  it  is  necessary  to  CLOSE  a BTB, the autopilot must be disconnected prior to
selecting  CLOSE  on the BTB.  The autopilot may be reselected once normal conditions are confirmed.
In addition, when closing the BTB, possible short term flight instrument failures may occur."

The Boeing Operations Manual for the airplane, stated:

"When  the  No.  1 and No. 2 Bus Tie OPEN lights illuminate due to triple channel operation, reclose
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BTBs during accomplishment of the AFTER LANDING PROCEDURE or when in stabilized flight."  

The  Boeing  Flight  Crew  Training  Manual  for  the  airplane, Automatic Flight, Go-Around section
included the note:

"The  automatic  bus  isolation system will reclose the DC isolation relays when any A/P [autopilot]
disengages,  however, bus tie breakers 1 and 2 will not reclose automatically.  The bus tie breakers
do  not  have  auto-paralleling circuits and when placed to CLOSE will connect the bus regardless of
phase  relationship.    Closing  of  the bus tie breakers during certain out of phase conditions may
cause  a  voltage  fluctuation.    While  these  voltage  fluctuations  are within system tolerance,
momentary airplane instrumentation instability could occur...."

At  the  time  of  the  accident,  British  Airways  operated  16 Boeing 747-200 airplanes that were
modified  by  a  supplemental  type  certificate  to allow for a modified flight management computer
(FMC)  interface with the autopilot.  The modification incorporated a Honeywell FMC, and a Honeywell
data  adapter  unit.    The  modified  British Airways 747-200 airplanes had been in use since 1984.
According  to Boeing and Honeywell, there were no other known 747-200 aircraft that were modified to
this configuration.

British  Airways  reported they were in the process of "retiring" their 747-200 airplanes and expect
to  have  all  of  their 747-200 airplanes out of service by April of 2002.  The airplanes are being
sold to a leasing company that intends to utilize the airplanes as freighters.

Thirty  two  operators  of "classic 747" aircraft were surveyed with regards to the procedures their
flight  crews  used  when  they reconfigured from a CAT III approach to a CAT I approach.  They were
also  asked  to  report  any  uncommanded  aircraft  motions  as  a  result  of  electrical  system
reconfigurations.  Twenty-one operators responded to the survey.  

Of  the  twenty  one  operators  which  responded,  6  operators  reported  they  performed  CAT III
approaches,  of  which,  4  operators stated they waited until after landing to reconfigure the BTBs
and  2  operators  published  procedures  for closing the BTBs after a missed approach.  None of the
respondents reported uncommanded aircraft motion as a result of BTB manipulation.

The  source  of the pitch-up command to the autopilot, which was experienced during the accident and
test  flights,  was  not determined; however, when the autopilot system was properly configured, the
pitch-up characteristics were not objectionable and within expected values.
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