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1. Introduction 

1.1. Scope 

 On 21 Dec. 1992, a Martinair DC-10 crashed during landing at Faro airport; 56 people 
died and many more were severely injured. The accident investigation was carried out 
by an International Civil Aviation Organization (ICAO) "Annex 13" compliant Portu-
guese Commission of Investigation, led by the Portuguese Civil Aviation Authority, with 
support of the Dutch Aviation Safety Board (DASB), the US National Transportation 
Safety Board (NTSB) and others. A few years after the accident, a number of victims 
started collecting documents on the accident because they had no faith in the formal 
investigation, had serious doubts about the answers given to their questions by the 
DASB during two meetings and to the press. They subsequently contacted a personal 
injury lawyer.  
 
Following an independent analysis by AvioConsult, the lawyer subpoenaed the DASB, 
and therefore the State for: 

1. Inappropriate, careless investigation of the cause of the accident, and  

2. Misinforming the survivors and the next of kin of the deceased.  

In the view of claimants, the Portuguese report contained many errors; the DASB 
should have noticed these, but they ignored them. Still, they tried to emphasize the 
weather conditions and constructed their own truth (different from the Portuguese).  

During information meetings, DASB misinformed the survivors by answering elemen-
tary questions inappropriately (143 questions) with their own opinion of the cause of 
the accident, which was not in agreement with the formal Portuguese Report. Based 
on the DASB truth, claimants have made important decisions in settling their personal 
injury cases. They trusted and relied on the supposed independence of the DASB.  

The Court in The Hague assigned three experts, J.-L. Françon, L. Bloncourt and D. 
Kügler, to provide independent expertise on the functioning of the DASB following the 
accident. The Experts published their findings in Interim Report V17, dated 15 June 
2016. 

1.2. Review 

 This Review was written by a team of four experts:  

1. W. Benschop, Aircraft Design and Certification Consultant, Pilot and Flight Instruc-
tor.  
Structural Test Engineer in the Experimental Department of Fokker. Engineering sup-
port for aircraft production, manager Weight & Balance in engineering-department 
Strength and Construction. Head of Airframe Engineering/Sustaining Department, Sen-
ior Consultant Aircraft Design and Certification. Projects performed for i.a. the Dutch 
CAA (IVW) on Transport Airship Requirements, EMBRAER (EMB-170/190 EASA certifi-
cation), Stork-Fokker (GLARE qualification). 

2. E.H. Boucher, lawyer-pilot.  

3. A. Cats, Inspector-pilot Flight Operations / DC-10 Type Rating Examiner / captain B-
757, 767 (RLD, ret.). 
Military pilot Fokker S-11, Fouga Magister, Grumman Tracker, Beechcraft TC45J, 
Breguet Atlantic.  
Dutch CAA: Saab Safir, Beechcraft Bonanza, Piper Navajo PA-31, Cessna Citation C-500, 



Review and Remarks & Questions of Claimants of Interim Report V17 

  4  

Fokker F-27, Boeing B-737, McDonnell Douglas DC-10, Boeing B-757/B-757. 
Inspector-pilot Flight Operations; CPL-, instrument rating-, type rating examiner 
(amongst them DC-10); simulator evaluator (FAA course Oklahoma), ETOPS expert; 
captain B-757 / B-767. 

4. H. Horlings, Flight Test Engineer, Graduate USAF Test Pilot School (Lt-Col RNLAF, 
Chief Flight-test, ret.). 
Private pilot and instructor, Avionics Officer RNLAF, Experimental Flight Test Training 
at USAF Test Pilot School (entry level MSc), 15 years' experience in operational re-
search and evaluation, including experimental flight testing many different (>30) types 
of airplanes and helicopters, member of a scientific committee at NLR, operational 
lead of modification Martinair DC-10 aircraft into KDC-10. Founded AvioConsult. Con-
sultant for EADS/CASA A330 tanker aircraft. Expert witness General Electric. 

1.3. Structure 

 This review is limited, due to the time constraints and the size of the Experts' report. 
Hence, not all of Experts' statements were reviewed and commented on, but only the 
most important ones.  

 The expert team chose to split the accident flight in segments. In each segment, the 
applicable Rules and Regulations, the Facts out of the formal Accident Investigation 
Report (RvO), formal Aircraft and Operations Manuals are presented that were appli-
cable at the time of the accident and ICAO manuals. Comments on the subjects from 
DASB and Experts are included, as well as remarks and questions on behalf of the 
Claimants. It could not be avoided that the same texts appear more than once in this 
review. The referenced pages out of formal manuals are attached as Appendices for 
easier access by the reader. 

 On behalf of the claimants, the Experts assigned by the court are requested to take 
note of the remarks and to comment all questions.  
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2. Flight preparation 

2.1. Landing gear 

 Rules and Regulations 

 ICAO Annex 13 requires in § 1.6 Aircraft information, subparagraph a: a 
"Brief statement on airworthiness and maintenance of the aircraft (indication of defi-
ciencies known prior to and during the flight to be included, if having any bearing on 
the accident)".   

 Facts 

 The aircraft departed Schiphol while the replacement of the right landing 
gear, which failed after touchdown on the airport of Faro, was postponed already 
three times at the request of Martinair. The Dutch airworthiness authority authorized 
the postponement (statement KLM maintenance planner Mr. Dick van Polen on TV2, 
Dossier EénVandaag on 16 Jan. 2016).   

 As the Commission of Investigation states in RvO § 1.6.3, Pending Deficien-
cies: "The technical log was recovered on site and the inputs from 05 Dec. 92 up to the 
date of the accident were verified. Additionally, the Operator supplied the list of pend-
ing deficiencies since 10 Nov. 92 up to the date of the accident.  
The items pending at the date of the accident did not affect the aircraft airworthiness. 
However, dispatching the aircraft from Amsterdam with #2 Engine reverse unservicea-
ble, violated the dispositions stated in the AOM (dispatch Deficiency Guide) which 
made landings in Amsterdam mandatory with 3 operating reversers". 

 At the day of the accident, the aircraft was already sold to the Ministry of 
Defence of the Netherlands to become a KDC-10 tanker/ transport, but leased back to 
Martinair.  

 Comments DASB 

 DASB had no comments on the postponement, but must have been aware, 
as accredited representative. DASB did not report to the Commission of Investigation 
that the replacement of the landing gear was postponed three times at the request of 
Martinair.  

 Remarks and questions Claimants 

 Replacement of a landing gear might have been required for maintenance 
or, because during an inspection, one or more hairline(s)/cracks were found that even-
tually could lead to fracture. Postponement, if granted, is usually for a limited number 
of landings.   

 The postponement of the landing gear must have been recorded in the air-
craft maintenance/technical logbook. The DASB must have reviewed the maintenance 
logbooks and should have noticed the postponement, but they did not inform the Por-
tuguese Commission. Since there are no records, the Experts could not comment on 
this subject. The Experts should have been alerted by the families’ questions and con-
clude that the landing manoeuvre was not in agreement with the landing technique 
prescribed in the Aircraft Operations Manual (AOM) for landing on a wet or otherwise 
contaminated runway (AOM 3.3.5 – 15, refer to Appendix 2), which will also have con-
tributed to the fracture of the gear, which is discussed § 5.11 below. 

2.1.4.2.1 Questions. Did Experts review the maintenance logbooks? Should DASB 
not have reviewed the technical and maintenance records in great detail?  
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2.2. Thrust reverser 

 Facts and Regulations 

 The aircraft took off from Schiphol airport at 04:53 UTC with a defective, 
though stowed thrust reverser to prevent accidental deployment in-flight.  

 The relevant regulations regarding a defective thrust reverser are presented 
in AOM 3.1.17 Dispatch Deficiency Guide (Appendix 3):  

"One fan thrust reverser may be unserviceable provided:  

• the aircraft shall not depart a station where repair or replacement can be 
made". 

 The Dispatch Deficiency Guide that had to be used by the captain was a 
Minimum Equipment List (MEL), approved by the Dutch Civil Aviation Authority (RLD), 
which is based on the FAA approved Master Minimum Equipment List (MMEL). 

 The repair or replacement of the defective thrust reverser could be made at 
Schiphol airport, which was a main repair station at the time of the accident flight. 

 There was no communication between Martinair and/or the captain with 
the Dutch Aviation Authorities in order to obtain permission to deviate from the Dis-
patch Deficiency Guide. The aircraft departed Schiphol with an unserviceable thrust 
reverser. 

 Comments DASB 

 "There were no indications of faults on the aircraft or its systems that could 
have contributed to the degradation of safety nor could have increased the workload 
on the crew during the final phase of the flight".  

 "Martinair is prepared to give the competent authorities and bodies access 
to faults, maintenance and repairs to the aircraft concerned" (Answer to question 4 of 
143 questions – lijst 4 - 6). "The inoperative items at departure from Amsterdam, did 
not affect the aircraft operation" (quoted in V17 § 8.4.1 - indent 4).  

 Comments Experts 

 "The technical story of an aircraft is at all time followed in details by the 
specialists", and "The aircraft was “good for fly” except for the reverser n°2 (approved 
technical deviation)".  "This aircraft was finished entirely in accordance with the rules 
and declared as technically airworthy by the Maintenance Department and checked as 
such by the crew".  

2.2.3.1.1 Question. How do Experts know that the technical story is at all times fol-
lowed by the specialists? Was that the case here, did Experts see the 'sto-
ry'? Did Martinair show the maintenance/ technical logbooks to the Ex-
perts?  

 Even if the landing distance is not a contributing factor to the accident, the 
Experts evaluation is that the stowage of the reverser N°2 is a concern that the crew 
should have taken into account, according to the weather condition (V17 § 8.4.1 – in-
dent 3).  

 The Experts quote a Minimum Equipment List (MEL, V17 § 8.6.4.1.2). (Ab-
breviations are presented in Appendix 1).  

2.2.3.3.1 Remark: Neither the quoted MEL, nor the applicable AOM and the Dis-
patch Deficiency Guide thereof give additional information on how the 
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regulations should be interpreted. For this, the highest available authority 
is the ICAO itself. For interpretation of the meaning and status of a MEL 
and its subsidiary documents, the ICAO has issued a clear statement (Mas-
ter Minimum Equipment List/ Minimum Equipment List Policy and Proce-
dures Manual, page 11; Appendix 4). Refer to § 2.2.4.1 below for more 
remarks and questions about a MEL. The ultimate decision/permission to 
deviate from the Dispatch Deficiency Guide was in the hands of the Dutch 
CAA. 

2.2.3.3.2 Question. What are the origins of the quoted MEL in V17 § 8.6.4.1.2? Was 
the quoted MEL approved by the Netherlands Aviation Authorities in 1992 
and where did the Experts get this information which was not provided by 
the court?  

 The Experts state that the additional questions in relation to the interpreta-
tion of the definition of an airport where repair or replacement can be made are: 

• "Is repair or replacement possible on the same day? 

• Are spare parts immediately available or not"?  

 The Experts state that Martinair was a subsidiary of KLM and must comply 
with the commercial agreements made by KLM regarding maintenance. 

 The Experts conclude that: "If the captain made the decision to take-of, it 
means that he did not plan the fact that the runway might be contaminated at arrival". 

 Remarks and Questions Claimants 

 A Master Minimum Equipment List (MMEL) is an approved document cre-
ated specifically to regulate the dispatch of an aircraft type with inoperative equip-
ment. It establishes the aircraft equipment allowed to be inoperative under certain 
conditions for a specific type of aircraft and still provide an acceptable level of safety. 
The MMEL contains the conditions, limitations and procedures required for operating 
the aircraft with these items inoperative. The MMEL forms the basis for development 
and review of an individual operator's Minimum Equipment List (MEL).  

A (Insert country) operator will frame its MEL based on the MMEL duly approved by 
the authority of the country of manufacture of the aircraft. 

"The MEL is an alleviating document. Its purpose is not, however, to encourage the op-
eration of aircraft with inoperative equipment. It is never desirable that aircraft be dis-
patched with inoperative equipment and such operations are permitted only as a result 
of careful analysis of each item to ensure that the required level of safety is main-
tained. A fundamental consideration in permitting the dispatch of aircraft with inopera-
tive equipment is that the continued operation of an aircraft in this condition should be 
minimized".  

Clearly, the purpose of a MEL and its derived document, called the Dispatch Deficiency 
Guide in the AOM, is to guarantee continuous airworthiness and safety of flight; noth-
ing more. Certainly, commercial or logistical considerations may never play a role in 
interpreting the meaning or scope of a MEL or related document, let alone in altering 
this meaning. 

In case of a deficient thrust reverser the requirement clearly and simply states that the 
aircraft shall not depart a station where repair or replacement can be made. No refer-
ence is made on timing or immediate availability of replacement parts. Schiphol, in 
1992 was a main station with extensive maintenance facilities, well able to perform 
the repair. The Dispatch Deficiency Guide in the AOM that is derived from the MMEL 
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and the MEL lists are all subject to prior approval of the aviation authorities and are 
inextricably linked to the continuous airworthiness requirements and therefore with 
the certificate of airworthiness. No MMEL, MEL or AOM can be amended or ignored at 
airline let alone pilot level without prior written approval by the competent aviation 
authorities. MEL and AOM contain vital flight safety procedures and regulation. 

2.2.4.1.1 Question. In this context, how do the Experts find that the contents and 
meaning of regulations originating from a MMEL, MEL and AOM are open 
to (ad hoc) interpretation of a commercial or logistical nature by the air-
line or by the pilot, more specifically that the KLM AOM applicable in1992 
would have given room for the interpretation that a station where repair 
or replacement can be made can only qualify as such if the repair can be 
made on the very same day or when a spare part is immediately available 
on site?  

2.2.4.1.2 Question. In this context, how do the Experts comment on the fact that 
MP-495 nonetheless left for an airfield (FARO) at which the repairs cer-
tainly could not be made, instead of to Paris where, according to the Ex-
perts, the part was available? 

2.2.4.1.3 Question. On what basis do the Experts conclude that a spare part was 
necessary in the first place and if so, that the required spare part was not 
available at Schiphol, especially given the facts that:   

• KLM provided all maintenance of Martinair DC-10 aircraft at that 
time at the extensive KLM Maintenance Facilities at Schiphol Airport 

• KLM themselves operated their own DC-10's from Schiphol and 
would have many spare parts in storage. 

• KLM in 1992 had its own large motor repair and maintenance shop. 

• Paris is only 1-hour flight from Schiphol, even if a spare part was nec-
essary and unavailable at Schiphol, could MP-495 have not waited for 
the repair as required? 

2.2.4.1.4 Question. Do the experts have any information substantive to the fact that 
the captain and/or the maintenance crew actually checked for the nature 
of the defect and the availability of a spare part at Schiphol and/or 
REVIMA in Paris? 

2.2.4.1.5 Questions. The Experts state that "This aircraft was finished entirely in ac-
cordance with the rules and declared as technically airworthy by the 
Maintenance Department and checked as such by the crew" and that the 
stowed thrust reverser was an "approved technical deviation" (§ 8.8 ques-
tion 4).  

• How can the Experts draw these conclusions when the decision to 
depart was obviously in clear violation with the norms defined in the 
Dispatch Deficiency Guide (MEL)? 

• In the 143 questions, in response to question 102, Martinair an-
swered that "the aircraft was finished entirely in accordance with the 
rules". However, this was clearly not the case given the unambiguous 
AOM requirements with regard to the thrust reverser. Do the Experts 
concur that the DASB gave an incorrect answer and should, addition-
ally, have added a comment on the decision of the captain to break 
the rules defined in the Dispatch Deficiency Guide and that the DASB 
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should, thus, have informed the victims about this transgression in 
response to their question? 

• Please answer the above question also with regard to the remark 
made by DASB member Snoek during the information meeting on De-
cember 1, 1994 [26] with the victims that: "you can take off without 
number 2" thereby ignoring the relevant AOM regulations.  

2.2.4.1.6 Remark. According to their comment (§ 8.4.1-indent 3) the Experts agree 
that, given the weather report which, at the time of departure, predicted 
thunderstorms and related heavy precipitation at Faro Airport at the Esti-
mated Time of Arrival the defective thrust reverser is a concern that the 
crew should have taken into Account.  

2.2.4.1.7 Question. In view of this comment, do the experts agree that: 

• The known weather conditions at FARO aggravated the decision by 
the captain to disregard the regulations set forth in the Dispatch Defi-
ciency Guide with regard to the thrust reverser and that the DASB 
should have commented on this? 

• The DASB was wrong in its conclusion that:  
"There were no indications of faults on the aircraft or its systems that 
could have contributed to the degradation of safety nor could have 
increased the workload on the crew during the final phase of the 
flight."  

2.2.4.1.8 Question. on what basis do the Experts conclude that if the captain made 
the decision to take-off, it means that he did not plan the fact that the 
runway might be contaminated at arrival. Do the experts not agree that it 
is possible the crew made a mistake regarding this issue? All the more so 
given the fact that the Experts have stated (§ 8.4.1-i3) that, given the 
weather report, the defective thrust reverser is a concern the crew should 
have taken into account. It seems the Experts contradict themselves at 
this point.  

 Question 107 of 143 questions: Did the pilot by departing in this way, act in 
accordance with written or unwritten instructions from the Martinair management? 
Martinair answered: "Yes, fully". 

2.2.4.2.1 Question. Experts wrote in their remarks to this question: "The only cases 
for which a pilot can take the decision to take off with a defect are listed in 
a certified document: the minimum equipment list". This list was available 
in AOM § 3.1.17 (Appendix 3). The captain however, did not make his de-
cision to depart in agreement with the list and therewith violated Martin-
air's own written instructions. Refer to RvO 1.6.3 page 32 and RvO 
§ 1.17.1.4 page 94. Isn't the answer by DASB a wrong answer? 

2.2.4.2.2 Question. Given the above mentioned facts and questions, and the com-
ments, answers and information given by DASB, do the experts feel that 
the DASB handled the information it had at the time with due care? 

2.3. Flight crew experience 

 Facts 

 From the CVR transcript it became clear that the co-pilot would land the 
aircraft. The co-pilot however, had no experience in landing with crosswinds exceeding 
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approximately 15 kt, as Martinair informed DASB (Archive I&M 1-4, 1993-04-19; Ap-
pendix 5).  This fax, containing the remark "cross wind till approx. 15 kts" (while 15 kts 
was double-underlined with a pencil), was not forwarded by DASB to the Portuguese 
Commission, because the listed recent experience of the co-pilot in RvO § 1.5.1.2 is not 
in agreement with the recent flight hours listed in the fax. It was not clear whether the 
captain was made aware of this limitation. Normally, a co-pilot must inform the cap-
tain of his training standards and relevant flight (in)experience before or during the 
flight.  

 Comment DASB 

 DASB stated that the crew was correctly licensed, qualified and certified for 
the operation of the aircraft (Report RVDL3, lijst 4 tab 23, page 8).  

2.3.2.1.1 Remark. However, DASB were made aware by Martinair (fax referenced 
above) that the co-pilot had no experience, and hence was not qualified in 
landing the aircraft in crosswinds in excess of 15 kt as explained in the 
previous paragraph. The DASB received this information and withheld this 
information from the Commission. DASB also failed to take this relevant 
aspect of crew experience into account in their assessment of the causes 
of the crash.  

 Comments Experts 

 The three crew members are experienced and qualified for the aircraft type 
involved in this accident. Generally speaking, a pilot who spends more than 600 hours 
flying a specific aircraft is subsequently considered as an expert, in regards to the “hu-
man factor” principles. In other words, the crew members have the capacity to react 
swiftly and naturally in case an unexpected event occurs during routine procedures 
(V17 § 8.6.1 page 73).   

2.3.3.1.1 Questions. The co-pilot flew 118,2 hours as PF during the 6 month prior to 
the accident and logged 19 landings (Appendix 5). Is a pilot with 600 hours 
on a specific aircraft to be considered an expert? A pilot is licensed to op-
erate a type of airplane, not to be an expert. Don't Experts agree, after 
reading this review, that both the captain and the co-pilot did not react 
"swiftly and naturally" during this flight? If not, please explain. 

 Experts, on V17 page 74: "Let us ask a few questions without answering 
them (since it is not our mission):   

• Why did one of the pilots seem to override the functioning of the ATS by de-
creasing or increasing the thrust in a way that seems to be not adequate to 
the specific conditions of this phase of the flight?  

• Why did one of the pilots make such an excessive use of the rudder pedal at 
an altitude where such actions are neither usual, nor recommended?  

• Why did a “go-around” procedure seems to be engaged but immediately 
stopped? 

These questions are not directly listed as potential contributing factors to the accident.  

Answers must not be given following mere impressions or without being properly illus-
trated".   

2.3.3.2.1 Question. While reading these questions, how can Experts state in the 
previous paragraph that the pilots with 600 hours are experts?  And why 
are conclusions elsewhere in the interim report different? Please explain. 
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 Remarks and Questions Claimants 

 The NTSB concluded (letter 26 Oct 1994, RvO Appendix) that the Control 
Wheel Steering (CWS) and Autothrottle System (ATS) were inappropriately used by the 
flight crew. The co-pilot proved not being able to control the aircraft during the landing 
with a crosswind higher than 15 kt at Faro in accordance with the procedures in the 
AOM.  

2.3.4.1.1 Question. Should not the DASB have concluded that the captain should 
have taken the control of the aircraft given the fact that the conditions 
during the approach and landing phase clearly exceeded the experience 
level of the co-pilot. If not, please explain. 

 The 143 questions posed by the victims were answered in a joint document 
drafted by Martinair and the DASB. This means that the DASB was well aware of the 
answers by Martinair before the formal reply was released to the victims, agreed with 
these answers and thereby took joint responsibly for them. It is important to realise 
this in the context of every reply to the 143 questions, irrespective of whether the spe-
cific question was formally answered by Martinair or by the DASB. 

 Question 112 of 143 questions. Does Martinair have company regulations 
stating that the co-pilot is not permitted to land at a particular crosswind and if so, was 
the crosswind the crew were aware of above or below this standard?  Martinair an-
swered: "Martinair does have such company regulations. The crosswind the crew were 
aware of was below this standard".  

 However, the crosswind, read aloud by the captain from the Area-Naviga-
tion system (R-Nav) 10 seconds before landing, was 190°/20 kt, 25% over the maxi-
mum crosswind experience of the co-pilot (Appendix 5).  Please consider in your reply 
to the following questions that:  

• If windshear is expected, the Pilot-not-flying is required to monitor the R-
Nav and, clearly, is not allowed to disregard its readings. BIM 3.1.7 (Appen-
dix 6) states: 
 
"If a wind shear in the approach area is expected or known to exist: monitor 
Inertial/Omega data, IAS, rate of descent, pitch and power, closely for early 
shear recognition.  
Do not make large power reductions until beginning of the flare.  
Delay approach or divert if severe thunderstorms are present in the ap-
proach area." 

• The captain did read the R-Nav wind under conditions with thunderstorms 
present, i.a.w. BIM 3.1.7 (Appendix 6), at 3.5 minutes and at 10 sec before 
the landing.  

2.3.4.4.1 Question. Did the company regulations of Martinair allow for a landing to 
be performed by the co-pilot with a crosswind that substantially exceeded 
his experience? 

2.3.4.4.2 Question. If the answer to the aforementioned question is negative, do 
the experts agree that the DASB should not have allowed Martinair to give 
an intentionally faulty reply to the victims? 

2.3.4.4.3 Question. Was the wind indeed below the standard as Martinair an-
swered, given the large wind correction angle during approach and land-
ing? Should DASB not have intervened here? If not, please explain.  
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 Question 137 of 143 questions: What about the authority and experience of 
the Anthony Ruys cockpit crew to fly on a DC-10?  Martinair answered: "All were fully 
authorised and had more than enough experience to fly on a DC-10".  

 Remark. DASB was informed by Martinair that the co-pilot had no experi-
ence in landing in crosswinds exceeding 15 kt (fax Martinair to AIB; Appendix 5). 
Clearly, the co-pilot was not 'fully authorised' nor did he possess 'more than enough 
experience to fly on the DC-10', and certainly not enough to perform an approach and 
landing under the crosswind conditions prevailing at Faro during the landing phase.  

2.3.4.6.1 Question. How do the experts rate the fact that the DASB failed to com-
ment on this issue and allowed Martinair to answer the victims in this 
way? 

2.3.4.6.2 Question. Don't the Experts agree that the inexperience of the co-pilot 
was a contributing factor to the accident? If not, please explain. 

3. En-route and initial descent 

3.1. Weather changes en-route and initial descent 

 Facts 

 During the flight, the weather at Faro airport deteriorated. The CVR tran-
script (RvO Annex 5) provides the facts from 40 minutes before landing. During the ap-
proach briefing at 06:54:56 (UTC – padrão, meaning standard), the co-pilot acknowl-
edges a "wet runway". At 06:57:50, the captain said "you have to make it a positive 
touchdown".  

 The weather data the crew received during the last 40 minutes of the flight 
are included in Appendix 1. The descent started at 07:03:57 when MP495 was cleared 
to leave flight level (FL) 370 for FL 250.   

 The reported wind to TP120, who took off at 07:21, was 150°/24 kt, mean-
ing a 17 kt crosswind component on the runway. The actual wind at Faro airport had 
increased to a value higher than the crosswind limit of a DC-10 for both a wet and a 
flooded runway already 13 minutes before the landing of the DC-10. The crew were 
aware of the increase, given the recorded remarks on the CVR, but continued the ap-
proach.  

 Having heard the wind reports, the crew should have been very alert during 
the approach. The wind was strong and the direction varied. The runway was contami-
nated with standing water.  

 Comments DASB 

 DASB stated in the Report RVDL3 (lijst 4 tab 23, page 2) that "During the 
progress of the flight the reported weather did not change. The weather conditions 
mentioned in the forecast prior to the flight until the final part of the approach re-
mained generally the same, with a reported wind of 150° with a speed of 15 knots, with 
gusts up to 20 knots only reported at the last moment". "The presence of the thunder-
storm West of the field at about 8 nm DME was also evident from the increased turbu-
lence encountered at that position, as recorded on the DFDR, and the crew’s report of 
rain intensity and turbulence". 

3.1.2.1.1 Question. The facts listed above make it clear that the weather conditions 
remained not generally the same. The wind varied quite a bit, the runway 
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condition was reported "flooded" not only to flight MP495. There might 
not only have been a thunderstorm at 8 nm west of the field, but a de-
parting flight also reported a local thunderstorm at or near the airport.  
DASB wrote "increased turbulence at that [8 nm] position", but the NTSB 
only provided graphs of DFDR data from 80 seconds, ≈ 3.2 nm before 
landing (DFDR data; Appendix 7). Is the statement correct?  

 "The reported weather at Faro was not of exceptional concern to the crew, 
since, with the precautions they had taken in view of the wet runway, all conditions 
were within the operational limits of the aircraft" (Report RVDL3, lijst 4 tab 23, page 3). 

 Comments Experts 

 Experts responded with "Yes", without motivating this answer. 

3.1.3.1.1 Questions. Shouldn't the answer of the experts have been "no", the DASB 
answer is not correct? Wasn't the answer "yes" for the weather condi-
tions the crew was informed of before arrival in the Faro Control Zone, 
but "no" after they were informed of the actual weather? In the RvO, one 
of the causes stated by the Commission in RvO § 3.2 is: "The crosswind, 
which exceeded the aircraft limits and which occurred in the final phase of 
the approach and during landing". Was it not a fact that the runway was 
flooded, which required either waiting or diverting, i.a.w. AOM 3.3.5 – 15, 
Appendix 2? The crosswind not only exceeded the aircraft limits, but also 
the personal limit of the co-pilot; in addition, the approach was not stable 
at 500 ft. The captain did not timely take control. Both conditions individ-
ually required aborting the landing at that time. Don't you agree?  

 Remarks Claimants 

 The numerous weather reports received en-route, the observations of the 
on-board weather radar and the wind, precipitation and runway condition reports 
from both ATC and on-board systems should have led to the conclusion that limita-
tions would be violated when the approach would be continued, already before com-
mencing the final approach. 

3.2. Arrival briefing 

 Required 

 Before commencing the descent for landing, the pilot who conducts the ap-
proach and landing will give an arrival crew briefing to inform the other crew members 
of his intentions and plans, i.a.w. AOM 3.3.5 – 05 (Appendix 8). The Landing Data Card, 
containing runway, weather data and the three braking actions with the actual landing 
distances to be used by the pilots, was prepared by the Flight Engineer and handed 
over to the pilots.  The LDC was recovered and included in the RvO Annex 3.  

 During the arrival crew briefing, the co-pilot assigned the captain the task 
"you call approaching minimums and field in sight … you looking outside … runway is 
2490 … wet runway" (CVR transcript).  

 AOM 3.7.3 – 04 (Appendix 9) presents the Restrictions for maximum wind 
components for the runway conditions that were used to complete the Landing Data 
Card.  For "standing water", the table lists "Braking Action POOR", for which the maxi-
mum crosswind component is 5 kt for a runway width of 45 m or more. The maximum 
component for a runway 40 – 45 m wide is 0 kt. The runway at Faro was 45 m.  
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 Facts 

 The CVR transcript included the last part of the arrival crew briefing. The 
pilot mentions during the briefing that a runway length of 2490 m would be available, 
while the actual length was 2445 m, as was also written on the landing data card.  

 Comments DASB. None. 

 Comments Experts 

 Experts refer to the Landing Data Chart in the AOM. "We note that it was 
possible to plan landing at “maximum structural landing weight”, which corresponds to 
186,4 tons for both dry and wet runways (as defined by the JAR OPS 1.480 – Terminol-
ogy)" (V17 § 8.6.4.4.3, page 101). 

3.2.4.1.1 Question. This landing weight is not correct for Martinair DC-10. The top 
line in the graph has the legend "MAR", for Martinair. The maximum land-
ing weight was 192300 kg. The text in the remainder of the paragraph is 
irrelevant for pilots, the calculation of the landing distance by the Experts 
is incorrect. Don't you agree? 

  Remarks and questions Claimants 

 The Landing Data Card showed clearly that the runway of 2445 m would be 
just long enough for a landing on a wet runway (2400 m), but way too short for a brak-
ing action poor (flooded runway – standing water, 3055 m).  

3.2.5.1.1 Question. A pilot is not authorized to argue these numbers, i.e. to 'amend' 
the formal restrictions in the Manuals; he simply has to apply them. Don't 
you agree? 

3.2.5.1.2 Question. The captain mentioned a possible diversion to Lisbon and the 
procedure to execute a missed approach, meaning they were prepared to 
divert (CVR transcript). Don't you agree? 

4. Approach 

4.1. Approach Stability 

Approach stability is often misinterpreted, therefore a brief explanation using the definitions in 
appropriate manuals. 

 Rules and Regulations 

 An approach path is considered stabilized if the glide slope is 3° ± 0.5 from 
the PAPI (1 to 3 white and 3 to 1 red of 4 lights) and the lateral deviation is ± 2° (1 dot 
on the course deviation display of the Horizontal Situation Indicator - HSI) from the ap-
proach radial above 200 ft (AOM 3.3.5 – 11; Appendix 10). In addition, the airspeed is 
the specified approach speed and the engine thrust is stable to maintain that airspeed 
and to maintain the correct glide path (rate of descent).  

 Approach stability is also discussed in BIM 3.4.4 – 06 (Appendix 11). "Early 
stabilization on the final approach path with respect to glide path and centre line is 
considered essential. At not less than 500 ft above threshold elevation this flight path 
stabilization must also be accompanied by a basic stability of speed and thrust, thus 
ensuring that any disturbing influences or deviations in the latter stage of the approach 
can be readily recognized and rapidly corrected".  
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"It is therefore strongly recommended that no landing be attempted if the desired sta-
bilization has not been achieved when passing 500 ft above threshold elevation." 

 "Should circumstances prevent such stability being achieved before reaching 
500 ft, then it must be realized that safe continuation of the approach to landing be-
comes questionable" (BIM 3.4.4 – 06, Appendix 11). 

 Stabilized aircraft conditions below the descent limit (500 ft) "include that 
the aircraft is in a position from which a descent to landing on the intended runway can 
be made at a normal rate of descent, using normal manoeuvres and where that rate of 
descent will allow touchdown to occur within the touchdown zone of the runway of in-
tended landing" (Stabilized aircraft conditions, BIM 2.3.6 – ii); Appendix 13).  

 Remarks and Question Claimants 

 Approach stability means that during an approach, the aircraft must be in 
an imaginary square cone that becomes narrower when the aircraft approaches the 
runway. If during the approach, with the VOR set on the 111° approach radial, the 
course deviation needle is more than the above specified number of dots from the 
centre, or if the aircraft is not on the PAPI indicated glide slope, the approach is no 
longer a stable approach. If the path of the aircraft is not, or cannot be corrected, a go-
around should be considered; if the altitude is below 500 ft, a go-around is mandatory. 

 An aircraft is stable if, following a disturbance form outside, for instance 
due to the weather, the aircraft returns by itself to the stable point it had before the 
disturbance. All aircraft are flight-tested prior to certification to determine whether 
the lateral and longitudinal stability are within the required specifications of the appli-
cable Airworthiness Regulations. Only licensed Test Pilot School graduates are author-
ized to conduct such flight-testing.  

 An aircraft cannot be called unstable if the pilot induces motions by unnec-
essary control inputs, as happened during the approach, or if motions are the conse-
quence of atmospheric disturbances.  

4.1.2.3.1 Question. Don't Experts agree with this established theory? 

4.2. Outbound radial, inbound turn and establishing on the approach 

 Rules and Regulations 

 The Approach Chart (RvO Annex 12; Appendix 12) presents the approach 
path for landing on runway 11 as published by the Aviation Authorities of Portugal. The 
proper use of approach charts reduces required radio communications and eases traf-
fic separation. Aircraft are to be established on the approach radial at a specified alti-
tude prior to commencing the descent. This procedure has proven to prevent ap-
proach and landing accidents.  

 As Faro airport was not equipped with an Instrument Landing System, but 
only with a VOR/DME, MP495 had to conduct a so-called non-precision VOR/DME ap-
proach, i.a.w. the Faro approach chart mentioned in the previous paragraph. AOM 
3.3.5 – 08 (Appendix 14) provides the non-precision approach procedure.  

 AOM 3.7.3 – 04 (Appendix 9) presents the Restrictions to maximum wind 
components that were used to complete the Landing Data Card i.a.w. AOM 6.4.2 (Ap-
pendix 15) and 6.4.3 (Appendix 18). Calculations of maximum allowable wind compo-
nents for landing should be based upon the Tower reported surface wind (AOM 2.15.4 
– 06; Appendix 16), not on the forecasted winds. The crew used the forecasted winds 
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(140°/14 kt), not the Tower reported winds (150°/ 15 – 20 kt) as the Landing data card 
proves (RvO Annex 3). 

 "Information that water is present on a runway shall be transmitted to each 
aircraft concerned on the initiative of the controller". One of the terms to be used is 
"Flooded" (ICAO Doc 4444, in 1992 called PANS-RAC; Appendix 17). 

 "A landing on or a dispatch to a runway with POOR braking action is unde-
sirable. This operation should not be planned unless other factors make it imperative". 
"Decide which braking action has to be taken into account. If with adverse conditions 
the braking action is not known, request same. When braking action and/or friction co-
efficient are/is still not known, refer to AOM 3.7.3 [– 04] [Appendix 9] to determine 
braking action by reference to runway condition" (AOM 3.5.2 – 06; Appendix 20). 

  "Several conditions may require early stabilization, such as non-precision 
approaches" (AOM 3.3.5 – 06; Appendix 19). "Non-precision Instrument Approaches 
are approaches without electronic glide slope guidance" (AOM 3.3.5 – 08; Appendix 
14).  

 The approach initiation procedure in AOM 3.3.5 – 08 (Appendix 14) pre-
scribes: "At 2 nm prior to point "D" [at Faro 9 nm] select gear down, at 1 nm prior to 
point "D" [at Faro 8 nm] select landing flaps, set the final approach speed, and perform 
the landing checklist".  Start of the descent is at 0.5 nm before point D, in this case at 
Faro 7.5 nm, to allow the aircraft to 'settle' in the selected rate of descent. 

 Although Faro airport did not provide electronic glideslope guidance, it did 
provide lateral guidance from a VOR/DME ground beacon of which the approach radial 
can be set in the VOR receiver in the aircraft, that is required by the published proce-
dure, after which the deviation from that radial is displayed on instruments in the 
cockpit. The ground track of the aircraft above 200 ft must be within 2° of the ap-
proach radial, i.e. 111° ±2°, from the moment of interception.   

 Facts 

 The aircraft was overhead Faro at 07:25:57 out of 4000 ft to 3000 ft i.a.w. 
instructions from ATC and were cleared for a VOR/DME approach to runway 11 that 
started with 269° radial outbound from the VOR station.  

 The ATC controller asked a few times whether the aircraft conformed to 
this requirement.  

 While MP495 was on the outbound radial, at 07:26:20, the air traffic con-
troller advised Martinair flight MP461: "cleared to land, now 130/18, 21 maximum".  

 At 07:26:43, the captain advised the co-pilot "you may turn at 8 nm".  

 As shown by the ground radar track in RvO Annex 12 (Appendix 12), the air-
craft followed the 269° outbound radial quite accurately. Just prior to reaching the 
turn to final approach, the heading, according to the DFDR data, was ≈ 257°, the air-
speed ≈ 168 kt. The correlated crosswind component would then have been ≈ 35 kt 
(168∙tan (269° – 257°)), well above the limits for both a wet and a flooded runway.  

  Just prior to the turn to final approach, the captain said: "I'll give you 111" 
and set this approach radial in in the VOR course window. The co-pilot then ordered 
"over right 080" after which the captain set this heading in the autopilot with the 
heading selector. 

 Ground radar data, added by the Commission to the approach chart of run-
way 11 (RvO Annex 12, Appendix 12), shows that the aircraft, rather than establishing 
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on the 111° approach radial at or before 8 nm, crossed the 111° approach radial in-
stead under an angle of 30° at approximately 7.4 nm from the VOR/DME. The autopilot 
established the aircraft on a heading 080 as requested by the pilot-flying. The ground 
radar plot in RvO Annex 12 (Appendix 12) shows that the radius toward the end of the 
final turn was too large to establish timely on the 111° approach radial due to the large 
crosswind. The result, eventually, was an overshoot of 0.7 nm to a bearing of 118° 
from the VOR. The radar data also show that the aircraft never returned to and estab-
lished on the 111° approach radial.  

 During the turn, ATC informed MP495 of the runway being "flooded".  

 At Descent point D, the aircraft was not yet in the landing configuration. At 
2 nm prior to reaching point D, the landing gear should have been selected down 
(AOM 3.3.5 – 06, Appendix 19), in this case 2 nm prior to reaching 7 nm DME. At 8 nm 
the land flaps should have been selected.  At ½ nm before point D, the rate of descent 
must be set in the autopilot so that the descent starts at Descent point D, 7 nm from 
the VOR/DME station.  

 Twenty seconds after crossing the 111° radial, at 07:29:53, the captain said 
"wind is from the right", and at 07:30:47 "wind is coming from the right, 30 kt, drift 
12°, so you make it 123 or so" (CVR transcript).   

 Although the heading was adjusted to fly towards the airport, this was not 
large enough to return to the prescribed 111° approach radial during the remainder of 
the approach. The deviation from the obligated approach radial became as large as 0.7 
nm or 7°, as evidenced by the radar data plot in RvO Annex 12 (Appendix 12), which is 
much too large. The ground track (shown by the radar plot) of the aircraft above 200 ft 
should have been within 2° of the approach radial, i.e. 111° ± 2°, meaning that the 
early stabilization, as intended in AOM 3.3.5 – 06 (Appendix 19), was not achieved.  

 The captain did not urge the co-pilot to return to and follow the 111° radial; 
no remarks were recorded on the CVR. The early stabilization on the approach radial, 
as required by BIM 3.4.4 – 06 (Appendix 11) for warranting the safety and prevent acci-
dents, was not achieved; the deviation was much too large and not reduced. The flight 
crew did not comply with the stable approach criteria (§ 4.1.1 above). 

 The captain confirmed to see the runway from 4 nm out.  

 Having heard the wind reports, a professional flight-crew should have been 
very alert during such an approach. The wind was strong (peaks of 5 Beaufort) and the 
direction varied; a thunderstorm was reported by departing flight TP120 at or near the 
airport. The runway was reported flooded, i.e. contaminated with standing water, for 
which the braking action is POOR (AOM 3.7.3 – 04; Appendix 9 and AOM 3.3.5 – 15; 
Appendix 2). 

 During the information meeting on 1 Dec. 1994, Mr. Snoek said [8]: "In the 
right turn here the pilot did all of the checks he was supposed to do before the landing - 
flaps and wheels - and had finished them when the aircraft was here at 7 miles in-
bound".  

 Comments DASB 

 DASB did not comment on the large deviation from the approach radial, 
and that the aircraft should have returned to that radial (for meeting the stable ap-
proach criteria).  
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 Comments Experts 

 "Turning at 8 NM DME allows then to avoid the stormy zone while respect-
ing, first, the trajectory as defined by the approach map, and second, the descent point 
as established by the procedure" (V17 page 90).  

 "Experts also consider that the choice by the pilot flying to stabilize the flight 
path for a few seconds to heading 080° was an excellent decision, allowing both a clear 
final approach path interception without going above the final descent path" (V17 page 
90). 

4.2.4.2.1 Remark. The radar approach path in RvO Annex 12 (Appendix 12) shows 
that the autopilot steered the aircraft exactly to heading 080 despite the 
strong southerly wind.  However, the pilot did not anticipate the effect of 
the crosswind by timely selecting a new heading to remedy the overshoot 
and intercept the 111° radial from the North. 

4.2.4.2.2 Question. Why do Experts call "the choice by the pilot flying to stabilize the 
flight path for a few seconds to heading 080° an excellent decision" given 
the fact that this choice of heading led to an overshoot of 0.7 nm?  

4.2.4.2.3 Question. Why do Experts call heading 080 an excellent decision when the 
autopilot can be used to establish on the 111° approach radial, without 
overshooting it?  

4.2.4.2.4 Question. What do the Experts mean when they state that the decision to 
select the heading of 080° was excellent because it allowed a "clear final 
approach path interception without going above the final descent path", 
given the fact that the aircraft was already at 2000 ft during the inbound 
turn? 

 "The only critique we could make towards the crew is not to have suffi-
ciently anticipated the beginning of interception because of an unfavorable wind that 
pushed the aircraft outside of the planned trajectory.  Moreover, the turn toward the 
final approach radial was performed with only a 25° bank angle because it was per-
formed through the autopilot, which induced a slight overshoot from the approach axis 
that should have been adjusted immediately" (V17 page 90).   

4.2.4.3.1 Remark. DFDR roll data shows that the roll angle was only maintained up 
to 30° until approximately halfway the final turn; then the wings were 
kept level. The data shows that no attempt was made to continue the turn 
to establish on the 111° radial. 

4.2.4.3.2 Questions. An overshoot to an offset of 0.7 nm, to a bearing of 118° rather 
than 111°, cannot be called a "slight overshoot".  Experts correctly say 
that this overshoot "should have been adjusted immediately". The pilots 
must have noticed the large drift angle on the outbound radial, given the 
fact that they stayed perfectly on this radial. Doesn't this mean that they 
should have extended the outbound leg in anticipation of a larger radius 
resulting in a probable overshoot of the inbound radial? Shouldn't this 
also mean that the pilot-flying should have set a proper heading for a ra-
dial intercept taking into account the prevailing drift angle which is stand-
ard practise for professional pilots?  

4.2.4.3.3 Questions. Why do Experts call the overshoot a slight overshoot while the 
radar plot in RvO Annex 12 (Appendix 12) shows a considerable over-
shoot? Does the radar plot not show that the turn might have started with 
a bank angle of 25°, but that the bank angle reduced, increasing the turn 
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radius? Can you call this pushing the aircraft outside of the planned trajec-
tory by the unfavorable wind? Would it not just be an obvious failing of 
the pilot-flying in not intercepting a VOR radial under the existing winds?  

 "The statements made by the Flight Engineer (F/E) show that the flight goes 
through a stormy and bumpy area (“…experienced turbulences that could be classified 
as stronger than moderate.”) at around 8 nautical miles during the right hand turn to-
wards the final path, before settling at the right axis for final approach. The flashing of 
the feed pumps lights demonstrates a major flight path correction made by the auto-
matic pilot in order to maintain the actual altitude" and explain that "these lights 
would flash… due to a strong nose up action"(V17 § 5.2.2.2 page 19). 

4.2.4.4.1 Questions. Since the DFDR data during the turn only once show a small 
increase of the normal g to 1.4, which is less than occurred during final 
approach, and that the DFDR data do not show a major flight path correc-
tion, neither a strong nose up action, nor a change in roll exceeding 4° at 
all, the question raises what the Experts are talking about. Did Experts 
conclude these facts using objective data? Where do Experts have these 
data from? Please explain. Don't Experts think this statement is mislead-
ing? 

 Experts question the accuracy and the source of the maps used in the inves-
tigation (V17 § 8.6.4.5, page 105) and ask "what are the sources from which the maps 
are designed?". And that "depending on the type of radar, especially the angular accu-
racy can be strongly different".  

 Experts conclude that their analysis shows that the crew respected the pub-
lished approach procedure (V17 § 6.4, page 35).  

4.2.4.6.1 Question. Are the experts aware of the fact that the approach was not ex-
ecuted in accordance with AOM 3.3.5 – 06 (Appendix 19) and 3.3.5 – 08 
(Appendix 14).  

 Other Remarks and Questions 

 At 07:24:58, 8.5 min before landing of MP495, MP461 was informed by the 
ATC controller: "the runway is flooded and the wind 150/20 kt". The crosswind compo-
nent of this wind was 14 kt (9 kt too high for a flooded runway, 1 kt below the limit for 
a wet runway); the MP495 crew heard this message. At 7 min before landing of 
MP495, the ATC controller transmitted to MP461 that the wind was 130/18-21 (cross-
wind component 8.5 kt).  The wind at the airport was obviously strong and varying.  

 The remaining flight time of the DC-10 to the landing would be too short for 
the water to drain from the runway, which takes 15 – 20 min, according to the DC-10 
AOM 3.3.5 – 15 (Appendix 2). The runway would still be flooded upon arrival, so at this 
moment, the crew should already have decided to discontinue/abort the approach and 
either wait or divert. Twenty minutes earlier at 07:05:30, the captain had said: "If we 
don't make it we go directly to Lisbon".  

 As mentioned in the facts above, the crosswind during the outbound leg 
must have been ≈ 35 kt given the heading and the airspeed recorded in the DFDR.  This 
crosswind would be much too high for a landing on a wet runway, let alone a flooded 
runway (for which the limits were 15 kt, resp. 5 kt; AOM 3.7.3 – 04, Appendix 9). 
Shortly thereafter, ATC informed MP495 also of the runway being flooded.  

 The 111° approach radial must have been set with heading select by the pi-
lot-flying and visible on both Horizontal Situation Indicators. These indicators must 
have timely indicated that the approach radial was going to be overshot, but the co-
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pilot took no action. The result was an eventual overshoot of 0.7 nm to a bearing of 
118° from the VOR. The aircraft should have returned to the 111° radial at once, but 
did not. The captain did not take action either (RvO Annex 12; Appendix 12). The radar 
data also show that the aircraft never returned to and established on the 111° ap-
proach radial which is against the published procedures of both the airport and the air-
craft. 

 The captain obviously used the 30 kt wind to advise heading 123° 
(§ 4.2.2.10 above). This wind was not much lower than the wind that they experienced 
on the outbound radial and was not provided by ATC, so the captain must have ob-
tained it from reading the appropriate display of the R-Nav system. As the DFDR data 
and radar plot shows 123° was the approximate heading required to fly near parallel to 
the 111° VOR radial, not to return to it.  The captain should have commanded to return 
to the approach radial first, then to go along the 111° radial to the runway while de-
scending. By not doing so, the safe continuation of the approach to landing became 
questionable, as warned for in BIM 3.4.4 – 06 (Appendix 11).   

 The strong 30 kt wind from the right would be way too high for landing. 
This should have led to a go-around also at this point, 3.5 min before landing.  

 Being established at 7 nm requires being on the approach radial at 9 nm. 
This was not the case.  

 The aircraft did not return to the 111° VOR approach radial; this would in-
crease the workload during the remainder of the flight, and lead to failure of meeting 
the stable approach criteria when passing 500 ft (BIM 3.4.4 – 06; Appendix 11). The 
captain should have commanded a return to the approach radial. 

 Not being in a stable approach is a contributing factor to the accident.  

 DASB should have remarked the large crosswind and the overshoot of the 
final turn and comment on. These were also 'contributing factors' that should have 
been concluded and included by DASB.  

4.2.5.10.1 Question. Was the lack of intervention by the captain for not returning to 
the approach radial for meeting the stabilized approach criteria accepta-
ble at a distance of less than 8 nm from the airport? 

4.2.5.10.2 Question. Do Experts still insist that the crew indeed respect the published 
approach procedure? If Experts don't agree, please explain. 

 Experts question the accuracy and the source of the maps used in the inves-
tigation (V17 § 8.6.4.5, page 105) and present three possibilities. Only one of these op-
tions was used by the Commission; RvO § 1.11.1 states that the recordings of DFDR, 
AIDS and Radar were used to reconstruct the last flight phase; the legend of RvO An-
nex 12 (Appendix 12) therefore states that the aircraft path is "Trajectória Radar". The 
ranging and the angular accuracy of the Air Traffic Control radar was very accurate, as 
the plot of the outbound track shows; the outbound track and the turn at 8 nm are ac-
curately shown. Hence, the plot of the inbound track is accurate as well.  

 In the same NOTE, the Experts state: "For the DC10 inertial systems, the ac-
curacy is of 1 NM/hour, constantly maintained depending on the useful radio-aids sys-
tems.  The best performance happens with a dual-DME updating system and is there-
fore maintained around 1 NM, meaning an imprecision radius of 2 km"!  This is not 
true.  
The drift of an INS is 1 nm/hr if not updated by VOR/DME (on this DC-10).  The error is 
not maintained, as Experts write, but is a growing error over the hours if the INS is not 
automatically updated by VOR/DME, and relevant for pilots to realize when flying long 
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stretches over oceans when no land-based VOR/DME updates are available. After 6 
hours over water, the INS error, in this case, might be up to 6 nm. When automatically 
updated by VOR/DME, the accuracy of the INS will continuously have the accuracy of 
the VOR/DME stations used for updating. For this case, at distances of less than 8 nm 
from a VOR/DME, the accuracy of the INS must have been quite good, but the Com-
mission used ground radar data though, not INS data. Experts are obviously not famil-
iar with the operation of an INS and have no expertise of ground radar and other posi-
tioning systems for logging the track of an aircraft. They should not have mentioned 
this. 

4.2.5.12.1 Question. Would Experts consider rewriting their statements about the 
ground radar and airborne navigation systems to standard engineering 
and/or flight-test knowledge and practises, and use the correct symbols as 
defined in the SI unit's system?  If not, please explain. 

 The ground radar plot in RvO Annex 12 (Appendix 12) shows that the radius 
of the final turn was larger because of the crosswind, and that the aircraft was not es-
tablished on the approach radial 111°. The CVR transcript and DFDR data prove that 
the aircraft at 7 nm was not configured for landing either. At Descent point D, 7 nm 
from the VOR/DME, the aircraft should have been in the configuration for landing, but 
it wasn't. AOM 3.3.5 – 06 (Appendix 19) states that for non-precision approaches, the 
landing gear needs to be selected down at 2 nm prior to point D and the landing flaps 
selected 1 nm prior to point D; both were selected too late (refer to AOM 3.3.5 – 06; 
Appendix 19). Not being established on the approach radial in-time increased the 
workload and is a contributing factor to the accident which the DASB should have iden-
tified. 

4.2.5.13.1 Question. Don't Experts agree that the crew was too late configuring the 
aircraft for landing (at the keypoints). If Experts don't agree, please ex-
plain.  

 The landing gear was selected down too late, as were the landing flaps. 
When the vertical speed is set in the autopilot 0.5 nm prior to reaching 7 nm DME 
(AOM 3.3.5 – 08; Appendix 14), then the aircraft will start its descent accordingly at 7 
DME, which will lead to a stabilized glide slope. Stable approach criteria were never 
met as DFDR data shows; a go-around should have been initiated i.a.w. BIM § 3.4.4 – 
06 (Appendix 11).  

4.2.5.14.1 Question. Why do experts rely on statements by the pilots, and not on ob-
jective DFDR and ground radar data? 

 Question 39 of 143 questions. Is it true that the Anthony Ruys flew over Al-
manville while one would normally fly over Villamoura, 20 km away? AIB answered: 
"According to the radar plot, the Anthony Ruys followed the normal, specified approach 
path, as instructed by traffic controllers".  

4.2.5.15.1 Remark. Experts remark that "It is the normal work of the ATC-system to 
provide more direct routes (“Direct to...”, Radar vectors, etc.)". This is not 
the answer to the question.  

4.2.5.15.2 Question. The answer given by the DASB pertains to the entire radar plot 
and not just to the initial approach. Did the aircraft indeed follow the nor-
mal, specified VOR approach path as instructed by the traffic controller 
throughout the whole VOR procedure, as assigned to them? No devia-
tions, no overshoot that was not corrected and well established on the 
111° radial? Did the DASB not purposely give an incorrect answer? If not, 
please explain.  
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4.2.5.15.3 Question. Was the answer that Mr. Snoek formulated during the infor-
mation meeting on 1 Dec. 1994 in accordance with the CVR transcript and 
radar plot, and did Mr. Snoek tell the truth?  

4.3. Approach speed 

 Rules and Regulations 

 The runway threshold speeds are prescribed in the AOM and depend on 
flap setting and landing weight (AOM 6.4.3; Appendix 18). The approach speed is al-
ways a minimum of 5 kt higher than the threshold speed for all normal configuration 
approaches.  If steady state wind and/or gusts exceed specified values, an additive, 
called Wind Correction Factor, must be added to the approach speed to ensure a safe 
approach (AOM 3.3.5 – 03; Appendix 21).  

 When using autothrottle, the speed command must be set to at least the 
threshold speed + 5 kt, the sum of which is called the ATS reference speed.  
In addition, "During gusty wind conditions, the ATS will add up to a maximum of 5 kt to 
the ATS reference speed" (AOM 3.3.5 – 03; Appendix 21).  

 The AOM requires a speed increment above the threshold speed and/ or a 
gust wind correction to be added for a safe approach speed under gusty winds (AOM 
3.3.5 – 03; Appendix 21).  

 Facts.  

 The threshold speed for the 50° flaps and the actual landing weight of 
161400 kg was 139 kt (RvO page 104, AOM 6.4.3; Appendix 18). The approach speed 
for the configuration and weight of the aircraft had to be 5 kt higher.  

 The approach speed was set at the threshold speed of 139 kt, not at the 
threshold speed + wind correction factor, 144 kt (AOM 3.3.5 – 03; Appendix 21).  

 Comments DASB. 

 "The reference speed Vref was mentioned as 139 knots". According to AOM 
procedures a Wind Correction Factor with a minimum of 5 knots should be added to 
this value, and this value (144 knots) should be inserted into the ATS Speed Window. 
The captain was positive in his statement that he indeed had inserted 144 knots. After 
the accident the value in the ATS Speed Window was found to be 139 knots, not 144 
knots (RVDL3, lijst 4 tab 23, page 5). 

 Comments Experts. 

 In V17 § 5.2.2.4, Experts state that the REF speed was 139 kt, they mean 
threshold speed, because in the AOM of 1992, "REF speed" did not exist.   

 "Regarding the speed to be inserted if the ATS speed window, and regarding 
the KLM Flight Crew Operating Manual, the REF speed was 139 knots". Experts con-
clude "the value of the actual indicated airspeed to monitor during the final approach 
should be around 144 knots". In V17 § 8.6.4.2.2, Experts however state that "the ap-
proach command speed bug (yellow bug) should also be set at 139 knots".  

 Remarks Claimants. 

 The AOM prescribes a threshold speed, which in this case was 139 kt (AOM 
6.4.3; Appendix 18. The approach speed is always higher than the threshold speed, for 
the DC-10 at least 5 kt higher (AOM 3.3.5 – 03; Appendix 21). During gusts above 5 kt, 
the airspeed has to be increased, up to a max. of 15 kt. In addition, during gusty wind 
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conditions, the autothrottle system will add up to a max. of 5 kt to the speed above 
the speed set in the autothrottle system by the pilots.  

 The approach speed for the reported wind had to be 139 + min. 5 kt = 
144 kt. Until 80 sec before touchdown, DFDR data show no or very little turbulence. 
The recorded airspeed however was ≈ 139 kt, 5 kt too low. Thereafter the recorded 
turbulence was light. From that moment, the airspeed started varying because the au-
tothrottle system increased the thrust for adding 5 kt until the gusts decreased again. 
The airspeed graph shows several airspeed increases and decreases during the last 80 
sec of flight. The average of the airspeed however, was 5 kt too low.  

 The reported wind with the landing clearance was 150°/ 15 – 20 kt, hence 
the gust was 5 kt. The steady state wind was below 20 kt, so the minimum wind cor-
rection factor was still 5 kt (AOM 3.3.5 – 03; Appendix 21). The gust was 20 – 15 = 5 kt, 
which required no gust wind correction. Hence, in this case, the required approach 
speed was 139 + the greater of steady state (5 kt) and gust increment (0 kt) = 144 kt 
(AOM 3.3.5 – 03; Appendix 21). The airspeed set in the ATS however was 139 kt, 5 kt 
too low.  

 When the arrival briefing was given by the pilot-flying, there was no gust in 
the received weather reports, so the final approach speed (threshold speed + wind 
correction factor) should have been 144, not 139 kt.  

  In one paragraph Experts want 144 kt, in another 139 kt. It seems that the 
Experts do not agree amongst themselves. The AOM is clear: 144 kt.  

 As the airspeed graph in DFDR data (Appendix 7) proves, the airspeed was 
an average of 139 kt, with several temporary 5 kt increases during the last 80 sec of 
the approach by the autothrottle system to increase the safety of the approach during 
gusty winds (when the vertical g increased). The airspeed decreased back to 139 kt 
when the turbulence decreased. If set to 144 kt, the airspeed would not have de-
creased below this minimum approach speed; a 5 kt increase by the autothrottle sys-
tem during gusts (to 149 kt) would have increased the safety of the approach in case 
the aircraft would indeed have encountered windshear. By setting a too low speed, 
which was not in accordance with the AOM 3.3.5 – 03 (Appendix 21), the pilots did not 
maintain a high level of approach safety, but jeopardized it in the known bad weather 
conditions with large crosswind and nearby thunderstorms.  

4.3.5.6.1 Question. Do Experts now agree which approach speed was as required by 
the AOM, and was this safe for the weather conditions? If not, please ex-
plain. 

4.4. Alleged windshear during the glide path 

 Rules and Regulations 

 Operating Manuals describe operations in windshear environment (BIM 
3.1.7, Appendix 6) and windshear recovery techniques (AOM 3.3.8 – 02, Appendix 22). 
This AOM paragraph also presents guidelines that "marginal flight path control may be 
indicated by deviations from target conditions in excess of:  ± 15 KIAS, ± 500 ft/min, 
± 5° pitch attitude and unusual throttle position for a significant period of time".  

 "If flight path control becomes marginal at low altitudes, initiate the recom-
mended Windshear Recovery Technique without delay. Accomplish the first two steps 
simultaneously" (AOM 3.3.8 – 02; Appendix 22): 



Review and Remarks & Questions of Claimants of Interim Report V17 

  24  

• "disengage the auto-throttles and aggressively apply the necessary thrust to 
ensure adequate aircraft performance".  

• "Increase the pitch attitude as necessary toward an initial target attitude of 
15°". 

 BIM 3.1.7 (Appendix 6) describes windshear environment. Two quotes, that 
are of relevance:  

• "Delay approach or divert if severe thunderstorms are present in the ap-
proach area", and  

• "If windshear has been encountered, this should be reported immediately to 
ATC. Reports should include altitude and amount of shear".   

 Facts 

 At no point during the approach, the deviations from the target conditions 
of airspeed, rate of descent and attitude, as recorded on the DFDR, increased above 
the values that would indicate the crossing of a windshear area, i.a.w. § 4.4.1.1 above.  

 From a detailed analysis of the SIO data, the Commission determined a 
wind gust of 220° and 35 kt occurred, a strong gust from the side and from behind. The 
published SIO data however, do not support this conclusion. The SIO data table was 
not synchronized with UTC and had a time lag of 1.5 minute. The accident occurred in 
the SIO time between 07:31:30 and 07:32:00. The SIO in this period measured a wind 
direction between 160 and 180 degrees and a wind speed between 22 and 35 kt. This 
is within the bandwidth of the wind the captain read from the R-Nav. Nothing indicates 
that the wind direction was between 40 and 60 degrees larger than was registered by 
the SIO. The SIO did not issue a windshear warning notwithstanding the fact that the 
system was capable of this and was functioning properly.  
The Commission stated that SIO records the average and maximum wind speeds every 
30 sec, as well as the average wind direction during the last 2 minutes. No data is rec-
orded about variation of wind direction nor sudden wind and minimum wind. There-
fore, it is impossible to conclude from the displayed average wind direction from the 
SIO table at the time of the accident (from 160 to 180 degrees), that a wind direction 
of 220 degrees occurred. DASB should have noticed this. Moreover, DFDR data do not 
support the thesis that such a wind occurred. On the contrary.  

 Comments DASB 

 "The Dutch Aviation Safety Board remains cautious in regards to the vertical 
speed values as it seems that these values are merely computed, and not recorded by 
sensors.  
The Experts agree here that such caution is appropriate" (V17 page 25). 

 "The calculations of the NLR showed three areas of downburst/microburst 
activity along the aircraft approach path (Report RVDL3, page 5). The first one, a down-
burst, which the aircraft crossed at about 700 ft, has been discussed in the Portuguese 
report. The two others were microbursts, classified as small. The aircraft flew through 
the second one while descending from 600 ft to 300 ft. This microburst could have had 
an influence on the instability of the approach. The position of the third microburst was 
approx. 1 km in front of the runway, with the aircraft descending from 200 ft to 110 ft. 
This microburst, according to the calculations made by NLR, caused headwind to tail-
wind changes of a magnitude which would have triggered a windshear alert system, if 
such a system had been installed in the aircraft. The NLR study also showed that the 
experienced windshear occasionally was beyond the aircraft performance limits, and 
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that one such occasion took place when the aircraft was at about 150 ft altitude" (Re-
port RVDL3 page 4).  

 "The aircraft in the final phase of the approach passed a turbulence area 
associated with windshear and downburst phenomena that initiated a longitudinal in-
stability of the aircraft" (Report RVDL3 page 9).  

 Comments Experts 

 "The NLR has identified three situations of downbursts and areas of turbu-
lence with microbursts; as it happened, it seems to be the third one that could really be 
of interest since the two previous ones were passed successfully, even though it caused 
instability of the aircraft on its trajectory.  
For this last situation of downbursts and areas of turbulence with microbursts, it corre-
sponds to a wind that would go from 170° to 190° (in average) in 20 seconds, and a 
speed of 27-28 knots to 45 knots.  
This could very well explain the leaning leftward, but not necessarily, the brutal varia-
tion of bank angle. These variations of wind, whatever its effects, are significant" (V17, 
page 30).  

4.4.4.1.1 Question. Do Experts agree with the occurrence of windshear/downbursts 
after reviewing the DFDR data? If not, please explain. And how did Experts 
derive or verify the mentioned winds?  

4.4.4.1.2 Question. Do Experts really agree to the "brutal variation" of bank angle? 
Doesn't the DFDR roll data show a slow increase over 8 sec that was the 
side effect, the consequence of the near maximum rudder input to the 
left without proper aileron to the right? If Experts don't agree, please ex-
plain. 

4.4.4.1.3 Question. Experts wrote: "the commission has no reason to reject the NLR 
conclusions" (V17, page 32). Since Experts used NLR data and graphs, they 
must agree with the data. But have Experts reviewed the NLR report with 
their aeronautical knowledge? Are the data correct? Do these agree with 
the RvO, taking into account the clock time differences? Experts were 
asked for their expert opinion. Please explain. 

 "The NLR has conducted two studies that both confirmed that the aircraft 
went through three windshears below 1000 feet/ground, after 07:30:30 UTC" (V17, 
§ 6.1 page 34). 

4.4.4.2.1 Remarks: The NLR issued two reports, "Windshear analysis using flight 
data from the DC-10 crash at Faro airport", CR 93080 C, that was never 
officially published and hence should not be used, and "Analysis of addi-
tional flight data of the DC-10 accident at Faro airport", CR 94238 C, that 
was included in RvO Annex 4.  
The NLR research engineer and his chiefs who wrote and approved these 
reports were obviously not aviators, and were neither (made) aware of 
the non-precision (VOR-DME) approach procedures and the requirements 
for intercepting a visual (PAPI) glide path using the autopilot and au-
tothrottle systems, nor of the effects of windshear and downdrafts on a 
DC-10 as presented in AOM 3.3.8 – 02 (Appendix 22). This procedure in-
cludes: "As guidelines, marginal flight path control may be indicated by 
deviations from target conditions in excess of: ± 15 KIAS, ± 500 ft/min ver-
tical speed, ± 5° pitch attitude and unusual throttle position for a signifi-
cant period of time". BIM 3.1.7 (Appendix 6): "If wind shear has been en-
countered, this should be reported immediately to ATC. Reports should 
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include altitude and amount of shear".  The crew reported nothing; nei-
ther did the crew of MP461. Refer to § 4.5.5.1 for additional information. 

4.4.4.2.2 Question. Did Experts verify the analysis by the NLR on the existence of 
windshear? What would you see on the altitude graph when the pilot 
transitions from the vertical speed mode of the autopilot to CWS for man-
ual glideslope following a little late? Don't Experts think that the short 
≈ 12 sec near-level flight from 50 secs before touchdown was the conse-
quence of the transition from auto flight in vertical speed mode to a man-
ual descent in CWS mode? If Experts don't agree, please explain. 

 "The third windshear — through which the aircraft went at a very low alti-
tude —has caused an important flight path deviation followed by a loss of control; the 
latter led to a descent rate way above the value that the landing gear could support" 
(V17, § 6.1 page 34).  

4.4.4.3.1 Remark. The PAPI may be only followed down to 200 ft above the runway 
threshold. "Thereafter the aircraft must be brought gradually above the 
"on glide slope" indication to provide a 30 to 40 ft wheel clearance at the 
threshold" (AOM 3.3.5 – 14; Appendix 23 ).  The captain obviously knew 
this which was the reason that he said three times "bit low" just below 
200 ft because the aircraft might have descended a little below the PAPI 
glide path. The pitch angle increased and aircraft indeed reduced the rate 
of descent for 5 sec. This glide path correction cannot be explained as 
windshear; it is normal procedure. The radar altitude graph is a near 
straight line and does not at all show an important unintentional flight 
path deviation. The airspeed did not yet decrease during this routine glide 
slope correction, hence no sudden increase of wind.   

4.4.4.3.2 Remark. The DFDR graphs do neither show an important flight path devia-
tion at all, nor a loss of control. The airspeed was well above stall speed all 
the time; controls in all three axes were never maximal deflected. The air-
craft responded to control inputs until the touchdown. Experts should be 
required motivating their answer in physics and engineering terms. The 
rate of descent and the landing gear failure will be discussed in § 5.11.   

4.4.4.3.3 Question. Don't Experts think that the short near-level flight at 200 ft was 
the consequence of the captain's concern not to descent too low as de-
scribed in the PAPI approach procedure in AOM 3.3.5 – 14 (Appendix 23), 
and that it had nothing to do with windshear?  How did Experts derive the 
winds mentioned in V17 § 5.2.3.3.2 for the last situation of downburst? Is 
this not an assumption, rather than objective data? How did Experts con-
clude that the flight path correction at an airspeed well above the stall 
speed resulted in a loss of control? Please motivate your answer using ob-
jective data of DFDR and/or AIDS.  

4.4.4.3.4 Questions. Did the airspeed, altitude and thrust changes as recorded on 
the DFDR come near to what can be expected when crossing a zone with 
downdraft or worse (as defined in AOM 3.3.8 – 02; Appendix 22)? Could it 
be that the scientist of the NLR, who was or might have never been made 
aware of the manual approach procedures, misinterpreted the resulting 
change in the rate of descent as being windshear, while this was a conse-
quence of the procedural requirement to provide a 30 to 40 ft wheel 
clearance at the runway threshold?   
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4.4.4.3.5 Question. The NLR used computer based models for the windshear analy-
sis. Were these models and the analysis of the NLR correct?  

 "The Experts estimate that these variations of speed and direction of the 
calculated wind have to be taken into account, and as a result, they induced accelera-
tions and turbulences" (V17, § 6.1 page 34)". 

4.4.4.4.1 Remarks: The DFDR airspeed data indeed shows variations. But these had 
nothing to do with the wind. The ATS system receives input from many 
sources: central air data computer (airspeed), thrust rating computer, en-
gine speed sensors, elevator control input (control column), attitude 
(pitch angle), acceleration sensors (g's) and from other significant parame-
ter transducers. The DFDR data graphs in RvO Annex 15 (Appendix 7) 
show that as soon as the pilot inputs elevator (pitch) commands with the 
control column, the ATS responds with increasing or decreasing the en-
gine rpm.  
The gust filter in the ATS not only receives the actual airspeed of the air-
craft and the commanded airspeed, but also the normal (vertical) g, longi-
tudinal g, Mach no. and altitude rate. Please refer to DC-10 Schematic Dia-
grams ATA no. 22-31.  When the gust filter detects gusts, then the ATS in-
creases the airspeed with 5 kt instantly. When the vertical acceleration 
and/or the other parameters decrease again, the airspeed increment is 
reduced. The gust filter did its work as can be confirmed by analysing ver-
tical g, airspeed and data of the DFDR data graphs in RvO Annex 15 (Ap-
pendix 7). 

 "It seems likely that certain actions taken by the pilots had contributed to 
the increase of the rate of descent, which ultimately was excessive".  

4.4.4.5.1 Remarks: Agreed, but not with 'likely'.  The throttles were closed at 150 ft, 
the airspeed decreased and when the captain initiated a go-around, the 
engines needed too much time to spool up. We would just say that the 
pilots made catastrophic mistakes despite being trained, and despite the 
airport and aircraft procedures that were in place and had to be, but were 
not respected. 

 "All that being said, it is not in the Dutch Aviation Safety Board competen-
cies to requalify the NLR’s conclusions. This makes no sense since the Dutch Aviation 
Safety Board has neither the expertise not the responsibility to did it".  

4.4.4.6.1 Remarks: The DASB contracted the NLR, represented the Commission in 
The Netherlands as accredited representative and should have provided 
better guidance to and assisted the engineers who obviously had no flying 
experience and did not know about manual, non-precision approach pro-
cedures using a PAPI. Instead, the DASB's only objective seemed to re-
ceive a report in which the existence of windshear was proven.  

 A major change of meteorological conditions actually occurred during the 
very last part of the approach, inducing an instability of the flight. The Expert’s investi-
gation shows that this instability has started at around 800 feet height. The Experts 
however, "do not feel confident enough to affirm that the intensity of these wind 
shears was sufficient to be a contributing factor to the accident" (V17 § 5.2.2.2 page 
21).  

  The Experts say that "it is very likely, not to say certain that the weather 
conditions at arrival disturbed the approach and that the crew could simply not control 
the aircraft in these conditions" (V17 § 5.2.2.2. page 21). 
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4.4.4.8.1 Question. On what factual basis do the Experts draw this conclusion?  

 "The Dutch Aviation Safety Board is on the same position as the Commission 
of Investigation about the beginning of instability, calling it, « oscillations in pitch, air-
speed and engine power ».  
The Dutch Aviation Safety Board regards the beginning of instability as being likely due 
to the first downburst the aircraft had to go through.  
The Dutch Aviation Safety Board believes that oscillations might have increased follow-
ing the second and third microburst that occurred during final approach, and also fol-
lowing interactions coming from the ATS and the pilot’s control inputs" (V17 § 5.2.2.4, 
page 24). 

 "The Experts confirm that instability increased until the loss of control. How-
ever, the Experts do not confirm the interactions of the ATS and the pilot’s control in-
puts because neither the Dutch Aviation Safety Board nor the Commission of Investiga-
tion substantiated this theory" (V17 § 5.2.2.4 page 25).  The Experts agree that a cau-
tion is appropriate for using the calculated vertical speed values as DASB did. 

  "The Dutch Aviation Safety Board indicates that the crew was not informed 
of the existence of windshear, and, in the Expert’s opinion, this is correct. At this time, 
there was no instrumentation related to windshear conditions available on-board, and 
the crew was only able to suppose that this kind of conditions could be effective be-
cause of thunderstorms" (V17 § 5.2.2.2). 

 "The Experts estimate therefore, that the comment made by the Dutch Avia-
tion Safety Board — “the crew did not expect the existence of windshear phenom-
ena”— is not fully appropriate".  

4.4.4.12.1 Question. Do Experts agree that there was no windshear, but just bad 
weather, a large crosswind and light turbulence and misuse of aircraft au-
tomated systems by the co-pilot, and that the aircraft should not have 
continued the approach? If not, please explain. 

4.4.4.12.2 Question. Was the DASB correct in stating that "The aircraft in the final 
phase of the approach passed a turbulence area associated with wind-
shear and downburst phenomena that initiated a longitudinal instability 
of the aircraft"? If Experts don't agree, please explain. 

 Other Remarks and Questions Claimants  

 Claimants do not agree that the meteorological conditions induced an insta-
bility of the flight. Variations (inappropriately called instability by Experts) were caused 
by the pilot-flying, who did not fly the procedure according the AOM, starting from 
turning to final approach radial. Incorrectly applied procedures disturbed the approach 
in the first place. 

 At no point below 1000 ft during the approach, the flight path control be-
came marginal, as DFDR data confirms. There were no large deviations recorded on 
the DFDR from the target airspeed, vertical speed, pitch attitude and unusual throttle 
position for a significant period, caused by external factors that would support the oc-
currence or existence of any windshear or downdraft. There was no mention of these 
factors in the CVR transcript, while the pilots would have been obligated to report en-
countered windshear (BIM 3.1.7; Appendix 6). The pilot-flying, who was late in correct-
ing the glide path to the PAPI glideslope and who did not understand how to control an 
aircraft with the autopilot in CWS mode (see below), caused the deviations that oc-
curred.  
Martinair CEO Martin Schröder introduced the strategy of windshear being the cause 
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of the accident already on the day following the accident during a press conference.  
Objective DFDR and AIDS data do definitely not confirm the occurrence of any wind-
shear. Although the data shows perturbations due to wind and light turbulence, con-
trol inputs in all three axes were never maximal, meaning that the aircraft remained 
controllable down to touchdown.  

 The NTSB accredited representative wrote in his letter of 26 Oct 1994 to the 
Commission (Appendix to the RvO): "If the Commission feels that windshear was pre-
sent during the approach then consideration should be given to recommending imple-
mentation or review of crew training for windshear recovery". A diplomatic way of say-
ing there was no windshear. The NTSB had investigated many windshear events, but 
Faro airport is today still not on the list of airports where windshear occurs (SKYbrary).  

 At 65 sec before touchdown, the pilot decreases the pitch angle; the ATS 
immediately reduces the required thrust in anticipation of an airspeed increase.  From 
60 sec, the pilot started pulling the control column to again increase the pitch angle, 
after which the ATS again immediately started increasing the thrust level to prevent 
the loss of airspeed.  This happened at the instant that the co-pilot noticed being be-
low the PAPI glide path. The thrust increase was not due to windshear. From 20 sec 
before touchdown, the co-pilot again increased the pitch angle, to which the ATS re-
sponds with a large increase of engine rpm. The increased engine noise 15 sec before 
crossing the runway threshold might have caused the co-pilot to close the throttles by 
hand and not allow an acceleration that would lead to a landing further down the 
(short) runway.  
As the DFDR data in RvO Annex 15 (Appendix 7) shows, only a small movement of the 
control column results in engine rpm variations and hence also to changes of airspeed 
and longitudinal acceleration. The co-pilot did not control the aircraft with the autopi-
lot in the CWS mode as it is designed to be used. Unnecessary additional control inputs 
above the normal CWS controlled inputs result in the ATS over-responding, hence in 
large thrust variations, and consequently also in airspeed and acceleration changes.  

 The variations of speed were only small and can be explained fully by the 
pilot behaviour and the operation of the ATS, which is designed to protect against the 
negative influence of gusts and to respond quickly to pilot inputs. The variations can-
not be attributed to variations of speed and direction of the wind. The NTSB accredited 
representative to the MP495 investigation wrote in his letter dated 26 Oct 1994 (RvO 
Appendix): "Once the autopilot was disengaged, CWS with ATS remained: functions 
which were inappropriately used by the flight crew". It was not the variations of the 
wind that induced accelerations and turbulences, but the pilot-flying by inappropri-
ately using the automated control systems of the aircraft.  

 Frequently, variations are called oscillations, but they are not. Oscillations 
are variations in magnitude, but with a constant periodic time. DFDR data do not show 
oscillations, that might indicate longitudinal static instability of phugoid instability, 
flight-path instability or adverse longitudinal manoeuvring characteristics such as short 
period response of residual oscillations. The airspeed variations were caused by the 
ATS that automatically added 5 kt to the airspeed due to the light turbulence for a few 
seconds, and by the co-pilot who was not correctly using the CWS mode of the autopi-
lot. DASB also stated this being caused by inappropriate pilot inputs to which the au-
tothrottle responded. The autothrottle system reacts immediately to any small change 
of force on the control column resulting in engine rpm and hence, speed changes.  

4.4.5.6.1 Question. There was no instability that could be confirmed to increase, 
and absolutely no loss of control. On V17 § 5.2.2.4 page 26, Experts state 
that the stall speed for the landing weight was 112 knots, and "At 126 
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knots, the aircraft is technically still able to fly". How did Experts deter-
mine the loss of control?  

4.4.5.6.2 Question. A crew does not depend on windshear indicating instrumenta-
tion on-board. A flight crew is well educated, and procedures are in place 
to assist in recognizing windshear (AOM 3.3.8 – 02; Appendix 22). The var-
iations in airspeed and altitude as evidenced by DFDR data, were not as 
high as would be the case by crossing a zone of windshear.  

 Question 88 of the 143 questions: If the thunderstorm was on the other side 
of the runway, then can there actually have been a microburst on the side where the 
Anthony Ruys started the landing?  DASB answered: "It can be concluded from the 
weather data which became available after the accident that a thunderstorm front ap-
proached the airport at a right angle to the runway. Microbursts can occur in the vicin-
ity of a thunderstorm". 

4.4.5.7.1 Question. Was this a good answer by the DASB? The answer, given by the 
Experts (V17 § 8.8, page 146) is: "It is rather impossible to anticipate the 
position of a microburst. This is exactly why such meteorological phenom-
ena are dangerous". Claimants agree. 

 Question 89 of the 143 questions: If there was a thunderstorm, even if it 
was on the other side of the runway, then was it responsible to land at that time? The 
DASB answered: "As answered in response to question 18 the crew did not have infor-
mation about the approaching front or about the fact that it would reach the airport so 
quickly". 

4.4.5.8.1 Question. The crew was informed by ATC of "present thunderstorm" at the 
airport 24 min before arrival. In addition, departing flight TP120 reported 
thunderstorm near or above the airport 10 min before the landing of 
MP495. Refer to other weather messages included in Appendix 1. Don't 
the Experts agree that the answer was wrong? 

4.4.5.8.2 Question. Don't the Experts agree that it is obvious that DASB tried to in-
fluence the Commission to delete all references to pilot errors and also to 
make good the decision not to make an earlier go-around?  

4.4.5.8.3 Question. Do Experts agree with the NTSB (RvO Appendix, letter 26 Oct 
1994) that "If the commission feels that windshear was present during the 
approach then consideration should be given to recommending imple-
mentation or review of crew training for windshear recovery"? If not, 
please explain. 

4.5. Glide path 

 Rules and Regulations 

 At Faro, a visual PAPI glide path was the only option, but since the red and 
white PAPI lights, showing the 5.2% (≈3°) glide path ± 0.5 degrees, cannot yet be distin-
guished from 8 nm, the aircraft starts the descent with a vertical speed set in the auto-
pilot command mode as strongly recommended in AOM 3.3.5 – 08 (Appendix 14). The 
required vertical speed is dependent on the ground speed, but usually 750 ft/min 
(AOM 3.3.5 – 09, Appendix 24) for intercepting the 5.2% (≈3°) PAPI glide path from 
above.  This rate of descent has to be set in the autopilot at 0.5 nm before reaching 7 
nm, so that the aircraft, after a short transient period, establishes at the set descent 
rate at 7 nm precisely.  The resulting (automatically achieved) descent path will inter-
cept the appropriate PAPI indicated glide path at some point, approximately 4 nm 
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from the runway threshold. The PAPI lights are located approximately 300 m further 
than the runway threshold, on both sides of the runway. When the distance to the 
PAPI lights decreases and the pilot can see the individual red and white PAPI lights and 
therewith the required glide path, the pilot takes manual control (using CWS) to follow 
that exact (5.2%) glide path down to the runway. The minimum height to change from 
CMD (Vertical Speed) to CWS is 500 ft (AOM 3.3.5 – 08, Appendix 14). 

 Since a DC-10 is a large aircraft, specific attention is required to not descent 
below the visual glide path guidance of the PAPI and therewith to avoid an early touch-
down. The PAPI "may be followed down to 200 ft above the runway threshold. Thereaf-
ter the aircraft must be brought gradually above the "on glide slope" indication to pro-
vide a 30 to 40 ft wheel clearance at the threshold" (AOM 3.3.5 – 14; Appendix 23). 

 Facts 

 The co-pilot of MP495 transitioned from the vertical speed mode of the au-
topilot to the CWS mode just prior to descending through 500 ft. This caused a change 
of glidepath, of the rate of descent. This transition was in accordance with AOM 3.3.5 – 
08, Appendix 14.  

 At 200 ft, the glidepath was again corrected after the captain said "a bit 
low", three times. 

 Comments DASB 

 According to the crew statements the aircraft was correctly in the slot for 
landing, down to an altitude of 200 ft. The PAPI indication showed the aircraft to be on 
the correct glidepath, with some minor corrections. 

4.5.3.1.1 Questions. Was the aircraft indeed correctly in the slot for landing, both 
lateral and vertical? Was the PAPI indication mentioned by the DASB ob-
jectively recorded?   

 Comments Experts 

 Experts in V17 § 8.6.4.6: "The descent path management was well per-
formed:   

•  Anticipation of the key points,  

• Flight data checks when overflying these key points,  

• Evaluation of the position of the aircraft regarding the required flight path,  

• Corrections to be initiated".  

 Remarks and Questions Claimants 

 During the glidepath between 2000 and 500 ft altitude, the autopilot was 
engaged in the vertical speed mode, set at a rate of descent of 750 ft/min just prior to 
7 nm from the VOR/DME station at the airport, which is in accordance with the proce-
dures in AOM 3.3.5 – 09 (Appendix 24) for a visual approach.  Whatever the disturb-
ance from outside the aircraft or from the inside, the autopilot maintains the set verti-
cal speed and adjusts the pitch to maintain the rate of descent (after which the au-
tothrottle adjusts the rpm of the engines to maintain the set approach speed). It is the 
intention of the approach procedure that the auto-pilot controlled descent path inter-
cepts the PAPI indicated approach path, which actually happened around 500 ft, after 
which the pilot disengages the command mode (vertical speed) and continues in the 
CWS mode of the autopilot. This also happened with MP495. With the autopilot en-
gaged and the PAPI lights becoming discernible, the pilot disengaged the command 
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mode (vertical speed) and continued in the CWS mode. He must have seen three red 
PAPI lights though, reason for him to reduce the rate of descent to near level flight for 
some 12 seconds until he would see 2 red and 2 white PAPI lights, indicating the cor-
rect 5.2% approach path. He mentioned "PAPI hè", as motivation or excuse for the 12 
sec near level flight to intercept the correct approach glidepath and to let the captain 
know that he noticed undershooting the PAPI approach path. The cause of the short 
level flight can therefore not be called an effect of windshear or downdraft.  This is 
what happens during the normal procedure for a visual, manual approach in turbu-
lence, strong winds, etc. The co-pilot could have switched to CWS a bit earlier for a 
smoother transition. 

 The flight path control did not become marginal at low altitudes, so there 
was no reason to initiate the recommended Windshear Recovery Technique (AOM 
3.3.8 – 02, Appendix 22). The autothrottle system was not disengaged and the pitch 
attitude was only changed to maintain the manually flown glidepath below 500 ft as 
described above. The autothrottle system responded with engine rpm changes, as de-
signed. 

 If the aircraft during the approach is subject to atmospheric disturbances 
and thereafter maintains or returns to a stable approach path, this may not be called 
instability. On the contrary, it proves that the aircraft is stable. An aircraft is flight 
tested to ensure this happens following perturbations in all three axes; an aircraft is 
built and flight-tested to stringent stability requirements; see § 4.4.5.6 above.  

 The Experts present lots of irrelevant data in § 8.6.4.6. The Experts refer to 
the "perfect descent slope", 1.5 minute before landing. But how can the Experts tell, 
how do they know? To determine that, Experts would need the exact ground speed; 
from where did Experts get this? It is not in the RvO. The wind was varying, so did the 
ground speed. The DFDR data graphs in RvO Annex 15 (Appendix 7) only show data of 
the last 80 sec of flight below 1000 ft. In addition, the autopilot was in vertical speed 
mode and set at a higher rate of descent than required to reach the runway threshold 
because the PAPI glideslope needed to be intercepted from below and at a little above 
500 ft altitude to meet the stabilized approach criteria.  

4.5.5.4.1 Question. Did Experts truthfully analyse approach data before stating 
"perfect glide slope"? Experts should motivate their answer.  

 Any reference to being at, above or below the 'perfect glide slope' while the 
autopilot is in vertical speed mode, is completely irrelevant and in this 'visual' case im-
possible to ascertain. There were thunderstorms in the area, the wind was strong and 
varied and the turbulence was light. These circumstances make it impossible for the 
glideslope to be perfect.  The autopilot only maintains the set rate of descent.  

  The pilots were fully aware of the glide slope deviations from the moment 
they could see the individual PAPI lights, after which they made the appropriate cor-
rections. This altitude correction was inappropriately explained by NLR as a downdraft, 
while it is nothing else than the transition from an initial automatic descent at a fixed 
rate of descent to a manually controlled final descent using PAPI descent guidance.  

 From the AIDS data it became obvious that the co-pilot interfered with the 
autopilot pitch control by pushing and pulling the control column while the autopilot 
was engaged in the CWS mode. The co-pilot was obviously not proficient in using these 
systems, as the NTSB also concluded in their letter dated October 26, 1994 to the Com-
mission (RvO Appendix).  

 The Experts present data graphs of unknown origin and without proper title 
and legend and not without verifying whether the presented data is correct, which is 
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not a practise that could be expected from proficient Experts. They added for instance, 
the computed vertical speed without realising whether these data would be correct; it 
is inappropriate for experts to use the derivative of discrete altitude data, whoever did 
so before them. The experts did not show high level expertise in the analysis of the 
vertical approach path; nevertheless, they concluded that the "computed vertical 
speed value at touchdown is around 850 feet per minute". This is not exceptionally high 
for a landing that had to be made with a positive touchdown. The experts did not show 
how they calculated this rate of descent. Refer to §  5.11 for reliable expertise and con-
clusions. 

4.5.5.8.1 Questions. Did the co-pilot handle the aircraft control systems correctly? 
Should DASB not have commented on this? If Experts don't agree, please 
explain. 

4.6. Flooded runway, definition and awareness 

 Rules and Regulations 

 All airline pilots and air traffic controllers are required to be fluent in official 
ICAO radiotelephony phraseology and use this as prescribed in ICAO Annex 10 Volume 
II, Aeronautical Telecommunications, examples of which are provided in ICAO Doc 
9432. 

 ICAO Doc 9432, Manual of Radiotelephony, presents in chapter 10 (Appen-
dix 25):  

"10.3.3    Whenever a controller deems it necessary, information that water is on 
a runway shall be passed to aircraft using the terms “DAMP”, “WET”, “WATER 
PATCHES” or “FLOODED” according to the amount of water present.  

10.3.4    Other runway surface conditions which may be of concern to a pilot shall 
be transmitted at an appropriate time". 

  PANS-RAC, already in Nov. 1985 (Appendix 17), determined that Air Traffic 
Control Services had to inform aircraft about water present on a runway "to enable the 
pilot to make proper use of the information", in the following manner: 

"4.3.4.2  Information that water is present on a runway shall be transmitted to 
each aircraft concerned, on the initiative of the controller, using the following 
terms: 

DAMP   - the surface shows a change of colour due to moisture, 

WET   - the surface is soaked but there is no standing water, 

WATER PATCHES - patches of standing water are visible, 

FLOODED  - extensive standing water is visible". 

In 1992, it was not required to include the water depth in the transmitted runway con-
dition message.  

 These ICAO terms were not (yet) included in the Martinair and KLM DC-10 
AOM. The pilots had to "translate" the ICAO term into the applicable braking action in 
their AOM for the ATC reported runway condition. For moderate to heavy rain, the 
braking action is medium; for standing water, the braking action is poor as presented 
in AOM 3.7.3 – 04; Appendix 9.  
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 The DC-10 had stringent restrictions to maximum wind components for op-
eration on wet or otherwise contaminated runways: the maximum approved cross-
wind component for a flooded runway with braking action poor was 5 kt, for a wet 
runway with braking action medium 15 kt (AOM 3.7.3 – 04; Appendix 9).  

 "The landing and deceleration on a runway where reduced braking action or 
risk of hydroplaning exists must always be considered critical". "Under crosswind condi-
tions above 10 kt, drainage can be seriously affected, but a 15 – 20 min waiting period 
after a downpour is usually sufficient to drain the water" (AOM 3.3.5 – 15; Appendix 2).  

 Facts 

 The captain had already informed the crew that the runway was "wet" dur-
ing the arrival crew briefing 35 minutes before landing, and also instructing the co-pi-
lot: "you have to make it a positive touchdown" which the co-pilot confirmed with: 
"Yes".  

 The crew of MP495, in the last 30 minutes before touchdown, was in-
formed multiple times that thunderstorms were present at the airport leading to the 
co-pilot to remark, less than 20 minutes before touchdown: "it's raining cats and dogs 
over there".  

 27 Minutes before touchdown the captain told the crew: "if we don't make 
it we go immediately to Lisboa"; the co-pilot confirmed with: "yes".  

 Eight minutes before landing, the flight crew of MP595 heard the Faro ATC 
inform Martinair flight MP461 that the runway conditions were flooded; the message 
was recorded on the CVR of MP495.  

 Sixteen seconds after initiating the inbound turn, about 4.5 minutes prior to 
landing, Faro ATC informed MP-495 that the runway was flooded; the controller did so 
at his own initiative, as required in ICAO PANS-RAC. The captain confirmed the 'flood-
ed' message with his response "Roger", in aviation radio telephony terms meaning "I 
have received all of your last transmission" (ICAO Doc 9432; Appendix 26) and verbally 
repeated 'flooded' in the cockpit (CVR transcript, RvO Annex 5). If he would not have 
understood and comprehended the term, he would have had to ask immediately "say 
again", meaning "Repeat all, or the following part of your last transmission"(ICAO Doc 
9432 page 24), or would have had to ask for the meaning of the word 'flooded'. 

 At 07:31:33, the flight engineer reminded the pilots "The runway is …". The 
transcript in folder 2624 in the National Archives does not show "…", but the term 
"flooded"; the transcript in RvO Annex 5 was obviously changed by someone. Hence 
the flight engineer, an ex-pilot, must have understood the meaning of term flooded as 
well. The pilots did not respond.  A wind of 150°/15 max. 20 kt, with a crosswind com-
ponent 14 kt on the runway, was much too much for a flooded runway, and just 1 kt 
below the limit for a wet runway (AOM 3.7.3 – 04; Appendix 9).  

 The captain made two different statements with regard to his understand-
ing of the term flooded at the time of the accident.  

The first statement made in an interview to the police at Schiphol airport on 29 Dec 
1992 read as follows:  

"If the runway is actually flooded that means "standing water" to me. In that 
case the braking action is "poor" and the crosswind limit is reduced to 5 kt. In my 
mind this condition did not exist during our approach" 
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This statement was withheld by the DASB from the general public and kept in secret 
files for 20 years. Only during the Court hearing and upon request of the presiding 
judge did the Dutch government representative admitted to its existence. 

The second statement was made several months later, in April 1993, and read as fol-
lows: 

"The term "the runway is flooded" is not a standard call but I took it to mean 
that the runway was wet". 

In short: in the first statement the captain confirms his knowledge to be in accordance 
with PANS-RAC and he repeats the exact ICAO definition of the term to the Police. In 
the second statement the captain claims to have no knowledge of the meaning of the 
term flooded.  

 AOM 3.3.5 – 15 (Appendix 2) states that the drainage of a flooded runway 
may take 15 – 20 min. The captain received information sent to MP461 that the run-
way was flooded 8 min prior to the landing of MP495. Four minutes and a half prior to 
the landing, the runway was still flooded.  

 Comments DASB 

 "The Board is of the opinion that the crew of MP495 has been fully aware 
about the prevailing weather at Faro Airport, with the exception of the extreme condi-
tions at the time of the accident" (Report RVDL3 page 1). 

4.6.3.1.1 Remark. There were no extreme conditions at the time of the accident, as 
evidenced with data on the DFDR, except for the strong crosswind requir-
ing a heading of 125° during the approach to get to the airport. In 
§ 4.6.5.8.1, it is explained that the crosswind was 35 kt during the last 80 
sec of the approach, not only at the time of the accident.  

 DASB confirms in Report RVDL3 (lijst 4 tab 23) page 4: During the final ap-
proach of both MP461 and MP495 the ATC controller reported: "The runway condi-
tions are flooded". "According to the ICAO document Doc 4444 (PANS-RAC), the ATC 
Controller, when informing the crew of the presence of water on the runway, can 
amongst others use the word "Flooded", indicating that: "extensive standing water is 
visible" "(§ 4.6.1.4 above). "This word should, if possible, be accompanied by a figure 
indicating water depth. The word "Flooded" however did not trigger the crew’s mind, 
and its significance was not realized by the crew" (RVDL3, page 4).  
"According to the statement of the captain he "took it to mean that the runway was 
wet". In the AOM no reference is given to the word "Flooded"". 

4.6.3.2.1 Remark. The quoted statement of the captain is not out of the first state-
ment of the captain during interrogation by the Police.  

4.6.3.2.2 Question. How do the experts rate the fact that the DASB withheld the 
statement of the captain in which he clearly displayed an accurate under-
standing of the term "flooded" from the victims and the general public for 
22 years? 

4.6.3.2.3 Question. How do the Experts rate the fact that the DASB used a state-
ment by the captain which they knew to be false in their official state-
ments to the victims and the general public? 

4.6.3.2.4 Question. Considering the fact that the captain had a proper understand-
ing of the term flooded, was the captain allowed to continue the ap-
proach after hearing that the runway was flooded 8 min before touch-
down, knowing that it would take 15 – 20 min for the water to drain from 
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the runway? Please answer this question also with regard to the "flooded" 
message to the captain of MP495 directly 4.5 min before touchdown. 

4.6.3.2.5 Question. Was the DASB allowed to ignore the first statement of the cap-
tain in which he gave a precise definition of the term flooded and was the 
DASB at fault when it chose use the statement in which the captain said 
that flooded was not a standard term and that he took word flooded to 
mean that the runway was wet?  

 During the information meeting of the DASB for the victims on 1 Dec 1994 
(lijst 2 nr. 5), DASB board member Mr. Snoek told the victims that the captain did not 
understand the meaning of flooded (see [18]):  

"So let's say: he didn't translate "flooded=poor braking action".   

"If it had been properly processed and had "flooded" been associated with the fact that 
you have to include a braking action of "poor" in your calculation, yes, then it was a 
mistake." 

4.6.3.3.1 Remark. However, the captain stated in his first statement:  

"If the runway is actually flooded that means "standing water" to me. In that case the 
braking action is poor and the crosswind limit is reduced to 5 kt." 

4.6.3.3.2 Remark. Clearly, the captain did indeed translate 'flooded' into 'poor brak-
ing action'. The DASB admitted in court to possessing the first statement 
of the captain who made this statement to the police at Schiphol airport 
just days after the crash on 29 December 1992. This allows for no other 
conclusion than that the DASB already knew for almost two years, that 
the captain had a precise understanding of the term flooded and knew 
the effects on the braking action and that, consequently, the DASB delib-
erately misinformed the victims on the awareness of the captain concern-
ing the meaning of the word 'flooded' and its related consequences for 
flight safety. 

4.6.3.3.3 Question. How do the Experts rate the misinformation by the DASB to the 
victims? 

4.6.3.3.4 Remark with regard to the consequences of the knowledge of the captain, 
the DASB also misinformed the victims. The relevant questions were:   

 Question 17 of the 143 questions: Was it responsible to land in the weather 
conditions at Faro? The DASB answered: "It was responsible to land under the weather 
conditions which the crew were informed of".  

4.6.3.4.1 Question. Was this a correct, honest and comprehensive answer to the 
question, especially given the fact that the crew was informed twice that 
the runway was flooded and that the captain determined that the aircraft 
experienced a 14° drift angle at an airspeed of 139 kt? 

4.6.3.4.2 Question. Experts answered "Yes", without motivating this answer, and 
consider the DASB’s position valid since the information received by the 
pilots regarding the runway status did not strike them as important 
enough to make it a top priority in their assessment of the situation.   
The claimants agree that the answer is yes for the weather conditions the 
crew were informed of before arrival in the Faro Control Zone, but no af-
ter they were informed of the actual weather with a flooded runway con-
dition and after reading the actual RNAV wind in the cockpit. In the RvO, 
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one of the causes is: The crosswind exceeded the aircraft limits. Was it 
indeed responsible to land? If Experts don't agree, please explain. 

 Question 18 of the 143 questions: Did the crew have sufficient information 
to judge if a landing with a DC10 was responsible with 100% certainty?  The DASB an-
swered: "With the weather conditions which the crew were informed of they had 
enough information to decide whether or not the landing was responsible. The rapidly 
changing weather conditions during the last stage of the flight were not known to the 
crew. Hence these conditions could not be included in the decision-making about the 
landing".   

4.6.3.5.1 Question. Was this answer correct given the knowledge of the captain 
concerning the meaning of term flooded? If not, please explain. 

4.6.3.5.2 Question. The crew was made aware of the runway condition, did hear 
several times about thunderstorm at or near the airport and the too 
strong wind in ATC messages to other aircraft and from their own RNAV 
system. The crew were aware of the change of conditions (PF asked for 
windshield anti-ice, while he meant windshield wipers) and of the cross-
wind, why else would a wind correction angle of 11° be required? Refer to 
all of the meteo messages the crew received in Appendix 1. Do Experts 
still agree with the DASB answer? Please explain. 

 The PANS-RAC term "Flooded" was a standardized term already for many 
years, as explained above. AIB was made aware, following the accident, that ATC con-
trollers can use this term and that controllers and pilots need to be aware of this phra-
seology. KLM (and Martinair) did not amend their manuals yet to include this phraseol-
ogy. Nevertheless, the captain was aware of the meaning, because he answered 
"Roger" after receiving the "flooded" message from ATC. His initial statement was 
changed a few months later to "I took it to mean that the runway was wet", most 
probably under pressure by Martinair management. The DASB obviously did not criti-
cise the change. 

 On 12 April 1994, lead investigator Frans Erhart was informed by Rob … that 
"Flooded" was a standard term (NA 2622 – note to Erhart); this term was defined by 
ICAO in PANS-RAC many years before the accident.  He included a copy out of PANS-
RAC, dated 12 Nov 1985, § 4.3.4 Messages, containing information on aerodrome con-
ditions, refer to Appendix 17. 

 Rob included that "Mr. Guy Oomen of KLM had to acknowledge that KLM 
did not include this term in the Flight Reference Guide (also called AOM and BIM)" 
(AOM 3.7.3 – 04; Appendix 9), and "He will do something about that from today". RvO 
§ 2.2.3 on page 107 includes: "It was established that the AOM, to describe the runway 
condition, did not make use of the ICAO phraseology".  

 DASB should have recommended KLM and Martinair to expedite changing 
the manuals to include the long existing ICAO phraseology in PANS-RAC on runway 
conditions as soon as possible.  

 DASB response: The Portuguese report clearly stated that the crew did not 
interpret the term flooded correctly. AvioConsult did not state anything new. How-
ever, the AvioConsult report left out the text from the Portuguese report about not 
communicating wind information (220°/ 35 knots; tailwind and an exceedance of the 
crosswind limit of the aircraft, V17 page 59).  
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4.6.3.10.1 Remark. DASB only read the summary of the AvioConsult report, in which 
the wind 220°/ 35 kt was indeed not mentioned. This wind, by the way, 
never occurred as will be discussed in § 5.2.2 below. 

4.6.3.10.2 Questions. Why do Experts validate the DASB response? Could the wind 
220°/ 35 kt indeed be communicated before landing, even if it was not 
measured by the SIO? Was this wind not exactly the wind that was re-
quired to explain that the aircraft exactly followed the 111° approach ra-
dial because the DFDR heading data proved that the aircraft heading was 
125° during the last 80 sec of flight? Additional questions on this subject 
in § 4.6.5.8.1.  

 DASB wanted the Commission to delete the last four words in: "The aircraft 
was informed by Approach Control that the runway was flooded and the crew did not 
consider this information when calculating the landing distance, for braking conditions 
POOR" (Report RVDL3, lijst 4 tab 23).  

4.6.3.11.1 Question. Why would DASB try to 'encourage' the Commission to delete 
all references to pilot errors and also to make good the decision not to 
make an earlier go-around?  

 DASB should have recommended KLM and Martinair to expedite changing 
the manuals to include the long existing ICAO terminology in PANS-RAC on runway 
conditions as soon as possible.  

 "The landing and deceleration on a runway where reduced braking action or 
risk of hydroplaning exists must always be considered critical"; AOM 3.3.5 – 15; Appen-
dix 2. The stringent crosswind limits in the AOM exist because of the probability of aq-
uaplaning, not only of the main landing gears, but also of the nose landing gear that is 
not provided with brakes and an anti-skid system. On a contaminated runway, the side 
forces generated by the crosswind on the large vertical tail after touchdown cannot be 
counteracted by the friction of the wheels of the nose gear on a contaminated runway 
at higher crosswinds than the AOM published limits for the runway condition. Then the 
aircraft cannot be steered along the centreline of the runway, but will experience a 
runway excursion, departing the runway to the upwind side after which a fatal acci-
dent might be unavoidable. This is also one of the reasons that crosswind limits exist. 

 The presence of thunderstorms may not be predictable at the time of acci-
dent, but facts are that MP495 monitored their on-board weather radar, was informed 
by ATC about "present thunderstorm", and heard departing flight TP120 reporting a 
thunderstorm at or near the airport. The crew was fully aware of the presence of thun-
derstorms during the approach.  

 Mr. Erhart of AIB was made aware that "According to regulations (attached) 
flooded can be used by an ATS unit in R/T (and in ATIS transmissions) without problems 
and both ATS and pilots need to be aware of this phraseology" (note in NA 2622). This 
statement is in agreement with ICAO PANS-RAC.  

 DASB wanted the Commission to change the sentences "The crew did not 
integrate. The instability and the momentary visibility degradation in the final ap-
proach and the runway service conditions which were transmitted to them, in order to 
take the decision to discontinue the approach" into: "The instability and the momen-
tary visibility degradation in the final approach were not of such a magnitude that the 
crew should have made take the decision to discontinue the approach" (Report RVDL3, 
page 11).  
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 The Commission did not accept this change proposal, but changed the line 
in the final version of the report into: "The crew did not integrate the informations con-
cerning the instability and the momentarily visibility degradation in the final phase of 
the approach, and having wrongly interpreted the communication of the runway condi-
tion (flooded), did not take the decision to abandon the approach" (RvO). 

4.6.3.17.1 Question. Don't the Experts agree that DASB tried to prevent all refer-
ences to the flooded runway condition from being published in the final 
report? And that, like the Portuguese Commission said, they did not take 
the decision to abandon the approach?  

 Comments Experts and Remarks and Questions 

 "The Experts have no evidence to confirm that the crew was not aware “of 
the extreme conditions at the time of the accident”, as the Dutch Aviation Safety Board 
seems to suggest in the same sentence". "As it happened, the crew indicated several 
times that the weather conditions were expected to be difficult and the captain clearly 
spoke about a possible diversion towards Lisbon" (V17 § 5.2.2.2). 

 "The crew was aware of the presence of thunderstorms, even of the one 
that apparently disturbed the approach, because it was located only 8 to 12 nautical 
miles west of the airport". "The statements made by the Flight Engineer show that the 
flight goes through a stormy and bumpy area (“…experienced turbulences that could be 
classified as stronger than moderate.”) at around 8 nautical miles during the right hand 
turn towards the final path, before settling at the right axis for final approach". The 
flashing of the feed pumps lights demonstrates a major flight path correction made by 
the automatic pilot in order to maintain the actual altitude. (V17 § 5.2.2.2). 

4.6.4.2.1 Question. How do Experts know that the flashing of pump lights happened 
in the first place, and second that it demonstrated a major flight path cor-
rection? A flight path correction? Ground radar doesn't show this. Objec-
tive data, facts and an explanation please.  

 "Actually, the ATC controller (ATCO) does not know whether or not the crew 
will understand precisely what he means when he transmits information regarding the 
status of the runway. Based on his training, he transmits the information to the crew to 
improve the flight safety: he should therefore ensure that he is well understood" (V17 
§ 5.2.2.3). 

 "Workload in cockpit was high when flooded message was received" (V17 
§ 6.8, 6.9). In V17 § 8.4.1 no reference to high workload; was not recorded on CVR ei-
ther.  

4.6.4.4.1 Question. How do the Experts know that the workload in the cockpit was 
high when the "flooded" message was received? The autopilot and auto-
throttles were engaged to reduce the workload. The CVR transcript never 
shows signs of high workload and stress. Although it took 9 sec to answer 
"roger", the captain did not ask "say again".  When the workload and 
stress in the cockpit are high, short commands are given. Nevertheless, at 
07:29:32 the captain said "7 DME", after which the co-pilot said "yes then 
the gear may be selected down" instead of the short command "gear 
down" as usual, which means that there was no stress in the cockpit.  

 "It is possible then that the captain did not immediately understand the 
word “flooded”. Even though he did not understand it right away, he at least heard it. 
This is what his answer “ROGER” suggests; “ROGER” is a general expression that means 
“I got it”, and we cannot neglect it" (V17 § 5.2.2.3 page 23).  



Review and Remarks & Questions of Claimants of Interim Report V17 

  40  

4.6.4.5.1 Remark. ROGER does not "suggest" anything. This term is defined by ICAO 
meaning: "I have received all of your last transmission" (ICAO Doc 9432 
page 24; Appendix 26). 

 Experts notice "that the expression “flooded” has not even been defined in 
Martinair’s FCOM nor has it been defined in KLM’s FCOM" (V17 § 8.6.4.4.3, page 99). 

4.6.4.6.1 Remark. But "standing water" is, as is included in a table in AOM 3.7.3 – 
04, Appendix 9. "Flooded" was introduced many years before the accident 
by ICAO in PAN-RAC (now 4444 Chapter IX and X; Appendix 17). Martinair 
(and KLM) did not timely amend the manuals.  Nevertheless, the captain 
confirmed to understand. "If the runway is actually flooded, that means 
standing water to me". 

 "The captain, in his statement, indicates what the term “flooded” might 
mean for him", ”if the runway is actually flooded that means “standing water” to me. 
In that case the breaking action is “poor” and the crosswind limit is reduced to 5 kt. In 
my mind this condition did not exist during our approach”.  
"The term “flooded” should then have resulted in a request for further information. But 
there was no further communication with ATC, related to this topic, which means that 
the captain did not fully grasp the meaning and the importance of this word" (V17 
§ 5.2.2.3 page 23).  

4.6.4.7.1 Remark. The captain did not state "what the term flooded might mean for 
him", but he firmly stated the exact ICAO definition standing water, and 
he summed up the related consequences "In that case the braking action 
is "poor" and the crosswind limit is reduced to 5 kt". This means that the 
captain had a precise knowledge of the meaning of the word flooded and 
of its importance. In addition to this, the captain stated: "In my mind this 
condition did not exist during our approach", which means that, upon 
hearing the message from ATC, he gave the term some thought and de-
cided to ignore it. Had he had any doubts about the meaning of the term 
"flooded", he would have checked with ATC instead of replying "roger". 
This leaves no room for another conclusion that the captain wilfully ig-
nored the information given to him by ATC. 

4.6.4.7.2 Question. Why did Experts change the statement?  

 In V17 § 5.2.2.3 page 22 Experts say that the term "flooded" "does not exist 
in JAR-OPS 1, which was at the time of the accident the reference in regards to national 
regulations".   

4.6.4.8.1 Remark. The experts refer to JAR-OPS 1 as a source of ATC phraseology. 
JAR-OPS 1, however, was first issued on 22 May 1995 (Appendix 27), and 
could not have served as a reference with regard to national regulations, 
because it had not even been adopted by the JAA, let alone by member 
nations at the time of the accident. ICAO PANS-RAC was the proper refer-
ence. In PANS-RAC the term flooded is defined as: "extensive standing wa-
ter is visible".  

4.6.4.8.2 Question. Why did the Experts not verify the effective date of JAR-OPS 1, 
as being 22-05-1995?  

 "The presence of thunderstorms was not predictable at the time of acci-
dent" (V17 § 5.2.2.2 page 20).  

 "The Experts consider that the Dutch Aviation Safety Board’s position is valid 
since the information received by the pilots regarding the runway status did not strike 
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them as important enough to make it a top priority in their assessment of the situation, 
and in the list of problems to solve" (V17 § 5.2.2.3 page 24).  

 "The Experts validate the OvV remark" about not communicating the wind 
220°/ 35 kt (V17 page 59).   

4.6.4.11.1 Remark. This wind was not measured before landing, but 1.5 min thereaf-
ter.  

4.6.4.11.2 Question. Will Experts consider to study the time references and the dif-
ferent clocks used in the Portuguese report more accurately, or read the 
AvioConsult report on this subject more closely?  If not, please explain. 

 "The runway surface condition — flooded, wet, short, long, etc. — had no 
impact on the accident whatsoever, and is therefore irrelevant" (V17 § 8.6.4.4.1). 

4.6.4.12.1 Remark.  The crew continued the approach while they were made aware 
and understood that the runway and the weather conditions were such 
that the airworthiness of their aircraft during the landing and thereafter 
could not be guaranteed. The Landing Data Card showed clearly that the 
available runway length of 2445 m would be just long enough for a land-
ing on a wet runway (2400 m), but way too short for a braking action poor 
(flooded runway – standing water, 3055 m). A pilot is not authorized to 
argue these numbers; he simply has to apply them. Applicable runway 
and weather condition limitations published in their RLD approved manu-
als were violated.  

4.6.4.12.2 Question. Don't Experts agree that continuing an approach to a runway 
where limitations (surface conditions and crosswind) will be exceeded is 
deliberately putting the aircraft and its passengers at large risk?  

4.6.4.12.3 Question. Don't the Experts agree that the available runway and applica-
ble weather condition limitations, published in their approved and appli-
cable manuals, were violated by the crew, and that DASB should have 
noted that? 

 Other Remarks and Questions Claimants 

  Remark, the understanding by the captain of the term flooded. The captain 
clearly stated that his understanding of the term "flooded" was "standing water", be-
cause he said "if the runway is actually flooded, that means standing water to me". 
However, the Experts state that the fact that there was no further communication with 
ATC leads to the conclusion that the captain did not understand the meaning of the 
term "flooded" because he did not request further information. This is directly op-
posed to the abovementioned statement of the captain himself. Moreover, if a term is 
understood, there is no cause for further communication with ATC. 

 It is standing practice in aviation that if a pilot does not understand a com-
munication or term he must immediately ask ATC to clarify it. Stronger yet, a pilot has 
the responsibility to ensure that he properly understands the information given to him. 
If he does not recognize a term used by ATC or if he has any doubts about its exact 
meaning, he is obliged to ask ATC to clarify. 

4.6.5.2.1 Question. On what factual basis do the Experts doubt the correct under-
standing of the term "flooded" by the captain when the captain repeated 
the exact ICAO definition of this term to the police shortly after the acci-
dent.  
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4.6.5.2.2 Question. Why do the Experts use the word "might" in the context of the 
captains understanding of the meaning of "flooded" when he himself (cor-
rectly) stated that the term flooded means standing water to him? 

4.6.5.2.3 Question. In the event that the captain did not have a proper understand-
ing of the term "flooded", should he not have asked ATC for clarification 
after hearing the "flooded" message to MP461, 8 min before landing 
knowing the runway was at least wet and subject to regular and heavy 
precipitation, or should he not at least have asked ATC for the meaning 
when this term was repeated directly to him 4 min later? 

4.6.5.2.4 Question. Given the fact that the captain already knew that the runway 
was wet, that it was raining "cats and dogs", that thunderstorms were 
present during the approach and that there were multiple messages re-
garding the weather from ATC and other aircraft, are the Experts not of 
the opinion that the captain was sufficiently alerted to the fact that the 
runway conditions could have deteriorated further during the approach. 
Should this knowledge not have been connected to the repeated use by 
ATC of the term 'flooded' which, in the normal English meaning, leaves no 
room for misinterpretation? 

4.6.5.2.5 Remark. The experts state that the term 'Flooded' was used by ATC only. 
It was defined in the PANS-RAC (4.3.4.2.) of 21 November 1985 (Appendix 
17). ATC phraseology is meant exclusively for communication between 
ATC and Pilots. Professional pilots are obliged to maintain a high level of 
currency in their knowledge of ATC phraseology. 

4.6.5.2.6 Question: The Experts stated that PANS-RAC phraseology "is more des-
tined to be used by air traffic controllers" and "does not constitute a refer-
ence for pilots" (V17 § 5.2.2.3 page 22). Are the experts of the opinion 
that pilots do not need to understand this phraseology? 

 The captain mentioned a possible diversion to Lisbon already 30 min before 
landing ("If we don't make it we go immediately to Lisboa"). The co-pilot briefed the 
procedure to execute a missed approach, which is a standard item in an approach 
briefing, meaning they were prepared to divert (CVR transcript).  

4.6.5.3.1 Question. What human factor could have driven the pilots to press on to 
land at Faro and not to divert to Lisbon? 

 Question 19 of the 143 questions: According to several newspapers, at 
06.00 hours GMT (7 hours' Dutch time) the Portuguese aviation authorities gave a spe-
cial warning for hazardous weather conditions with heavy thunderstorms and heavy 
icing. Did the warning from Portugal at 06.00 GMT reach the crew of the Anthony 
Ruys?  DASB answered: "The Portuguese authorities did indeed issue such a warning. 
The correct text is included in the report. This warning was not communicated to the 
crew of flight 495".  

4.6.5.4.1 Question. Don't the Experts agree that the crew were informed about the 
thunderstorms at or near Faro airport in time from several sources, in-
cluding from departing flight TP120.  

 Question 26 of the 143 questions: Did the Anthony Ruys crew, during the 
last contact with the control tower, receive specific information about the weather and 
what was that?  DASB answered: "The Anthony Ruys received the latest weather infor-
mation from the traffic control tower, one minute before the accident. This was: "The 
wind 150, 15 knots maximum 20"". 
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4.6.5.5.1 Question. This is indeed the wind information received during the last 
contact with the tower, but this did not include specific information about 
the weather, as was asked. The aircraft received the last information 
about the weather during the final turn. This message included "the run-
way is flooded". Earlier the aircraft received the alert that there was a 
thunderstorm. Don't the Experts agree that the question was not an-
swered fairly.  

4.6.5.5.2 Question. Experts wrote: "The crew could not know that the information 
provided is not correct". But did the captain not read the wind from the R-
NAV system? 

 Question 27 of the 143 questions: Was it stated, as it appeared in some 
messages in the press, that there was still 1/8 thunder cloud on the horizon?  DASB an-
swered: "This was not indicated at the time".  

4.6.5.6.1 Question. At CVR time 07:08:32, current weather was transmitted by ATC 
to MP495, including "1/8 CB 2500 ft, wind 150/18 and present thunder-
storm". Ten minutes before the landing, departing flight TP120 reported a 
thunderstorm while in a turn very close to or above the airport. Don't the 
Experts agree that the DASB answer was not correct and that they should 
have informed the victims about the reported thunderstorms present? 
The answer should have been yes, although the info was not issued during 
the last contact which, by the way, is never done. This is always limited to 
actual wind info. There was a thunderstorm nearby, though.  

 Question 28 of the 143 questions: If so, could it have been known to the 
crew that it is risky to land in that, as downdraughts (microbursts) just above the 
ground can occur in that? DASB answered: "This was not indicated at the time". 

4.6.5.7.1 Question. Experts have no comment. The captain was aware of the possi-
bility of the thunderstorm, turbulence or worse, because he checked the 
wind a few times on the RNAV display. Reference should have been made 
to the AOM for necessary actions when windshear is suspected (AOM 
3.3.8 – 02; Appendix 22). Although there is no objective evidence on the 
DFDR that windshear occurred, it is considered risky to land in those con-
ditions; the captain was aware, even without indication at the time. Don't 
the Experts agree that the DASB answer was wrong? 

 Question 29 of the 143 questions: In that case, what made the crew decide 
to start the landing despite that? DASB answered: "The last weather information re-
ceived confirmed the picture the crew had formed of the weather and did not impede 
the landing".  

4.6.5.8.1 Questions. Experts say "Not applicable", and add the comment: "The 
question is not to begin an approach but to continue it, depending on the 
actual conditions" (V17 page 137). ATC told the crew 24 min before arrival 
"present weather thunderstorm"; thunderstorm was reported a few more 
times (Appendix 1). Should the crew then begin an approach? Or wait at 
altitude? Or be very alert? And when they hear from ATC at least twice 
that the runway is flooded, and notice they need a heading of 125° to get 
to the runway because of an obviously large crosswind component, 
should they then continue? The captain even said 3.5 minutes before 
landing: "wind is coming from the right 30 kt, drift 12° so you make it 123 
or so". At 140 kt, a 12° drift angle corresponds with a 30 kt crosswind 
component. The fact that the captain took the R-Nav wind information as 
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the basis for the heading to fly means that he took it seriously. The 125° 
heading selected was adequate to compensate for the drift, given the 7° 
deviation from the approach radial. This correlates with a crosswind of 17 
kt. If there would have been no deviation from the 111° approach radial, 
the correlated crosswind component at an airspeed of 140 kt would have 
been 35 kt (140∙tan (125° – 111°)). Irrespective of whether the aircraft 
was following the prescribed 111° approach radial or not, the captain con-
tinued the approach during at least 80 sec, as proven by the DFDR and 
CVR data from his "so you make it 123 or so" command, notwithstanding a 
known crosswind component that exceeded the aircraft limits for a wet, 
let alone flooded runway.  
Don't Experts think DASB was less than candid to the victims about the 
captain's knowledge of the crosswind conditions? 

4.6.5.8.2 Question. The DASB concluded that there must have been a 35 kt cross-
wind just before landing. DFDR data in RvO Annex 15 (Appendix 7) shows 
that from 80 sec before landing, the heading was 125°. Can Experts calcu-
late what the crosswind component in this case, i.e. for a wind correction 
angle of 14° must have been? Can Experts also calculate the crosswind 
component when the approach ground track was as the radar plot in RvO 
Annex 12 (Appendix 12) shows? Would this value not be more practical? 
Could it therefore be that the aircraft was not on the 111° approach ra-
dial? The flight-crew was definitely aware of the weather, the large cross-
wind and the bad runway condition.  

4.6.5.8.3 Question. Don't the Experts agree that the answer by DASB was definitely 
wrong?  

 Refer to § 6.3 for more on conclusions Experts on "Flooded". 

4.7. Conclusion of the Experts on the Approach 

If this question calls for the Expert to evaluate the decision of the crew to engage the last turn at 
8 nautical miles, then the answer resides in the relevant Portuguese procedure published at the 
time.  

The Experts’ analysis as shown in paragraph 8.6.4.5 of this report, shows that the crew respected 
the published approach procedure.  

In addition, this flight path clearly avoided a stormy area that was very active, west of the airport 
at about 10 nautical miles. 

 Comments DASB 

 "According to the crew statements the aircraft was correctly in the slot for 
landing, down to an altitude of 200 ft. The PAPI indication showed the aircraft to be on 
the correct glidepath, with some minor corrections" (Report RVDL3 page 6). 

 Comments Experts 

 "The final turn is performed with the autopilot engaged and acting in Head-
ing Select (HDG SEL) mode.  In this configuration, the bank angle is set at 25°, matching 
with the value used to define this turn. But, with a wind coming from the south/south-
east, the path on ground will obviously “overshoot” the approach radial and a correc-
tion should be performed to come back as soon as possible on the centerline or on the 
scheduled radial.  As shown by the chart issued in the official report Annex 12 "Plotting 
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Radar da trajectoria da aeronave", the end of the intercepting phase of the final turn 
has not been correctly managed by the pilots" (V17 § 8.6.4.5, page 104). 

 "According to the captain’s statement, the flight was on the extended cen-
terline of the runway at 200 feet". The following chart provided by the NLR (see report 
CR93080C) confirms the captain’s statement about the position of the aircraft in short 
final. From 2000 meters from the threshold, the aircraft was on the extended center 
line of the runway" (text and chart in V17 § 8.6.4.5, page 106).  

  Experts in V17 § 8.6.4.6: "The descent path management was well per-
formed:  

•  Anticipation of the key points,  

• Flight data checks when overflying these key points,  

• Evaluation of the position of the aircraft regarding the required flight path,  

• Corrections to be initiated".  

 Remarks and Questions Claimants 

4.7.3.1.1 BIM 3.4.4 – 06 (Appendix 11) states: "Should circumstances prevent such 
stability being achieved before 500 ft, then it must be realized that safe 
continuation of the approach to landing becomes questionable. Vital fac-
tors such as speed, descent rate, threshold height and point of touchdown 
can be all be adversely influenced. On short or wet runways such factors 
become of paramount importance. It is therefore strongly recommended 
that no landing be attempted if the desired stabilization has not been 
achieved when passing 500 ft above threshold elevation." 

 DFDR and ground radar data prove that MP 495 was not established in a 
stable approach at 500 ft as required in BIM 3.4.4 – 06 (Appendix 11). 

 The Experts state (V17 page 106): 

• " The overshoot requiring to turn right towards, at least, the heading 150° 
then to turn left, on heading 125°, to balance the wind and to establish the 
mandatory drift angle; 

• The handling of the early stage of the final descent.   

These two actions were performed in accordance with the BIM". 

 Given the fact that the aircraft made an overshoot which, according to the 
Experts (V17, page 105), and as shown in the radar chart (RvO Annex 12; Appendix 12)  
was 0.7 nm, and given the facts that the DFDR data do not show a heading larger than 
130° for a few seconds following the final turn at all, and that the radar chart shows 
that this overshoot still existed at ≈4 nm from the threshold when the DFDR graphs 
start, it is clear that: 

• No course correction to 150° was made; 

• The aircraft did not return to the 111° approach radial; 

• Given the heading of 125° during the last 80 sec of flight, the pilots ignored 
a crosswind that was at least 17 kt which is above the crosswind limit for a 
wet runway, let alone for a flooded runway; 

• The aircraft did not perform the mandatory 5° course correction to 106° at 
1 nm in front of the threshold. 
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These facts lead to the inescapable conclusions that: 

• The aircraft was not established at 500 ft on the 111° radial, and should 
have made a go-around because of this unstable approach condition to-
wards a contaminated runway with strong crosswind, refer to AOM 3.4.4 – 
06; Appendix 11; 

• The aircraft experienced a crosswind during the whole approach that was 
well in excess of the 15 kt limit for a wet runway, which also necessitated a 
go-around.  

• The crew did not perform these two actions in accordance with the BIM. 

Note that if the aircraft did indeed return to the 111° approach radial, a heading of 
125° at an airspeed of 140 kt would have meant crosswind of 35 kt (140∙tan (125° – 
111°)).   

4.7.3.4.1 Question. Do not the experts agree that the DASB should have noted 
these basic facts and comment on them instead of stating that the aircraft 
was well established on final? 

 During a non-precision approach, the aircraft needs to be established on 
the approach radial towards the runway at 9 nm from the VOR/DME station. At 9 nm, 
the landing gear is selected down and the landing flaps are selected at 8 nm. The final 
approach speed is entered in the ATS and a rate of descent is selected and entered in 
the vertical speed mode of the autopilot at 7.5 nm for the descent to start at 7 nm, af-
ter a short transient period (AOM 3.3.5 – 06, – 08; Appendix 19, Appendix 14). 

 The pilots, knowing about the strong crosswind, should have extended the 
outbound leg to 10 nm to be able to establish and stabilize in time on the approach 
radial with the aircraft configured for landing. If there still was a thunderstorm at 8 nm 
west of the airport, it was not mentioned in the CVR transcript.  

 When approaching 8 nm outbound, the captain said "I'll give you 111", to 
set 111° approach heading, being the inbound radial, in the VOR control panel, where-
upon the co-pilot asked for heading 080 in the autopilot to intercept the 111° radial 
(CVR transcript). During the turn, both the captain and the co-pilot must have noticed 
the decreasing deviation from the 111° approach radial on the Horizontal Situation In-
dicator and the distance to the VOR/DME station, but neither took appropriate action. 
They should have started to configure the aircraft for landing during the turn because 
the distance to the VOR/DME station during the turn was less than 9 nm. The autopilot 
established perfectly on heading 080 and crossed the 111° approach radial with an an-
gle of 30°, at a distance of 7.4 nm from the VOR, as radar data proves.  

4.7.3.7.1 Question. Don't Experts agree with the paragraphs above? 

4.7.3.7.2 Question. The radius of the final turn was too large, also caused by the 
crosswind. DASB should have remarked /identified the overshoot of the 
final turn and commented on it. Not being established on the approach 
radial in time increased the workload and is a contributing factor to the 
accident, which the DASB should have identified. Don't Experts agree? 

4.7.3.7.3 Question. Intercepting a VOR radial under an angle of 30° is a standard 
procedure. The turn should be continued until the lateral deviation from 
the selected radial is ± 2° (1 dot on the course deviation display of the 
Horizontal Situation Indicator – HSI). In this case, although the HSI must 
have indicated that the aircraft was about to cross the approach radial, 
the pilot-flying did not change the heading to re-intercept the 111° radial. 
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After overshooting the radial, they did not continue the turn either in or-
der to return to the 111° approach radial, as they should have, but rather 
selected a heading that seemingly took them directly to the runway (RvO 
Annex 12; Appendix 12). Don't Experts agree?  

 Hence, the heading was not set to return to the 111° approach radial that 
was set in the VOR control panel as soon as possible after overshooting the radial, as 
the ground radar plot in RvO Annex 12 (Appendix 12) shows. The captain told the co-
pilot "you make it 123 or so (CVR transcript)". Under the crosswind condition at the 
time, this was not a large enough heading to re-intercept the approach radial in time. 
The captain obviously did not tell the co-pilot to re-intercept the 111° approach radial, 
which is an intentional deviation from the published non-precision VOR/DME approach 
in the AOM.  
The co-pilot, as pilot-flying, did not respect the formal requirements for a stable ap-
proach and the captain did not require him to ensure an early stabilization at the key 
distances and on the approach radial. When descending through 500 ft, the aircraft 
was still not within the lateral constraints for meeting the stable approach criteria; it 
did not pass through the required horizontal and vertical constraints of the 'approach 
gate' as RvO Annex 12 (Appendix 12) proves. Since the captain, as pilot non-flying, was 
responsible for monitoring the approach procedure, which he did not, it cannot be 
concluded other than that he acted negligent and made grave errors. Not being stable 
on the approach is a contributing factor to the accident. A go-around should have been 
initiated.  

 At 1 nm from the threshold, a course correction would be required to inter-
cept the extended runway centreline. This correction, requiring a small turn using a 
small bank angle to the left, resulting in a ground track on the extended runway cen-
treline but with a wind correction angle to the right, should have been recorded on the 
DFDR and AIDS, but it was not; the bank angle did not change at that time as to show 
the turn. The heading did not change either. The course correction was not made, also 
proving that the aircraft never reached the extended runway centreline.  

4.7.3.9.1 Question. Don't Experts agree with the theory outlined in the paragraphs 
above?  

4.7.3.9.2 Question. The Experts seem to have read statements by the pilots only, 
but the objective evidence of the DFDR data proves an intentional naviga-
tion error. The captain was not ahead of the aircraft throughout the ap-
proach. The descent was definitely not well performed. Don't Experts 
agree?  

  The "chart provided by the NLR confirms the captain's statement about the 
position of the aircraft on short final", as Experts wrote. Experts should question how 
these data were acquired, and whether these can be correct, or whether the crew 
statements are made-up. The NLR made a mistake in the drawing; the VOR station is 
not located on the runway centreline, but 240 m south of runway and 1000 m from 
threshold. The 111° radial therefore crosses the extended runway centreline at 1 nm 
from the threshold. This drawing is therefore in error. Is not in agreement with RvO 
Annex 12 (Appendix 12) either. In the drawing, the NLR suggests a heading change at 7 
km, but this was beyond the presented DFDR data in RvO Annex 15 (Appendix 7). The 
report from which the drawing was copied was never officially published, let alone ap-
proved by the Commission of Accident Investigation.  

4.7.3.10.1 Question. Why did the Experts not use the graphs of the objective DFDR 
report (DFDR data; Appendix 7), rather than incorrect drawings and 
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graphs without verifying using their expertise whether these were cor-
rect? Please explain. 

4.7.3.10.2 Questions. Why did Experts use this unofficial NLR report? How did NLR 
make this drawing? How do Experts know that the airplane was on the 
extended centreline? Did you analyse the DFDR data - control inputs, mo-
tions, accelerations, etc. for you to confirm the captains statement your-
self?  Why did the aircraft need a heading of 125 degrees during the last 
80 sec as recorded on the DFDR? Why was no attempt (rudder, aileron) 
recorded on the DFDR to align the aircraft with the runway? Is a crew 
statement made months after the accident still objective?  

 Analysis of aircraft trajectory data in RvO Annex 12 (Appendix 12), of head-
ing, bank angle, rudder and aileron data of the DFDR in RvO Annex 15 (Appendix 7) and 
control input data of AIDS in RvO Annex 9 proves that the aircraft was never on the 
prescribed (stable) approach path at all, was never aligned with the runway. In fact, 
stable approach criteria were never met as DFDR data shows; a go-around should have 
been initiated i.a.w. BIM § 3.4.4 – 06 (Appendix 11).  

 Question 31 of the 143 questions: Are there any statements on the tapes of 
the Cockpit Voice Recorder, which could suggest overconfident or irresponsible action 
on the side of the crew? The DASB answered: "Such statements are not included on the 
tape" (see transcript).  

4.7.3.12.1 Question: Experts answer "no". Don't Experts agree that there definitely 
were such statements? Experts made several comments in the CVR tran-
script in V17 § 8.6.5.2 themselves. The prescribed calls for a manual non-
precision approach, were not given; as required in AOM 3.3.5 – 08; Ap-
pendix 14. Isn't the DASB lying here?  If not, please explain. 

4.7.3.12.2 Questions. Was the aircraft correctly in the slot for landing, down to an 
altitude of 200 ft as DASB concluded? DASB stated: "The PAPI indication 
showed the aircraft to be on the correct glidepath, with some minor cor-
rections", but how could objectively be shown that the aircraft was on the 
correct glidepath while the PAPI lights that the pilots saw were not rec-
orded? Don't Experts agree that this answer is wrong? If not, please ex-
plain. 

5. Final Approach and Touchdown  

5.1. Minimum Decision Altitude 

 Rules and Regulations 

 The crew coordinating procedure to be applied during non-precision ap-
proaches is prescribed in AOM 3.3.5 – 08 (Procedures for Non-Precision Approaches, 
Appendix 14): 

• "At ≈ 500 ft", the PNF must call: "500", after which the PF responds with 
"cleared" or "not cleared". The call is included "to protect against subtle in-
capacitation and to serve as an awareness call for the landing clearance". 

• "At MDA + 100 ft", the PNF must call "Approaching minimums", after which 
the PF responds "checked". The PNF goes head-up and reports: "Contact", 
"Approach lights", "Runway". 
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• "Not later than MDA", the PF must call: "Landing" or "Go-around", after 
which PNF must "resume monitoring task". 

• At 50 ft, the flight engineer calls "fifty". 

 "The PNF occasionally goes head up, and goes fully head up after his call AP-
PROACHING MINIMUMS" (AOM 3.3.5 – 08; Appendix 14).  

 "If a captain is not satisfied with the manner in which a pilot under his com-
mand handles the flight, verbal instructions will normally be sufficient to remedy the 
situation. During critical phases of the flight, however, there may not be time to wait 
for response and the only alternative will be to take immediate control of the aircraft. If 
this action is considered necessary, the captain shall fully take-over control while call-
ing out “My Controls"".  
"Changes in e.g. power settings, flight instrument set-up, configuration, shall not be 
made without informing the PF, as this may lead to uncoordinated actions" (BIM 3.1.1 
– 06; Appendix 28). 

 Operation below the descent limit is authorized if the captain is convinced 
that a safe landing and roll-out can be made on the intended runway. Required are vis-
ual references and stabilized aircraft conditions which include hat the aircraft is in a 
position from which a descent to landing on the intended runway can be made at a 
normal rate of descent, using normal manoeuvres and where that rate of descent will 
allow touchdown to occur within the touchdown zone of the runway of intended land-
ing (BIM 2.3.6; Appendix 13).  

 Facts 

 At 07:32:30, after passing 500 ft, the flight engineer said: "you missed the 
500" (CVR transcript), which is an awareness call. At Faro, the minimum altitude at 
which the decision is made to land or go-around was 400 ft (MDA). Then the captain, 
rather than the co-pilot said "cleared hé" and the co-pilot responds "yes" (CVR tran-
script).  

 The approach was not stabilized at 500 ft according to the definition in BIM 
and AOM. The deviation from the approach radial was >2° (one dot on the HSI), i.a.w. 
radar data plotted on the approach plate in RvO, Annex 12. In addition, with the other 
vital factors not stabilized and for the short and wet (or worse) runway of Faro, the 
BIM 3.4.4 – 06 (Appendix 11) "strongly recommended" a go-around. 

 At 07:33:00, twenty seconds before landing, the co-pilot said: "windshield 
anti ice, I don't see anything". The co-pilot as pilot-flying obviously lost view of the run-
way due to heavy precipitation. BIM prescribes: "A go-around shall be made at any 
time when the required visual reference is no longer available" (BIM 2.3.6). A time con-
straint is not given. "The captain must be prepared for a go-around from any point of 
the visual approach" (BIM 3.4.4 – 02; Appendix 29). 

 The captain, as PNF, did not fully go heads-up as required in the crew coor-
dination procedure, because 10 sec before touchdown, he did read the RNAV derived 
wind head down from the R-Nav display (CVR transcript) which was located on the 
centre console, which he was not supposed to do.  

 Comments DASB 

 On Report RVDL3 page 6: According to the crew statements the aircraft was 
correctly in the slot for landing, down to an altitude of 200 ft. The PAPI indication 
showed the aircraft to be on the correct glide path, with some minor corrections.  
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 Comments and conclusions Experts 

 V17 § 6.5 page 35 on the (alleged) missing of calls by the crew. 

"If this question calls for the Experts to evaluate the fact that the crew forgot the “500 
feet” call out, the Experts confirm that the crew forgot it even if it was partially cor-
rected by the F/E’ remind.  

The instructions published by Martinair in its BIM indicate that, if the aircraft is not sta-
bilized at this altitude, it has to engage a missed approach procedure. This specific in-
struction is customary in most airlines.  

The pilots call this window the “stabilization floor”.  

The exact altitude may vary from one company to another, but it always has the same 
purpose.  

What matters is not going through this window in a specific configuration, but to do it 
with respect to the trajectory as defined by the actual procedure.  

The configuration will then be different whether the pilots carry-out a visual or an in-
strument approach.  

Moreover, this stabilization floor means that all destabilization below this level has to 
be followed by a missed approach procedure immediately. 

In our case, the pilots should have initiated a missed approach procedure since the air-
craft became destabilized at a very low altitude.  

So taking this into consideration, the fact that the pilots forgot to make the announce-
ment verbally could be considered as a contributing factor to the accident: the an-
nouncement constitutes a verbal reminder of the procedure to follow, and it was not 
done". 

 The Experts consider that the Dutch Aviation Safety Board is right not to 
highlight this specific point, that visibility did not seem to be an issue during the ap-
proach.  

 Remarks and questions Claimants 

 During the approach briefing (CVR 06:54:56) the PF briefed captain and 
flight engineer amongst other, that he would fly the approach with 50° flaps, manual 
crew coordination procedure (AOM 3.3.5 – 06 and 08). "You call approaching mini-
mums and field in-sight, you looking outside, runway is 2490, wet runway". During the 
crew briefing, the pilots should have noticed that the 500 ft and the Approaching Mini-
mums calls (at MDA 400 ft + 100 ft) would conflict, i.e. happen together.  

 The PNF (the captain) should have called "500" and "Approaching Mini-
mums" as instructed by the PF during the approach briefing, but he didn't. PF did not 
call "LANDING" after passing MDA (AOM 3.3.5 – 08; Appendix 14). The PF did not call 
"CLEARED" either, but the captain did 4 sec later. PF continued the approach, but he 
should have executed a go-around as he did not call "Landing". The captain allowed 
deviation from critical safety procedures and should have called for a go-around or 
take control of the aircraft. He eventually did, but too late.  

 Twenty seconds before landing, the co-pilot said: "windshield anti ice, I 
don't see anything" (CVR transcript). This proves that the PF lost visual reference of the 
runway at approximately 300 ft, well below the Minimum Descent Altitude, which 
should have led to an immediate go-around at that very moment, or the captain 
should have taken control, assuming he did have the runway visual. "A go-around shall 
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be made at any time when the required visual reference is no longer available" (BIM 
2.3.6; Appendix 11). A time constraint is not given. "The captain must be prepared for a 
go-around from any point of the visual approach" (BIM 3.4.4 – 02; Appendix 29). 
Hence, the loss of visual reference below MDA should have led to an immediate go-
around. 

  "Windshield anti ice, I don't see anything" (CVR transcript) was a wrong 
command, should have been: "windshield wipers".   

 The captain, as PNF, went heads down to read the wind from the R-Nav dis-
play at an altitude of 150 ft, while the PF instructed him to "look outside" during the 
approach briefing. The procedure also required him to be heads-up below MDA + 100 
ft and monitor the approach.  

 The flight engineer did not call "50 ft" as required in the approach proce-
dure (AOM 3.3.5 – 08; Appendix 14).  

 RvO on page 19 explains the words "cleared hé" as clearance from the ATC 
controller to land, while it was the word out of the crew coordination procedure that 
the co-pilot should have said to confirm the clearance to land, but the captain said it 
instead 4 sec later, because the co-pilot forgot. The call is included "to protect against 
subtle incapacitation and to serve as an awareness call for the landing clearance" 
(AOM 3.3.5 – 08; Appendix 14). The co-pilot must have been too busy controlling the 
aircraft; he was busy because the approach path was not as it should have been, not 
on the 111° radial as radar data in RvO Annex 12 (Appendix 12) shows and as can be 
analysed from DFDR data. The decision to land was not communicated in the cockpit 
as required in AOM 3.3.8 – 08 (Appendix 14) at an altitude of 500 ft, i.e. not later than 
MDA. A go-around should have been initiated at that time.  

 The captain did not call "my controls" or “go-around” (as stated by the 
Flight Engineer), when he initiated the go-around, see AOM 3.3.5 – 08 (Appendix 14). 

 ATS and CWS were inappropriately used by the flight crew. The NTSB re-
ported in letter 26 Oct. 1994 that "It appears that the aircraft and auto flight systems 
worked properly", see RvO Appendix. 

 The AOM § 3.3.5 – 13 (Appendix 30) Caution above describes the effects of 
using CWS during the flare for landing. When the pilot continues to pull the control col-
umn, the pitch continues to increase leading to a pronounced floating tendency. Re-
leasing the column to the neutral position will only stop the attitude change but main-
tains pitch angle (is a CWS design characteristic). Forward pressure is a must to stop 
excessive floating under CWS. But as the CWS was disengaged after conflicting control 
wheel inputs from PF and PNF, pitch control was no longer supported by the autopilot; 
pitch control was manual; forward or aft column inputs would then directly change the 
pitch angle, which would be noticed easily by the pilots.  

5.1.5.10.1 Question. Don't the Experts agree with the remarks stated above? 

5.1.5.10.2 Question. The PF gave no indication that he saw the runway after the 
windshield wipers were set at fast. He should then have called "landing" 
although this should have been done at an altitude not below MDA = 
400ft. DASB should have noticed the missed calls. This procedure is im-
portant for flight safety; why did experts not consider that DASB is wrong 
not to highlight this point? Please explain.  

5.1.5.10.3 Question. If the call "Landing" is not made at the latest at 400 ft (MDA), 
then a go-around must be initiated (AOM 3.3.5 – 08; Appendix 14). Don't 
you agree? 
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5.2. Wind just before touchdown 

 Rules and Regulations 

 The maximum crosswind components for landing a DC-10 on several run-
way conditions is defined in AOM 3.7.3 – 04 (Appendix 9).  

 Calculations of maximum allowable wind components for landing should be 
based upon the Tower reported surface wind (AOM 2.15.4 – 06; Appendix 16).  

 Facts 

 At 07:32:15, MP495 is "cleared to land runway 11, the wind 150°/ 15 max 
20 kt", of which the crosswind component was 12.3 kt.  

 According to the RvO § 1.7.2.4 page 39, the SIO prints the wind data every 
10 minutes. Next, the wind at 07:40 meteo time is given (= 07:41:30 UTC): 170°/24 kt 
max. 220°/35 kt. This was the wind 8 minutes and 10 seconds after the accident. The 
wind at 07:30 (07:31:30 UTC), 1 minute and 50 seconds before the accident, was not 
included among the facts listed by the Committee. However, it was stated that the 
wind speed might have been higher than 20 - 25 kt during the passage of a Cumulo-
nimbus (Cb - a thundercloud). According to the weather information, the Cb covered 
1/8-part of the sky and was at an altitude of 2,500 ft. Apparently at 07:30 UTC a heavy 
rainstorm was approaching and according to the Portuguese RvO heavy rain fell from 
it. The Portuguese RvO mentions "violent down pour" (heavy precipitation); the English 
translation by the DASB states that "a violent storm arose", which is rather exagger-
ated. The weather will have been bad, but in the RvO everything is done to give the 
impression that it was very bad. If that was indeed the case, then the pilots made a 
gross error by continuing the approach. DFDR data does not show that the aircraft did 
experience major accelerations, large altitude excursions and large airspeed variations 
(defined in AOM 3.3.8 – 02; Appendix 22) and was therefore not subjected to a "vio-
lent storm". Similarly, there are no comments made by the flight-crew in the transcript 
of the CVR about very bad weather during the approach. 

 The wind 220°/ 35 kt was never communicated to the aircraft (CVR tran-
script), because the wind never occurred before the landing of MP495. The meteo 
clock was not synchronized to UTC.  

 In RvO § 1.7.2.4 it is stated that a "detailed analysis" indicated that the wind 
started turning and increased in strength. § 1.7.4.4 contains a table with the wind in-
formation communicated to aircraft, but the numbers given do not correspond with 
the table in the same chapter with the average and maximum wind, as recorded every 
half minute by the SIO. Hence, the source of these "facts" in the "detailed" analysis is 
therefore unclear. The chapter should only provide factual information, but the au-
thors of the RvO were seduced into adding analyses and their own interpretations 
(AvioConsult, § 2.3.4).  

 In RvO Annex 5, from 07:32:40, the columns with wind data of runway 11 
show three times a wind of 220/max 35 kt, but each time the value is preceded by the 
label "Valores calculados". Hence, these data were not factual. These wind data are 
not in agreement with the data elsewhere in the RvO. 

 At 10 sec before landing, the captain looked down at the R-Nav control 
panel to read the RNAV derived wind data (CVR transcript) after which he said: "wind is 
uh 190 with 20". He was not supposed to do so; he had to be heads-up to monitor the 
approach (BIM 2.3.6 ii, Appendix 13 and AOM 3.3.5 – 08, Appendix 14). Reading the 
RNAV derived wind diverted his attention from monitoring the approach. After looking 
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up again, he grabbed the controls and initiated a manual go-around; he should have 
commanded "my controls", "go-around" and pushed the go-around button, but he did 
not (BIM 3.1.1 – 06; Appendix 28 and AOM 3.3.6 – 02; Appendix 31).  

 During the last 80 sec of flight, the heading recorded on the DFDR was 125°. 
If the aircraft was on the 111° approach radial, the resulting crosswind component 
would have been 35 kt during at least the last 80 sec (DFDR data). If the aircraft was at 
the 7° larger ground track as indicated by the ground radar in RvO Annex 12 (Appendix 
12), i.e. at 118°, the crosswind component would have been 17 kt. Fact is that the large 
drift angle should have alerted the crew that the crosswind was large, too large for 
landing.  

 Comments DASB 

 "During the progress of the flight, the reported weather did not change. The 
weather conditions mentioned in the forecast prior to the flight until the final part of 
the approach remained generally the same, with a reported wind of 150° with a speed 
of 15 knots, with gusts up to 20 knots only reported at the last moment" (Report RVDL3 
page 2).  

5.2.3.1.1 Remark. DASB must have read the CVR transcript (RvO Annex 5), including 
the wind and weather changes that were reported on the ATIS and by the 
ATC controller to other flights. There were indeed changes, not only dur-
ing the last moment, also 20 min before landing when a wind of 150/24 kt 
was reported and departing flight TP120 reported passing through a thun-
derstorm.  

5.2.3.1.2 Remark. The crosswind component, based on the Tower reported surface 
wind of 150/15-20, was 14 kt, 9 kt higher than the limit for a flooded run-
way, only 1 kt less that the 15 kt limit for a wet runway. The crew was 
aware of the wind varying in direction and magnitude.  

 "During the final approach the captain monitored wind readings of the R-
NAV. This action is not required in the AOM procedures" (Report RVDL3 page 3). 

5.2.3.2.1 Remark. The captain monitored the R-Nav calculated winds during the ap-
proach several times. It is required to do this in case windshear is ex-
pected. BIM 3.1.7, Appendix 6: "If a wind shear in the approach area is ex-
pected or known to exist:  

• use speed increment as indicated in the AOM; 

• consider the use of a reduced landing flap setting, runway length per-
mitting; 

• use autopilot and autothrottle, if possible; 

• monitor Inertial/Omega data, IAS, rate of descent, pitch and power, 
closely for early shear recognition". 

Indeed, as DASB wrote in Report RVDL3, the AOM did not require to mon-
itor wind readings, but the BIM did, and that is what the captain did. 
There were obvious no changes in indicated air speed, rate of descent, 
pitch and power that would let the captain believe that there were signs 
of windshear. DFDR data objectively shows there were none either.  

 "Approach Control did not transmit to the aircraft the wind information on 
runway 11 that reached 220° with 35 kts between 07.32:40 and 07.33:30 UTC".. DASB 
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wanted to delete from the RvO the sentence "The crew was not aware of the turbu-
lence intensity due to the influence of the automatic flight control systems operating 
correctly, degrading the crew's perception of the seriousness of the situation" (Report 
RVDL3 page 9). 

5.2.3.3.1 Remark.  The wind 220°/35 kt was indeed never communicated to the air-
craft (CVR transcript), because it was not measured on the ground, prior 
to the landing of MP495. 

5.2.3.3.2 Remark. If the wind 220°/35 kt ever occurred, it was after the aircraft had 
landed. None of the data recorded by the DFDR supports the DASB state-
ment on the 220°/35 kt wind which would result in a (small) tailwind. A 
wind of 220°/35 kt, by the way, would require a 4° larger crab angle on 
touchdown than the 11° that was recorded on the DFDR. The scratches in 
the asphalt were straight and in the runway direction. The "crab angle" 
was therefore not only a crab angle into the wind, but also an increase to 
the heading to fly to the runway. The aircraft was north of the extended 
runway centreline until touchdown.  

5.2.3.3.3 Question. How did the Experts validate the DASB remark? Please explain. 

 Comments Experts and Remark Claimants 

 "It is undeniable that the aircraft has encountered destabilizing meteorolog-
ical conditions during the last phase of its final approach" (V17 § 6.1 page 34). 

5.2.4.1.1 Remark. Objective DFDR and AIDS data do not show destabilizing meteor-
ological conditions. The aircraft never became destabilized; none of the 
control inputs were maximal at any time during the approach. The air-
speed did not vary very much, except as caused by the pilot-flying. The 
pilot-flying caused aircraft motions because of inappropriate roll and pitch 
control inputs, even against the autopilot. From 43 sec before the landing, 
the pilot-flying already applied left rudder to align the aircraft, but at 18 
sec before landing, he released the rudder; the heading returned to 125°. 
At 12 sec before the landing, near full left rudder was applied. The head-
ing decreased from 125° to 112°, but did not reach the runway heading 
106°. Rudder inputs cause side effects and unnecessary motions and sen-
sations. During the same period, the co-pilot also applied pitch inputs that 
caused pitch angle changes. The autothrottle immediately responds to 
even small changes of pitch commands by immediately in- or decreasing 
the engine thrust. All of these pilot induced variations might be explained 
as destabilizing (meteorological) conditions while, in fact, the co-pilot in-
duced them. The co-pilot had no experience in landing a DC-10 in cross-
winds exceeding 15 kt (Fax Martinair, Appendix 5) and the NTSB con-
cluded that the autothrottle and autopilot (CWS) functions were inappro-
priately used (RvO Appendix).  

5.2.4.1.2 Question. Claimants do not understand this statement, and ask the Ex-
perts to motivate their statement in engineering terms, rather than in in-
formal language.  

 The experts refer to the statement of the Flight Engineer: "the captain said 
Go-Around". 

5.2.4.2.1 Question. This statement was not recorded on the CVR and hence not an 
objective statement. Don't Experts agree? 
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 Other Remarks Claimants 

 The wind data used for calculating the landing data on the Landing Data 
Card was not based on the Tower reported actual wind data, as should have taken 
place. The reported winds by Faro approach to MP495 and other traffic varied consid-
erable. At 07:19:51, the controller reported a wind of 150°/24 kt with the take-off 
clearance to departing flight TP120. The captain said … (illegible), the flight engineer 
responded: "Hè what?", the captain "…"(illegible), after which the flight engineer says 
"yeah, I'll check them". This must have been the response to the increased wind, be-
cause the flight engineer prepared the Landing Data Card (using forecasted data) ap-
proximately half an hour before landing and was going to review the data. The Landing 
Data Card found in the wreckage however, showed the old, forecasted wind data. The 
landing data were not updated to the most recent weather data provided by the 
Tower controller, while the "calculations of maximum wind components for landing 
should be based upon the Tower reported surface wind" (AOM 2.15.4 – 06; Appendix 
16). The Landing Data Card found in the wreckage showed the old wind data. 

 The crew were made aware that the winds varied in strength and direction, 
and that there was a thunderstorm nearby, reported by the departing flight TP120. Alt-
hough the captain did not have to read the wind from the R-Nav display, he did and 
reported aloud: wind 190/20. Once he did, this value should have become leading. The 
crosswind component of this wind was 20 kt, much higher than the limits for both a 
flooded and a wet runway. AOM 2.15.4 – 06 (Appendix 16) advises that "the crosswind 
component might be up to 5 kt in error and is strongly influenced by slide-slip manoeu-
vres, such as de-crabbing". At that moment, the co-pilot indeed applied full rudder in 
an unsuccessful attempt to de-crab the aircraft. This means that the actual crosswind 
was even higher, and increased even more above the runway limits. The unsuccessful 
de-crabbing and a heading 11° right of the runway centreline should also have rang a 
bell in both pilots' minds of the magnitude of the crosswind.  

5.2.5.2.1 Question. Is careful review of objective and actual DFDR and AIDS data of 
the final approach not more reliable for flight path reconstruction than 
using ATC provided wind data (150°/15 – 20 kt)? Such data is never actual. 
Did the captain not read the wind from the R-Nav 10 sec. before landing 
(CVR transcript)? Please explain. 

5.3. Rate of Descent 

 Rules and Regulations 

 During landing on a wet or otherwise contaminated runway, AOM 3.3.5 – 
15 (Appendix 2) requires pilots to "aim for a positive touchdown", "avoid a long float" 
and "be prepared to go-around at any time during the flare". 

 "At 30 – 40 ft, initiate flare. A slight flare (2° à 3°) is required. Touchdown 
attitude is approximately 7°" (AOM 3.3.5 – 13; Appendix 30).  

 A manual landing requires the pilot-flying "at 50 ft, to monitor throttle lever 
retardation". The pilot-flying monitors by laying his hand on the throttle levers. "If au-
tothrottles fail to retard, retard throttles manually" (AOM 3.3.5 – 13; Appendix 30).  

 Facts 

 The captain told the co-pilot to "make it a positive touchdown", meaning to 
not flare to a 'soft' touchdown, which might lead to aquaplaning.  
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 In the draft of report CR 94238 C (numbered CR 94xxx – Lijst 4 tab 24, file 
NA 2616), successor of CR 93080 C, the NLR concluded "a mean rate of descent of 760 
ft/min during the last part of the flight". This can be confirmed by analysing the DFDR 
radar altitude data.  

 The DFDR data (RvO Annex 15; Appendix 7) includes two altitude graphs. 
One is showing the barometric altitude, the altitude measured using the pressure of 
the ambient air, and the second trace is the radar altitude, i.e. the altitude measured 
by a radio detection and ranging (radar) altimeter (radalt), which shows the altitude 
from the antenna underneath the fuselage to the ground. While the DFDR radalt graph 
is straight, i.e. showing a constant rate of descent during the last 10 sec of flight, the 
barometric altitude is a convex curve that shows an increase of the rate of descent 
during the last 3 sec of flight. Air data measurements though, are influenced by many 
error sources, the most important of which is the ground effect, caused by the (reflect-
ing) bow wave of the aircraft when the aircraft is close to the ground, influencing the 
air pressure in the pitot tubes that are connected to the airspeed indicators. During the 
experimental flight test phase of an aircraft, airspeed and baro-altitude correction ta-
bles and graphs are prepared to be published in the Aircraft Flight Manual; these cor-
rections were most probably not applied to the baro-altitude data of the DFDR. The 
radar altitude needs no correction and is a reliable source for accurate altitude data 
provided the ground underneath the aircraft is level, not undulating.  

 During the last 7.5 sec before touchdown, the average pitch angle increased 
from 2.5 to 9 degrees, the normal touchdown attitude. The vertical/normal g increased 
as well to 1.2, indicating a decreasing rate of descent. This g increase was caused by 
the increasing pitch angle and increasing thrust of the engines following the initiation 
of the go-around.  

 The bank angle during touchdown was 5.62° to the right (DFDR data RvO 
Annex 15; Appendix 7). 

 Comments DASB 

 "Due to the premature large and sustained power reduction and the tail-
wind component in the final approach phase, the aircraft attained a rate of descent of 
about 1000 ft/min" (RVDL3, page 11). 

5.3.3.1.1 Remark. There is no evidence on DFDR data that this number is correct. 
See § 5.3.5.1 below. 

 In Report RVDL3 page 6 DASB wrote: "Only when the pre-set limits of the 
Ground Proximity Warning System are exceeded, the rate of descent during an ap-
proach is considered excessive, and in that case an autoprint of the AIDS will take 
place. Such an autoprint did not occur, as evident from the AIDS registration". Hence, a 
fact is that the rate of descent was not excessive.  

 DASB tried to persuade the Commission during a visit to Portugal and with 
the Report RVDL3 (lijst 4 tab 23, page 13) to change the causes paragraph to include: 

"Subsequently a high rate of descent and an extreme lateral displacement developed, 
causing a hard landing on the right-hand landing gear, which in combination with a 
considerable crab angle exceeded the aircraft structural limitations."  

5.3.3.3.1 Remark. Both DASB and Commission conclude that the rate of descent 
increased to 1000 ft/min or more as consequence of the microburst/ 
windshear. The increased rate of descent led to a hard landing on the 
right main landing gear that, together with the large crab angle exceeded 
the structural limits of the aircraft. These factors should have led to the 
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fracture of the right landing gear.  
These conclusions are not supported by the measured facts. The radar al-
timeters in the aircraft do not show an increase of the rate of descent. 
The rate of descent is not 1000 ft/min, but substantially lower. 
In addition, the DFDR vertical acceleration graph does not show variations 
that increase above the values for light turbulence. When a micro-
burst/windshear would have occurred that led to an increase of the rate 
of descent, the vertical acceleration data would have shown this. Fact is 
that the vertical acceleration did not increase just prior to the landing, but 
actually even decreased because of the nose-up manoeuvre for the go-
around.  

 With letter 13-04-1995 (NA 2608), the NLR asked AIB/ Mr. Erhart permis-
sion to use, include and publish a few pages and figures out of the report CR 93080 C in 
a GARTEUR (Group for Aeronautical Research and Technology in EURope) publication 
on windshear occurrences in Europe. The NLR letter included an attachment with the 
requested data. The copy of this letter in the National Archives (2608) shows the notes 
made by chief investigator Mr. Erhart on the individual pages. He did not want the NLR 
to publish data on lateral and vertical flight profile, on the vertical speed, a paragraph 
on the traverse landing, about closure of the power levers and the remark "more flight 
data is needed, however, to substantiate this." Figures showing the pitch increase, roll 
angle, airspeed, normal acceleration and vertical speed just prior to the landing were 
not allowed to be published either. Allowed were only figures showing data obtained 
from models of downburst and the downburst-influenced flight path (which were also 
inappropriately used by the Experts, because these were not out of the final report in 
RvO Annex 4, hence were not official), adverse wind components graphs and graphs 
that show the windshear. These graphs were all obtained from theoretical models or 
inappropriately crunched DFDR and AIDS data, and from assumptions by an engineer 
who was not aware of the procedures that the pilots had to use during a VOR ap-
proach, i.e. set a rate of descent with the vertical speed wheel in the autopilot and 
take over manually when PAPI lights are in sight (AOM 3.3.5 – 08 & 09; Appendix 14 & 
Appendix 24). It is obvious that Mr. Erhart realized that real experts could use the re-
port to conclude that the 'fabricated' cause of the accident, as desperately desired by 
Martinair and DASB, could not be genuine. Therefore, to avoid blame, the data should 
not be made available to an international scientific organization as GARTEUR is.  

 "To all probability the aircraft encountered the third microburst which was 
calculated by NLR to be present there. Immediately thereafter engine thrust reduced to 
flight idle".  

 "The Board agrees that to all probability an action of the F.O. [first officer] 
resulted in the sustained flight idle thrust".  

 Conclusion Experts 

 "A vertical speed above 850 feet/minute as calculated by the Experts is 
clearly beyond the limitations imposed by certification" (V17 page 27). 

5.3.4.1.1 Question. The Experts are requested to motivate their answer by showing 
how this is calculated (after reading § 5.11).  

 Experts on V17 § 6.3 page 35: 

"The value of the descent rate was calculated by both the NLR and the NTSB in its anal-
ysis of recorded parameters on the DFDR. Both have similar conclusions. The Experts 
also obtained similar results.  
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Moreover, the analysis of the mechanical collapse of the right main landing gear illus-
trates the problem generated by an excessive vertical speed.  

Even though the Experts mission is not to find out the origin of this vertical speed, it is 
difficult to deny its existence at the time of the accident".  

5.3.4.2.1 Question. The NTSB did not present a rate of descent, i.e. it is not pub-
lished in the DFDR factual report, DCA-93-RA-011 dated 12 Feb 1993 (RvO 
Annex 15; Appendix 7). Where did the Experts find the NTSB calculated 
descent rate?  

5.3.4.2.2 Remark. As for the collapse of the gear, please refer to § 5.11 below. 

 Remarks and Questions Claimants 

 The NLR, in the draft of report CR 94238 C (numbered CR 94xxx – Lijst 4 tab 
24, file NA 2616, successor of CR 93080 C), concluded a mean rate of descent of 760 
ft/min during the last part of the flight. The chief investigator of the AIB returned the 
report with the comment to delete this line, because he obviously wanted a higher 
rate of descent to be able to support the conclusion that the landing gear failed due to 
the high rate of descent; 760 ft/min is not a high enough rate of descent to fail the 
landing gear. The pitch up during the last seconds (which reduced the rate of descent) 
on page 13 also needed to be deleted. All references to a lower rate of descent than a 
rate that would cause the landing gear to fail had to be removed.  
In April 1995, NLR asked DASB permission to make the first NLR report (CR 93080 C) 
available for international scientific windshear research. The answer is presented in 
§ 5.3.3.4;  

5.3.5.1.1 Question. Do Experts agree that it is strange to delete rate of descent and 
flight path data from the report? Can Experts explain why this important 
information were not to be included in the NLR report?   

 DASB enforced a few changes to the draft of the NLR report. This report 
would be included in RvO Annex 4. DASB was also responsible for the contents of the 
NLR report; they knew exactly what they were doing.  

5.3.5.2.1 Questions. Didn't the NLR, by granting the required changes, give up its 
independency as scientific institute? Behaved the DASB as an independent 
investigator? Please explain.  

 The Experts have calculated 850 ft/min (V17 pages 27 and 112), but did not 
present the calculation. The design rate of descent of 600 ft/min (AOM 3.7.1 – 09; Ap-
pendix 32) is not the only parameter that determines the energy that is to be dissi-
pated by the landing gear during landing. Neither a rate of descent of 760 ft/min, nor 
of 850 ft/min results in a collapse of the landing gear as will be discussed in § 5.11 be-
low. A DC-10 landing gear is designed and tested to withstand a rate of descent of 900 
ft/min with a bank angle of 8° and 1024 ft/min with the wings level at max. landing 
weight without bottoming the shock struts.  

5.3.5.3.1 Question. If the Experts say it is not their mission to find the origin of the 
vertical speed, then an answer to the Court cannot be given. Don't Experts 
agree with the observation from DFDR data that the rate of descent was 
less than DASB tried to believe? If not, please explain. 

 In the draft report, NLR also mentions in § 2.2.3 b): "This may explain the 
rather short flare that occurred at touchdown (i.e. pitch-up to about 9 degrees)". The 
words between parentheses were also deleted by Mr Erhart, because they would refer 
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to a decrease in vertical speed just prior to touchdown. This decrease can also be ob-
served on the DFDR normal (vertical) g graph, as already mentioned above. The pitch 
before touchdown was increasing from 2° and was 9° at touchdown, as required by 
AOM 3.3.5 – 13 Manual Landing.  

 DASB stated that at 80 ft radar altitude a high rate of descent developed. 
Radar altitude data of the DFDR in RvO Annex 15 (Appendix 7) doesn't show this, 
though; wishful thinking not backed-up by objective DFDR data.  

 The increase of the pitch angle prevented the rate of descent to increase, 
but at the cost of reducing the airspeed and increase of drag. The airspeed above the 
threshold was only 3 kt below the required threshold speed of 139 kt but decreased 
thereafter.  

 The speed command of the ATS proves that the ATS tried hard to open the 
throttles (letter NTSB), but the co-pilot prevented that from happening, while he only 
has to monitor throttle retardation by the ATS at 50 ft (by resting his hand on the 
throttles, AOM 3.3.5 – 13; Appendix 30). The co-pilot however, kept the throttles 
closed which caused the engine rpm to reduce to flight idle, much lower than the re-
quirements for allowing an immediate go-around from any moment during the ap-
proach, including during the flare (AOM 3.3.5 – 15; Appendix 2).  

5.4. Premature thrust reduction 

 Rules and Regulations 

 The primary method of executing an approach, regardless of weather con-
ditions, is by means of the autopilot(s) and autothrottles. To avoid inadvertent autopi-
lot disconnection by overpowering, hold the controls lightly (AOM 3.3.5 – 04; Appendix 
8).  

 "During approach, all control actions shall be followed with hands and feet 
on the controls by the pilot flying, in order to resume manual control immediately after 
a disconnect" [of an automatic system] (BIM 3.4.3 – 01; Appendix 33).  

 When the autothrottle is engaged and the aircraft descends below 50 ft ra-
dio height for landing, the ATS engages the Retard mode, in which the throttles auto-
matically retard at a programmed rate (AOM 1.3/4 page 1; Appendix 34).  

 At 50 ft, the pilot-flying always needs to "monitor throttle lever retardation" 
by the ATS, by holding his hand on the throttles, to be able to 'feel' what the Auto 
Throttle System is doing. "If both autothrottles are disengaged, or fail to retard, retard 
the throttles manually" (AOM 3.3.5 – 13; Appendix 30). 

 Facts 

 During the approach, the autothrottle system was engaged and set at the 
threshold speed of 139 kt, rather than at the obligated 5 kt higher approach speed of 
144 kt (§ 4.3.2 above).  

 Both DFDR and AIDS data show a decrease of N1 rpm of all three engines 
below an altitude of 150 ft, 14 sec. before touchdown, down to the flight idle thrust 
level (≈55% N1) at a retard rate higher than the normal retard rate of the engaged 
auto throttle system on four earlier occasions during the last 70 sec of flight (DFDR 
data, RvO Annex 15; Appendix 7).  

 Although the auto throttle system is designed to control the throttles until 
after touchdown, "manual override of the auto throttle is possible at all time", meaning 
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that a pilot can forcefully pull the throttle handles to idle, even with the auto throttle 
system engaged (AOM 1.3/4 page 1; Appendix 34).  

 The NTSB reported in letter 26 Oct 1994 (RvO Appendix): "It appears that 
the aircraft and autoflight systems worked properly. Information from the quick access 
recorder indicates that the speed error (which is one of the parameters controlling the 
auto throttle computer and translates how hard the computer wants to push the throt-
tles forward) suddenly increases when the throttles were reduced to idle at 150 feet 
radio altitude, rather than at 50 feet when the normal auto throttle retard mode would 
have been in effect". The NTSB recommended in this letter also to include "manual in-
tervention by the crew". 

 Comments DASB 

 The DASB wanted to delete the line from the RvO: "The power was reduced 
at 150 ft instead of at 50 ft by autothrottle action" (report RVDL3) and change this line 
into: "At 150 ft the power was reduced to flight idle. This power reduction was in all 
probability initiated by the ATS with a follow through by the F.O. [First Officer]. Also the 
sustained flight idle thrust condition was most probably a result of action of the F.O.".  

 Comments Experts 

 "There are two points to address regarding this question:  

• First, the records show a strong thrust increase that reached a value comparable 
with a missed approach procedure;  

• Then next, a decrease down to flight idle thrust.  

Several scenarios have been mentioned but, for the Experts, it clearly appears that the 
increases in thrust were consequential to the destabilization, not a cause of it.  

However, even though the thrust increase showed the pilot’s intentions to go around, it 
also showed that he became aware of the situation but the variations of bank angle, 
whatever their origin, changed his order of priorities" (V17 § 6.6). 

 The Dutch Aviation Safety Board estimates that the Portuguese report is 
correct in regards to the thrust decrease probably initiated by the ATS and confirmed 
by one of the pilots (V17 § 5.2.2.4, page 25). 

 "A lack of certainty about the thrust variation is the reason for the Experts 
to be cautious" (V17 § 5.2.2.4 page 25). 

 As already said, the Experts do not validate the official assertion related to 
the reduction of thrust. The rate of thrust variation is the same as if done by the ATS. It 
is then impossible to define definitely who initiate the thrust reduction (V17 § 4.3, 
page 59). 

 Remarks and questions Claimants 

5.4.5.1.1 Question. Have Experts included the DFDR data (RvO Annex 15; Appendix 
7) to determine the cause of the "thrust increase that reached a value 
comparable with a missed approach procedure"? Please explain in detail. 

5.4.5.1.2 Question. If Experts mention that "the increases in thrust were consequen-
tial to the destabilization", what do they exactly mean? Which destabiliza-
tion, if any? Please motivate your answers.  

5.4.5.1.3 Question. What do Experts mean by "the variations of bank angle, what-
ever their origin", that "changed his order of priorities"? Please explain in 
detail by analysing DFDR data.  
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 The Commission included in the final report: "At 150 ft (RA) power has been 
reduced to flight idle through ATS and kept at flight idle, probably by co-pilots action. 
Under normal conditions the ATS retard mode starts at 50 ft (Radar Altitude)".  

 An ATS is not programmed to reduce the thrust to a level below approxi-
mately 55% N1 when the altitude is above 50 ft AGL, refer to the DFDR N1 data where 
three instances prove this during the last 60 sec of flight (DFDR data RvO Annex 15; Ap-
pendix 7).  

 Hence, the ATS functioned; no lack of certainty, except if the Experts didn't 
read the NTSB letter, although they state in V17 § 5.2.3.2 page 29 "that the equipment 
the NTSB possesses is probably one of the best in the world".  

5.4.5.4.1 Question. The rate of thrust decrease during the last 12 sec of flight is 
larger than the rate of thrust decrease by the ATS during the four in-
stances at 67, 55, 37 and 25 sec before touchdown, and definitely not "the 
same as if done by the ATS". Did the Experts review the DFDR N1 graphs in 
RvO Annex 15 (Appendix 7) in their analysis?  

5.4.5.4.2 Question. Why do Experts have a different opinion of the ATS than the 
NTSB, and why do Experts not validate the NTSB statement?  

5.4.5.4.3 Question. Do Experts agree that the NTSB was right in concluding that "It 
appears that the aircraft and autoflight systems worked properly"? If not, 
please explain in an objective analysis using facts and figures.  

 For pilots always counts during an approach: Hands on throttle and stick, 
meaning to monitor or control the roll and pitch of the aircraft with one hand, and 
monitor the motions of the throttles under ATS control with the other, as prescribed in 
AOM 3.3.5 – 04 (Appendix 8). If the ATS varies the thrust too vigorously, or reduces the 
thrust too prematurely, the pilot should take control of the throttles as well. There was 
no error in the system, and because abnormal operation indeed occurred, this must 
have been a pilot error which should have been addressed by both the DASB and the 
Experts. 

 The intention of the procedures is that the aircraft lands while the ATS stays 
in control of the throttles. In this case, the pilot overruled ATS and closed the throttles, 
not below 50 ft, but already at 150 ft. One of the reasons might be that the co-pilot 
had the custom of closing the throttles, not waiting for the ATS to enter the retard 
mode. Another reason could be that the co-pilot estimated that the DC-10 should 
touchdown too far down the runway, which he tried to prevent by closing the throttles 
early, a beginners' mistake. The co-pilot apparently was not very accustomed to and 
proficient in managing the automated control systems of a DC-10.  

 "During the approach, use of flaps 50, the low airspeed, and throttle move-
ment to idle, minimized the flight crew's options for recovery and increased the recov-
ery time required. Once the autopilot was disengaged, CWS with ATS remained: func-
tions which were inappropriately used by the flight crew" (letter NTSB 26 Oct 1994, 
RvO Appendix).  

 "If a manual landing must be performed" on a wet or otherwise contami-
nated runway: "be prepared for a go-around at any time during the flare"(AOM 3.3.5 – 
15; Appendix 2). Keeping the throttles closed is not being prepared, because increasing 
the throttles from idle to take-off thrust takes many precious seconds, while the in-
crease of thrust from a higher level is almost instantaneously.  
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5.4.5.8.1 Question. Do Experts agree that decreasing the thrust to flight idle in-
flight is not in agreement with the AOM, and not with windshear recovery 
techniques either? (AOM 3.3.8 – 02, Appendix 22). If not, please explain. 

5.4.5.8.2 Question. Do Experts agree that DASB wanted to focus on the weather, 
rather than on the mishandling by the pilots? If not, please explain. 

 The conclusion of the Commission was not in agreement with NTSB, the 
reason might have been that the NTSB response letter arrived in Portugal after the 
deadline for comments (i.a.w. Annex 13). The letter was included in the Appendix of 
the RvO, though.  

5.5. Control inputs during final approach 

 Rules and Regulations 

 The minimum height to change from Command mode (Vertical Speed) to 
CWS is 500 ft (AOM 3.3.5 – 08, Appendix 14).  

 Facts 

 The co-pilot switched the autopilot from Command to CWS mode above 
500 ft, as required.  

 DFDR and AIDS data show unnecessary rudder, and large pitch and roll con-
trol inputs against the autopilot that was engaged in the vertical speed mode and later 
in CWS mode.  

 Comments DASB 

 The Dutch Aviation Safety Board holds the First Officers actions on the con-
trols responsible for the inclination leftward (V17 § 5.2.2.3, page 25).  

 "A bank to the left developed when the First officer applied left rudder to de-
crab the aircraft" (RVDL3, page 6).  

 Comments Experts 

 The flight analysis conducted by the Experts tends to agree with this state-
ment that the First Officer is "responsible for the inclination leftward". 

 The bank angle gradient to the left, surprises both pilots who react at the 
same time to control and reverse it, which ultimately created a banking inversion twice 
as strong (V17 § 5.2.2.4 page 25). 

 "It is technically possible that this probably strong action by the pilots pro-
voked the automatic pilot to disengage the CWS mode. This is validated by the Dutch 
Aviation Safety Board.  
However, a double-click, which was signalled and recorded by the CVR seems to prove 
that this disengagement was voluntary" (V17 § 5.2.2.4 page 26). 

 The statement according to which the disengagement of the autopilot 
(switching from CWS to MAN) occurred spontaneously is therefore not validated by 
the Experts (V17 § 5.2.2.4 page 26). 

 Remarks and Questions Claimants 

 The NTSB, wrote to the Commission: "Once the autopilot was disengaged, 
CWS with ATS remained: functions which were inappropriately used by the flight crew" 
(letter NTSB 26 Oct 1994, RvO Appendix).  
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 As already discussed in § 5.2.4.1.1, the pilot continued to interfere with the 
CWS mode operation of the autopilot of the aircraft. AOM 3.3.5 – 04 (Appendix 8): "To 
avoid inadvertent autopilot disconnection by overpowering, hold the controls lightly", 
with thumb and finger, as pilots call this. The co-pilot did not "hold the controls 
lightly", but continuously entered large commands. This had the effect that the autopi-
lot overreacted and as a consequence, the engaged autothrottle system also re-
sponded to the control inputs by in- and decreasing the thrust of the engines, giving 
the impression of "longitudinal instability". In addition, the co-pilot applied pressure 
on the left rudder pedal already 40 sec prior to the landing, at ≈ 1.4 nm from the 
threshold. If this was an attempt to align the aircraft with the runway, it was not only 
too early, but also too small (DFDR and AIDS data in RvO Annex 15; Appendix 7, resp. 
Annex 9).  

5.5.5.2.1 Question. Don't experts agree that many control inputs were excessive 
and unnecessary? If not, please explain. 

5.5.5.2.2 Question. The aircraft banked a few degrees to the left over 8 sec as side 
effect from the rudder input that was not adequately counteracted by the 
ailerons, as shown by DFDR data. The roll rate though, following this in-
creasing bank to the left was not twice as strong, but the same as the roll 
correction to the right. The roll was not continued to the right though to 
compensate for the crosswind, as might be expected for a landing under 
large crosswind conditions. Can Experts explain why this happened? Could 
it be possible that the aircraft was not approaching on the extended run-
way centreline, but under a 7° angle as the ground radar data proves?  

5.5.5.2.3 Question. It is not only technically possible that a strong action disengaged 
the CWS mode. The system is designed to disengage autonomously when 
opposite control force inputs are sensed between the captain and co-pilot 
pitch and roll controls. Experts use "however", but this mode switch can 
neither be called voluntary, nor spontaneously, don't you think?  

5.5.5.2.4 Question. The rudder and aileron control inputs during final approach 
were not as you would expect for a crosswind landing. During the ap-
proach the heading was 125°, so there must have been a strong cross-
wind. Can experts explain why the pilots did not use standard crosswind 
landing control inputs? Why would the pilots allow the bank angle to in-
crease to the left over 8 sec and not attain and maintain a bank angle to 
the right to counteract the crosswind component? Could it be possible 
that the approach was not on the extended runway centreline?  

5.6. Autopilot disengagement 

 Rules and Regulations 

 "The primary method of executing an approach, regardless of weather con-
ditions, is by means of the autopilot(s) and autothrottles. To avoid inadvertent autopi-
lot disconnection by overpowering, hold the controls lightly" (AOM 3.3.5 – 04; Appen-
dix 7).  

 Facts 

 At 6 sec before touchdown, the CWS mode of the autopilot disengaged be-
cause of the conflicting roll control inputs of the captain and the co-pilot. The co-pilot 
was not made aware that the captain took control of the aircraft because the captain 
did not say "My controls" when taking over the control of the aircraft.  
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 Comments DASB 

 Both pilots took opposite corrective control wheel action simultaneously 
most probably causing the autopilot CWS mode to disengage" (RVDL3, page 6). 

  "Disengagement of the autopilot CWS mode could have resulted in less 
pitch increase than could be expected from the control wheel input, as the crew was 
not aware that the CWS mode had disengaged. The reason that the crew was not 
aware of the disengagement could have resulted from the fact that the aircraft was in 
the final stage of the landing and the attention of the crew was focused on outside ref-
erences and therefore missed the Autopilot red flashing warning light.  
Obviously the crew tried to correct the situation and to bring the aircraft back to the 
runway centreline" (Report RVDL3, page 7). 

 Comments Experts 

 The Experts only refer to the double click in the CVR transcript 5 sec before 
touchdown, and present no comments.  

 Remarks and Questions Claimants 

 The captain did not say "My controls", when taking over the control of the 
aircraft; it was not recorded on the CVR, though required in BIM 3.1.1 – 06 (Appendix 
28). The captain applied a roll control force opposite of the roll control force by the co-
pilot (RvO Annex 9), which was the reason why the autopilot CWS mode disengaged.  

5.6.5.1.1 Question. Why do Experts refer to the CVR transcript and don't provide 
comments to the DASB answer? Please explain. 

5.6.5.1.2 Question. Was the cause of disengagement of the CWS mode of the auto-
pilot not the failure of the captain to call "My controls"? Please explain. 

5.6.5.1.3 Question. DASB wrote that the crew tried to correct the situation and to 
bring the aircraft back to the runway centreline. Would not a bank angle 
to the right be required to achieve that (which was not shown on the 
DFDR data)? Was the answer of the DASB not incorrect? Please explain. 

5.7. Go-around attempt 

 Rules and Regulations 

 AOM 3.3.6 – 02 (Appendix 31) presents the Go-around Crew Coordination 
Procedure. 

 Facts 

 Approximately 3 sec before touchdown, the captain grabbed the controls 
and the throttles, and initiated a manual go-around (his statement 29 Dec. 1994). He 
did not push the Take-off - Go-around (TOGA) button. 

 Comments DASB 

 The crew intervention for power increase of the engines was too late to 
stop the high rate of descent (Report RVDL3 page 11; V17 indent 26, page 53). 

 Comments Experts 

 "No comment from the Dutch Aviation Safety Board. The Experts cannot val-
idate this sentence [§ 5.7.3.1 above]. Out of stall conditions and also in specific condi-
tions, the rate of descent is directly linked to the elevator. The thrust then allows the 
control of the speed. This sentence has been deleted in the final version and changed 
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for the following: « The captain's intervention during the whole approach seems to 
have been too passive, and concerning the last power increase, it came too late. » The 
Experts do not validate this assertion of the Commission. The captain’s intervention 
during the first part of the approach was highly professional, given that he was moni-
toring the descent as required by the airmanship for such a case".  

5.7.4.1.1 Remark. Experts comment is not at all applicable to this subject.  

5.7.4.1.2 Questions. Don't Experts think that "highly professional" is doubtful, re-
garding not following the AOM procedures and missing the calls '500 ft' 
and 'approaching minimums' and letting PF to fly left of inbound radial? If 
not, please explain. Ten seconds before touchdown, the captain, as PNF, 
went head down to read the wind; is this the proper way for the captain 
to handle? Please explain your point of view. 

 Remarks and Questions Claimants 

 The PNF, the captain, looked down at the R-Nav control panel to read the 
wind data (CVR transcript), which he was not supposed to do at an altitude below 500 
ft (AOM 3.3.5 – 08; Appendix 14). This diverted his attention from monitoring the ap-
proach. After looking up again, he must have noticed a desperate situation, grabbed 
the controls and initiated a manual go-around; he should have commanded "my con-
trols" and pushed the TOGA (take-off/go-around) button on the throttles to initiate the 
thrust increase in the quickest possible way as prescribed in AOM 3.3.6 – 02 (Appendix 
31).  

 Although AOM 3.3.5 – 15 (Appendix 2) requires to "be prepared to go-
around at any time during the flare", the go-around failed because the thrust was de-
creased to a level far below flight idle by the co-pilot. The spool-up time of the engines 
to go-around power was too long for a successful go-around.  

5.7.5.2.1 Question. DASB stated that "The crew intervention for power increase of 
the engines was too late to stop the high rate of descent".  Do Experts 
agree that this statement is wrong? That it was not the intervention for 
power increase, but the intervention that decreased the power against 
the autothrottle? And that by keeping the throttles closed, the crew was 
no longer prepared to go-around at any time during the flare? If Experts 
don't agree, please motivate the answer.  

5.8. Alleged Lateral Displacement Just Prior To Touchdown 

 Rules and Regulations 

 To avoid a lateral movement during a crosswind landing the pilot must, 
i.a.w. AOM 3.3.5 – 15 (Appendix 2): 

• "Apply the normal crosswind technique",  

• "Do not allow the aircraft to drift during the flare, land on the centreline, 
aim for a positive touchdown", and  

• "Be prepared to go-around at any time during the flare". 

 The combination of rain and crosswind, especially at night, may cause a 
wrong impression of yaw-rate during the de-crabbing phase (BIM 3.4.4 – 02, Appendix 
29).  
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 Facts 

 During application of the normal crosswind technique, the longitudinal axis 
of the aircraft must be yawed towards the runway direction by using the rudder. Sim-
ultaneously, the bank angle needs to be increased into the wind to avoid lateral move-
ment and drifting away from the (extended) runway centreline. The rudder increased 
to near full deflection ≈ 13 sec before touchdown, but was released again 6 sec before 
touchdown, with one small reversal to the right. The deflection continued to the other 
side 2.5 sec before touchdown. The bank (roll) angle data recorded on the DFDR how-
ever, do not show any bank angle to the right during the last 10 sec of flight, while the 
large 11° crab angle to the right between the longitudinal axis of the aircraft and the 
runway heading proves that there was a considerable crosswind. The heading at 
touchdown was 117°, the crab angle 11° (117° – runway heading 106°), refer to DFDR 
data in RvO Annex 15 (Appendix 7).  

 Ground radar data, added by the Commission to the approach chart of run-
way 11 (RvO Annex 12; Appendix 12), shows that the aircraft was north of the 111° ap-
proach radial during the whole approach from 7 nm out, and neither reached the 111° 
approach radial, nor the (extended) runway centreline (at 1 nm).  

 Until touchdown, no lateral acceleration was recorded by the objective 
DFDR data that would support a lateral movement to have occurred. During the last 70 
sec of flight, light turbulence was measured that not only shows up in the vertical g 
graphs of the DFDR, but also in the lateral acceleration graph, but only very little, hard 
to see; turbulence is never purely vertical. The DFDR accelerometer system operated 
correctly, because at touchdown with a crab angle, the graph shows the resulting lat-
eral g's.  

 The co-pilot tried to align the aircraft from 12 sec before touchdown with 
near maximum rudder deflection to the left during 5 seconds, but released the rudder 
7 sec before touchdown followed even by a small peak to the right. The captain, 3 sec 
before touchdown, initiated a go-around, but this failed. The aircraft touched down 
with the left main landing gear outside of the left side of the runway as proven by the 
rubber marks, the scratches of engine cowling and wheel rim of the centre landing 
gear. These markings were also in the runway direction (statement police, and drawing 
in RvO Annex 11 (Appendix 36) and photographs in RvO Annex 16).  

 The Commission included as Established Fact in § 3.1: "According to the val-
ues registered in the SIO, there has not been a significant variation of wind speed and 
direction in the last 20 seconds" (RvO page 127), and "Approach Control did not trans-
mit to the aircraft the wind information on runway 11 that reached 220° with 35 kt be-
tween 07.32:40 and 07.33:30 UTC" (RvO page 126). 

 Comments by DASB 

 "Both in the preliminary and the final comments, DASB concluded that the 
accident was initiated by a sudden and unexpected wind variation in direction and 
speed (windshear) in the final stage of the approach. Subsequently a high rate of de-
scent and an extreme lateral displacement developed, causing a hard landing on the 
right-hand main gear, which in combination with a considerable crab angle exceeded 
the aircraft structural limitations" (RvO Appendix). 

5.8.3.1.1 Remark. Basically, there are three objective sources to determine if the 
conclusions of the DASB are correct: the SIO wind measurements, the 
data recorded by the DFDR and the forensic data on the crash site. None 
of these support the conclusion of the DASB in any way.  
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• SIO did not register a sudden increase in direction and magnitude of 
the wind at the time of the accident. The wind speed increase began 
1.5 minute after the crash, as did the increase in direction. A tail wind 
was never measured (refer to § 4.4.2.2 above).  

• The indicated airspeed never decreased by another cause than the 
premature throttle reduction and the subsequent pitch up manoeu-
vre. Given the claimed sudden 220°/35 kt wind, the indicated air-
speed should have dropped by another 10 kt, which it did not. More-
over, the airspeed graph of the DFDR shows a gradual, not a sudden 
decrease.  
 
The DFDR and ground radar data confirm that the aircraft never 
reached the 111° approach radial, did not transition from the ap-
proach radial to runway heading 106° at 1 nm in front of the runway 
but remained well north of the extended runway centreline up and 
until the moment of touchdown which explains why the left main 
landing gear touched down left of the runway. The lateral g graph of 
the DFDR shows no acceleration before touchdown. 

• The tyre marks of all three main landing gears from the touchdown 
and the scratches of the right engine nacelle on the runway surface 
(RvO Annex 11; Appendix 36) clearly indicate that the aircraft moved 
in the direction of the runway from the moment of touchdown, 
which is not consistent with the statements by DASB and in the RvO 
that the aircraft was subjected to an extreme lateral displacement to 
the left. It is impossible to reduce the displacement of a weight of 
161400 kg to zero in a fraction of a second. The conclusions of DASB 
that an extreme lateral displacement developed are contrary to the 
laws of physics. The aircraft did not approach on the (extended) run-
way centreline.  

5.8.3.1.2 Question. Don't Experts agree that the DASB conclusion was wrong? If 
not, please explain. 

 "With the wings level again the aircraft was displaced rapidly to the left side 
of the runway, obviously by the abrupt change in wind direction and speed" (Report 
RVDL3 page 7). 

 "Obviously the crew tried to correct the situation and to bring the aircraft 
back to the runway centreline".  

 In the draft of the second report (CR 94xxx) the NLR wrote on page 11 
about the 5° bank angle at touchdown: "In view of the crosswind existing at landing 
this bank angle is too small to compensate for the left drift of the aircraft". The chief 
investigator of the DASB returned the report with the comment to change this line. He 
wanted to change "this bank angle is too small to compensate …", into "this bank angle 
apparently did not compensate… ", because he obviously wanted to prove a lateral dis-
placement of the aircraft just before touchdown, because the aircraft landed on the 
left side of the runway. However, the aircraft was never lined up, the DFDR data do not 
show normal crosswind approach control inputs and the scratches on the runway were 
on the left side and in the runway direction; absolutely not indicators of any lateral dis-
placement.  

 DASB tried to change the line in the draft report: "The premature power re-
duction and the sudden wind variation in direction and intensity created a crosswind 
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component which exceeded the aircraft limits in the AOM aggravating the rate of de-
scent" into: "The sudden wind variation in direction and intensity during the last phase 
of the final approach created a crosswind component which exceeded the aircraft limits 
in the AOM" (Report RVDL3 page 11). 
The Commission did not accept this change proposal but changed the line in the final 
report into: "The premature power reduction and the sudden wind variation probably 
increased the rate of descent, which reached values exceeding the operational limits of 
the aircraft. According to the values registered in the SIO, there has not been a 
significant variation of wind speed and direction in the last 20 seconds". 

 DASB tried to persuade the Commission with the Report RVDL3 (lijst 4 tab 
23, page 13) to change the causes of the accident to: 

"The commission of inquiry determined that the accident was initiated by:  
 - a sudden and unexpected wind variation in direction and speed (windshear) in 
the final stage of the approach.  

Subsequently a high rate of descent and an extreme lateral displacement devel-
oped, causing a hard landing on the right-hand landing gear, which in combina-
tion with a considerable crab angle exceeded the aircraft structural limitations." 

But the Commission did not accept this change.  

 Comments and Conclusion Experts 

 "The Dutch Aviation Safety Board did not issue any comment on this sen-
tence. This is the exact feeling of the Experts: 220° at 35 kts is the crosswind limit for 
the DC10. With a runway wet as indicated by the captain and flooded as indicated by 
the ATC controller, a go-around decision would have been a highly probable conse-
quence" (V17 page 51). 

5.8.4.1.1 Remark. 220°/35 kt is resulting in a 32 kt crosswind component on the 
runway (106°). This is much higher than "the crosswind limit of the DC-10" 
for both the runway conditions wet and flooded (15 kt, resp. 5 kt). In addi-
tion, the crosswind limit of pilots is of relevance too. The co-pilot had only 
experience with crosswinds of max. 15 kt (Fax Martinair to DASB, Appen-
dix 5).  

5.8.4.1.2 Question. Should the sentence "Would have been a highly probable conse-
quence", not be "should have been made"?  If not, please explain. 

 In V 17 § 6.2, Experts state:  

"All the elements analyzed by the Experts (the wind effects or the pilot’s actions on the 
flight controls) lead to the same conclusion that there is a lateral movement towards 
the left of the runway.  

It is a coherent conclusion with:  

• The statement made by the pilots during their interviews, according to which the 
aircraft was on the runway extended center line at 200 feet height;  

• The impact that occurred on the left hand side of the runway as proven by the 
markings on the ground".  

5.8.4.2.1 Remark. The pilot statement that the airplane was on the extended cen-
treline at 200 ft is not supported by objective data from ground radar and 
DFDR.  
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 "The suggestion requested by the Dutch Aviation Safety Board [“during the 
last phase of the final approach”] is correct" (V17, indent 24 page 52). 

5.8.4.3.1 Question. This subject is discussed elsewhere. Is this suggestion based on 
the NLR's computer model?  

 Remarks and Questions Claimants  

 The statements of the pilots were made quite a few weeks after the acci-
dent and might have been neither truthful nor factual anymore.  

5.8.5.1.1 Questions. What elements did the Experts analyse? Wind effects? Or the 
pilots' actions? How did Experts objectively determine the winds that af-
fected the lateral movement of the aircraft to the left of the runway?  

5.8.5.1.2 Question. Markings on the runway indeed prove the impact on the left 
hand side, but the direction of the markings was not used for the Experts' 
conclusions. Did Experts indeed analyse the pilots' actions on the flight 
controls using DFDR data? Please motivate this conclusion by providing a 
detailed scientific analysis.  

 The approach path from 8 nm to touchdown was continuously north of the 
approach radial, as shown by Radar data in RvO Annex 12; Appendix 12). The required 
ground track correction at 1 nm in front of the runway from the 111° approach radial 
to the 106° runway heading was not made. As DFDR data shows, the pilot-flying tried 
to align the aircraft from 12 sec before touchdown with near maximum rudder deflec-
tion to the left during 5 seconds, but released the rudder 7 sec before touchdown fol-
lowed even by a small peak to the right. The bank angle was initially a few degrees to 
the right for 5 sec as side effect of releasing the rudder after 27 sec left rudder, but 
then increased to the left as side effect of the yawing again to the left, now with full 
rudder, and thereafter returned to zero degrees, wings level, while a bank angle to the 
right would have been required to maintain avoiding drift during the flare. Hence, this 
DFDR recorded sequence does not show a normal crosswind landing manoeuvre. The 
only reason for these control inputs can have been that aircraft was not (yet) on the 
extended runway centreline.  

 Knowing the existence of a large crosswind, given the average heading of 
125° during the approach, and not applying a bank angle into the wind during the last 
seconds of flight and even the large remaining wind correction angle of ≈7° at 5 sec 
before touchdown with near full rudder, also supports the conclusion that the aircraft 
was not approaching on the (extended) runway centreline. 

 An increase of wind direction on short final, or just prior to the landing 
would eventually have resulted in a drift to the left, but the momentum of the heavy, 
161400 kg aircraft would have prevented that to happen on short notice. It takes time 
for such a large, heavy body to change its physical path. The lateral acceleration data 
recorded on the DFDR did not prove a sideward acceleration to have occurred. If the 
aircraft would have been on the runway centreline, as stated by the Experts, then the 
landing would have taken place on the centreline. But the aircraft touched down with 
the left main landing gear outside of the left side of the runway and not in a sideward 
lateral movement but – as the tyre rubber, engine cowling and wheel rim groove on 
and in the runway surface prove – in the direction of the runway (RvO Annex 11, Ap-
pendix 36). If there was a wind increase just prior to touchdown, either in angle or in 
magnitude, it had no effect on the path of the aircraft during the last seconds of flight. 
The Commission reported in the RvO there has been no wind increase during the last 
20 sec of flight. 
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 The immediate effect of a sudden change of wind would only be visible on 
the airspeed graph, which indeed showed a small decrease, but not as result of a tail-
wind, but as result of the throttles being kept close and the increase of pitch angle dur-
ing the last 7.5 sec of flight (DFDR data).  

 DASB states that the aircraft was displaced rapidly to the left side of the 
runway, obviously by the abrupt change in wind direction and speed. This then should 
have happened 4 sec before touchdown. The Commission did not, and the Claimants 
do not agree with this statement of DASB, following the analysis presented above and 
in AvioConsult report § 4.6.  

 Go-around must be initiated by calling "go-around" and pressing the TOGA 
button to initiate thrust application (AOM 3.3.6 – 02, Appendix 31). The captain who 
just had taken control of the aircraft jammed the throttles forward, rather than press-
ing the TOGA button.  

5.8.5.7.1 Question. Do Experts agree with the statements and points of view pre-
sented in the paragraphs above? 

5.9. Touchdown heading/crab angle 

 Rules and Regulations 

 The approach procedure at Faro requires a 5° heading change from the 
111° approach radial to the runway heading (106°) at 1 nm from the runway threshold. 
DFDR data shows no control inputs and no other attempt to turn the aircraft to the left 
to achieve the required heading change at that distance.  

 During landing on a wet or otherwise contaminated runway, AOM 3.3.5 – 
15 (Appendix 2) requires pilots to "apply normal crosswind techniques", to "not allow 
the aircraft to drift during the flare, land on the centreline and aim for a positive touch-
down", and to "be prepared to go-around at any time during the flare". 

 Facts.  

 The aircraft touched down with an 11° crab angle (DFDR data; Appendix 7). 

 The captain initiated a go-around just 3 sec prior to touchdown (RvO Annex 
15; Appendix 7). The go-around failed.  

 Comments DASB 

 "The aircraft touched down on the right hand main gear first, with a rolling 
motion to the right, a crab angle of about 11°, and a high rate of descent. Touchdown 
was on the far left side of the runway" (report RVDL3, page 7).  

 Comments Experts 

 "The heading at touchdown is 117°, which a runway axis of 106°, meaning a 
crab angle of 11°" (V17 § 5.2.2.4, page 26). 

 "The Experts’ conclusion should be that the crab angle could be a contrib-
uting factor to the collapse of the gear" (V17 § 5.2.2.4, page 27). 
But, the load factor (1,953355 G) and the high vertical speed at touchdown are, with-
out any doubt, not only contributing factors but causes of the collapse of the gear.  

 "Based on the NLR’s analysis, the conclusion of this document is that the col-
lapse of the gear is due to two reasons: (V17 § 8.6.4.3.2 page 93) 
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• A vertical speed out of the limits because of thrust reduction itself induced 
by longitudinal instability;  

• A crosswind stronger than the aircraft limits, whose crew was unaware".  

 Remarks and Questions Claimants 

 As consequence of the VOR station being located 240 m south of, and ap-
proximately halfway down the runway, the inbound track is offset 5° from the runway 
bearing of 106° and intercepts the extended runway centreline at 1 nm in front of the 
threshold of runway 11 (RvO Annex 12 (Appendix 12). During the approach, the pilots 
use lateral guidance of the VOR which should have been set on the 111° radial to the 
VOR. At 1 nm, a course correction should be required to intercept the extended run-
way centreline. This correction, requiring a small bank angle to the left resulting in a 
ground track on the extended runway centreline but with a wind correction angle to 
the right, should have been recorded on the DFDR and AIDS, but it was not.  

 The heading at touchdown was 117°, the crab angle 11° (DFDR, NTSB). Dur-
ing de-crabbing, the longitudinal axis is brought in the runway direction by using the 
rudder. Simultaneously, the bank angle needs to be increased into the wind to avoid 
lateral movement and drifting away from the (extended) runway centreline. The objec-
tive bank (roll) angle data recorded on the DFDR do not show any bank angle to the 
right during the last 10 sec of flight, while the large 11° angle between the longitudinal 
axis and the runway direction proves that there was a considerable crosswind. The pi-
lot did not apply the normal crosswind landing technique as required by AOM 3.3.5 – 
15 (Appendix 2).  

 The Experts do not mention here that the DC-10 is not approved (not certi-
fied airworthy) for landing with a crab angle (AOM 3.3.5 – 15, Appendix 2). The Experts 
do not mention here either, that the initiated go-around 2 sec before touchdown was 
impossible without touching down because the thrust of all engines was inappropri-
ately reduced to flight idle by the co-pilot.  

 As was reported by the NTSB (Appendix 35 – refer to § 5.11 below), the 
combination of the rate of descent and the 1.9533 g load factor was not high enough 
to lead to the collapse of the right landing gear. This was definitely not the cause of the 
collapse. Pressure on the brake pedals before this was authorized (AOM 3.3.5 – 15, Ap-
pendix 2), and a large crab angle "should" not be a contributing factor, but are the 
cause of the collapse of the gear.  

5.9.5.4.1 Question. Experts claim that NTSB and NLR have similar conclusions. What 
was the NTSB’s conclusion on the vertical speed, based on analysis of rec-
orded parameters on the DFDR? Please explain. 

5.9.5.4.2 Question. Why do Experts say "conclusion should be" and "the crab angle 
could be"? Was it or was it not? The conclusion now is very vague. Please 
explain why you are not sure, if you are? 

 Question 113 of 143 questions: Are there standards where it is a require-
ment to land a DC-10 manually and not with the autopilot in certain weather condi-
tions and if so, were those standards exceeded in Faro? Martinair answered: "Yes, 
there are such standards. They were not exceeded in Faro". 

5.9.5.5.1 Question. Experts give irrelevant comments. A landing at Faro can only be 
a manual landing. There are procedures how to conduct a manual landing. 
The autothrottle and the CWS (mode of autopilot) should be engaged and 
were indeed used (AOM 3.3.5 – 15). However, the AOM also prescribes to 
apply a normal crosswind technique, if applicable (in crosswinds), which is 
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landing de-crabbed and to be prepared to go-around at any time during 
the flare. The aircraft was not de-crabbed by the pilots (DFDR data), and 
manually closing the throttles against the autothrottle system is not "be-
ing prepared", since it takes 6 - 7 sec. for the engines to spool up from 
flight idle and generate adequate go-around thrust. These standards were 
exceeded. Do Experts agree that the answer by DASB was wrong? If not, 
please explain. 

 Question 114 of 143 questions: Is the conclusion justified that Boeing air-
craft are generally easier to control than the DC10; and certainly under extreme 
weather conditions? Martinair answered: "No". 

5.9.5.6.1 Question. Experts answer "No" as well, but Boeing aircraft, like the 747, 
are allowed to touchdown with a crab angle on a wet runway. Experts 
even agree with this on V17 page 128 for "for instance, the Boeing 747". 
Boeing 747 pilots do not have to line up (de-crab) their aircraft prior to 
touchdown. Do Experts agree that the DASB answer was wrong? If not, 
please explain. 

 Question 115 of 143 questions: Is the conclusion justified that the Boeing 
767, which landed at Faro just before the Anthony Ruys, is more agile and easier to 
manoeuvre the around 20 years old Anthony Ruys? A) Because it is a Boeing. B) Be-
cause it is a much more modern aircraft. Martinair answered: "No".  

5.9.5.7.1 Question. Experts answer "No" as well, but as a Boeing 767 may be landed 
while not de-crabbed in crosswind conditions, was the DASB answer a cor-
rect answer? If Experts don't agree, please explain. 

5.10. Point of Touchdown on the runway 

 Rules and Regulations 

 An aircraft is required to touchdown in the touchdown zone of a runway, 
which at Faro was 268 m (RvO § 1.10.2, page 51).  

 "A PAPI can cause insufficient runway threshold clearance. These systems 
establish a visual aiming point that is only about 300 meters down the runway instead 
of the required 500 m. Also the on-glide slope indication is not sharply defined, but is an 
area with considerable vertical dimension. The aircraft is as likely to be in the bottom 
area as in any other part of it" (AOM 3.3.5 – 14; Appendix 23). 

 Facts.  

 The aircraft touched down with the left main landing gear left of the left 
runway edge and ≈400 m from the runway threshold, but in the direction of the run-
way (RvO Annex 11, Appendix 36). 

 Prior to touchdown, the lateral acceleration data on the DFDR (RvO Annex 
15; Appendix 7) does not show any sideward accelerations, but only very minor accel-
erations around zero due to the light turbulence. The system worked properly, be-
cause the lateral accelerations due to the crabbed landing are indeed recorded (RvO, 
Annex 15, Appendix 7). 

 The normal crosswind technique as prescribed in the AOM was not applied 
(AOM 3.3.5 – 15, Appendix 2). The angle between the runway direction and the longi-
tudinal axis of the aircraft had to be 0°, but was 11° (DFDR data, RvO Annex 15; Appen-
dix 7), because the main landing gear of a DC-10 is not designed to land with a crab an-
gle.  
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 Following touchdown, the aircraft skidded (aquaplaned) along the runway 
while the heading slowly increased to the right (RvO Annex 11, Appendix 36). After ap-
proximately one second, the roll angle started to increase to the right as shown in the 
DFDR data. 93 m further than the touchdown point, the right engine nacelle touched 
the runway. The full weight of the aircraft was not yet on the main landing gears, be-
cause the pitch attitude was not yet zero. 240 m from the point of touchdown, a cen-
tre gear tyre failed, most probably because of the increased weight on that landing 
gear after failure of the right main gear and of the skidding. The rim of this wheel 
caused a deep scratch in the asphalt of the runway, initially in the direction of the run-
way, from 240 m after first contacting the runway (RvO Annex 11, Appendix 36). 

 Comments DASB 

 "Touchdown was on the far left side of the runway" (Report RVDL3, page 7). 

 Conclusions Experts 

 Experts in V17 § 6.11, page 39: 

"The Experts assume that this question refers to the fact that the region of Faro could 
have been a cause, or a contributing factor of the accident.  

General instructions regarding Faro airport do not provide any alert on this specific 
topic. The Faro region was comparable, meteorologically speaking, to Lisbon or to 
other places on the other side of the Gibraltar strait, which are not famous for their 
dangerous conditions.  

This affirmation does not include stormy situations in which meteorological phenome-
non such as windshear, microburst, or downburst can occur".  

 Remarks and Questions Claimants 

 The point where the aircraft touched down on the runway was a question 
of the Court. The Experts only considered the regional weather and conclude that 
stormy situations with windshear, microburst or downburst can occur. Annex 11 of the 
RvO (Appendix 36) shows exactly where the aircraft touched down on the runway: The 
centre main landing gear touched down 3 m right of the left runway edge, almost 20 m 
left of the runway centreline on the 45 m wide runway. The left main landing gear 
touched down 2 m left of the runway edge. Appendix 36 also shows that the path of 
the aircraft following touchdown was initially in the direction of the runway, then 
started to move to the right slowly.  

 The aircraft touched down with the left main landing gear to the left of the 
left runway edge and ≈400 m from the runway threshold, which is 350 m further than 
the usual touchdown point 150 m from the threshold for a 3° glideslope, as illustrated 
in the figure in AOM 3.3.5 – 14 (Appendix 23, page 2). This is also an indication that the 
aircraft was not pushed down by a downdraft, otherwise the aircraft would have 
touched down earlier.  

 Question 58 of 143 questions. Why did the aircraft not land in the centre of 
the 120-metre-wide runway but at 10 metres from the edge"? The DASB answered: 
"This was the consequence of the sudden wind change shortly before the landing, 
which moved the aircraft to the left. Incidentally, the runway has a width of 45 me-
tres".  

5.10.5.3.1 Question. Experts remark: "A runway is 45 meter-wide. Understanding 
why the aircraft land on the left hand side of the runway is the beginning 
of the whole explanation of the accident". DFDR data shows that the final 
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approach was not i.a.w. the requirements for a crosswind landing, be-
cause de-crabbing did not take place and the runway heading was not 
reached. No sideward acceleration and no sudden wind-caused heading 
change were recorded on the DFDR just prior to touchdown; hence, there 
was no sudden wind change that moved the aircraft to the left. The 
scratches of the tyre rubber, the engine nacelle and the centre gear wheel 
rim were not to the left but in the runway direction. Hence, during the 
whole approach, the aircraft was neither on the approach radial, nor on 
the extended runway centreline. Please answer the question why the air-
craft did not land in the centre of the runway. Was the DASB answer 
right? Was there a sudden change of wind that had effect on the aircraft, 
and that is visible on the DFDR data? Don't the Experts agree again, that 
the DASB misinformed the victims in their answer? If not, please explain.  

 Question 59 of the 143 questions. Is the length of the braking distance of a 
fully-loaded DC10 in accordance with the place where the aircraft first touched the 
runway? Martinair answered: "Yes, the length is more than adequate. During the ap-
proach the aircraft was on a correct glide path to touch down at such a distance from 
the runway threshold that there would be enough distance for a safe stop". 

5.10.5.4.1 Question. The answer of the Experts was "Yes". The landing data card 
(RvO Annex 3) showed a required 2400 m for braking action Medium (45 
m less than available) and 3055 m for braking action poor (610 m more 
than available). The aircraft touched down further than the 268 m touch-
down zone. Hence, for the flooded runway condition that existed at the 
time of the accident, the runway would be too short. In addition, the 
crosswind was much higher than the approved 5 kt for a flooded runway. 
The aircraft would have suffered a runway excursion (skidded off the run-
way). Can Experts confirm with DFDR data analysis that the aircraft was 
indeed on the correct glide path and that the aircraft touched down to 
leave enough distance for a safe stop on the asphalt of the runway? If not, 
please explain.  

 Question 126 of 143 questions: Was there actually any chance of saving the 
fully loaded (weight 180 tonnes) Anthony Ruys after it had landed, given: A. The speed 
of over 260 km per hour, B. The place where it first touched the runway. C. The failure 
of all electricity, as a result of which it may not have been possible to engage the thrust 
reversers in the engines, D. The probable fire in the right-hand engine shortly before 
the landing. Martinair answered: "The aircraft did not weigh 180 tonnes but 161.4 
tonnes. Given the question if there was any chance of saving the fully laden Anthony 
Ruys after it had landed the answer is unequivocally Yes, with respect to the state-
ments under items A - C. There was no fire in the engine (item D)".  

5.10.5.5.1 Question. This question is about this landing, under the existing weather 
conditions. The place where it first touched the runway was not where it 
had to be; the left main gear touched down left of the runway (RvO Annex 
11, Appendix 36). If indeed the runway was still flooded, the braking ac-
tion would be POOR, and the aircraft would most probably have overrun 
the runway, or vacated the runway to the right, because of the too high 
crosswind, generating side forces on the vertical tail that would not be 
counteracted by the friction of the nose wheels on the runway. Don't Ex-
perts agree that the DASB answer is a wrong answer? If not, please ex-
plain. 
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 Question 140 of 143 questions: At what point would the Anthony Ruys first 
have touched the runway had there not been a vertical downdraught which suddenly 
pushed the aircraft 50 metres down? DASB answered: "The Anthony Ruys touched 
down in the normal landing area. The Portuguese report indicates that during the last 
part of the approach, from approximately 80 ft, there was a high descent rate. This was 
preceded by a period during which the aircraft descended only little, also due to the mi-
croburst which occurred. Given the average descent line, the place where the Anthony 
Ruys would have touched down on the runway, without the effect of the microburst, 
would not have been significantly different from the place where it actually touched the 
runway".  

5.10.5.6.1 Question. It did touchdown abeam the longitudinal touchdown zone, 392 
m from the threshold (NLR), however not within the lateral limits of the 
touchdown zone; the left main gear touched down outside of the runway. 
The indicated high descent rate in Portuguese report could not be con-
firmed with DFDR data. The period during which the aircraft only de-
scended little was not due to the microburst, but due to the fact that be-
low 200 ft, "the aircraft must be brought gradually above the 'on glide 
slope' indication to provide a 30 to 40 ft wheel clearance at the threshold", 
as required by AOM 3.3.5 – 14 (Appendix 23). The captain said three times 
"too low", after which the co-pilot reduced the rate of descent a little. The 
aircraft touched down nearly 400 m from the runway threshold. If there 
were a downdraft that would have pushed the aircraft down, it would not 
have landed that far from the threshold. Hence, there was no downdraft; 
the aircraft was not pushed down 50 meters. Don't the Experts agree that 
the DASB did give a wrong answer?  

 Question 141 of 143 questions: Measured from that virtual point, would 
there have been enough braking distance to bring the aircraft, weighing 180 tonnes at 
a landing speed of 260 km per hour, to a stop before the end of the runway? Martinair 
answered: "The aircraft weighed 161.4 tonnes, not 180 tonnes. The answer to this 
question is unequivocally: YES". 

5.10.5.7.1 Question. In RvO on page 105: "Taking into account the actual Faro condi-
tions at the time of the accident, this commission calculated the real dis-
tances for MEDIUM and POOR braking conditions according to the AOM 
procedures. The result values for MEDIUM and POOR exceed the LDA" 
(Landing Distance Available). Don't the Experts agree that this answer is 
unequivocally wrong? If not, please explain. 

 Question 142 of 143 questions: Could the point where the Anthony Ruys 
first touched the runway be due to a combination of poor visibility and the lack of an 
ILS (Instrument Landing System) at that airport? The DASB answered: "No, the visibility 
and the lack of an ILS did not affect this".  

5.10.5.8.1 Question. The aircraft did not follow the 111° approach radial, as proven 
by the ground radar data in RvO Annex 12 (Appendix 12) and as can be 
proven with a heading/wind and control inputs analysis. An ILS includes a 
(fixed) localizer radial, the use of which would have been more forceful for 
the pilots, to maintain the correct approach path, than a VOR approach 
radial that can be set by hand to any value. An ILS could have been cou-
pled to the autopilot thus ensuring a more stable approach. Wasn't the 
DASB answer wrong for the ILS part? If not, please explain. 
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5.10.5.8.2 Question. The Experts in their conclusion only considered the regional 
weather and concluded that stormy situations with windshear, microburst 
or downburst do not occur in Faro (V17 § 6.11). Why did the Experts not 
answer the question by the Court on the location where the aircraft 
crashed (V17 § 6.11)? The answer is in RvO Annex 11 (Appendix 36).  

5.11. Landing gear failure 

 Rules and Regulations 

 The maximum load factor for ground contact is, i.a.w. AOM 3.7.1 – 09 (Ap-
pendix 32), "comparable to, at maximum structural landing weight: A rate of descent 
of 10 fps or 600 ft/min". The design rate of descent was higher (safety factors), see be-
low. 

 The general requirement for applying brakes after landing is: After nose 
gear touchdown, the pilot-flying is to apply brakes as required (AOM 3.3.5 – 13, Ap-
pendix 30). 

 AOM 3.3.5 – 15 (Appendix 2) presents the procedure for deceleration on a 
wet or otherwise contaminated runway: "As the wheels must spin up before effective 
braking can commence, do not commence brake application until ground spoilers are 
extended (automatically or manually) and the nose gear is firmly on the ground".  

 Facts.  

 As written in § 2.1 above, the aircraft departed from Schiphol while the re-
placement of the right landing gear, which failed after touchdown on the airport of 
Faro, was postponed three times at the request of Martinair. The Dutch airworthiness 
authority authorized the postponement (statement Mr. Dick van Polen, maintenance 
planner KLM, ref. TV2 Dossier EénVandaag) 16 Jan 2016. Replacement of a landing 
gear might have been required for routine maintenance purposes or, because during 
inspection, one or more cracks were found that eventually could lead to fracture. Post-
ponement, if granted, is usually for a limited number of landings. 

 The aircraft touched down on the runway with a crab angle of 11° to the 
right, rather than being lined up with the runway (DFDR data). Procedures require a 
de-crabbed landing under crosswind conditions (AOM 3.3.5 – 15 (Appendix 2).  

 The right main landing gear failed shortly (≈ 27 m) after touchdown (RvO 
Annex 11; Appendix 36). The impact of the nacelle of engine #3 on the runway oc-
curred 1.5 sec later, 93 m further down the runway as evidenced by marks on the run-
way (Point E in Appendix 36). The DFDR data at that point shows an increase of the 
bank angle to the right.  

 AIDS data (RvO Annex 9) shows that the pilot-flying depressed the brake 
pedals during the last 40 sec of flight up to near maximum, while the procedures only 
allow starting braking after nose gear touchdown on the runway (AOM 3.3.5 – 13, Ap-
pendix 30) and (AOM 3.3.5 – 15, Appendix 2). 

 Following an accident with an MD-11 in 1997, the NTSB asked Boeing ques-
tions about the design capabilities of the MD-11 landing gear (Appendix 35). Boeing 
stated that "the MD-11 landing gear certification was based on drop tests conducted 
on DC-10 landing gear, which are nearly identical to MD-11 landing gear". The Boeing 
submission to the NTSB, which described Douglas’ landing gear design philosophy for 
the DC-10 and MD-11, added the following: "The landing gear is designed to fail on 
overloads that act in the upward and aft directions", called sacrificial shedding (i.a.w. 
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FAR 25.721(a), see Appendix 35 page 4), to avoid rupturing the fuel tank in the wing 
box above the landing gear. Boeing also added: "This was validated by tests done on 
full scale DC-10 landing gear and wing test structure. By analysis this was shown to be 
true for vertical loads up to 2.0 g’s (i.e., twice the weight of the aircraft is distributed 
between the two [right and left] [MLG], the center [MLG] and the nose landing gear 
with no aerodynamic lift) at the aircraft ramp weight".  
Certification Regulation FAR 25, subsection 25.723(b) also states that the “landing gear 
may not fail in a test, demonstrating its reserve energy absorption capacity, simulating 
a descent velocity of 12 fps [720 ft/min] at design landing weight, assuming aircraft lift 
not greater than the aircraft weight acting during the landing impact”. 
 
Boeing continues: "For vertical loads above 2.0 g’s, the [MLG] is not designed to sepa-
rate from the wing. Instead, the landing gear and its back-up structure are designed to 
be very robust, i.e., they are designed to withstand significantly greater descent rates 
than the 12 fps (ultimate) required per Part 25.723 (b). Analysis has indicated that for a 
maximum landing weight, typical-landing-configuration landing, the MD-11 [MLG] can 
withstand up to a 16.9 fps [1014 ft/min] descent rate without bottoming the shock 
struts or failing its backup structure including the wing rear spar. Similarly, for a rolled 
landing (8 degrees one-wing-low attitude, with lift equal to aircraft weight), the land-
ing gear can withstand up to 15 fps descent rate without bottoming the shock strut or 
failing its back-up structure including the wing rear spar" (Appendix 35, page 4).  

 The landing weight of the MP495 at landing was 161400 kg, 31000 kg less 
than the maximum approved landing weight of 192300 kg (AOM 3.7.1 – 01, Appendix 
37).  

 Comments DASB 

 In the Report RVDL3, page 7, DASB wrote: "The failure of the right main 
gear truck beam was to all probability caused by the high torsional forces imposed on 
this truck beam by the combination of a large crab angle, a high rate of descent and 
touchdown on the aft right hand wheel first".  

 DASB tried to change the line in the draft RvO: "The fracture of the right 
landing gear was caused by the combination of the high rate of descent and the signifi-
cant sideslip to the right" into: "The fracture of the right landing gear was caused by 
the combination of the touchdown on the right hand aft wheel, the crab angle and the 
high rate of descent" (Report RVDL3 page 11 and V17 § 8.4.1-indent 27, page 53). The 
Commission in the final report wrote: "The fracture of the right main landing gear was 
due to the combination of the high rate of descent and the drift correction taking place 
at the moment of contact with the runway". 

 Experts, in V17 § 8.5 on page 61, seem to quote AvioConsult, while this was 
a statement by DASB: "The collapse of the right-hand landing gear was due to a combi-
nation of the high descent rate with the correction for alignment at the time of contact 
with the runway (*)", and the DASB response: "The rupture happened exclusively due 
to the impact on landing which produced the overload which induced in the compo-
nents and critical zones instantaneous levels of tension which exceeded the material 
static limit resistance."  

5.11.3.3.1 Remark. AvioConsult did not write this; the Experts misinterpreted the 
source. A (*) means AvioConsult does not agree with the statement.  

 "Information from the manufacturer of the aircraft indicated that landing 
with blocked wheels is not possible given the system design. Only once the main land-
ing gear of the aircraft is on the ground and the wheels are turning made the brake 
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pressure available. Hence the aircraft cannot land with blocked wheels" (V17 § 8.5 
page 62).  

5.11.3.4.1 Remark. DASB did not report to the Commission of Investigation that the 
replacement of the landing gear was postponed three times at the re-
quest of Martinair, because the aircraft was already sold to the Ministry of 
Defence of The Netherlands to become a KDC-10. 

 Comments Experts 

 "The certification of the landing gear of the DC10 follows the FAA Part 
25.473 « Landing load conditions and assumptions » (V17 page 27).  
These conditions are:  

• (2) a limit descent velocity of 10 ft/sec at the design landing weight … and  

• (3) a limit descent velocity of 6 ft/sec at the design take-off weight…"  

5.11.4.1.1 Remark. The Experts however, forgot to include the first paragraph to this 
quote. This paragraph is:  
"(i) In the attitude and subject to the drag loads associated with the partic-
ular landing condition".  
The full text is included NTSB Accident Report DCA97MA055 in Appendix 
35, page 3. By the way, the title of FAR 25.473 in 1992 began with 
"Ground load", not "Landing load". 

5.11.4.1.2 There is more to remark: The accident investigation report of the NTSB 
(DCA97MA055) of a crash during landing with an MD-11 in Newark, 31 
July 1997, included a paragraph on Landing Gear Energy and Load Limit 
Certification. A few quotes out of this report, paragraph 1.16.1, which is in 
Appendix 35:  

• "Boeing indicated that the MD-11 landing gear certification was based on 
drop tests conducted on DC-10 landing gear, which are nearly identical to 
MD-11 landing gear" 

• "For vertical loads above 2.0 g's, the [MLG] is not designed to separate 
from the wing. Instead, the landing gear and its back-up structure are de-
signed to be very robust, i.e. they are designed to withstand significantly 
greater descent rates than the 12 fps (ultimate) required per Part 25.723 
(b). Analysis has indicated that for a maximum landing weight, typical-
landing-configuration landing, the MD-11 [MLG] can withstand up to a 
16.9 fps [1014 ft/min] descent rate without bottoming the shock struts or 
failing its backup structure including the wing spar. Similarly, for a rolled 
landing (8 degrees one-wing-low attitude, with lift equal to aircraft 
weight), the landing gear can withstand up to 15 fps [900 ft/min] descent 
rate without bottoming the shock strut or failing its back-up structure in-
cluding the wing rear spar." 

Boeing in fact states that the landing gear of a DC-10 does not fail when 
the rate of descent is less than 1014 ft/min when the wings are level, and 
900 ft/min when the bank angle is 8 degrees. The bank angle at touch-
down was only 5.6°; the landing weight 84% of the max. landing weight. 

 "The Experts’ conclusion should be that the crab angle could be a contrib-
uting factor to the collapse of the gear" (V17 § 5.2.2.4 page 27).  
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 Experts continue: "But, the load factor (1,953355 G) and the high vertical 
speed at touchdown are, without any doubt, not only contributing factors but causes of 
the collapse of the gear".  

 Experts wrote: "The final version of the sentence as issued in the official re-
port has been: « The fracture of the right landing gear was caused by the combination 
of the touchdown on the right hand aft wheel, the crab angle and the high rate of de-
scent (V17 § 8.4.1-indent 27, page 53). "Generally speaking, landing on a single gear is 
not abnormal: each time a landing is performed with crosswind, it is the case. That be-
ing said, the remark of the Dutch Aviation Safety Board is true".  

 As also stated in § 2.2.2.1 above, "There were no indications of faults on the 
aircraft or its systems that could have contributed to the degradation of safety nor 
could have increased the workload on the crew during the final phase of the flight" (Ex-
perts § 8.4.1- indent 3, page 49).  

 The metallurgic analysis defined that the collapse of the gear is due to ex-
cessive static forces, meaning that the main reason is the rate of descent (V17 page 
61).  

 "The Experts validate this OvV assertion and developed the respective analy-
sis. Landing with braked wheels (aft wheels of the two wing gears) is not possible as 
soon as the anti-skid system is operative".  

 The Experts validate this OvV assertion on landing with blocked wheels (V17 
page 62) and "Landing with brake pedals depressed: This assertion is wrong" (V17 page 
67). 

 Conclusion Experts 

There is no doubt whatsoever in regards to this element; the Portuguese experts con-
ducted analyses that are irrefutable:  

• The material did not have any defect that could have weakened the gear’s re-
sistance;  

• The maintenance of the system conformed with the constructor’s instructions;  

• The fracture occurred after a mechanical pressure on the landing gear that was 
beyond the metal’s resistance capacity. 

5.11.5.1.1 Question. Why do Experts state "there is no doubt whatsoever in regards 
to this element"?   

5.11.5.1.2 Question. How do Experts know that "the material did not have any de-
fect that could have weakened the gear’s resistance" and "the mainte-
nance confirmed with the constructor's instructions"? Were the mainte-
nance records reviewed? How and when did Experts receive those? Facts 
please. 

 The Experts’ conclusion should be that the crab angle could be a contrib-
uting factor to the collapse of the gear (V17 page 27). 

5.11.5.2.1 Question. Agree, but why not firmly concluded? 

 But, the load factor (1,955533 G) and the high vertical speed at touchdown 
are, without any doubt, not only contributing factors but causes of the collapse of the 
gear. 
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 Remarks and Questions Claimants 

 The reason for postponement of the right main landing gear exchange must 
have been recorded in the aircraft maintenance logbook. The NL accredited repre-
sentative must have reviewed the logbook with due care, but obviously (intentionally?) 
did not report this important issue to the Commission. Did Experts review the log? 
Since there are no records, the Experts cannot have concluded that the maintenance of 
the system conformed with the constructor’s instructions. The Experts should have 
been alerted by the 143 families questions and conclude that the landing manoeuvre 
was not in agreement with the landing technique prescribed in the AOM for landing on 
a wet or otherwise contaminated runway (AOM 3.3.5-15), which will also have contrib-
uted to the fracture of the landing gear. 

 Unless the logbook is found, it will remain unsure whether the replacement 
was required because of the presence of small cracks of because of a routine replace-
ment based on exceeding the number of landings.  

 A (high) rate of descent never is the only cause of a collapse and/or dam-
age. For instance, a feather of a bird dropping to the ground at 760 ft/min will not 
damage anything at all. For damage to occur, both the kinetic and potential energy dis-
sipation count in the equation in which not only the rate of descent is a factor, but also 
the landing weight. A quite readable paragraph for non-engineering experts out of a 
landing gear accident analysis is included in an NTSB report (Appendix 35), out of 
which a paragraph was already presented in the facts above. After reading (and hope-
fully understanding) this analysis, the Experts will have increased expertise on the sub-
ject and will definitely not say again: "But, the load factor (1,953355G) and the high 
vertical speed at touchdown are, without any doubt, not only contributing factors but 
causes of the collapse of the gear" (V17 § 5.2.2.4 page 27). The experts of the Claim-
ants have, after reading the Expert conclusions and without any doubt, no confidence 
in the expertise of the Experts that is required to analyse an aircraft accident.  

 Experts quote out of FAR § 25.473, “Ground Load Conditions and Assump-
tions” (Appendix 35, page 3) that describes the descent velocities that must be as-
sumed during certification for certain landing conditions (for example, level landing, 
tail-down landing, one-wheel landing, and side load conditions). However, as also 
stated in § 5.11.4.1 above, Experts forgot to include the first line of this regulation: 
"The selected limit vertical inertia load factors at the c.g. of the aircraft may not be less 
than the values that would be obtained …"  

5.11.6.4.1 Question. Did Experts verify what limit vertical load factors McDonnell 
Douglas did select? Without these limit load factors, this statement does 
not make sense, as made clear with the feather example in the previous 
paragraph. The answer is in Appendix 35.  

5.11.6.4.2 Question. The title of FAR 25.473 changed after 1997 as the quote of this 
paragraph in Appendix 35 suggests. Can Experts clarify whether their anal-
ysis and comments agree with the context of the version of the men-
tioned FAR that applied in 1992?  

 DASB tried to convince the Commission to delete "and the significant side-
slip to the right". The commission then changed this to "the crab angle". "Touchdown 
on the right hand aft wheel" does not belong in the remark of the DASB, because this is 
required during all crosswind landings as prescribed in the AOM procedures 3.3.5-15 
(Appendix 2). 
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 The actual weight of MP495 at landing was 161400 kg, 31000 kg less than 
the maximum approved landing weight of 192300 kg (AOM 3.7.1 – 01). The AOM pub-
lished a landing load acceleration limit: "The maximum load factor for ground contact 
is comparable to at maximum structural landing weight, a descent rate of 600 ft/min" 
(AOM 3.7.1 – 09, Appendix 32). The limits in a user manual are always on the safe side. 
As presented in the facts in § 5.11.2.5 above, McDonnell Douglas designed landing 
gears that can absorb much more energy than occurs at a rate of descent of 600 
ft/min. In addition, the rate of descent at a lower landing weight can be higher for the 
same dissipated kinetic energy. Experts will be able to calculate the difference. 

 The antiskid system "incorporates locked wheel touchdown protection, to 
the rear bogey wheels only, to prevent inadvertent landing with the brakes applied" 
(DC-10 FCOM 14-10-04, Feb 1/87, Appendix 38). This means that the front bogey 
wheels were not protected and that attaining and maintaining brake pressure by the 
co-pilot could have caused additional forces and moments on the landing gear, leading 
to its failure.  The RvO did not present data on the anti-skid system of MP495, but even 
if all wheels are equipped with anti-skid, the wheel braking is enabled as soon as the 
aft wheels are spinning-up and either pilot applies the brake pedals. The co-pilot in-
deed applied the brake pedals already at least 80 sec. before touchdown (DFDR and 
AIDS data in RvO Annex 9); hence brake pressure did energize the brakes at, or almost 
immediately after touchdown, while the normal prescribed procedure is to start brak-
ing only after the nose gear touched down on the runway (AOM 3.3.5 – 13; Appendix 
30) and the aircraft, including the wheels of each landing gear, is aligned with the di-
rection of the runway to avoid excessive forces and moments on the landing gears and 
shock struts. It took 2.5 sec after touchdown for the pitch angle of the aircraft to reach 
zero degrees, during which time the aircraft travelled approximately 150 m.  
Experts, with their statement "This assertion is wrong" (§ 5.11.4.8 above and V17 page 
67), obviously did not review AIDS data in RvO Annex 9.  

 The normal procedure for deceleration on a wet or otherwise contaminated 
runway is to not commence brake application until the ground spoilers are extended 
(automatically or manually) and the nose gear is firmly on the ground. The co-pilot vio-
lated the formal procedures and made a grave mistake. In AOM 3.3.5 – 15, guidance 
on deceleration is presented, refer to Appendix 2. 

  Landing with brakes applied, and/or braking as soon as the wheels are 
spinning-up, in combination with the 11° crab angle, imposed forces and moments on 
the landing gear that it was not designed for, or could handle. The experts did not ad-
dress the additional forces and moments that occurred due to the 11° traversing land-
ing, which landing technique is not approved for a DC-10 (AOM 3.3.5 – 15, Appendix 
2).  

 It is physically impossible for a pilot to move his feet up or down on the 
pedals, to or from the brake pedals, which are integrated on top of and with the rud-
der pedals, while also rudder pedal inputs are applied. DFDR and AIDS data prove that 
the pilot was applying rudder inputs, as well as brake pedal inputs. He had not posi-
tioned his feet as he should have done for landing, therewith causing the brakes to en-
gage at or immediately after touchdown, which is in violation with the AOM procedure 
listed in the AOM paragraph listed above. 

 The factual data sources DFDR and AIDS show neither an abnormal vertical 
(normal) acceleration, nor a Rate of Descent that suddenly and unusually increased. 
The descent during the last 10 seconds of flight was linear, the Rate of Descent was 
constant (DFDR data RvO Annex 15; Appendix 7). On the contrary, during the last 2 sec, 
the vertical acceleration even increased to 1.2, meaning that the aircraft landing 
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weight was not fully transmitted into the landing gear on top of the loads required to 
decelerate the aircraft vertically from the aircraft's sink rate. The reduced vertical ac-
celeration at touchdown should have been taken into account during the hard landing 
evaluation by the Experts before stating that the aircraft was not designed for hard 
touchdown.  

 The NTSB accident investigation report (DCA97MA055) of a crash during 
landing with an MD-11 in Newark, 31 July 1997, included a paragraph on Landing Gear 
Energy and Load Limit Certification. A few quotes out of this report, paragraph 1.16.1 
(included as Appendix 35):  

• "Boeing indicated that the MD-11 landing gear certification was based on 
drop tests conducted on DC-10 landing gear, which are nearly identical to 
MD-11 landing gear". 

• "For vertical loads above 2.0 g's, the [MLG] is not designed to separate 
from the wing. Instead, the landing gear and its back-up structure are de-
signed to be very robust, i.e. they are designed to withstand significantly 
greater descent rates than the 12 fps (ultimate) required per Part 25.723 
(b). Analysis has indicated that for a maximum landing weight, typical-
landing-configuration landing, the MD-11 [MLG] can withstand up to a 
16.9 fps [1014 ft/min] descent rate without bottoming the shock struts or 
failing its backup structure including the wing spar. Similarly, for a rolled 
landing (8 degrees one-wing-low attitude, with lift equal to aircraft 
weight), the landing gear can withstand up to 15 fps [900 ft/min] descent 
rate without bottoming the shock strut or failing its back-up structure in-
cluding the wing rear spar." 

 Hence, a DC-10 landing gear will not fail with a ROD of 850 ft/min at 161 
ton, with a landing bank angle of 5.62° to the right. More importantly, the comments 
by the Experts do not take into account the increase in pitch angle prior to touchdown 
to 8.79°, reducing the vertical speed, which is confirmed by the normal g graph. Ex-
perts did obviously not analyse the DFDR data. 

 The landing gear did not fail at touchdown as the scratches on the runway 
prove. The right engine nacelle caused scratches from 80 m further than the beginning 
of the normal rubber trace of the right landing gear on the runway surface (RvO Annex 
11, Appendix 36). In addition, the investigation did not discuss the fuse pin in the verti-
cal plane that is included in the landing gears to avoid the gear from punctioning the 
wing-fuel tanks due to a large load. This pin might also have failed, as it was designed 
for, causing damage to the landing gear. 

 The Experts did not address the additional forces and moments on the right 
main landing gear that occurred due to the 11° traversing landing, which landing tech-
nique is not approved for a DC-10 (AOM 3.3.5-15, Appendix 2).  

  The Experts suggest to have reviewed the metallurgic analysis, which is in 
the RvO Annex 10 in the Portuguese language. If indeed the gear collapsed due to ex-
cessive static forces, as the Experts state, then this means that the collapse did not 
happen at touchdown because the forces during touchdown are dynamic forces. Static 
forces occur when the lift of the wings reduce after touchdown, the aircraft weight is 
added to the forces on the landing gear and due to non-alignment with the runway di-
rection. The metallurgic analysis, if correct, in fact confirms that the collapse of the 
landing gear was caused by the excessive static forces and moments due to the in-
creased friction of the landing gear that touched down with an 11° crab angle, which is 
not approved for a DC-10 (AOM 3.3.5 – 15, Appendix 2). Boeing aircraft though, are 
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allowed to touchdown with a crab angle. The question remains whether the collapse 
occurred because of the postponed landing gear replacement.  

 Question 129 of 143 questions: Was the statement on 2 July 1993 by Mr. 
Schotgerrits a reason for the commission of inquiry to minutely examine the right-
hand landing gear on any defects which may have been present before the crash? The 
DASB answer was: "The fracture of the right landing gear is, according to the Portu-
guese investigating committee, caused by overload during the hard crabbing landing. 
There were no existing defects whatsoever".  

 Question 130 of 143 questions: If not, does the commission of inquiry see 
any reason for that now? The DASB answer was: "same as question 129". 

5.11.6.18.1 Question: The DASB, following the review of the maintenance logs of the 
aircraft, must have noticed the triple postponements of the right landing 
gear exchange, but failed to report this to the Commission. Don't Experts 
agree that the DASB answer was wrong?  

 Question 131 of 143 questions: Or was it found in an earlier stage of the in-
vestigation what the cause was of the collapse of the right-hand landing gear? The 
DASB answer was: "same as question 129". 

5.11.6.19.1 Question: The AIB did not report on the three maintenance postpone-
ments of the right landing gear, while those data must have been availa-
ble. Don't Experts agree that the DASB answer was wrong? 

 Question 132 of 143 questions: Was the collapse of the right-hand landing 
gear the result of a defect which existed earlier, or of an incorrect landing manoeuvre? 
DASB answered: "According to the investigation by the Portuguese commission of in-
quiry the failure of the right-hand landing gear was due to overloading during the hard, 
sliding landing. There were no defects which existed earlier". 

5.11.6.20.1 Question: There must have been a reason for replacing the landing gear as 
discussed above. The DC-10 landed with an 11° crab angle, while the land-
ing should have been conducted with a zero crab angle, the normal land-
ing technique for a DC-10 as prescribed in AOM 3.3.5 – 15, Appendix 2. 
The landing manoeuvre was definitely incorrect. Don't Experts agree that 
the DASB answer was wrong? 

 Question 133 of 143 questions: Could the collapse of the right-hand landing 
gear be identified as the cause of the inability to control the aircraft during the landing 
and therefore as one of the main causes of the crash? The DASB answer was: "same as 
question 129".  

5.11.6.21.1 Question: Yes, but wrong answer by DASB; not the same as answer Q129. 
RvO page 21: "After the collapse of the right landing gear, the right engine 
nacelle and the right wing tip contacted the runway. The right wing suf-
fered total rupture between the fuselage and the right engine". The air-
craft [thereafter] became uncontrollable on the ground. This was indeed 
one of the main causes of the crash. Don't Experts agree? 

6. Cause of the accident by Experts 

Experts V17 § 4. "The Experts have found it necessary to conduct this analysis for a better under-
standing of this accident and consequently, of the behaviour of all entities involved in the investi-
gation" (V17 § 4 and § 8.6).  
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The Experts formulated their own cause of the accident while such was specifically not asked by 
the Court. But since they did, Claimants feel obligated to respond.  

6.1. Conclusions and Recommendations Draft Report Changed by DASB 

 Facts 

 In the draft report of 21 July 1994, which was sent by the Portuguese Com-
mission of Investigation (DGAC) to participating organisations, including DASB, for re-
view, the following causes were presented:  
"The Commission determined that the probable causes for the accident were: 

• The high rate of descent in the final phase of the approach. 

• The crosswind which occurred in the final phase of the approach, not 
known to the crew, which exceeded the aircraft limits."  

 In the final report (§ 3.2), the published causes were:  
"The Commission of inquiry determined that the probable causes for the accident were:  

• The high rate of descent in the final phase of the approach and the landing 
made on the right landing gear, which exceeded the structural limitations 
of the aircraft.  

• The crosswind, which exceeded the aircraft limits and which occurred in 
the final phase of the approach and during landing.  

The combination of both factors determined stresses which exceeded the structural 
limitations of the aircraft." 

• The contributing factors to the accident as presented in the final report 
were: 

• The instability of the approach. 

• The premature power reduction, and the sustaining of this condition, prob-
ably due to crew action. 

• The incorrect wind information delivered by Approach Control. 

• The absence of an approach light system. 

• The incorrect evaluation by the crew of the runway conditions. 

• CWS mode being switched off at approx. 80 ft RA, causing the aircraft to 
be in manual control in a critical phase of the landing. 

• The delayed action of the crew in increasing power. 

• The degradation of the lift coefficient due to the heavy showers. 

 Comments DASB. 

 DASB tried to persuade the Commission during a visit and with deletions 
and additions in the Report RVDL3 (lijst 4 tab 23) to change the causes to: 

"The commission of inquiry determined that the accident was initiated by:  

• a sudden and unexpected wind variation in direction and speed (wind-
shear) in the final stage of the approach.  
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Subsequently a high rate of descent and an extreme lateral displacement developed, 
causing a hard landing on the right-hand landing gear, which in combination with a 
considerable crab angle exceeded the aircraft structural limitations." 

 DASB tried to add to the contributing factor to the accident:  

• "From the prevailing weather neither the meteorological office (SIO) nor 
the crew of MP495 did anticipate the possibility of the existence of wind-
shear phenomena." 

 DASB tried to change: 

• "CWS mode being switched off below the prescribed altitude, causing the 
aircraft to be in manual control with as consequence an abrupt flare and a 
hard landing",  
into: 
"CWS mode being disengaged at 80 ft radar altitude, causing the aircraft 
to be in manual control at a critical stage in the landing phase"; and 

• "The premature large power reduction due to crew action", 
into: 
"The premature large power reduction and sustained flight idle thrust, 
most probable due to crew action". 

 DASB tried to delete all other contributing factors in the draft report: 

• "The incorrect wind information delivered by the R-Nav on board. 

• The crew's decision to continue the approach for a runway without ap-
proach lights, after having lost visual reference at about 250 ft altitude. 

• The incorrect evaluation by the crew of the runway conditions. 

• The delayed action of the crew in increasing power. 

• The degradation of the lift coefficient due to the heavy rain,  

• The fracture of the landing gear, caused by the high rate of descent, com-
bined with the significant side slip of the aircraft on impact with the run-
way". 

 DASB also tried to change the recommendations: 

• "That the engine manufacturer institutes an investigation concerning the 
interaction between man/machine in situations of manual flight in combi-
nation with CWS and ATS",  
into:  
"Airworthiness Authorities to review current procedures regarding the use 
of ATS and CWS during approach and landing especially in extreme 
weather conditions". 

"Martinair to review the BIM in order to:" 

• "Regulate the procedures concerning landings and take-offs in order that 
when the meteo conditions are worse or the operational parameters are 
marginal, the manoeuvres be performed by the captain",  
into: 
"Review the procedures concerning landings and/or take-offs in order that 
when the meteo conditions are bad or the operational parameters are 
marginal, whether the manoeuvres should be performed by the captain or 
not". 
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• "Avoid in the dispatch deficiency guide procedures which are contradic-
tionary, leaving the responsibility to the captain",  
into: 
"Review the operational procedures concerning the use of no. 2 engine 
thrust reverser". 

• "That the former INMG, now ING, establishes a study about the phenom-
ena Manga de Vento (wind sleeve)",  
into: 
"That the former INMG, now ING, establishes a study about the phenom-
ena Manga de Vento (wind sleeve) and when applicable, amend the rele-
vant AIP information". 

 Comments Experts 

 The Experts seemed to find the final conclusion "a problem of wording", 
and formulated a new cause in V17 § 5.2.1.2 (page 16), though "considering that both 
the analysis and the conclusion of the Commission of Investigation are true":  
"The accident is a sum of conditions leading to a hard touchdown for which the aircraft 
was not designed, and therefore “not certified” (i.e. outside the certification limits). As 
a result, the right landing gear collapses and the right wing broke."  

 The contributing factors were also amended by Experts, into:  

• "An approach becoming unstable on short final, just before the landing, 
apparently due to a change of the meteorological conditions and a high 
rate of descent;  

• A premature reduction of thrust which aggravated the previous contrib-
uting factor;  

• On very short final, a lack of decision to initiate a missed approach proce-
dure;  

• An incorrect meteorological information;  

• A change in the flight management mode on very short final that might 
have disturbed the pilots’ sensations in regards to the aircraft".  

 Remarks and Questions Claimants 

 The Portuguese Commission presented "probable causes" in the final re-
port; they obviously were not 100% sure. The causes were indeed not correct as dis-
cussed in the AvioConsult report. There was no high rate of descent that exceeded the 
capabilities of the aircraft (§ 5.11), and a crosswind from the right always requires 
landing on the right gear first, because de-crabbing is required for a DC-10 and a bank 
angle is required to "not allow the aircraft to drift during the flare" (AOM 3.3.5 – 15, 
Appendix 2).  

 The Experts were not asked to formulate their own cause and contributing 
factors. However, since they did, these should be the result of a thorough, impartial 
and objective scientific-level analysis of all the available evidence and objective data. 
Experts state in their cause "the accident is sum of conditions", but do not provide the 
well-researched and analysed conditions.  
This Interim Report V17 did not establish in detail what happened, how it happened 
and why it happened (i.a.w. ICAO Doc 9756 Part IV), but only contains Experts' inade-
quate and unscientific unsubstantiated opinion(s), a real investigator and 'expert' un-
worthy.   
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 There was no "hard touchdown for which the aircraft was not designed and 
therefore not certified". Refer to § 5.11 above and Appendix 35 for guidance on how to 
analyse the energy dissipation on touchdown.  

6.1.4.3.1 Question. How did the Experts determine that the touchdown was hard 
for which the aircraft was not designed and therefore not certified? Moti-
vate please, if not already done in answers in § 5.11. 

 The DFDR data does not show the aircraft becoming unstable on short final. 
Flight path stability in the approach configuration is subject of experimental flight test-
ing for certifying an aircraft airworthy, which test the DC-10 must have passed. There 
were some variations because of the wind and the turbulence, but these were control-
lable; the radar altitude graph of the last 20 seconds of flight is a straight line, apart 
from a small flight path correction to prevent descent below the PAPI glide path and 
prevent the landing gear of the large DC-10 from touching down too early (AOM 3.3.5 
– 14; Appendix 23). The turbulence was only light, to the applicable ICAO definition; 
the pitch angle changed, but as result of a pitch-up command by the pilot. The air-
speed decreased because the throttles were kept close, and the heading changed be-
cause of maximum rudder inputs, first maximal to the left, then back to the other side 
and again to the left just prior to touchdown. These pilot-induced motions, which were 
not at all normal for a crosswind landing, may not be called unstable, neither in engi-
neering terms, nor in flying qualities terms. The inconsistent control inputs show that 
the pilot did not succeed in manoeuvring the aircraft to the extended runway centre-
line; the aircraft approached the runway from the left and never made it to the centre-
line. The control inputs and the aircraft heading and attitude were definitely not as 
they should have been during a crosswind landing. Refer also to § 4.4.5.6. 

 The change of the meteorological conditions cannot be confirmed by objec-
tive DFDR data either. Any argument on the aircraft behaviour or change of flight path 
because of changing meteorological conditions is not based on the factual data of air-
craft motions as recorded by DFDR and AIDS.  

6.1.4.5.1 Questions. Do Experts indeed agree with the Portuguese Commission that 
the aircraft followed a non-standard trajectory (i.e. lateral trajectory ra-
ther than glide path)? And that a variation of meteorological conditions 
existed? Do the DFDR data support this? Which limitations? Please moti-
vate your answers by referring to DFDR data and seconds to touchdown. 

6.1.4.5.2 Questions. V17 § 5.2.1.3. How can Experts say that "In general, the main 
cause of the Faro accident was that the aircraft touched-down in a way 
and with a trajectory that did not follow, in very short final, the vertical 
standard flight path established by the applicable procedures" when the 
radar altitude graph (Appendix 7, bottom page 2) is a straight line? In ad-
dition, Experts didn't discuss the lateral flight path. Did Experts notice the 
touchdown point on the left side of the runway? The centre gear near the 
left runway border, the left main gear even left of the runway? And the 
groove that a centre gear rim made in the asphalt of the runway in a near 
straight line in the direction of the runway?  Doesn't this imply that the 
aircraft was not in a sideward motion?  

6.1.4.5.3 Question. V17 § 5.2.1.3. As for Experts recommendation "to teach the pi-
lots to initiate a missed approach in case of an un-stabilized approach and 
under a fixed height", do Experts then agree that the pilots should have 
initiated the go-around much earlier in the approach, like at 500 ft when 
the approach needs to meet the requirements for a stable approach and 
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where is this case a go-around should have been executed at MDA (400 ft) 
because the call "Landing" was not given? Why don't Experts say that the 
pilots violated the go-around requirements in BIM 3.4.4 – 02 (Appendix 
29) and – 06 (Appendix 11) and in AOM 3.3.5 – 08 (Appendix 14)? 

6.1.4.5.4 Questions. V17 § 5.2.1.3. "After the issuance of the draft report of the 
Commission of Investigation, the Dutch Aviation Safety Board proposed 
modifications to the content of this report to adjust the wording, but ac-
cepted the conclusions of the final report". This was not the case, as the 
Report RVDL3 (lijst 4 tab 23) proves. The Dutch Safety Board didn't accept 
the cause in the draft report and wanted their own cause, including a sud-
den and unexpected wind variation (windshear) and an extreme lateral 
displacement, to replace the Portuguese cause in the final report, which 
the Portuguese Commission did not accept. DASB wanted windshear as 
the cause of the accident, but there was none as the Portuguese Commis-
sion and the NTSB also determined. Did Experts review the DFDR data for 
any occurrences of windshear, for instance speed changes up to ± 15 kt, 
ROD changes of up to ± 500 ft/min, pitch attitude changes of ± 5° (AOM 
3.3.8 – 02, Appendix 22) or unexplained heading changes. There were 
none recorded on the DFDR, don't the Experts agree? What do Experts 
now think about the functioning of the DASB?  

6.1.4.5.5 Question. V17 § 5.2.1.3. "The Expert’s mission is not to scrutinize the 
causes as indicated in the official report published by the Portuguese 
Commission of Investigation". The Experts are to establish facts, to pro-
vide a substantiated answer to the question whether the DASB handled 
the information they had with due care. The DASB had all of the objective 
data, including CVR transcript and DFDR graphs, but still they wanted 
windshear as cause of the accident. So, did the DASB handle the available 
information with due care?  

6.1.4.5.6 Question. V17 § 5.2.1.3. "During the analysis of the documents provided, 
the Experts have forced themselves to stay away from the notions of 
“technical cause” and “responsibility” in the judicial sense. This is also 
how the Experts evaluated the Dutch Aviation Safety Board’s actions as 
well as answered the questions asked by the court". Did Experts accom-
plish an in-depth analysis of initiating a go-around and the accident to 
support their cause? There are no references to DFDR data, and there are 
not too many comments on the DASB's actions. Don't you agree? 

6.1.4.5.7 Questions. After reading the cause and contributing factors drafted by the 
Experts, the following questions remain. Did the Experts review the land-
ing really from a purely engineering point of view? Did the experts review 
and analyse the applicable, objective DFDR data? Did the experts review 
and analyse other DC-10 accident data? Did the Experts contact Boeing to 
confirm the (energy) limits to which the DC-10 landing gear was designed? 
Were the conclusions of the Commission of Investigation correct for stat-
ing this cause?  
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6.2. Conclusion Experts 

 Experts, in V17 § 7 on page 40 wrote the following conclusions: 

Let’s remember that the question asked to the Experts was to define if whether or not the action 
of the Dutch Aviation Safety Board during the investigation that followed the accident of the De-
cember 21st 1992 was in accordance with national and international regulations of the time, and 
beyond mere regulation, if the investigation was well conducted, “with due care”.  

The Experts’ mission is not to determine what or who was/were responsible or liable for the acci-
dent.  

As demonstrated in several documents provided to the Experts, the Dutch Aviation Safety 
Board’s behavior could have been improved, but was in accordance with standard investigation 
regulations.  

In accordance with ICAO, the Dutch Aviation Safety Board did not lead the investigation but par-
ticipated in the investigation under the authority of the appointed Portuguese Chief of the Com-
mission of Investigation.  

This is a crucial point:  

• Any remark, any request for additional investigation, any analysis has to be approved by the 
official Commission of Investigation;  

• Any other conclusion would be illegitimate if we take into consideration the aim of an inves-
tigation as defined by international treaties and conventions.  

Another important and interesting factor not to forget is that the Dutch Aviation Safety Board 
and its accredited representatives are subject to the same limitations and constraints as the 
Commission itself.  

These limitations are established by the ICAO Annex 13.  

It absolutely does not authorize to establish legal liability.  

It only allows to establish causal chains or contributing factors as to anticipate other future po-
tential issues and therefore improve the global flight safety.  

The Dutch Aviation Safety Board proposed the involvement of third parties in order to bring a 
best-in-class professional expertise and answer questions raised by the Commission of Investiga-
tion; the Dutch Aviation Safety Board’s behaviour in accordance with international norms, rec-
ommended practices and conventions.  

In short, using the expertise of a Dutch laboratory like NLR or the expertise of the involved airline 
is in line with international recommendations.  

There is no reason to objectively doubt the conclusions of these laboratories or organizations.  

Nothing forced the Commission of Investigation to take into account these conclusions or even 
ask for different opinions if they started doubting the correctness of the answers given.  

The proposals of modifications of the final official report were evaluated in detail by the Experts. 

Some appeared to be adequate, and some other not.  

But only the official Commission of Investigation had the power to accept such proposals of mod-
ifications or reject them.  

To conclude, the Experts consider that the Dutch Aviation Safety Board — through its actions, 
comments, and involvement into the investigation as an accredited representative of the Com-
mission of Investigation — did not deviate from its responsibilities and fulfilled its obligations in 
due care as defined at the time of the accident in the ICAO Annex 13. 
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6.2.1.1.1 Question. Following reading all of the remarks in this review, can Experts 
still maintain these conclusions?   

6.3. More Conclusions Experts 

 V17, § 6.8. "The crew's interpretation – or lack thereof – of the term flooded" 

 "As explained before, the Experts estimate that analyzing the understanding 
of this word can be done solely in a large sense and cannot be dissociated from the 
“human factor”, which ought to be considered as a cause or a contributing factor of the 
accident".  

 "This type of “human factor” analysis was at its early stage at the time of 
the accident, and no specific publication defined it clearly even though some airlines 
started to consider it in the flight safety policies".  

 "The “flooded” information was transmitted to the crew around 5 minutes 
before expected landing".  

 Question. According CVR transcript the experts should have seen that 
around 4 minutes before that time "flooded" was clearly transmitted to MP461. 

 "It came at a moment when the pilots’ workload was high:  

•  In the middle of the final turn;  

• Crossing of a storm west of the airport;  

• With important variations of the flight parameters; 

• And with important thrust variations and the flickering of fuel tank pumps 
lights indicating that the aircraft took at this precise moment, a substan-
tial pitch attitude but within the AFM limits.  

6.3.1.5.1 Question about the workload. To minimize cockpit workload and thus to 
increase the safety level, optimum use of the autopilot and its sub modes 
and autothrottle as far as permitted per Aircraft Operations Manual, is 
strongly recommended during the whole flight regime (RvO page 92: AOM 
3.4.3 – 01, Appendix 33). During the final turn, both the autopilot and the 
autothrottle were engaged; workload was not high, was it? If Experts 
don't agree, please explain. 

6.3.1.5.2 Question. DFDR data during the final turn only show one peak in normal g 
to 1.4 g for 2 seconds, less than light turbulence. The pitch only showed 
an increase of 0.4° at that time. Thrust variations other than would be re-
quired in light turbulence were not recorded either, except that the rpm 
of engine #3 showed 20% for two minutes, which is explained nowhere. 
Can Experts clarify the "important variations of flight parameters", "thrust 
variation" and "substantial pitch attitude" they mention using objective 
data?  

 "The Experts note the delay, quite long (9 seconds), between the transmis-
sion of the “flooded” information by the ATCO and the answer from the crew, showing 
also that the crew was highly busy at this time".  

6.3.1.6.1 Question. Can experts define why the crew was highly busy. It was a nor-
mal turn to intercept the inbound radial. It would have been busy if they 
followed the AOM procedure in order to be in landing configuration and 
start the descent 0,5 nm prior 7 DME. Don't Experts agree? 
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 "From a “human factor” standpoint, it is then conceivable that the infor-
mation “flooded” was not fully perceived and understood, or actually even heard".  

 "It is credible that the captain’s answer was more of a reflex, which means 
that the information was not well understood".  

6.3.1.8.1 Question. Experts to explain: did he hear it or did he understand it. We 
agree if he didn't understand, then he should have asked for details, 
shouldn't he? 

 "On the other hand, one could suppose that the information was well heard 
and understood".  

 "The Experts estimate that this information alone might not be sufficient to 
cancel the approach at this moment".  

 "The final decision is what is called “a captain’s decision”.  

6.3.1.11.1 Question. Do experts conclude or "estimate"?  Was the "captain's deci-
sion" to continue the approach, given all of the arguments on all of the 
subjects discussed in this review, a correct "captain's decision"?  

 Comments Experts 

 "On this chapter regarding the meaning of “flooded”, the Experts remind 
that the fact that the runway was or not flooded is neither a direct cause nor a direct 
contributing factor of this accident" (V17 § 6.8 page 37).  

 Remark and Question Claimants 

6.3.3.1.1 Question. If the pilots would have applied the runway condition data then, 
knowing the aircraft limits, they would have waited or diverted and the 
accident would not have happened. Don't Experts agree? 

 The Court did not ask for an investigation by the Experts to the cause of the 
accident, but only to answer 11 questions on the themes and in general, answer the 
question, based on their expertise, whether the DASB in its role at the time of the acci-
dent investigation, did process the known and available data adequately.  

7. Other Aspects 

7.1. Documents used by Experts 

 Irrelevant info 

 Experts included much irrelevant data and information that does not apply 
to this case, for instance autoland on V17 page 127 and 128. And "the crosswind is out 
of the limit for an automatic landing" (V17 page 128). At Faro, an automatic landing 
was not possible due to the lack of an appropriate ILS.  

7.1.1.1.1 Question. Why did Experts mention this when an automatic landing is not 
possible?  

7.2. Time references, § 0.4 and § 8.1 

 Standards, norms 

 UTC is the norm to be used as formal time reference in aviation.  
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 Facts 

 In the RvO at least five different clocks/times were used. The clocks used in 
the report were not synchronized to enable accurate data comparisons in the RvO. The 
CVR clock was 2 minutes 19 seconds lagging the standard UTC (called Padrão UTC in 
the RvO) at the beginning of the (40 min.) CVR recording and 31 seconds at landing 
time.  
"The meteo clock of SIO showed a lag of one minute and 30 secs relative to the refer-
ence ATC clock" (RvO § 3.1 Established Facts, page 127), meaning that when SIO meas-
ured an increase in wind at 7:32:00, the aircraft had already landed (at 07:33:20 stand-
ard UTC).  

 Comments DASB 

 DASB avoided criticizing the different time references in the RvO; on page 
12 of the Report RVDL3 (lijst 4 tab 23) only with one sentence: "There were no written 
procedures for time synchronization". The times used in the paragraph "3.1 Established 
facts", were indeed (standard) UTC times, though. 

 Comments Experts 

 The experts do not consider the time references an important issue be-
cause these were not considered a contributing factor to the accident. In § 0.4 the Ex-
perts wrote: “But the real question is, whatever time reference is being used, whether 
this reference should be considered as a contributing factor to this accident”. In § 8.1 
the Experts state that "the use of multiple time references used in the report had no 
consequences on the work of analysis done by the Commission of Investigation". On 
page 51, the Experts wrote as comment: "The DASB did not issue any comment on this 
sentence: that ATC did not transmit a wind of 220° with 35 kt to the aircraft. This is the 
exact feeling of the Experts: 220° at 35 kts is the crosswind limit of the DC-10."  

 Remarks and questions Claimants 

 The assignment to the Experts is not to establish the cause of the accident 
or its contributing factors, but to establish whether the DASB did its job correctly. An 
important argument by the DASB to support the windshear theory was a dramatic in-
crease in wind strength to 35 – 40 kt and an equally dramatic change in direction to 
220° during the last moments of the flight. These values were not measured by the by 
the SIO measuring systems, in addition there was a time difference of 1.5 minutes be-
tween the measurements used and the moment of landing.   

 In § 0.4, the Experts state to "use the DFDR time as the main time reference, 
because it is the cockpit reference time and also because it is the end of the DFDR". 
However, they used corrected CVR time, not the elapsed time of the DFDR. They also 
wrote: "The DFDR time reference is the time provided by the captain’s clock in the cock-
pit". This is not correct either, DFDR time is in no way connected to any clock in the air-
craft. The DFDR clock is fully autonomous, therefore reported by NTSB as elapsed time 
in the RvO Annex 15 (Appendix 7). The DFDR stopped recording approximately 7.5 sec-
onds after touchdown. 

 When comparing events in the report, such as the occurrence of increased 
winds, windshear, etc., it is important to ensure that the times of the events are syn-
chronized to the same standard, which should be the one and only UTC, the Greenwich 
Mean Time. The Commission provided synchronized data of three times/clocks in RvO 
Annex 5.  
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 The time references were indeed not a contributing factor to the accident, 
but certainly were to the analysis of the accident, because events cannot be accurately 
placed on a single time line, making an accurate analysis of events impossible or unre-
alistic. The Experts used CVR time as UTC rather than the real, the standardized UTC in 
their analysis; they were not using the corrected time references of RvO Annex 5. The 
table in § 8.1 is wrong, does not agree with the data in RvO Annex 5. Any analysis by 
Experts in which a time is used, is therefore unreliable.  

7.2.5.4.1 Question. Where did the Experts get the data in the time table in § 8.1 
from? Did the Experts not notice that in RvO Annex 5 all events were syn-
chronized to appear on one line for different clocks, and that the stretch 
of the CVR tape was corrected for? This usually is done using audio tones 
in the cockpit that can be linked to events recorded on the FDR, and to 
time labels of radio transmissions that are recorded in ground stations. 
Annex 5 still shows three "UTC" times (is an error), of which only standard 
(padrão) UTC is the real UTC time, which should have been used by the 
Experts, rather than CVR time. This would have saved them a lot of hours. 
There are several CVR transcripts of MP495 in which the tape correction 
has not taken place. AvioConsult also described these deficiencies and the 
causes in its report. Why was it mandatory to adjust the CVR time (for the 
Experts)? Or do Experts mean that is was mandatory / required for the 
Commission to be able to conduct the accident analysis.  

 The question is not whether the time references are an important issue, but 
to determine whether the DASB handled the available information at that time with 
due care. During the investigation, wind data out of the SIO was used of which the 
time of occurrence was not adjusted. The time references should have been synchro-
nized to enable accurate conclusions using the wind and other data from several 
sources. The accredited representative of the DASB should have insisted on synchro-
nizing all of the times in the report.  

 ATC never had display of a wind of 220° at 35 kt prior to the landing of 
MP495, and hence, could not pass that data to the aircraft. The aircraft never suffered 
a strong crosswind like this, because that would be obvious from DFDR data. If this 
wind was indeed measured, its time of occurrence was not synchronized to the stand-
ard UTC time; the aircraft was already on the ground at that time. RvO Annex 5 does 
list a wind of 220/35, but these data are labelled "Valores calculados", meaning calcu-
lated, not measured. They might have been added because of incorrect time synchro-
nisation, or under pressure. In any case, the objective DFDR data provide a more relia-
ble source of data to show and prove aircraft behaviour in the air and on the ground. 
This is what both NTSB and AvioConsult used in their analyses. 

 A wind of 220° at 35 kt is not the crosswind limit of the DC-10; AOM 3.7.1 
(Appendix 32) publishes a max. crosswind of 30 kt, which is for a dry runway ≥ 45 m 
wide and a proficient pilot. For a contaminated runway, other crosswind limits apply: 5 
kt for flooded (braking action poor), 15 kt for wet (braking action medium; AOM 3.7.3 
– 04; Appendix 9). The co-pilot had only landing experience with crosswinds up to 15 kt 
(ref. fax Martinair to AIB Appendix 5), which data was not forwarded by DASB or AIB to 
the Commission. On page 7, the Experts use DFDR time (is an elapsed time) but in the 
report they use adjusted CVR time. A wind 220° at 35 kt would have resulted in a re-
quired wind correction angle of 14° and a crosswind of 32 kt, for landing on runway 11. 
Neither was the case; this wind never actually happened during the flight.  
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7.3. Comments Experts on the Portuguese RvO 

 Causes as concluded by Experts 

§ 5.2.1.2: “From a purely technical point of view, and considering that both the analysis 
and the conclusion of the Commission of Investigation are true, the causes of the acci-
dent should have been presented as follow:  
 
The cause:  
The accident is a sum of conditions leading to a hard touchdown for which the aircraft 
was not designed, and therefore “not certified” (i.e. outside the certification limits). As 
a result, the right landing gear collapses and the right wing broke.  
 
The contributing factors:  

An approach becoming unstable on short final [below 200 ft], just before the landing, 
apparently due to a change of the meteorological conditions and a high rate of de-
scent;  

A premature reduction of thrust which aggravated the previous contributing factor;  

On very short final, a lack of decision to initiate a missed approach procedure;  

An incorrect meteorological information [of runway 29 rather than runway 11];  

A change in the flight management mode on very short final that might have disturbed 
the pilots’ sensations in regards to the aircraft”. 

 Remarks and Questions Claimants 

 It was specifically not requested by the Court to conduct an analysis or in-
vestigation, and report on the results.  

 The PAPI is a visual glide path indicating system, which is not recorded in 
the aircraft (by a forward-looking camera). Only by analysing control inputs, aircraft 
motions, and CVR transcript, it can be determined whether the aircraft was on the cor-
rect glide path.  

7.3.2.2.1 Question. How do Experts know the approach becoming unstable? 

7.3.2.2.2 Question. Isn't a "stabilized non-precision approach", in aviation terms, an 
approach when, at an altitude of 500 ft, the aircraft is within the horizon-
tal (± 2°) and vertical margins (± 0.5°) of the centre of the approach guid-
ance, the airspeed is the required approach speed and engine thrust is 
stable for maintaining the airspeed and the glide path?  

 An aircraft is stable if well-defined stability requirements are met that are 
evaluated during flying qualities flight-testing. An atmospheric disturbance will not 
render the aircraft uncontrollable. The flight-tests the aircraft underwent prior to certi-
fication include but are not limited to longitudinal static stability, phugoid stability, 
flight path stability, short period response, residual oscillations, longitudinal PIO and 
longitudinal control in sideslips. 

7.3.2.3.1 Questions. The approach was not becoming unstable at all; the aircraft 
was fully controllable. There was light turbulence and the pilot mishan-
dling the automated systems that caused motions. Can the Experts ex-
plain exactly where the aircraft became unstable and why? Was it a 
phugoid, or a short period problem? Or just some variations due to the 
strong wind, the ground effect, the crossing of the sea – land border, etc.  
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7.3.2.3.2 Questions. "An Incorrect meteorological information"? Why do you state 
there were no other data? There were errors in clock synchronization and 
time references. It was never proven that the ATC Controller made a mis-
take, only assumptions.  
In flight, the pilots must have noticed the large drift angle caused by a 
considerable crosswind, and the captain collected his own wind data from 
the R-Nav system; they had light turbulence and knew there were thun-
derstorms. They crossed a heavy shower seconds before landing. They 
had actual "meteorological information" themselves, didn't they? Should 
they still rely on the weather information that was at least 5 min old and 
wind data provided by ATC with the landing clearance, and not take into 
account their own observations? Who is ultimate responsible? Do you still 
agree with your cause on "An incorrect meteorological information"?  

7.3.2.3.3 Question. No call “Go-around” was given in the cockpit, as Experts men-
tion in footnote 20 out of a statement of the Flight Engineer. No "my con-
trols" call either by captain. The pilots will not even have noticed the 
change following disengagement of the CWS. Refer to AOM 3.3.6 – 02 
(Appendix 31).  

 The cause of the accident is that the pilots didn't apply procedures during 
the whole flight - lack of decision power, crosswind >15 kt, crosswind in-experience, 
flooded, etc. The aircraft is not certified for a crabbed landing; therefore, a crabbing 
landing is a pilot error. 

 Experts § 5.2.1.3: “In general, the main cause of the Faro accident was that 
the aircraft touched-down in a way and with a trajectory that did not follow, in very 
short final, the vertical standard flight path established by the applicable procedures. It 
means, that one of the recommendations to improve the flight safety and issued by the 
Commission of Investigation as required by the Annex 13, should be to teach the pilots 
to initiate a missed approach in case of an unstabilized approach and under a fixed 
height”. 

 Experts do not talk about the standard lateral flight path. The radar data in 
RvO Annex 12 (Appendix 12) shows a large deviation. Nothing about the traversing 
landing in the cause and about the resulting additional adverse forces and moments 
acting on the landing gears. The right landing gear collapsed, at least one of the tyres 
of the centre main gear blew, after which the rim caused a deep groove in the runway 
(in the direction of the runway).  

7.3.2.6.1 Question. A missed approach procedure does not only have to be initiated 
under a fixed height, but at any time during the approach (BIM 2.3.6) and 
flare (AOM 3.3.5 – 15, Appendix 2). Why do Experts suggest that it has to 
be taught, while it already is prescribed in the manuals? 

7.3.2.6.2 Question. Was the approach stabilised, that is within the lateral and verti-
cal boundaries as required in BIM 3.4.4 – 06 (Appendix 11)? No, isn't it? 
Should the pilots not have initiated a go-around?  

 Experts rely entirely on statements by the crew; did not analyse the objec-
tive data recorded on CVR and DFDR.  

 Experts § 5.2.1.3 page 17. “After the issuance of the draft report of the Com-
mission of Investigation, the Dutch Safety Board proposed modifications to the content 
of this report to adjust the wording, but accepted the conclusions of the final report.” 
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 No, the Safety Board did not accept the conclusions and causes at all, 
please refer to Report RVDL3 (lijst 4 tab 23) to see the many changes that DASB 
wanted the Commission to incorporate. DASB wanted windshear as cause, but the Por-
tuguese Commission did not, and did not include this in the final report. DASB modi-
fied their point of view and issued a new report with their own interpretation that was, 
i.a.w. Annex 13, included an Appendix to the RvO.  

7.3.2.9.1 Question. Have Experts compared the Report RVDL3 (lijst 4 tab 23) and 
the DASB report dated 6 Sept. 1994 in the RvO Appendix?  

 Experts § 5.2.1.3 page 17. "During the analysis of the documents provided, 
the Experts have forced themselves to stay away from the notions of “technical cause” 
and “responsibility” in the judicial sense.  
This is also how the Experts evaluated the Dutch Aviation Safety Board’s actions as well 
as answered the questions asked by the court".  

 But Experts wrote about technical aspects, like landing gear failure, and 
about professional responsibilities.  

 Experts § 5.2.1.3 page 17. "The Expert’s mission is not to scrutinize the 
causes as indicated in the official report published by the Portuguese Commission of 
Investigation. The Experts are specifically requested to consider the action of the Dutch 
Aviation Safety Board and to verify if “the Civil Aviation Board handle the information it 
had at the time regarding the aspects stated in 2.5 of this judgment with due care”. 
During the analysis of the documents provided, the Experts have forced themselves to 
stay away from the notions of “technical cause” and “responsibility” in the judicial 
sense. This is also how the Experts evaluated the Dutch Aviation Safety Board’s actions 
as well as answered the questions asked by the court". 

7.3.2.12.1 Question. Don't Experts agree that the meaning of the word scrutinize is 
to examine or observe with great care, inspect minutely or critically?  

7.3.2.12.2 Question. How can Experts answer the questions by the Court with due 
care? 

 Experts, in § 5.2.2.1, provide general comments on the role of the com-
ments DASB. They repeat that "the Dutch Aviation Safety Board agrees in general with 
the description of the events by the Commission of Investigation – based on the factual 
information – and more important, with the analysis and the conclusions made by this 
Commission".  

 But the Experts did not review the Report RVDL3 (lijst 4 tab 23), the com-
ments of DASB on the draft of the Portuguese Report, but only the amended version of 
6 September 1994 in the Appendix of the RvO, that was required because the Commis-
sion did not accept the required changes to the report that all were aimed at introduc-
ing windshear as cause of the accident.  

 DASB contracted NLR to "investigate the windshear situation", but when 
the first version of the report was presented to the DASB, the lead investigator re-
quired NLR to delete any data that could lead to the conclusion that there might not 
have been windshear, or extreme lateral displacement, such as a rate of descent of 
'only' 760 ft/min. NLR, in their final report that is included in RvO Annex 4, wrote in 
§ 1: "it was concluded that windshear (a downburst) was present, however, it was not 
a hazardous factor itself during the approach of the aircraft. Furthermore, strong cross-
winds were determined to be present at the moment of landing, far in excess of the 
crosswind limits of the aircraft".  
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 Experts § 5.2.2.1 page 18: "The Dutch Aviation Safety Board agrees with the 
official conclusions in general, but they request a sharper analysis on the causes and 
contributing factors of the accident".  
"That being said, within the Portuguese Commission of Investigation they [DASB] are 
not in charge to build up the analysis and issue the final report".  
"Ultimately, the Portuguese Commission of Investigation is the one making the conclu-
sions and it is its choice to accept or refuse the remarks of the Dutch Aviation Safety 
Board".  

 As already described in §4.4 above, neither the NLR engineer who wrote 
the report, nor his approving chiefs, and nor the DASB were obviously aware of the 
way a visual non-precision approach is flown with a DC-10 (i.a.w. AOM). DASB should 
have filled this gap. The interception of the PAPI glide path from above with the auto-
pilot in the Vertical Speed mode set at a rate of descent of 750 ft/min always results in 
a few moments of straight and level flight, unless the pilot is experienced enough to 
execute this manoeuvre smoothly. This short straight flight cannot be explained as 
windshear; is not very smart to do so. DASB should have noticed and assisted the NLR, 
but they didn't. They just wanted windshear in the report.  

 DASB might not be in charge to build up the analysis, but they received all 
of the data and could do a thorough analysis by themselves, but they didn't. They lim-
ited their contribution to making sure that windshear was included, while there wasn't 
any. DASB obviously did not conduct an analyses of the available data with due care.  

 Indeed, the Portuguese Commission had the lead, but offered to include 
the Comments of the DASB (and the NTSB) in an appendix to the final report. Officially, 
windshear was not the cause, but DASB persisted that windshear did occur, as well as 
an extreme lateral displacement. DASB denied the official report and spread his own 
inappropriate conclusions in the media and during meetings in The Netherlands. There 
is no evidence whatsoever that windshear occurred and that there was an extreme lat-
eral displacement. 

7.4. ICAO Annex 13 

 Experts included information on ICAO Annex 13 in § 3 and § 8.2 and con-
cluded on page 46 that "Annex 13 stipulates even more distinctly that the aim of the 
investigation is not to lay blame or to establish legal liability, be it civil or criminal".  

 But the DASB tried to use its influence to change the cause of the accident 
and drag the conclusions away from a possible legal liability issue to an uncontrollable 
and unforeseeable weather phenomenon. The questions of the Court were not aimed 
at accident prevention, but to evaluate the performance of the DASB.  

 The questions of the Court were not aimed at accident prevention, but to 
value the performance of the DASB. This Experts' assignment was not an Annex 13 in-
vestigation.  

7.4.1.3.1 Question. Why did Experts include ICAO Annex 13 quotes in § 3 and § 8.2? 
This is only of relevance for accident investigations, not for answering the 
questions of the Court. Please explain. 

7.5. Experts comments on meetings 

6.10.1. MEETING OF 1993  
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A first information meeting was organized on August 11th 1993: the result of this meeting was 
the submission of 143 questions asked by the Anthony Ruys Foundation to Martinair and the 
Dutch Aviation Safety Board.  

All these questions were raised before the issuance of the official report of the Commission of In-
vestigation, and answered in November 18th, 1994 in writing.  

Consequently, the Experts consider as normal that the airline and the Dutch Aviation Safety 
Board, itself linked by an obligation of secret (to protect its independence because of its involve-
ment as accredited representative in the Commission of Investigation), answer the questions af-
ter the issuance of the official report.  

The Experts underline that the most part of these questions were not appropriate to the investi-
gation itself but are related to liability and/or responsibility of the different actors, which is not 
the main purpose of such an investigation.  

6.10.2. MEETING OF 1994  

Another meeting took place on December 1st 1994, after the issuance of the final report of the 
Commission of Investigation.  

The purpose of this new meeting was to explain the content of this report, to provide information 
about the role of the Dutch Aviation Safety Board and to give opportunity to ask factual ques-
tions.  

The most important remarks raised by the families and victims were that the witnesses’ state-
ment was not taken into account by the Commission of Investigation.  

The Experts have been provided with a document Dossier NA 2617 and Dossier NA 2622, merg-
ing the visual witnesses’ statements.  

The answers provided during the meeting to the families and victims were considered as not ap-
propriate by the families and victims.  

The Experts note that in some cases, the answers were not enough substantiated, mainly in the 
way an accident investigation is organized or conducted according to ICAO Annex 13.  

They note the existence of contradictions in between the witnesses’ statements but also contra-
dictions between the statements and the objective recorded flight data. 

 In V17 § 5.2.2.1, the Experts provide general comments on the role of the 
DASB. They repeat that "the Dutch Aviation Safety Board agrees in general with the 
description of the events by the Commission of Investigation – based on the factual in-
formation – and more important, with the analysis and the conclusions made by this 
Commission". "That being said, within the Portuguese Commission of Investigation they 
[DASB] are not in charge to build up the analysis and issue the final report".  

 "Ultimately, the Portuguese Commission of Investigation is the one making 
the conclusions and it is its choice to accept or refuse the remarks of the Dutch Aviation 
Safety Board".  

7.5.1.2.1 Remark. Throughout this review, comments are presented on the an-
swered questions and the issues raised during the two meetings. 

7.6. Cross reference list of inappropriately answered questions on 1 dec. 1994 

Question 17: § 4.6.3.4 

Question 18: § 4.6.3.5 

Question 19: § 4.6.5.4 

Question 88: § 4.4.5.7 

Question 89: § 4.4.5.8 

Question 102: § 2.2.4.1 

Question 130: § 5.11.6.18 

Question 131: § 5.11.6.19 

Question 132: § 5.11.6.20 
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Question 26: § 4.6.5.5 

Question 27: § 4.6.5.6 

Question 28: § 4.6.5.7 

Question 29: § 4.6.5.8 

Question 31: § 4.7.3.12 

Question 58: § 5.10.5.3 

Question 59: § 5.10.5.4 

Question 107: § 2.2.4.2 

Question 112: § 2.3.4.3 

Question 113: § 5.9.5.5 

Question 114: § 5.9.5.6 

Question 115: § 5.9.5.7 

Question 126: § 5.10.5.5 

Question 129: § 5.11.6.17 

Question 133: § 5.11.6.21 

Question 137: § 2.3.4.5 

Question 140: § 5.10.5.6 

Question 141: § 5.10.5.7 

Question 142: § 5.10.5.8 
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List of Abbreviations 

 

AFM 

AGL 

Aircraft Flight Manual 

Above Ground Level AIB Accident Investigation Bureau 

AIDS Airborne Integrated Data System 

AOM  Aircraft Operations Manual 

ATS Auto Throttle System 

BIM Basic Instructions Manual 

BVO EN: Accident Investigation Bureau; NL: Bureau VoorOnderzoek 

CVR Cockpit Voice Recorder 

CWS Control Wheel Steering (autopilot mode) 

DASB Dutch Aviation Safety Board (DASB) 

DDG Dispatch deficiency Guide 

DFDR Digital Flight Data Recorder 

DME Distance Measuring Equipment  

 FAR Federal Aviation Regulations (USA) 

FCOM Flight Crew Operating Manual 

FO First Officer (co-pilot) 

ft foot, feet 

ft/min foot per minute (ft/min) 

GARTEUR Group for Aeronautical Research and Technology in EURope 

ICAO International Civil Aviation Organization 

KLM EN: Royal Dutch Airlines 

kt knot or knots (nm/hour) 

LDC Landing Data Card 

MDA Minimum Decision Altitude 

MLG Main Landing Gear 

(M)MEL (Master) Minimum Equipment List 

NLR EN: National Aerospace Laboratories 

nm nautical mile (1852 m) 

NTSB National Transportation Safety Board (USA) 

OvV EN: Dutch Aviation Safety Board ('16); NL: Onderzoeksraad voor Veiligheid 

PANS-RAC Procedures for Air Navigation Services - Rules of the Air and Air Traffic Control 

PAPI Precision Approach Path Indicator 

PF Pilot-flying 

PNF Pilot-not-flying 

R/T Radiotelephony 

RVDL Dutch Aviation Safety Board; NL: Raad voor de Luchtvaart 

R-Nav Area Navigation (Inertial, supplemented by radio navigation, whenever available) 

RvO EN: Accident Investigation Report; NL: Rapport van Ongeval 

UTC Universal Time Coordinated (Greenwich Mean Time) 

V17 Interim Report Experts version V17 

VOR VHF Omnidirectional Ranging (radio navigation ground beacon) 
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 Meteo information know to the crew. 

During the flight, the weather at Faro airport deteriorated. The CVR transcript (RvO Annex 5) provides 
the facts about the weather from 40 minutes before landing, the maximum recording time of the CVR.  
 

1) During the arrival (approach) briefing at 06:54:56 (UTC – padrão, meaning standard), the co-pi-
lot acknowledges a "wet runway".  

2) At 06:57:50, the captain said "you have to make it a positive touchdown". At 07:04:09, the cap-
tain said: "I'm listening out what we …" (most probably the ATIS info on the VOR frequency, 
which includes weather info). 

3) At 07:04:27, ATC transmits to Martinair flight MP461, which is 6.5 minutes ahead of MP495: 
"wind 150/15kt, present weather thunderstorm, 1/8 cumulonimbus at 2500 ft".  

4) At 07:05:17, the captain informs the cockpit crew of what he heard from ATIS amongst other 
data: "thunderstorms".  

5) At 07:05:30, MP461 asked the controller "could you say again the wind please", the answer was 
"presently from 150/16 max 18 kt".  

6) At 07:09:58, ATC reported to MP495 "wind 150/18, present weather thunderstorm". The confir-
mation of this message by the captain came 41 sec later. 

7) At 7:14:01 UTC, the co-pilot said, "it's raining cats and dogs over there", and the captain: "we 
should have arrived half an hour earlier", which did both pilots confirm.  

8) At 07:14:36, MP461 requests ATC "to proceed approximately 5 miles over left to avoid build-
up".  

9) At 07:16:24 a cabin attendant asked "how is the weather", and the captain responded "it's lousy 
weather over there".  

10) At 07:19:51 a wind of 150/24 kt (crosswind 17 kt) was included in the take-off clearance of de-
parting flight TP120 from Faro. The flight engineer responded, "What" and "yeah, I'll check 
them", which might have been to check the approach data because of the increased wind.  

11) At 07:23:26 the departing flight TP120 reported, "We are in the middle of a thunderstorm" after 
a right turn out from near overhead the airport.  

12) At 07:24:22, MP461 reports being "fully IMC", i.e. in clouds, on the approach just below 2000 ft.  
13) At 07:24:58, MP461 is "cleared to land, the runway surface condition flooded, wind 150/20 kt", a 

crosswind of 14 kt (9 kt too high for a flooded runway, 1 kt from the limit for a wet runway).  
Overhead Faro at 07:25:57, 4000 ft down to 2000 ft. 
14)  At 07:26:20, the controller again reported to MP461: "cleared to land, now 130/18, 21 maxi-

mum".  
At 07:28:40 over right, to heading 080. 
15) At 07:28:56, ATC reported to MP495 "runway surface conditions are flooded", upon which the 

captain responded "roger", meaning he understood the message, otherwise he would have 
asked immediately the meaning of the word, but he didn't; he knew.  

7 nm from DME at 07:29:32; Gear down at 07:29:37; Flaps down 50 at 07:30:18 UTC. 
16)  At 07:29:53, the captain says "wind is from the right" and at 07:30:47 "wind is coming from the 

right, 30 kt, drift 12°, so you make it 123 or so".  
17) At 07:31:33 The flight engineer mentions "The runway is …". The transcript in folder 2624 in the 

National Archives does not show "…", but the word "flooded". Someone changed the transcript. 
18) At 07:32:15, MP495 is "cleared to land runway 11, the wind 150/ 15 max 20", of which the cross-

wind component was 14 kt.  
19) At 07:32:24 the captain says "ok hé, the runway is …".  
20) At 07:32:30, the flight engineer said, "you missed the 500": the 500 ft call coincided with the call 

approaching minimums, after which the decision is made to land or go-around. This decision 
was not communicated in the cockpit as required.  

21) At 07:33:00, the co-pilot said "windshield anti ice, I don't see anything".  
At 07:33:10, 10 seconds before the touchdown, the captain said "wind is uh 190 with 20", a 
crosswind of 20 kt (15 kt too high for a flooded runway, 5 kt too high for a wet runway). 
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Basic Instructions Martinair<ll 3.1. GENERAL INSTRUCTIONS

3.1.7 WIND SHEAR ENVIRONMENT
I With reference to the basic information in KLM FRG 5.1.2 and the aspects

covered in the relevant Aircraft Operations Manual, the following rules and
recommendations should be adhered to.
- Take-off '

If a wind shear in the take-off flight path is expected or known to exist,
consideration should be given to the following:

1 . delay the take—off until conditions are more favourable
. selection of a more favourable runway and/or Climb out direction
. use of full rated take—off thrust
. use of a higher climb out speed (max V2 4 30)
. delay of heading changes and/or restrictions of bank angle to 150 in the

shear area.

I A take—off should not be made in the direction of a reported shear if the
take—off is performance limited.
A take~off should not be made when severe thunderstorms are present in the

i initial flight path area, for reasons of uncertain wind/gust patterns
i normally associated with these phenomena.

Cases of expected or known pronounced temperature inversion should also be
reason for consideration of some of the above factors.

- Approach
If a wind shear in the approach area is expected or known to exist:
. use speed increment as indicated in the ADM

consider the use of a reduced landing flap setting, runway length
permitting

. use autopilot and autothrottle, if possible
monitor Inertial/Omega data, IAS, rate of descent, pitch and power, closely
for early shear recognition.

Do not make large power reductions until beginning of the flare.
Delay approach or divert if severe thunderstorms are present in the approach
area.

- Repgrting
If wind shear has been encountered, this should be reported immediately to
ATC.
Reports should include altitude and amount of shear.

—oOo-

Date : February 1, 1991 BIH 1: 3.1.7

Rev- no.: 278 Page : l
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Basic Instructions Martinair<ll ‘ 3.4. APPROACH AND LANDING ii

(
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06
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500 ft call
A 500 ft call shall be included in the final part of each approach to protect
against subtle incapacitation and to serve as an awareness call for the landing
clearance.

0n aircraft with a basic crew including a flight engineer, the latter shall
give this call and on aircraft with a basic crew of two pilots only the PNF
shall give this call.
In both crew compositions the PF will respond "CLEARED/NOT CLEARED", followed
by a “CHECKED“ call from the PNF, which means that he agrees with the response
from the PF.

All basic crew members should be convinced that the landing clearance has been
received and acknowledged before landing.

Considering the purposes of the call, it will be clear that is not meant to be
a precision call.
The call will in principle be made with reference to the radio altimeter or, if
this is impractical due to underlying terrain, with reference to the pressure
altimeter. When the latter is the case, the subject shall be discussed during
the crew briefing.

For details refer to the ADM concerned.

Approach stability
Early stabilization on the final approach path with respect to glide path and
centre line is considered essential. At not less than 500 ft above threshold
elevation this flight path stabilization must also be accompanied by a basic
stability of speed and thrust, thus ensuring that any disturbing influences or
deviations in the latter stage of the.approach can be readily recognized and
rapidly corrected.

Should circumstances prevent such stability being achieved before reaching
500 ft, then it must be realized that safe continuation of the approach to
landing becomes questionable. Vital factors such as speed, descent rate,
threshold height and point of touch down, can all be adversely influenced.
0n short or Wet runways such factors become of paramount importance. It is
therefore strongly recommended that no landing be attempted if the desired
stabilization has not been achieved when passing 500 ft above threshold
elevation.

It will be self evident that the basic principles outlined in the preceding
paragraph pro—suppose the availability of accurate glidesloPe and localizer
guidance. However, should such guidance not be available and a non—precision
type approach executed, the basic principles remain unchanged. Their
achievement merely demands a higher order of pre—approach planning and
calculation (e.g. drift angles, rate of descent, etc.) so that basic data are
available to the pilot when judging the degree of approach stability being
achieved.

Height at threshold
Dispatch landing distance requirements are based on an assumed wheel height
over the threshold of 50 ft.
In the published actual landing distances, average wheel height over the
threshold for a particular aircraft type has been accounted for.
— Precision approaches.

On an ILS approach, the wheel clearance over the threshold depends on the
height of the downward extended straight portion of the glide path over the
threshold (TCH), the location of the aircraft glide path antenna relative to
the landing gear and the aircraft pitch.attitude. K

Date

Rev-

: April 15, 1989 BIB 1: 3.4.4
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500 ft call
A 500 ft call shall be included in the final part of each approach to protect
against subtle incapacitation and to serve as an awareness call for the landing
clearance.

0n aircraft with a basic crew including a flight engineer, the latter shall
give this call and on aircraft with a basic crew of two pilots only the PNF
shall give this call.
In both crew compositions the PF will respond "CLEARED/NOT CLEARED", followed
by a “CHECKED“ call from the PNF, which means that he agrees with the response
from the PF.

All basic crew members should be convinced that the landing clearance has been
received and acknowledged before landing.

Considering the purposes of the call, it will be clear that is not meant to be
a precision call.
The call will in principle be made with reference to the radio altimeter or, if
this is impractical due to underlying terrain, with reference to the pressure
altimeter. When the latter is the case, the subject shall be discussed during
the crew briefing.

For details refer to the ADM concerned.

Approach stability
Early stabilization on the final approach path with respect to glide path and
centre line is considered essential. At not less than 500 ft above threshold
elevation this flight path stabilization must also be accompanied by a basic
stability of speed and thrust, thus ensuring that any disturbing influences or
deviations in the latter stage of the.approach can be readily recognized and
rapidly corrected.

Should circumstances prevent such stability being achieved before reaching
500 ft, then it must be realized that safe continuation of the approach to
landing becomes questionable. Vital factors such as speed, descent rate,
threshold height and point of touch down, can all be adversely influenced.
0n short or Wet runways such factors become of paramount importance. It is
therefore strongly recommended that no landing be attempted if the desired
stabilization has not been achieved when passing 500 ft above threshold
elevation.

It will be self evident that the basic principles outlined in the preceding
paragraph pro—suppose the availability of accurate glidesloPe and localizer
guidance. However, should such guidance not be available and a non—precision
type approach executed, the basic principles remain unchanged. Their
achievement merely demands a higher order of pre—approach planning and
calculation (e.g. drift angles, rate of descent, etc.) so that basic data are
available to the pilot when judging the degree of approach stability being
achieved.

Height at threshold
Dispatch landing distance requirements are based on an assumed wheel height
over the threshold of 50 ft.
In the published actual landing distances, average wheel height over the
threshold for a particular aircraft type has been accounted for.
— Precision approaches.

On an ILS approach, the wheel clearance over the threshold depends on the
height of the downward extended straight portion of the glide path over the
threshold (TCH), the location of the aircraft glide path antenna relative to
the landing gear and the aircraft pitch.attitude. K

Date

Rev-

: April 15, 1989 BIB 1: 3.4.4
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l

2.3.6 OPERATION BELOW THE DESCENT LIMIT

Operation below the descent limit is authorized if the captain is convinced
that a safe landing and roll—out can be made on the intended runway.
For this it is a requirement that at least:

i) The required visual reference has been obtained
Flight visibility must at least equal the prescribed operating minimum in
order to provide for an adequate visual ground segment. The length of the
visual segment must enable the pilot to see the visual cues needed to
assess the aircraft's position, bank angle and cross track velocity
relative to the approach lights or the runway. The threshold should be in
sight if optimum pitch reference is required. This will normally be the
case for non-precision approaches.
For roll reference, sight of one or more elements providing horizontal
information is required (crossbars, red side barrettes, threshold, TDZ).
This ground segment must be continuously in View from the moment the
descent limit is reached up to and including touchdown. Since for a manual
landing the overriding requirement is for visual cues to be available,
sufficient runway surface information must be visible to manually control
flare and touchdown.

ii) Stabilized aircraft conditions are obtained
Such conditions include that the aircraft is in a position from which a
descent to landing on the intended runway can be made at a normal rate of
descent, using normal manoeuvres and where that rate of descent will allow
touchdown to occur within the touchdown zone of the runway of intended
landing.

A go-around shall be made:
. at any time after descending below the descent limit, when the captain is no

longer convinced that a safe landing and roll-out can be made,
. according to AOM directives,
. at any time when the required visual reference is no longer available.

—oOo—

Date : January 15, 1990 BIH 1: 2.3.6

Rev- no-: 273 Page : 1
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Km 3.5 ADVERSE WEATHER OPERATION

aircraft operations manual D010 3'5‘2 C°1d weather Operati‘m ("
05 IN FLIGHT

During flight turn wing and engines {nacelle} anti—ice on whenever icing
conditions are anticipated or encountered. Both systems are intended for
anti—icing rather than de-icing.

06 LANDING ON WET/SLIPPERY RUNWAY OR WITH RUNWAY CONTAMINATION

- When planning a landing from the dispatch phase or during flight:
. A landing on or dispatch to a runway with POOR braking action is undesirable.

This operation should not be planned unless other factors make it imperative.
. The Required Landing Runway Length chart of Dispatch is included in ADM 5.4.

In all cases use the WET scale.
The Actual Landing Distance tables are also included in ADM 6.4.

. Observe crosswind and tailwind limits. Refer to ADM 3.7.3.

- Decide which braking action has to be taken into account. :If with adverse conditions the braking action is not known, request same. it
When braking action and/or friction coefficient are/is still not known, refer to
ADM 3.7.3 to determine braking action by reference to runway condition.

- Blowing or drifting in a cross wind condition may create a false impression of
the aircraft‘s movement over the ground. It is thus possible to have an
impression of no drift when in fact a considerable drift exists. When landing
under these conditions runway markers or runway lights can supply the necessary
visual reference.

- Reverse thrust when continued below 60 kt on DRY snow can result in loss of
forward visibility. Take action as appropriate to the braking action and runway
length available.

07 TAXI IN

If the approach was made through icing conditions or if the runway was covered by
slush or snow, retract flaps initially to 22. Damage could occur if ice is
present.

Inspection after parking will show whether the necessity to de—ice the flaps
exists.

OB PARKING

The aircraft should be headed into the wind if practicable. This is particularly
desirable in driving snow conditions. The parking area must be clear or well
sanded to prevent the tires from freezing to the ground.

In addition to the After Parking Checklist perform the next items:
— Flaps/slats ......... ..... ..... ..... .............. ..... UP/RETRACTED

In addition to the Long Term Parking Check perform the next items:
— Horizontal Stabilizer ....... ....... ......... ........ .. FULL AND
— Parking Brakes ............... ...... .......... ......... OFF
— Wheels ........................................... ..... DOUBLE BLOCKED
- Water Systems ....... ........ ...... ......... ........... DRAINED
- Anti~lcing Treatment ........ ...... ...... ......... ..... AS REQUIRED

- Refer to BOM 2.1.7 - Cold Weather Operation.

Date : 1 NOV 1992 DC—lO ADM: 3.5.2
Issue No: 8 Page : 4
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"_" 3.3. FLIGHT TECHNIQUES “5 .,

. _ 3.3.8 Critical Flight Conditions
aircraft operations manual D010 “f

03

!
Actions during-Tak - ff n he runway

After the dicision has been made to continue the Take—Off:
— Apply maximum available thrust.
— At VR not later than 600 m runway remaining.

Rotate initially to 15° pitch.
Rotate further in 2° steps to lift off within the remaining distance
(this may result in a tail strike).

- Once airborne continue with Actions after Airborne.

Actions when Airborne (T/O after Lift-off, Approach and GA)

— Simultaneously:
. Disconnect Autopilot and Autothrottle(s).
. Rotate to 15° pitch (increase/decrease except when a stable pitch was

obtained after lift—off}. Ignore the FD pitchbar.
. Reduce bank unless absolutely required for obstacle avoidance.
. Do not change configuration.

Apply maximum available thrust.
GA thrust up to 14.000 ft. MCT above 14.000 ft.

— When resulting flight path is still unacceptable:
Increase pitch in 2° steps until speed is just above the stickshaker
actuation.
ALWAYS RESPECT THE STICKSEAKER.

- When ground contact is imminent:
. Move throttles to forward mechanical stop.

— When out of shear:
. Reduce thrust to required level.
. Accelerate to apropriate speed and adjust configuration.
. Restore Set—up of Autoflight Systems.

RE OVE Y FR APPR STA

genius;

Indication of approach to stall may be one or more of the following:
— Rapid decrease of airspeed below the bug setting.
— Rapid decrease of climb rate during take—off or go—around.
— Rapid increase in sink rate during approach.
- Stick shaker or initial LOW SPEED stall buffet.
flfigfllflg: 29 not apply this procedure for HIEfl SPEED §IALL EQEFET.

At the first indication of approach to stall, simultaneously apply maximum
available thrust (GA thrust up to 14.000 ft, MCT when above 14.000 ft), level

wings and adjust pitch as required to minimize altitude loss. With the autopilot

in CMD or CWS, immediately‘disconnect the autopilot and initiate stall recovery.

In an emergency situation (i.e. encountering a downdraft of a decreasing

performance windshear), positive climb performance and limited manoeuvre margin

still exists at or near stick shaker actuation speed. High pitch attitudes are

then to be expected, however pitch attitude should not be increased so rapidly

that airspeed decreases below stick shaker actuation speed (refer to ”Windshear

Recovery”).

Be alert to counteract excessive nosevup trim condition.

.5
Date : 1 JUL 1989 DC—lO AOM: 3.3.3
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a.
KLM
aircraft operations manual D010

3.3

3.3.5

ILS Glide SloEe TCH

PILOT EYE [ANTENNA +
HEIGHT

ANTENNA HEIGHT
AT THRESHOLD

FLIGHT TECHNIQUES

Approach and Landing

?FT)

AIRPLANE BODY
ANGLE

[LS GLIDESLOPE

[LS GLIDESLOPE
. ”1:4:

GEAR ANGLE
MAMIGEAR ;sear, T ragga “335%“

W \WW
é The—.15 2
. ‘flnmdas

'

FLAPS GLIDE PATH ESTIMATED ANTENNA HEIGHT MEIR GEAR HEIGHT MEIR GEAR
ANGLE BODY ANGLE AT THRESHOLD AT THRESHOLD TOUCH DOWN POINT

Y E T

2.5° 4.5° 44 ft 16 ft 115 m
35 2.75° 4.2° 48 ft 20 ft 130 m

3.0° 4.0° 52 ft 24 ft 145 m

2.5° 3.8° 44 ft 18 ft 120 m
50 2.75° 3.5° 48 ft 22 ft 135 m

3.0” 3.3° 52 ft 26 ft 150 m

The illustration shows the variation of main
associated with the given condition. Due to t
height of 50 ft, the actual main gear height
than indicated.

When the KLM approach charts shows either:
— no autoland TCH or,
— no autoland DC—10 TCH,
the ILS glide slope is too low at the runway
visual aiming point to 500 m down the runway
the ILS glide slope to provide a 30 to 40 ft
The lowest minima under these conditions are

gear height at the runway threshold,
olerances, with a nominal glide slope
at the threshold may be even lower

threshold. At 100 ft HAT change the
and gently bring the aircraft above
wheel clearance at the threshold.
200 ft HAT/1000 m.

01 NOV 1992
1
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Chapter 2.    General operating procedures 2-7 

 

Word/Phrase Meaning 

CLEARED “Authorized to proceed under the conditions specified.” 

CONFIRM “I request verification of: (clearance, instruction, action, information).” 

CONTACT “Establish communications with . . .” 

CORRECT “True” or “Accurate”. 

CORRECTION “An error has been made in this transmission (or message indicated). The correct version
is . . .” 

DISREGARD  “Ignore.” 

HOW DO YOU READ “What is the readability of my transmission?” 

I SAY AGAIN “I repeat for clarity or emphasis.” 

MAINTAIN Continue in accordance with the condition(s) specified or in its literal sense, e.g. “maintain
VFR”. 

MONITOR “Listen out on (frequency).” 

NEGATIVE “No” or “Permission not granted” or “That is not correct” or “not capable”. 

OUT “This exchange of transmissions is ended and no response is expected.” 
 
 Note.— Not normally used in VHF communications. 
 

OVER “My transmission is ended and I expect a response from you.” 
 
 Note.— Not normally used in VHF communications. 
 

READ BACK “Repeat all, or the specified part, of this message back to me exactly as received.” 

RECLEARED “A change has been made to your last clearance and this new clearance supersedes your
previous clearance or part thereof.” 

REPORT “Pass me the following information . . .” 

REQUEST “I should like to know . . .” or “I wish to obtain . . .” 

ROGER “I have received all of your last transmission.” 
 
 Note.— Under no circumstances to be used in reply to a question requiring “READ 
BACK” or a direct answer in the affirmative (AFFIRM) or negative (NEGATIVE). 
 

SAY AGAIN “Repeat all, or the following part, of your last transmission.” 

SPEAK SLOWER “Reduce your rate of speech.” 

STANDBY “Wait and I will call you.” 
 
 Note.— The caller would normally re-establish contact if the delay is lengthy. 
STANDBY is not an approval or denial. 
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 JAR-OPS 1 

Amendment 3 P-1 01.12.01 

PREAMBLE 
 
 

JAR–OPS 1 

 
Issued  22.05.95 

 
JAR–OPS 1 consists of 19 Subparts. However, the second published version does not contain Subpart Q (Flight 
and Duty Time Limitations and Rest Requirements) and where all Subpart Q material should be located is shown 
as ‘Reserved’. Until, or unless, Subpart Q is adopted, the existing national regulations governing Flight and Duty 
Time Limitations and Rest Requirements will apply. 
 
Where reference is made in JAR–OPS 1 to other JAR codes which have not yet been implemented (e.g. JAR–
FCL) the equivalent existing national regulations will apply until such time as the referenced code has been 
implemented. 
 
Change 1 01.03.98 

 
The second Issue of JAR-OPS 1 contains a large number of amendments which reflect the results of NPA-OPS-7 
and NPA-OPS-9.  It should be noted that, unless otherwise indicated, where amendments in this Issue are more 
demanding that the requirements in the initial Issue of JAR-OPS 1 (dated 22.5.95), the intended effective date for 
such requirements is no later than 1 October 1998.  For those requirements where this is not the case, and no 
extra burden is demanded of operators, it is intended that the effective date should be 1 April 1998.   
 
In addition to Subpart Q, it should be noted that JAR-OPS 1.245(a)(2) is also ‘ Reserved’.  The reason for this is 
that, following the comments received on this sub-paragraph during NPA-OPS 7, and the resulting changes that it 
was felt should be made to the text proposed in the NPA, JAR-OPS 1.245(a)(2) will have to be the subject of a 
further NPA.  In addition, a supporting Acceptable Means of Compliance (AMC OPS 1.245(a)(2)) is being 
developed and will be included in the same NPA.  The effect of this sub-paragraph being ‘Reserved’ is that, for 
those aeroplanes to which it will apply (those having a Maximum Approved Passenger Seating Configuration of 
19 or less and a Maximum Take-off Mass less than 45360kg), the existing national rules for this type of operation 
will continue to be applicable, pending the results of the NPA.   
 
SECTION 1 
 
Subpart A 
 
(a)  Delayed implementation date in JAR-OPS 1(b)(2) arising from NPA-OPS-9. 
 
Subpart B 
 
(a)  Amendment to Section 2 references in JAR-OPS 1.035 and sub-paragraph (a), and addition of sub-

paragraph (e), arising from NPA-OPS-7.   
 
(b)  Introduction of JAR-OPS 1.037 arising from NPA-OPS-7.  
 
(c)  Amendment of JAR-OPS 1.050 arising from NPA-OPS-7.   
 
(d) Introduction of reference to IEM OPS 1.065 arising from NPA-OPS-7.  
 
(e) Introduction of reference to IEM OPS 1.070 arising from NPA-OPS-7.  
 
(f) Amendment of JAR-OPS 1.075(a) arising from NPA-OPS-7.   
 
(g) Amendment of JAR-OPS 1.080 arising from NPA-OPS-7.  
 
(h) Introduction of new sub-paragraphs (a) and (b) to JAR-OPS 1.085 and amendment of sub-paragraph (f) 

arising from NPA-OPS-7.   
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Basic Instructions Martinair<ll 3.1. GENERAL INSTRUCTIONS

06

O7

08

Crew co—operation and monitoring
In case of abnormalities or emergencies during any portion of a flight, one
pilot shall be solely occupied with the control of the aircraft. This pilot
shall not be distracted by conversation or actions with respect to a problem
being encountered. When certain actions will effect the control of the
aircraft, he shall be informed before the action is taken.
Constant monitoring by one pilot is also required when the autopilot/
autothrottle is engaged for early detection of possible system errors.
Only the captain is authorized to declare an emergency situation and it is up
to him to decide if and when such emergency is declared.
Generally stated: whenever the safety of the aircraft and/or its occupants is,
or is likely to become endangered, the captain shall consider the declaration
of an emergency in order to mobilize all possible outside assistance.
If a captain is not satisfied with the manner in which a pilot under his
command handles the flight, verbal instructions will normally be sufficient to
remedy the situation.
During critical phases of the flight, however, there may not be time to wait
for response and the only alternative will be to take immediate control of the
aircraft. If this action is considered necessary, the captain shall fully
take-over control while calling out “My Controls".
Changes in e.g. power settings, flight instrument set~up, configuration, shall
not be made without informing the PF, as this may lead to unco—ordinated
actions.

Look—out
Although it is the responsibility of ATC to maintain separation between IFR
traffic, it is nevertheless essential to maintain a good look out during IFR
flights, especially during climb or descent in areas of heavy traffic.
In VMC, it is the direct responsibility of a pilot on an IFR flight to avoid
other aircraft (that may be on VFR), even though this flight is in a control
area on an IFR ATC clearance.
Due to the above requirement and other obvious reasons, reading of literature
other than that essential for the safe and efficient execution of the flight is
not permitted whilst on duty in the cockpit.
During the hours of darkness the use of white light in the cockpit shall be
kept to a minimum in order not to impair night vision.
Proper adjustment of the cockpit lights in comparison with the expected amount
of outside lighting shall be completed well before a night take—off or approach
and landing, for adaption of the eyes.
A certain amount of white lighting shall, howaver, be maintained to provide
illumination of the instrument panel, should a DC power failure occur.

Clearing of cockpit
A clear cockpit is an important factor in safety. Therefore any superfluous
paper or equipment shall be removed or stowed in its proper place before every
take—off and descent. After completion of a duty period the crew shall clear
the cockpit.
The captain is responsible for restowing of the navigation equipment after the
flight.
When stowing crew articles in the cockpit (e.g. coats, bags, books, pencils):
. all aircraft equipment shall remain attainable

seats shall not be restricted in their movements
. blocking of control cables by fallen objects shall be impossible.

Date

Rev.

: April 15, 1989 B1“ 1: 3.1.1
no.: 267 Page : 4
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Basic Instructions Martinairel 3.4. APPROACH AND LANDING
[601a

3.4.4

01

02

03

FINAL APPROACH AND LARDING

Potential hazards
A common source of potential hazard in the final approach and landing phase is
flying in heavy_rain; in addition to the poor visibility outside and the
reduced windshield transparency, there is also a refraction error in vision
which causes the eye to indicate a false horizon that lies below the true one.
In this way objects appear to be lower than they actually are, which in turn
may deceive the pilot to descend below glide path.
The error can be as much as 50 which at a distance of 0.5 NH means 200 ft.
The danger is greatest when making visual contact after breaking out below
clouds. It is therefore of vital importance to Continue monitoring altimeters
and whatever glide slope or distance information is available.

Drifting snow or the combination of rain or snow and cross wind, especially at
night, may cause a wrong impression of yaw—rate during the de—crabbing phase.

Visual approach
A visual approach is an approach by an IFR flight when all or part of an
instrument approach procedure is not completed and the approach is executed by
visual reference to terrain.

The captain may request to make a “Visual Approach" when:
- he has the aerodrome in sight and visual reference to terrain can be

maintained during the entire approach, egg
. the flight visibility is such that he can assume the responsibility for

obstacle Clearance and traffic separation, gag
. he has reasonable assurance that a normal visual glide path can be

established.

The captain shall not cancel his IFR flight plan to make a visual approach.
Normally ATC will provide separation with other traffic during a visual
approach. An exception to this rule is making a visual approach in the USA
where separation is not provided by ATC.

The visual approach procedure may save some flying time but also introduces the
risk of an undershoot or landing at a wreng aerodrome or wrong runway.
Moreover it may create terrain clearance hazards if continuous good visibility
is not assured.
Therefore, if a choice of runways is available, preference should be given to a
runway equipped with glide slope guidance, with due regard to other operational
factors.

Experience has shown that full use of available aids is the most effective
means to prevent an undershoot or a landing on the wrong runway or airport.

When a Visual approach is made, and particularly when over dark terrain at
night, special emphasis must be placed on the familiarity with terrain,
elevation and obstruction data from the approach charts.
A descent below minimum sector altitude shall not be made, until both pilots
are certain of the aircraft's position and the safety of this descent.
Moreover, ample terrain and obstacle clearance must be maintained until final
descent is started.

The captain must be prepared for a go—around from any point of the visual
approach.

Circling approach
For the definition of a circling approach refer to BIM 2.3.1.

Before commencing the let down for a circling approach, both pilots must study
the approach chart and memorize terrain features, elevations, spot heights and
obstructions as well as the pattern to be flown.

Date

Rev.

: February 1, 1991 BIB 1:. 3.4.4

no-: 278 Page : 1
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Factual Information 24 Aircraft Accident Report

monitoring operations. About 0315, DEP personnel advised the incident commander that

the monitoring had not detected elevated levels of toxic chemicals in the air.

About 0320, the NFD deputy chief reported hearing “popping” sounds as the fire

in the fuselage advanced toward the forward cabin bulkhead.51 According to ARFF and

NFD logs, the entire wreckage site was covered with fire-suppressing foam about 0430.

The fire was extinguished (except for sporadic hot spots) about 0700, according to ARFF

and NFD logs. About this time, the NFD deputy chief discovered a package marked

“Biomedical Research”52 and immediately halted all firefighting operations until a

complete cargo manifest was obtained (see section 1.18.1 for details about dissemination

of hazardous materials information and efforts to obtain information about the airplane’s

cargo). Port Authority ARFF vehicles were withdrawn about 0700, and NFD assumed

control of the accident site. 

1.16 Tests and Research

1.16.1  Landing Gear Energy and 

Load Limit Certification

Landing gear certification requirements for transport category airplanes that were

applicable to the certification of the MD-11 are primarily contained in 14 CFR 25.721

through 25.737.

Subsection 25.721(a) states:53

The [MLG] system must be designed so that if it fails due to overloads during

takeoff and landing (assuming the overloads to act in the upward and aft

directions), the failure mode is not likely to cause—

(1) For airplanes that have passenger seating configuration, excluding pilots seats,

of nine seats or less, the spillage of enough fuel from any fuel system in the

fuselage to constitute a fire hazard; and 

(2) For airplanes that have a passenger seating configuration, excluding pilots

seats, of 10 seats or more, the spillage of enough fuel from any part of the fuel

system to constitute a fire hazard.

Subsection 25.721(b) states further that “each airplane that has a passenger seating

configuration…of 10 seats or more must be designed so that with the airplane under

51 According to FedEx shipping documents, declared items of hazardous materials were loaded in the
forward 1L and 2L cargo container positions. Thirteen packages of hazardous materials were in container
1L, including 10 packages of (flammable gas) aerosols and 3 packages of a flammable solid. The 2L
container carried 1 package of perfumery, classified as a flammable liquid, a package of gallium (a
corrosive), and methyl methacrylate, another flammable liquid.

52 Subsequent examination of the package determined that it contained sterilized blood and that it was
not a dangerous goods shipment.
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Factual Information 25 Aircraft Accident Report

control it can be landed on a paved runway with any one or more landing gear not

extended without sustaining a structural component failure that is likely to cause the

spillage of enough fuel to constitute a fire hazard.”54

Section 25.473, “Ground Load Conditions and Assumptions,” describes the

descent velocities that must be assumed for certain landing conditions (for example, level

landing, tail-down landing, one-wheel landing, and side load conditions). 

Section 25.723, “Shock Absorption Tests”; Section 25.725, “Limit Drop Tests”;

and Section 25.727, “Reserve Energy Absorption Drop Tests,” describe landing gear

energy and load limits. Subsection 25.723(a) states that “it must be shown that the limit

load factors selected for design in accordance with [Section 25.473] for takeoff and

landing weights, respectively, will not be exceeded.” Sections 25.725 and 25.727 describe

the values and parameters to be used in conducting the landing gear limit and reserve

energy absorption drop tests described in Subsections 25.723(a) and (b). Subsection

25.723(b) also states that the “landing gear may not fail in a test, demonstrating its reserve

energy absorption capacity, simulating a descent velocity of 12 fps at design landing

weight, assuming airplane lift not greater than the airplane weight acting during the

landing impact.”

Subsection 25.473 (1) states: 

The selected limit vertical inertia load factors at the center of gravity [c.g.] of the

airplane may not be less than the values that would be obtained—

(i) In the attitude and subject to the drag loads associated with the particular

landing condition; 

(ii) With a limit descent velocity of 10 fps at the design landing weight (the

maximum weight for landing conditions at the maximum descent velocity); and

(iii) With a limit descent velocity of 6 fps at the design takeoff weight (the

maximum weight for landing conditions at a reduced descent velocity).

53 This requirement was added as a result of a notice of proposed rulemaking (NPRM) issued by the
FAA on August 12, 1969. In this NPRM, the FAA stated that the existing Section 25.721 “was designed to
[e]nsure that if the landing gear fails, no part of the fuel system in the fuselage of the airplane will be
punctured. It is proposed to extend this protection to the entire fuel system of the airplane. However, since
not all punctures of the fuel system would result in a fire hazard, the proposal would protect against those
punctures only that would result in the spillage of enough fuel to cause a fire.” The NPRM proposed
amending 25.721 to require that “[t]he [MLG] system…be designed so that if it fails due to overloads during
takeoff and landing (assuming the overloads are in the vertical plane parallel to the longitudinal axis of the
airplane), the failure mode is not likely to cause the spillage of enough fuel from any part of the fuel system
to constitute a fire hazard.”

In its final rule, which adopted the language that currently appears in Subsection 25.721(a), the FAA stated
on February 24, 1972, that this paragraph had been “substantially amended” since the NPRM and that “in
response to a comment, the parenthetical expression in the proposed amendment has been changed to make
it clear that the regulation is based on the assumption that the overloads act in the upward and aft directions.”

54 The cargo version of the MD-11 was designed to passenger aircraft certification standards.

Horlings
Text Box
Appendix 35 page 3



Factual Information 26 Aircraft Accident Report

Subsection 25.473 (2) states that “airplane lift, not exceeding the airplane weight,

may be assumed to exist throughout the landing impact and to act through the [c.g.] of the

airplane.”

According to Boeing, the MD-11 was designed to allow “sacrificial shedding” (by

use of fuse pins) of the MLG assemblies under aft (drag) overload conditions to prevent

catastrophic loads being transmitted to the wing box.55 Boeing indicated that the MD-11

landing gear certification was based on drop tests conducted on DC-10 landing gear,

which are nearly identical to MD-11 landing gear. 

Boeing, in a submission56 to the Safety Board, stated that a review of “historical

data indicated that [MLG] failure due to overload was most likely to occur as a result of

striking an obstruction.” The Boeing submission, which described Douglas’ landing gear

design philosophy for the DC-10 and MD-11, added the following:

The [Boeing Long Beach Division] believed that the most probable condition

would be a 1.0 g vertical load at maximum ramp weight (i.e., the weight of the

aircraft would be distributed between the two [right and left] [MLG], the center

[MLG] and the nose landing gear with no aerodynamic lift), static gear extension,

with a drag load applied to the axles until the failure of the gear. For this condition

it was shown by analysis that the [MLG] would separate from the wing without

any failures to the fuel tanks. This was validated by tests done on full scale DC-10

landing gear and wing test structure. By analysis this was shown to be true for

vertical loads up to 2.0 g’s (i.e., twice the weight of the aircraft is distributed

between the two [right and left] [MLG], the center [MLG] and the nose landing

gear with no aerodynamic lift) at the aircraft ramp weight.

Because a fuse [pin] in the vertical plane may not prevent substantial loads from

entering the wing structure once the fuse has released, and because the review of

historical data indicated that failure due to overload was most likely to occur as a

result of high drag loads, a different approach was taken to assure fuel tank

integrity for the high vertical load (above 2.0 g’s) condition. For vertical loads

above 2.0 g’s, the [MLG] is not designed to separate from the wing. Instead, the

landing gear and its back-up structure are designed to be very robust, i.e., they are

designed to withstand significantly greater descent rates than the 12 fps (ultimate)

required per Part 25.723 (b). Analysis has indicated that for a maximum landing

weight, typical-landing-configuration landing, the MD-11 [MLG] can withstand

up to a 16.9 fps descent rate without bottoming the shock struts or failing its

backup structure including the wing rear spar. Similarly, for a rolled landing (8

degrees one-wing-low attitude, with lift equal to aircraft weight), the landing gear

can withstand up to 15 fps descent rate without bottoming the shock strut or

failing its back-up structure including the wing rear spar.57

55 The wing box, often the heaviest single piece of an airplane’s airframe, is the strong, primary structure
of a modern, stressed-skin wing. Loads are taken by cantilever beams comprising upper and lower skins
joined to front and rear spars.

56 Boeing’s Long Beach Douglas Products Division. Undated. Submission of Proposed Findings for
FedEx Flight 14, MD-11-F, N611FE, Newark, New Jersey, 31 July 1997.
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The Boeing submission added that “creating a reliable vertical fuse can only be

accomplished by adding weight and complexity” to the airplane, and increasing landing

gear energy absorption capability “could have a cascading effect in that the total aircraft

structure would have to be strengthened to absorb the additional energy.” For “extreme

roll angles,” the Boeing submission noted that “the landing gear design criteria and

philosophy do not come into play. Striking the wingtip may fail the wing directly or may

cause the aircraft to ‘cartwheel.’” The Boeing submission stated that “for lesser roll angles

the single gear on the ‘wing low’ side may fail (or fuse if so designed) if the combination

of sink rate and roll rate (and amount of wing lift) impart loads that exceed the design

thresholds.” Boeing’s submission added the following:

For ‘fused’ aircraft the (remaining) energy of vertical descent would then be

absorbed by flexing the low-side wing, or by some combination of exercising the

high-side landing gear, and flexing the low-side wing. For some combinations of

sink and roll rates the low-side gear may fuse (followed by the wing

engine/nacelle) and the aircraft may ‘settle in’ on the remaining gear and the low-

side wing without compromising fuel tank integrity. For higher sink and roll rates

(or lower amounts of wing lift) the low-side wing may fail nonetheless, as a result

of exceeding its flexure (bending) limits.

The Boeing submission further noted that because “kinetic energy is a form of

energy associated with the motion of an object, the kinetic energy dissipated into the

landing gear during landing touchdown is derived from both the rate of descent and the

aircraft’s rolling rate at touchdown…During a normal landing, the kinetic energy from

descent and roll rates is absorbed by shock strut stroking at touchdown, which can be

called ‘Phase 1’ energy absorption.” Boeing’s submission added that during “Phase 2”

energy absorption, which also occurs via shock strut stroking, “potential energy related to

aircraft weight58 eventually gets absorbed by the main and nose landing gears as wing lift

is reduced due to the reduction of both angle of attack and forward velocity and

deployment of ground spoilers. This energy is normally absorbed some time after the total

kinetic energy related to the descent rate is completely absorbed at initial touchdown.”

The Boeing submission added the following:

In a stabilized approach, assuming calm atmospheric conditions and ignoring

ground effect, once the aircraft’s rate of descent is stabilized, vertical acceleration

is equal to 1.0 g and lift is equal to the aircraft weight. … If the aircraft’s vertical

acceleration at touchdown is a value less than 1.0 g, then the energy that results

from the positive acceleration towards the ground due to the reduced lift becomes

additive to the kinetic energy from the rate of descent. The effect is that the

landing gear has to absorb not only the Phase 1 energy at touchdown, but a portion

of the Phase 2 energy at the same time. The end result is a higher load into the

landing gear and attaching structure during touchdown.

57 Boeing further stated in its submission that it had “begun an evaluation into the net safety benefit of
installing a fuse for vertical overload in the DC-10 and the MD-11 [MLG]…that could take a year or more to
complete.” Boeing also stated that it would include the Newark accident scenario in its study of the potential
safety benefits of vertical fusing. 

58 Potential energy is a function of gravitational acceleration and vertical distance above a reference
level, or the relative position of an object.
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The accident aircraft’s recorded vertical acceleration at the start of the second

touchdown impact was approximately 0.5 g, that is, wing lift was equal to

approximately half the aircraft weight, which imparted huge additional potential

energy into the landing gear and attaching structure above and beyond those

associated with the 11 fps [c.g.] descent rate and the 7 [degree per second] roll rate

[which combined resulted in the 13.5 fps sink rate]. In addition, these energies

were imparted primarily into the [right] MLG only, due to the right wing down

roll angle…at touchdown. At the accident aircraft’s landing weight of 452,000

[pounds]…potential energy of 678,000 ft-lbs was added to the approximately

896,000 ft-lbs. [Right] MLG kinetic energy from the combined aircraft descent

and roll rates, for a total energy into the [right] MLG of nearly 1,574,000 ft-lbs.

Comparing the loads into the [right] MLG from the accident landing at Newark to

the [right] MLG energy absorption requirements for certification shows that the

energy developed during the accident landing was over 3 times the reserve energy

(ultimate) certification requirements for a single [MLG].

Figure 9 shows Boeing’s calculations of the energy imparted to the right MLG in

the Newark accident.

The Boeing submission concluded that a “sink rate of approximately 13.5 fps

(11 fps at the [c.g.] plus the [right-wing-down] roll rate) at touchdown impact is, by itself,

outside the design envelope; a 13.5 fps sink rate landing on a single [MLG] is even further

outside the design envelope; [and] a 13.5 fps sink rate landing on a single [MLG] with a

net 0.5 g downward acceleration is yet further outside the design envelope.”59

In addition, the Boeing submission noted that it was revising the MD-11

maintenance manual to expand hard landing definition and inspection criteria. Boeing

Figure 9. Boeing calculations of right MLG energy in the 

Newark accident.
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stated that the criteria should include “information on the effects of reduced lift and

adverse aircraft attitude on loads into the landing gear.” The Boeing submission added the

following:

Data developed during this investigation show that the absolute recorded vertical

acceleration value during landing should not be the only criteria for determining if

a hard landing has taken place. The recorded vertical acceleration at the beginning

of the touchdown can also be very important. Specifically, if the recorded vertical

acceleration at the beginning of the landing is less than 1.0 g, then aircraft weight

that is normally accommodated by the 1.0 g wing lift is instead transmitted into

the landing gear on top of the loads required to decelerate the airplane vertically

from the aircraft’s sink rate. The effects of non-routine aircraft pitch and roll

attitudes on energy introduced into singular landing gear should also be part of the

hard landing evaluation.60 

1.16.2  Dynamic Failure Simulation of MD-11 Right Wing 

Structure and Right Main Landing Gear Assembly

Initial simulation conducted by Boeing did not show loads great enough to cause

the failure of the right-wing rear spar, MLG, or associated structure. Subsequently, Boeing

contracted with Mechanical Dynamics, Inc., (MDI), a Michigan-based company

specializing in dynamic simulation, for assistance. Boeing and MDI developed a computer

model of the airplane structure to simulate its flightpath based on the FDR data and

determine the resulting dynamic loading imparted to the aircraft structure during the

accident.61

MDI and Boeing personnel developed a computer model of an MD-11’s structural

elements and validated its static and dynamic characteristics via comparison with

certification test data. Two structural failure sequence theories were then explored. The

first scenario (beginning at the second touchdown impact) proposed the following failure

sequence:

• the right MLG strut and tires bottomed but did not fail immediately, the right

inboard flap separated, and the outboard bolt of the side brace fitting failed

because of inboard load on the lower right MLG;

• the subsequent gear failure transferred the load to the No. 3 engine and pylon

and outboard wing and flap; and

59 Certification for landing on one wheel is governed by 14 CFR 25.483, “One-wheel Landing
Operations.” Based on conditions and assumptions contained in Section 25.473, Section 25.483 requires that
an airplane be certified to withstand a 10 fps vertical landing at its maximum landing weight
(471,500 pounds) with zero roll angle. 

60 Boeing incorporated these findings into a revised maintenance manual that was released in November
1999.

61 The simulation is based on a mechanical system simulation software package, known as ADAMS
software, developed by MDI. According to MDI, ADAMS software is also widely used in the automotive,
marine, and construction vehicle industries. The Board’s Airplane Performance Group reviewed this
simulation effort and verified the methodology.
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• the wing failed inboard of the landing gear fitting.

According to the Boeing submission, simulations of Scenario 1 did not generate

loads great enough to fail the side brace fitting. Scenario 1 also failed to match runway

evidence. 

The simulations for Scenario 2 indicated the following failure sequence:

• right MLG strut and outboard tires bottomed and vertical strut “spiked”;

• right rear spar web and spar caps fractured inboard of the gear fitting;

• inboard upper wing (skin and stringer) panel began to collapse from back to

front;

• outboard right wing twisted leading-edge down, right MLG wing fitting moved

up, and right MLG tires moved aft and outboard;

• right inboard flap track came off rollers at the side of the fuselage;

• right inboard flap twisted off its outboard hinge support fitting and separated

from the aircraft;

• excessive movement of the right MLG and its wing attach fitting imparted

large prying loads on the side-brace-fitting-to-trapezoidal-panel joint, inboard

half of the inboard trap panel fractured, and outboard bolt fractured;

• right [engine] nacelle contacted runway;

• fuel spilled from the right wing and ignited;

• aircraft began to roll clockwise, “dragging” the right wing underneath; and

• other failures were consequent.

The Boeing submission concluded that its dynamic simulation model of the

Scenario 2 accident sequence correlated “substantially with evidence from the crash site”

and FDR data.62 Elaborating on this point, Boeing concluded that

it is most probable that, as a result of loads applied to the right [MLG] that were

substantially beyond design limits, the right wing structure failed. The failure

most probably initiated at the rear spar/bulkhead (trunnion) rib interface and

progressed through the primary wing box structure. As a result of this failure, the

right main gear trunnion moved substantially upward and aft with respect to the

trap [trapezoidal] panel fitting. This motion was sufficient to cause the fixed side

brace to bind against the pillow block footing, tearing the pillow block loose from

the trap panel.63

62 The Boeing submission stated that the “failure of the rear spar web and the wing torque box [was]
modeled as perfectly elastic/perfectly brittle. In the real structure, the failure would be elastic/plastic.
Consequently, the results from the point of failure of the rear spar on become less quantitative than prior to
this point in the event. Nevertheless, the model behavior subsequent to the structural failure appears to be in
reasonably good qualitative agreement with the evidence from the crash site.”
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