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On May 21, 1988, the captain of an American Airlines McDonnell Deixuglas 
DC-10-30 air  lane executed a rejected takeoff (RTO) from runway 3 5 L . w e  the 
Dallas-Fort d o r t h  Regional Airport, Texas, followin a takeoff warning a&lmo& 

In response to the RTO procedures, the airplane decelerated normal y f w r  5 
6 seconds, slowit?g from 178 knots. the maximum ground speed, to about 130) &r_nots 

r simultaneous with the 'V~"call and an il!umination o B a "FlapBlat Disa ee'"'.light 

the end of the runway a t  a ground speed o r! about 97 knots. The nose gear 

injuries. Damage to the airp P ane was so extensive t h a t  repair may mot be 

A t  tha t  point, the deceleration decayed ra idly, resulting in the airplane de 

in soft ground and the plowing action of the nose slowed the air lane to a 
1,000 feet beyond the end of the runway. The first ofIicer an B the fli$t e?'yineer 
received serious injuries; the ca tain and 5 of the 240 passengers su ered, .minor 

economically practical 

Although the National Transportation Safe ty  Board's investigatfion i s  
, the postaccident investigation disclosed tha t  the leading edge sla & and 

"disagree" warning was attributed to a slight out-of-tolerance condition of the  lefi 
outboard leading edge slat and i t s  position monitorin switch. Since a takeoff 

occurrence with relation ta VI,  can rompt a ilot to re'ect a takeoff with poteEatially 

DC-10 airplane takeoff warning system should be redesigned as  necessary to 
eliminate the probability of a nuisance warning. 

Of greater concern to the Safety Board, however, is the fact that the airplane 
failed to decelerate durin the RTO according to test and certification data. H t  was 
clearly evident from the 'i ongitudinal acceleration data recorded on the airpiane's 
digital flight data recorder (DFDR) that the airplane's brakes failed during the RTO. 
Pre l iminary  examination of the airplane wheel brake  systems revealed 
safety-related deficiencies in the "maximum brake wear" standards established for 
the DC-10.30 airplanes. Two of the 10 brakes on the air  lane were almost new, and 

continuinl! trailing e ge flaps were symmetrical and properly configured for the takeof€!?. The 

warning indication during the high-speed portion of a ta a eoff roll, irrespective of its 

critical results. the Safety Board E elieves t R a t  the dapklat  disagree logic <of the 
1 ' 

one appeared to have operated throughout the attempte 1 RTO. All of the remaining 
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eight wheel brakes were near the maximum wear limits before the RTO. The 
examination revealed that the additional wear of the brake material d u r i n g t h e R T C  

___ -- 
beyond the normal limits and a!low the piston 

the brake cylinders. With the displaced seals, the 
from the brake cylinders, which disabled the brakes. The 

data indicated that the majority of the eight worn brakes 
after the initiation of the RTO and that the 

Maintenance ins ection records indicate that the day before the accident the 
brake wear for each g rake was within acceptable limits for operation in accordance 
with current American Airlines standards approved by the McDonnell Douglas 
Corporation. Other maintenance records showed that the eight brakes had incurred 
between 762 and 1,043 landings since the last brake overhaul. American Airlines 
indicated that  an average of 1,000 landingscan be obtained between overhauls. 

A t  the time of the RTO, the airplane was o erating a t  ;gross weight of about 
557,900 pounds and a maximum 

absorb. The Safety Board believes that the brake wear during the first 5 or 6 seconds 
of the RTO greatly exceeded the wear previously expected during a maximum gross 
weighthaximum speed RTO that  normally lasts about 31 seconds. Since the eight 
brakes that  were near the maximum brake wear limits failed because of extreme 
wear during the early part of the RTO, the Safety Board believes that the current 
maximum brake wear limits are not adequate. Although the cause of the eater- 
than-expected wear is still being investigated, the Safety Board believes gat the 
worn brakes have too little mass to absorb or dissipate the heat built up during the 
RTO. 

Although additional testing is scheduled to more accurately define the nature of 
braking performance with worn brakes under the conditions that existed, the Safety 
Board is concerned that many DC-10-30 and -40 airplanes are o eratin with brakes 
near the current wear limits and that the brakes will most like P f ;  y fait i a high gross 
weighthigh-speed RTO is attempted. Further, this problem may not be limited to 
the DC-10-30 and -40 airplanes, but i t  also may exist for other transport category 
airplanes because the Federal Aviation Administration has no re uirements to 

tha t  are at  the allowable "maximum brake wear" limit are eater than the kinetic 

true a i r spee l  altitule, temperature, runway slope and tail wind component for 
which the airplane is certified, The Civil Aviation Authority of Great Britain has 

1 long required dynamometer testing of worn brakes to establish kinetic energy 
1 absorbtion capacities and to establish brake wear limits that  are more conservative 

, 1 than current U.S. industry practice. In contrast, U.S. aircraft  certification 
procedures permit the use of new wheel brakes to establish conformance to stopping 
distance requirements and to define maximum brake wear limits. 

seconds. 

- 
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ound spee i of about 178 knots. The kinetic 
energy wt(9 about 87 percent of the r inetic energy the brake system was designed to 

ensure tha t  the brake kinetic energy capacity ratings for wheel bra R e assemblies 

energy absor tion re uirements that result from the critica F combination of weight, 

, I  
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Therefore, considering the potential for serious accidents in DC-10-30 and -40 
airplanes and  other turbojet transport category a i r  lanes should a RTO be 

T r a n s p o r t a t i o n  Safety Board recommends t h a t  t h e  F e d e r a l  Av ia t ion  
I a t tempted a t  or near  the maximum gross takeof P wcights, t h e  Nat ional  
I Administration: D 
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Require the McDonnell Douglas Aircraft Corporation to immediately 
redefine the "maximum brake wear" limits for the DC-10-30 and -40 
airplanes to ensure that the brake kinetic energy capacity ratings for 
wheel brake assemblies that are a t  the allowable 'maximum brake 
wear" l imit  a r e  not less than the kinetic energy absorption 
requirements that  result from the critical combination of weight, true 
airspeed, altitude, temperature, runway slope a n d  t a i l  wind 
component for which the airplane is certified. (Class I, Urgent 
Action) (A-88-73) 

Issue a telegraphic airworthiness directive for DC-10-30 and -40 
airplanes to require that operators comply with redefined brake wear 
limits. (Class I, IJrgent Action) (A- 88-74) 

Revise 14 CFR 25.735(0 to require that  the brake kinetic energy 
capacity ratings for wheel brake assemblies that are a t  the allowable 
"maximum brake wear" limit may not be less than the kinetic energy 
absorption requirements that result from the critical combination of 
weight, true airs eed, altitude, temperature, runway slope and tail 

Action) (A-88-75) 

Verify, by conducting tests and data analysis as  necessary, that  all 
turbojet transport category airplanes meet the requirement of 
14 CFR 25.735(f) for wheel brake assemblies a t  the "maximum brake 
wear" limits. (Class JI, Priority Action) (A-88-76) 

Require that McDonnell Douglas Corporation redesign the flaplslat 
disagree logic of the DC-10 airplane (all models) takeoff warning 
system a s  necessary to eliminate the probability of a nuisance 
warning. (Class II, Priority Action) (A-88-77) 

BURNETT, Chairman, KOLSTAD, Vice Chairman, and LAUBER, NALL, and 
DICKINSON, Members, concurred in these recommendations. 
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wind component tp or which the airplane is certified. (Class I, Urgent 
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