PB87-910404

| NATIONAL
| TRANSPORTATION
. SAFETY

BOARD

.}

WASHINGTON, D.C. 20584

AIRCRAFT ACCIDENT REPORT

MIDWEST EXPRESS AIRLINES, INC.,
| DC-9-14, N1OOME

| GENERAL BILLY MITCHELL FIELD
MILWAUKEE, WISCONSIN
SEPTEMBER 6, 1985

NTSB/AAR-87/01

! UNITED STATES GOVERNMENT
' OT T T g

¥

o

R‘:..\.J-..- - M - “-’ LA




TECHNICAL REPORT DOCUMENTATION PAGE

1. Report No. Z.Government Accession No. 3.Recipient’s Catalog No.
NTSB/AAR-87/01 PB87-910401
4. Title and Subtitie ) 5 .Report Date
Ajreraft Accident Report—hidwest Express February 3. 1687
Airlines, Inc. DC-9-14, N100 ME, General Billy Mitchell %.Perforxing Grganization
Field, Milwaukee, Wisconsin, September 5, 1985 Code
7. Author{s} B Performing Organization
Report No.
g§. Performing Organization Name and Address 10.Work Unit No.
National Transportation Safety Board 4267-A
Bureau of Accident Investigation I1.Contract or Grant No.

Washington, D.C. 20594

13.Type of Report and
Period Covered

12.5ponscring Agency Name and Address

Aireraft Apcident Report
September 6§, 1985

NATIONAL TRANSPORTATION SAFETY BOARD

Washington, D. C. 205%4 1h.Sponsoring Agency Code

et
A2

.Supplementary Nctes

i6.Abstract

At 15321 c.d.t. on September 8, 1985, Midwest Express Airlines, Inc., Flight
183, a McDonnell-Douglas DC-9-14 airplane, crashed into an open field st the edge of 8
wooded area about 1,680 feet southwest of the departure end of runway 19R shortly after
taking off {rom General Billy Mitchell Field, Milwaukee, Wisconsin. The weather was
clear with visibility 10 miles. During the initial elimb, about 450 feet above ground level
{a.g.l}, there was a loud noise and a loss of power associated with an uncontaired failure
of the Sth to 10th stage high pressure compressor spacer of the right engine. Flight 105
continued to climb to about 700 feet a.z.l. and then rolied to the right until the wings
were observed in a near vertical, approximately right 90° banked turn. During the roll,
the airplane entered an accelerated stall, control was lost, and the airplane crashed. The
aireraft was destroved by impact forces and posterash fire. The pilot, the first officer,
both flight attendants, and ail 27 passengers were fatally injured.

The National Transportation Safety Board determines that the probabdle
cause of this accident was the flightcrew's improper use of flight controls in response to
the catastrophic failure of the right engine during a critical phase of f{light, which led to
an accelerated stall and loss of control of the airplane. Contributing to the loss of control
was a lack of crew coordination in response to the emergencv. The right engine failed
frem the rupture of the Sth to 10th stage removable sleeve spacer in the b.- n Dressure
cor., ressor because of the spacer’s vulnerability to cracks.

17.Key Words i8 Distribution Statement

. This decument is available
removable sleeve spacer; high pressure

compr r spacer: tmoroper use of flight t . a . .
Dressor spacer; improper use ght controls information Service,

Springfieid, Virginig, 22161

i

19.%ecurity Classification 20.Security Classification | 21.No. of Pages | 22.Price

{cf this report} {of this page)

UNCLASSIFIED UNCLASSIFIED 105

»vrm

NTSE Form 17€5.2 ({Rev. 9/74)

through the Ngtional Technies]




CONTENTS
EXECUTIVESUMMARY . . . . -+ ¢ v o ¢ v v o+ -

FACTUALINFORMATION . . . . . « « « « « &« & o « =
History of the Flight . . + + « « « + « « « v o o« +
Injuriesto Persons . . .+ « ¢ ¢ o ¢ s 4 4 e e e e s e s
Damage to Aireraft . . . + « o « + 4 ¢ o 4 4 e o e
Other DaMAZE + « + « » o = = o « o s o o s o = « » s
Personnel Information . . . . . . « « . ¢« . o .
Aircraft Information . . . . e e e e e e
Aireraft and Engine HlStO{“C&l Informanoq e e e e e e e
Certification of the DC-9-14 . ., . . . + « v v o + «
Airplane Flight Control Systems . « . + . « + « « o « &
Meteorological Information. « « + 4 ¢« o s 0 e s e
Aids to Navigation . . . ¢+ . . 4 4 0 e e e .
Communications « « « + o v =+ s s o s o 2 = »
Aerodrome Information . . . . . . . . . . . . .
Flight Recorders . . . . . . . .+ « o o« o o o &
Flight Data Recorder . « « +« « « v & v v ¢ « o o
Cockpit Voice Recorder . « ¢ v v v ¢« ¢ 4 = 4 4 s &
CVR Sound Spect'urn Examination. . . . e e e e
Time Correlation of CYR, FDR, Radar, and

Air Traffie Control information . . . . . . . .
Static Pressure Error . . . - . e e e e e
Alreraft thht Profila Information B&sed on Recorded Data
wreckage and Impact Information . e e e e e .
General - . . 4 v b e s e e e e e e e s e e e e
Details of Wreckage Examination . . . . . . . . . . .
Medical and Pathologics} Information . . . . . . . .
Posterash Fire and Emergency Response . . . e e
Survival ASPECIS v+ . 4 vt i e e e e e e e e e s
Tests and Research .« . . - v 4 v o v v v 4 4 o o &
Engine Parts Trajectory Information. . . . . . . .
Containment of Engine Parts . . . . . . . . . . . . .
JT80 Removable Sleeve Spacers . . . . . . . . . . .
Metallurgical Examination of Aireraft Parts . . . . . .
Alreraft Performance Cajeulations - . . .« . . . . . .
Flight Demonstration . . - . . . . . « .+ +« . « . ¢« + .
Additionsl Information. . . . e e s e e e e
Approval and Surveillance of \’Iidwest

Express Pilot Training . . . - . « « + « « + « « .
Training at Republic Airlines . . . . - . . . . . . .« ..
Emergency Procedures, Engine Failure

After V1 (Takeoff Continued) . . . . . . . . . . .
DC-8 Flight Simulator Training . . . N
FAA Repair Station Surveillance and A C E. S

Inspection Procedures . . . . . . . . . . . .
Actions to Prevent Spacer Fractures. . . . « . . . .

L] L I 3 » L3
b e e b 0D 00 - DY DGR D U R W RS

P -
.
Qo 0D

.

L]
[ I e R e v
L) L] L T ]
[t= LI L

Pt bt b ek ek bbb et b ped b ek el et oot e ped ek

o
HEE A

P e b pea et et e
L] L] .

Lo I e <h

*

'c‘sarl;ta-'comw

L]
e ek ek ek sk ket ek gk
-qmmc:mcnmmmm.p.wyammww

»
e

U e e ol i v el el
. » * « 8 [ » LI 1 »
"

prd ot
*
s

~1 ~3
L]
[F- N oM

=
L]
SN

bt
I

s -

~ =3
L]

ot
=1

- -

111

<

W LD O D GO U W e 0 GO LD ke



.
G de DO e
L]

G Ta Ty e

t E\USJFDMS\?L\'J b b2 Lo

-

.
DO

-

D9 B0 60 19 09 19 19
QO =1 O N UL WL Wy

+ N

WEA‘.‘OO
ST

*

ANALYSIS. . . 0 v v vt e e e e e e e e e e e
General . . . . . . P e e e e s s e e e s e e e s
Right Engine Failure and Serondary Damage

from Uncontained Engine Parts . . . . . . . . .
Flight Control System Faiiure or Malfunetion . . . . . .
leftEngine Power Loss +» . . . ¢« o v v v v o o o . .
Evaluation of Flightcrew Response . . . c e e .

Flighterew Training and DC-9 Qaahheat:on e e e e e
Engine Failure Recognition and Response. . . . . . . . .
Flight Simulator Trainino' Effectiveness . . . . . . . . .
Crevws Coordination . . . e e e e e e e s
Cockpit Resource ‘Vlap&gemnnt e e e e e e s e e s .
FAA Surveillance and Oversight. . . . . « « « + « « .« .
Midwest Express Airlines. . . . . . . . . . . . . . ..
AeroThrust Corporation . . . e e e e e e e e e e
Removable Sleeve Spacer rractures e e e e e e e e
Flight Data Becorder . . . . « . « + v« v v v v v v v .
CONCLUSIONS. . . . . . . . . .« « .« ...
FIndIngs - . . . . v v v 0 b v e e e e e e e e e
Probable Cause . . . . . « . . . . « . . . ..
RECOMMENDATIONS. . . . . . . . . . .. ...
EPPENDIXES . . . . . . . . . . . . . ... ...
Appendix A—Investigation and Hearing. . . . . . . . . .
Appendix B~—Personnel Information . . . ..
Appendix C—Standard Noise Abatement ’rakcof f Proceda
Appendix D—W reckage Diagram . . . . . . . . L, . .

Appendix E—Transeript of Cockpit Voice Recorder
Appendix F—Ccrrelated Plot of Flicht NData Recorder,
Radar Data, Left Engine Thrust D *~. and Cockpit
Voice Recorder;and Alrport Manp. . . . . . . .
Appendix G—DC-9- 14 Flight Control System Deqc'xanon
Appendix H—Excerpts f”orn Engine Repair Manusal Rep’a‘ ding
Compressor Blnd Fractures. . . . . . ., e e e
Appendix I—Discussion of Left Engine Power Loss . . . . .

iv

%4
44

47
49
31
52
33
55
58
38
60
62
62
53
54
65

87
67
68

86
99




EXECUTIVE SUMMARY

At 1321 c.d.t. on September 6, 1985, Midwest Express Airlines, Ine., Flight
105, a McDonnell-Douglas DC-9-14 airplane, crashed into an open field at the edge of a
wooGed area about 1,680 feet southwest of the departur= end cf runway 19R shortly after
taking off from General Billy Mitchell Field, Milwaukee, Wisconsin. The weather was
elear with visibility 10 miles. During the initial elimb, about 450 feet above ground level
(a.g.1.), there was a loud noise and a loss of power associated with an uncontained failure
of the 9th to 10th stage high pressure eompressor spacer of the right engine. Flight 105
continued to climb to gbout 700 feet a.g.l. and then rolled to the right until the wings
were observed in a near vertieal, approximately right $0° banked turn. During the roll,
the airplane entered an sccelerated stall, control was lost, and the airplane crashed. The
aircraft was destroved by impaet forces and posterash fire. The pilot, the first officer,
both flight attendants, and all 27 passengers were fatally injured.

The Safety Board evaluated the performance characteristics of the DC-9-14
airplane following an asbrupt loss of power from the right engine in the takeoff phase of
flight and found the airplane to be Jocile, easily controllable, and requiring no unusual
pilot skills or strencth. Therafore, the Safety Board examined those factors which might
have caused the puots to lose control, ineluding the possibility that fragments of the
right engine separated with sufficient energy and trajectory to cause critical damage to
the airplane’s flight control system; the possibility of control system malfunction(s), which
could have rendered the airplane uncontrollable; and the possibility of inappropriate
flighterew response to the emergency.

it was determined that the loss of control was precipitated by improper
oneration of flight controls, specifically the introduction of incorrect rudder pedal forces
about 4 to 3 seconds after the right engine failure, followed by aft control column forees,
which aliowed the airplane to stall at g high airspeed (accelers:ed stall). Thus, the Safetyv
Board evaluated flighterew training of Midwest Express pilots at Republic Airlines, the
use and limitations of visual flight s.mulators used in training, and emergency Drocedures
used by, Midwest Express.

Additionally, the Safety Board evaluated factors which might have contributed
to the right engine failure, including overhaul and inspection practices at AeroThrust
Corporation, Federal Aviation Administration (FAA) surveillance at AeroThrust, and FAA
and Pratt & Whitney responses to previous removable sleeve spacer failures in JT3D
engines.

The National Tratisportation Safety Board determines that tho probable cause
of the accident was the flichterew's improper use of flight controls in response to the
cetastrophic failure of the right engine during a critical phase of flight., whieh led to an
accelerated stall and loss of control of the airplane. Contributing to the loss of control
was a lack of crew coordinstion in response to the emergency. The right engine failed
from the rupture of the 9th to 10th stage removable sleeve spacer in the high pressure
compressor because of the spacer's vulnerability Lo cracks.

During the investigation, the Safety Board issued t'ree recommendations to
the FAA related to JT2D removable sleeve compressor spacers. As g resuli of its
investigation, the Safetv Board also issued two recommendations on {lightecrew training in
response to emergencies during the initial climb phase and one recommendation on
qualifications for Principal Operations Inspectors. All three recommendaticns were issued
to the FAA.



NATIONAL TRANSPORTATION SAFETY BOARD
WASHIMGTON, D.C. 20504

AIRCRAFT ACCIDENT REPORT
Adopted: Febraary 3, 1987

MIDWEST EXPRESS AIRLINES, INC,
DC-8-14, N10(ME
GENERAL BILLY MITCHELL FIELD
MILWAUKEE, WISCONSIN
SEPTEMBER 86, 1985

1. FACTUAL INFORMATION

1.1 History of the Flight

Midwest Express Airlines (Midwest Express) Flight 208, a MeDonnell Douglas
DC-8-14 airplanc with United States registry N100ME, arrived at General Billy Vitchell
Field, “Milwaukee, Wisconsin, at 1315 c.d.t. 1/ on Septemper 6, 1883, The flighterew that
was later to take flight 105 began their duty day as the crew on the continuation of flight
206 to Madison, Wiscensin. The oncoming crew weas advised that no discrepancies had
tzen noted during the initial preilight inspecticn of the aireraft that morning, and that no
diserepancies were noted following a subsequent walkaround inspection at an intermediate
stop. The airplane reportedly was "running fine" with onlv minor discrepancies that were
not related to powerplant or flight control svstems. The oncoming flighterew reported no
additional discrepancies during the continuation of flight 206, which departed Milwaukee
at 1336 and arrived in Madison at 1355.

At Madison, N10OME was designated as flight 105; the crew did not change.
The flight was scheduled to proceed to Atlanta, Georgia, with an intermediate stop in
Milwaukee. Flight 105 departed Madison at 1425 and arrived at Milwsukee, on time and
without incident, at 1441,

About 1448, the first officer of flight 105 contacted Milwaukee Tower to
request an instrument flight rule (IFR) clearance to Atlanta. The clearance was received
and read back by the first officer at 1450. At 1453, the captain contacted the iMidwest
Express dispatch facility in Appleton, Wisconsin, and received a briefing regarding his
ronte of flight to Atlanta. The weather package applicable to the route of [light was
forwarded to the captain via teleprinter. The Atlanta forecast included a 1,000-foot
ceiling, visibility—2 miles, thunderstorms and rain showers. An alternate destination was
nlanned in the event the flight could not land in Atlanta. Contingency fuel was added f{or
wossibie en route diversions around the thunderstorms. The total dispateh fuel was
12,500 pounds. A loading schedule was forwarded to the flighterew for verification and
completion. The completed loading schedule indicated that the flight would be conducted
within the applieable weight and balance limitations. The takeoff weight was
goproximately 77,122 pounds, the recommended stabilizer trim setting was 2.2 units nose~
up, and the center of gravity was 29 percent mean aerodvnamie chord. No hazardous
material was manifested aboard the airplane.

e

i/ Al times herein ar.- central daylight, based upon the 24-hour clock.
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The captain signed the dispatsh release, which listed the previously noted
minor diserepancies. He did not report any other mechanieal lirregularities or
diserepancies. At 1512, the Before Engine Start Checklist was read and accomplished in

accordance with Midwest Express opera‘*ing procedures. Engine start was commenced at
1514. The After Start Checklist was accomplished about 1515, although the first officer

did no: report that the checklist was completed, as directed by the Midwest Express Crew
Operating Manual (COM). The first officer requested clearance to taxi to runway 19R for
departure; his request was approved at 1516:31. A Midwest E<press service agent, who
walked around the airplane to ensure all doors and panels were closed, reported that
everything looked normal before the airplane departed the gate. Another agent reported
that there were no fluid leaks after engine start.

About 1517:530, the Taxi Checklist was completed in secordance with the
COM, and the engine pressure ratio {EPR) and airspeed reference 2/ bugs were set to 1.91
end 133 knots, respectively. {The referenced indications were correct for the departure
conditions applicable to flight 105.) The Safety Board determined that the correct
takeoff speeds for a 20° fiap takeoff were: takeoff deecision speed {V1)-123 Xknots
indicatea airspeed (KIAS), rotation speed (VR)-127 KIAS, and takeoff safety speed
(VZ)-133 KIAS. At the conclusion of the Taxi Checklist, the captain advised the first
officer "Standard briefing . . ." 3/

At 1519:15, the first officer reported to the tower local coniroller,
"Milwgukee, Midex 4/ 103, ready on 19R." Fiight 105 was cleared to "position and hold”
on runway 1UR. The captain called for the Before Takeoff Cheeklist, which was
completed in accordance with the COM at 1319:38. The crew did not mention anv
aireraft discrepancies during the preparation for departure. Tiight 105 was cleared for
takeoff at 1520:28; the first officer acknowledged the clearance. Tne captain operated
the flight controls, and the first officer handled radio communications and other copilot
responsioilities during the takeoff.

The Midwest Express DC-8 Flight Operations Manual required the use of
standard noise gbetemen. takeoff procedures during all line operations, uniess preciuded
by safety considerations or special noise abatement procedures. {(See appendix C.) At the
time flight 105 departed, noise abatement procedures were in effect. Midwest Express
aiso utilized "reduced thrust™ takeoff procedures {at the eaptrin's diseretion) 1o extend
engine life. The applicable EPR reduction associated with this procedure was from 1.91
to 1.90. Review of the recorded cockpit communications confirmed that the flighicrew
was complying with the reduced thrust and stendard noise abatement takeof{ procedures.

At 1521:26.4, when the airplane was about 450 feet above the runwev, there
was & Joud noise 3/ and & noticeable decrease in engine sound. The ecaptain then remarked
"What the # was that?” 6/ The first officer did not respond. At 1521:28, the loecal

3/ Standard briefing, as defined by the Midwest Express chief pilot, is 2 phrase which
indicates it i35 a standard day and normal procedures are to be utilized. The chief nilot
said that discussion of the eventualities and responsibilities of takenff emercencies were
not required to be discussed befcre each takeoff. Standard briefir s are routinely used
when pilots are familiar with one another and departure conditions are routine.

4/ Midwest Express callsign.

5/ The loud noise was deseribed in the CVR transeript as a "elunk™ sound.

6/ Thz # symbol was used in the CVR transeript to deseribe a nonoertinent word whinh
was not transeribed.
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controller transmitted, "Midex 105, turn left heading 175." The local controlier 1a3:er
testified that at the time of his transmission he observed smoke and flame emanating
from the right airplane engine. At 1521:29.5, the captain asked the first officer, "What do
we got here, Bill?™ “he first officer did not respond to the eaptain but advised the loeal
control.er, "Midex 1(5, roger, we've got an emergency here.” Two seconds later, the
captain said, "Here"; again there was no response. There were no further communications
from the flight. Neither pilot made the eall outs for "Max Power"” or "Ignit.on Override-
Check Fuel System," which were part of the Midwest Express "Engine Failure after V1"
emergeney procedure.

About 100 witnesses saw flight 105 depart runway 19R. Most of the witnesses
reported that the takeoff appeared normal until the airplane reuched an sititude of abcut
300 feet above ground level {a.g.L). Liftoff reportedly occurred between the midfield
taxiway and the intersection of runways 19R and 25L. Many witnesses reported that they
saw smoke ard:.r flames coming from the right engine when the aisplane was about 300
feet g.z.0. and that they heard one or more loud "angs, similar to a shotgun report,”
which attracted their attention to the Midwest Express airplane. None of the witnesses
described smoke or flames coming from any part of the sirplane other than the right
engine. None of the witnesses reported se~ing parts falling from the aireraft in flight.
They said flight 105 continued to climb priefly, apparently maintaining runway heading for
a few seconds. Twentv witnesses said the airplane yawed and porpeised and/or that the
wings rocred briefly, foliowing the right engine failure. Severgl witnesses said that the
nose then came downward to a near-level attitude; some of the witnesses said the airplane
alse appeared to have decelerated near the apex of its climb. The witnesses indiested
that the airplane then rolled abruptly to e steep right bank, which increased to at least
90° Witness accounts of the airplane maneuvers during its descent to the ¢ground varied
creatly. Mlost witnesses said that the airplane made 1 to 1 1/2 rotations in a nose-low spin
in a right-hand direction. The airplane crashed into rolling terrain about 1680 feet
southwest of the departure end of runway 13R.

The ¢rash occurred at 1521:41, during daylight hours, in visual meteorological
[ R

conditions, at £2° 357 38 North latitude and 087° 54' (6" West longitude. All 31 oceupents
of the airplane were fataliv injured.

i.2 Injuries to Persons
Liurie Crew Passengers 7/  Others  Total
Fatal 4 27 0 31
Serious & 0 0 §
aiinor ‘None o 5 0 D
Totals 4 27 0 31
1.3 Damaze te Aircraft

The airplane was destroved by impact forees, explosion, and posterash fire.

i.4 Other Damage

The impact and posterash fire caused damage to low lving vegetation. trees,
gnd a fer~o within a wildlife preserve.

// One nonrevesue passenger. who was authorized to use the coevpit jumpseat and wag
seated in the cabin. is inciuded in the figures representing passenger ininries.

an 133
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1.5 Personn<}. Information

—

Both pilots met all Federal Aviation Administration (FAA) requirements
applicable to their respective erew positions. {See appendix B.) Both pilots had received
upzrade training, which led to Midwest Express DC-8 captain qualifications.

The captain, 51, was emploved by Midwest Express as a DC-5-14 first officer
on February 3, 1984. He upgraded to captain on Tebruary 7, 1985. At the time of his
upgrade, he had accumulated 4,800 flight-hours, including 600 hours as first officer in the
DC-9-14. He held an airline transport pilot certificate, which was issued on
April 18, 1984, and a DC-9 type rating, which was issued on Februarv 7, 1985. Company
records indieated that, at the time of the accident, he had 5,100 hecurs toial flight
experience, inciuding 1,100 hours in the DC-9-14 and 580 hours as ecaptain. All of his
turbolet experience was in the DC-8. Before his emplovment with Vlidwest Express, the
captlain was emploved as a corporate pilot fiving the Beech 9C turboprop Kingair. He had
logged 2,50y hours in the Kingair, including 800 hours as pilot-in-command. According to
idwest Express, he had 104 hours total instrument pilot experience when hired.

The first officer, 37, was emploved by ‘lidwest Express on February 3, 1984,
and received a DC-3 type-rating on Februarv 15, 1984, At that time, he had accumulated
11749 {flight-hours, including about 300 hours as first officer in the DC-9-14. He had
obtained the DC-9-14 pilot experience as an emplovee of K-C Aviation, Midwest Express'
narent corporation. Company records indieated that, at the time of the acecident, the
tirst officer had 5,197 hours total flight experience, ineiuding 1,540 hours in the DC-9-14,
and 1,140 hours as a DC-8-14 captain. The {irst officer had previcus turboiet experience
as an ¢-4 pilot in the U.S. Air Force.

The piiots of flight 105 reported for duty on September 6, 1983, by telephcning
their dispeteh office in Appleton, Wisconsin, {rom the Midwest Express flight office at
Mitehell Field in Milwaukee. 1t was the second day of a scheduled 2-day trip. The pilots
shared captain responsibilities by alternating days as captain. The pilot who occupied the
captain's {left) seal and assumed the responsibilities of captain on Sentember 6§, 1983,
served as first officer on the preceding dav. Similarly, the pilot who was the first officer
on the aceident flight had assumed the responsibilities of captain on September 5, 1985,
Midwest Express reported that it was very unusaal for two of their line captains to flv
togetner, although check airmen {lew with other captains fairly {requently (7-8 times per
month). The eaptain and first officer of Tlight 105 had flown together before their
current 2-day trip. :

A review of both pilots’ recent past activities revealed no evidence of medical
preblems or life situational stress problems which were present at the time of the
accident. Their eating and resting habits were not remarkable.

The captain’s most receat simulator proficiency echeck  was  on
February 6, 1983, at Republic Airlines, and nis most reecent NDC-9 line cheek was
periormed by & Midwest Express check airman on March 8, 1985, He completed recurrent
3C-2 ground training on May 11, 1285, The captain’s simulator training records reflected
that "Takeoff with Sin.ulated Powerplant Failure™ was practiced in 12 sessions, "Approach
to Stails” was practiced in 12 sessions, and "Powerplant Failure/Fire™ was practiced in 10
sessions. His flight instructor at Republic Airlines said the ecaptain practiced one
simulated engine failure on takeoff on a training flight, but FAA records indicated that he
was not checked on that maneuver in the airplune during his tvpe-rating eheekride.
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The first officer received his captain upgrade training at Republic Airlines.
He also received check airman training at Republic Airlines in June 1884, However, his
training records did not show that he had received ail of the required check airmean ground
training. The FAA Principal Operations Inspector, who was assigned oversight
rasponsibilities at Midwest Express, accepted the verbal assurance of the carrier that the
required training was completed, without checking the training records of the pilot. After
the pilot's ability to conduet check air.ran responsibilities was evaluated on May 14, 1985,
he was authorized to perform proficiency and line checks in the DC-9 girplane and flight
simulator. The Safety Board estallished that the cheek airman training records were
incomplete. Whether the required training was conducted, but not documented in the
training records, could r.ot be established.

The first officer’s most recent proficiency and line checks were ¢completed on
August 26, 1985, and March 21, 1985, respectively. Both checks were conducted by
Midwest Express check airmen. The first officer’s most recent DC-9 ground training was
completed on November 10, 1934. Training records in%icated that the first officer
practiced "Takeoff with Simulated Powerplant Failure™ in 15 simulater sessions,
"Approaches to Stalls” in 12 simulator sessions, and "Powerplant Failure/Fire" in 14
simulator sessions. His flight instruetor at Republie Airlines said he gave the first officer
a simulated engine failure during climbout et least once in the airplane. He did not reeall
the details of the flight, but he said that he normally simulated an engine failure after
takeoff in the a‘rplane at 300 to 500 feet a.g.l. by retarding the throttle to a point
{(above 67 pereent N2) where the engine would not unspool. 8/

Neither pilot had experienced an engine failure in his DC-9 line flying
experience. Both pilots were "trained to proficiency™ during eaptain upgrade training at
Republic Airlines and were considered by their peers and instructors to be excellent
pilots.

Midwest Express did not provid: its pilots with a specific course on cockpit
resource management (erew eoordination), but training and management personael stated
that the applicable principles were stressed in the training of each pilot.

1.6 Atrcraft Information

1.6.1 Ajreraft and Engine Historieal Information

N10OME, a MeDonnell Douglas DC-8-14, serial No. 47309 {fuselage No. 393),
was owned and operated by Midwest Express Airlines, Ine. Midwest Express Airlines is
owned by K-C Aviation Inc., & wholly owned subsidiary of the Kimberly Clark
Corporation. Midwest Express acquired N100ME from K-C Avistion on June 8, 1984, snd
operated the airplane until the dste of the aceident. According to Midwest Express
records, the total airplane operating hours and cyeles were 31,832 hours and 48,803
cycles, respectively, at the time of the gecident.

N100ME was manufactured in 1868 and was delivered tc the Linea Aeropostal
Venezolana (LV) on October 23, 1968. It was sold to Aerovias Venezolanas, S.A. (Avensa,
VE) on October 15, 1976, and then to K~C Aviation on January 20, 1983.

8/ "Unsnooling™ refers to the rpm of the high pressure compressor (N2) dropping to idle
rpm.
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A review of the mainterance records for N100ME indicated that the airplane
had been maintained in accordance with Midwest Express Airlines procedures and FAA
regulaticns. On the day of the accident, the airplane was being onerated with two
deferred maintenance items in accordance with the minimum equipment lisi (MEL): left
auto temperature conirol inoperative (MEL No. 99, dated August 23, 1983) and right
cockpit flourescent light switch incperative (MEL No. 199, dated August 28, 1985). There
were ns deferred tems related to the powerplants or to the flight control systems. The
maintepance recoids indicated that the requirements of all applicable Airworthiness
Directives had been met. Vlidwest Express maintenance records indicated that
inspections and cheeks required to assure continuous airworthiness of N100ME had bzen
accomplished according to schedule.

N10OME was equipped with two Pratt & Whitney model JT8D-7B turbofan
engines. Neither engine was part of the equipment on the airplane when it was delivered
in 1968. The left and right engines had accumulated 8,391 hours and 5,935 hours,
respectively, since their last engine heavy maintenance (EHM). The left engine, O/N
PESTT18, was installed on N1OOME on August 18, 1984, The right engine, S/N P654106,

was installed on NiOOME on January 13, 1883.

The last recorded EHM of the right engine was performed at Air Carrier
Engine Service {(A.C.E.S.), now AeroThrust Corporation, in Miami, Florida, in September
1979, Engine records showed that the high pressure (H.P.) compressor 9-10 stage
removable sleeve-type spacer (P/N 557340, S/N DAL 81374) from another enzine
{S/N P657253) was installed in engine S/N P654106 (later the right engine on N100ME) at
that time. (See figure 1.) Engine records for the period before 1979 were not available to
document the service histoery of the spacer: thus, the total operating timme of the failed
spacer was not Known. The 9-10 stage H.P. compressor removable sleeve-type spacer is
not 2 life-limited part.

Eng.ne maintenance records showed that the owner of engine S5/N P6541436
returned the H.P. compressor to A.C.E.S. for refurbishment in QOctober 1981, The H.P.
eompressor 9-18 spacer was repaired, inspected, and reinstailed following that rework.
The A.C.E.S. Part Routing Tag for the 9-10 spacer, dated October 12, 1981, revealed the
following operations, aceording to AeroThrust management:

A "Reject” stamp dated October 9, referred to a damaged knife edge
girseal. The mirseal was reworked by blending 9/ the damaged area. The
tubes were removed and the spacer nickel eadmium (NiCd) coating was
stripped. The inside diameter was grit-blasted. 'The spacer was then
examined using flourescent .magnetic psarticle inspection (FVPI)
equipment and passed inspection.

The spacer was then replated (although not signed off) and the tubas
were reinstalled. The spacer was machined and inspected one more time
before installatioi: in the engine.

There was no record of the nature of the previous damage which had
necessitated the rework. The specifications regarding airseal blending of the 3-10 spacer
ailowed machininz down to the inside radius, above the pedestal, to & maximum width of 2
inches in one ares, or & maximum width of 4 inches for all areas. There is no record of
the nmount of tlending that was performed.

97 Biendinz Is a term used to deseribe machining to remove or smooth a damaged area.
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On the day of the accident, the right engine had been in service 20,207 hours.
It had operated 3,782 hours and 2,584 eycles since the 1981 H.P. compressor
refurbishment. No major repairs had been performed on the right engine since its
installation in January 1983, and no diserepancies had been noted for the right engine in
the 30 days before the accident.

The left engine, S/N P651718, was purchased ny Midwest Express from Alwcit
Airlines { Australia) in May 1984, The engine was inspected, tes* rum, and determined to
be serviceable by AVIALL of Dallas, Texas, before it was instalied in the left position of
N10GME on August 19, 1984. The left engine had been operated 23,939 hours and 25,394
eveles before the accident flight. No major repeirs were roted in the engine log since the
August 1984 instaliation, and no diserepancies were recorded for the left engine ia the 30
days Defore the aceident.

Midwest Express used an in-flight monitoring program to track the
performance of its JT8D engines. Review of the engine monitoring records from July 8,
1983, ti- ough September 3, 1885, revealed no adverse trends that would indicate a
gerformance problem in either engine instalied on N10GME.

1.6.2 Certification of the DC-9-14

The DC-9-14 was certificated as a ({ransport category aireraft on
November 22, 1965. Part 4b, Airplane Airworthiness Transport Categories, of the Civil
Air Regulations required that the manufacturer:

o Demonstrate that the airplane was ‘"safely controllable and
maneuverable during takeoff, climb, level flight, descent and
landing™ {4b.130{a}).

o’ Demonstrate that it was possible to make a smooth transition fro-u
one flizht condition to another, including turns and slips "without
requiring an exceptional degree of skill, alertness or strength ¢n
the part of the pilot . . . under all conditions of operations

nor mally encountered in the event of sudden f{ailure of any engine”
(45.130(b)).

o) Demonstrate that, while holding the wings approximately level, it
was possidle to execute reasonably sudden changes in hesading, in
either direction, without encountering dangerous characteristics,
even with an engine inoperative. Also, the manufacturer was
required to demonstrate that it was nossible to execute 20° banked
turns with and against the inoperative engine. (4b.132); and

0 Determine & minimum control speed {(Vme) 10/ so that when the
eritical engine was suddenly made inoperative, at that speed, it
was possible to recover control of the airplane; with the enzine
still inoperative, and maintain straight and level flight at that
speed, either with zero yaw or, at the option of the spplicant, with
an angle of bank not in excess of 3% Vme speed was not to exceed
1.2 times the stalling speed of the aircraft {45.133). During that
maneuver, take-off, or mavimum available power, was to be
maintained on the remaining engine.

B e el -
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1.6.3 Airplane Flight Control Systems

The DC-9-10 szries airplanes (including the -14 model) have conventional
aileron, rudder, and elevator control systems. The horizontsal stabilizer is adjustable for
longitudinal trim. Latersl control is aided by hydraulicaily operated flight spoilers. The
rudder normally is powered hvdraulically with automatic reversion to cable operated
gerodynamie tab control when hydraulic power is not available. A vaw damper aids
directional stability, but = vaw damper operation is not required for flight by the
minimum equipment lst.

Additionally, a mechanism limits rudder travel at speeds above approximately
176 knots. Cable and hvdraulic system redundaney is provided to minimize the risk of loss
of aireraft control in the event that individual component parts of “he control svstem are
disabled in flight. The main control eables, the trim eables, and the hydraulic lines, which
pass through the aft fuselage adjacent to the engines, are located below the cabin floor,
well below the top of the right erngine. (See appendix G for & detailed discussion of
relevant flight controls and aircraft systems operation.)

1.7 Meteorological Information

At the time of the accident, the sky over General Billy Mitchell Fizid was
clear. Weather eonditions in the Milwaukee area were characterized by scattered elouds
and moderate southwesterly winds. The surface weather observations at General Billy
Mitchell Fleld were:

1451, Surface Aviaticn: lear, visibility—10 miles; weather—none;
temperature—89° F, dew point—76° F; wind—230° at 15 knots, gusting to
20 knots; altimeter—29.83 inHg; remarks—few cumulus and cirrus east.

1540, Local: Clear,  visibility—10 miles; weather-—none,
temperature --90° T, dew point—T7€° F; wind—222% at 15 Knots, gustiag 1o
20 knots; altimeter~-29.83 inHg; remarks—few cumulus, gireruft mishap.

Based on the 1451 observation, the density altitude was determined to be 3,200 feet.

A wind gust recorder, 11/ operated by the National! Weather Service at
Mitehell Field and located at the intersection of runways 13R and 251, showed a range of
wind speeds from 8 to 22 knots from 1500 to 1600. The wind decreased from 18 inots at
1515 to 10 knots at 1520 and then it rapidly incresased to 17 knots at 1521:30 and dropped
rapidlv to 12 knots at 1522:30. At 1516, the Milwaukee tower loeal controller advised
Midex 105 that the wind was from 210° at 16 knots.

1.8 Aids 1o Navigation

Not applieable.

1.9 Cornmunications

There was no evidence of racio communication difficulties between flight 105
and Milwaukee Tower controliers on the day of the aceident. The Daily Record of
Facility Operations indicated that all air traffic control tower equipment was operating
satisfactorily at the time of the accident.

11/ A gust recorder (anemometer) records wind veloeity only, and not the direction from
which the wind is blowing.



1.18 Aorodrome Informsation

General Billy Mitchell Field is 723 feet above mean sea level {m.s.1) and is
iocatod 6 miles south of downtown Milwaukee. It is served by five runwayvs. Runway 19R
was 3,690 feet long by 200 feet wide, and it was oriented to 187.1° magnetic. It had a
concretﬁ and asphalt surface which was wire combed and grooved. R‘*n&a\f 251 was 8,010

“zet long by 150 feet wide, was surfaced with asphalt and concrete, and wes grooved. The
&xrpurt is certificated for air carrier operations under 14 CFR 139,

Milwaukee Tower is equipped with an ARTS 01 i2/ terminal radar computer
svstem which utilizes radar data obtained from an ASR~8 13/ radar located on the airport.
Recorded radar data associated with the Midwest Express assigned transponder code 5631
were retrieved and utilized to reconstruet a track of the ground and flight prozress of
flight 105. The ARTS I radar data could not be used to reconstruet the tracks associated
with nontransponder {primary) targets, such as engine dedris.

1.11 Flight Recorders

N10OME was equipped with & Fairchild 5424 foil tvpe analog flight oata
recocder (FDRJ, S/N 7379, and s Fairchild model A-100 cockpit voice reccrder (CVR), S/N
875. The FDR sustained mechanical damage but revesgled no evidence of internal
exposure to fire or smoke. The meagazine containing the foil recording medivm was
undamaged. All parameter and binary traces were present and active: however, the
auxiliary binary traces, which are normally used to reecord indications of racdio
transmissions, were not funetioning during the accident flizht. The CVR ecasing sulfered
mechanicnl and fire damage dut the recording medium was undamaged. The qualitv of the
recorcing was good. All of the CVR channels were working.

i.11.1 Flight Data Recorder

The TDR was recovered irom the wreckuce and was forw . ded to the Safetv
Board's Flight Recorder Laboratory in Washington, D._.. It contained indicated girspeed,
indicated altitude, heading and normal sceeleration 14/ data. {See apnendix F.) Insoeetion
of the FDR {foil -ecordmg medium indicated that there was a gap in the data starting at
FOR time §0:33.5 (1521:26.4). The gap was equivalent to about & 4-sceond time interval.
At the end of the gap, several data points, normally recorded st 0.553-second intervals,
sere recorded as if they had oecurred simultaneously.

The gaps in the FDR data during the accident {light were attributed to a jumu
in the foil position which probably resulted {rom airframe vibration arid occurred about
the time the right er_.ne failed. The time correlation of the measured paramelers wasg
achieved by aligning the gaps in the recording. Subseguent correlation of the FDR and
CWVR data revealed that the "elunk” sound on the CVR cecurred at the same {ime as the
beginning of the gap.

1.11.2 Cockpit Voice Recorder

The CVR revealed that the takeoff appeared normal to the flighterew. There
was no recerded conversation t¢ indicate that the capiain relinguished econtrol of the
zireralit to the first officer, or that the f{irst officer communicated any intention to

i21’ Automated Radar Terminal System. The suffix, 1}, denotes a soecific system
cap&smty.

13/ Airport Surveiliance Radar.

14, “ha? compmeht of inertial acceleration which is perpendicular to the airplane's
fateral and torgitudingl axes.




13-~

assume control of the aireraft during the flight.. The CVR did not record any conversation
or other indications wh' 1 would confirm the extent to which the crew recognized the
nature of the emergency nor did it reveal what actions vere taken by the erew to respond
to the emergeney. (See appendix E.)

The No. 1 channel of the CVR was connected to the passenger intercom
svstem. The recording was 32 minutes long but only the last 7 minutes were transeribead,
encompassing the tiw}e from engine start an*zl the end of the recording. The transcript
begins at 1514:33 e.d.t. with the start ¢f the No. 2 engine. The engine power inerease,
associated with the commencement of the takeoff, occurred at 1520:43. The engine
volume and frequencies, which were measured on a sound spectrum analyzer, seemed
normal until 1521:26.4, when a loud "elunk” sound was heard. Almost immediately
foliowing the "clunk,” ‘"we rom of one of the engines decr2ased noticeably. At 1.2 seconds
after the "cwmunk,” the captain excluimed, "What the # was that?" At 1.5 seconds after the
"elunk,” .he rpm of the second engine began to decrease, but at z slower rate than the

i*-:t.. The captain asked, "What do we got here Bill?" There was no response {rom the

nfficer. Analysis of sounds recorded by the CVR revealed that the stall warning
cks}mxmr activated nt 1121:76.0 and continued unt’l the end of the recording. Two
conds after the siickshaker activated the captain exelaimed, "Oh . . ." Shortly
erward, the a‘“glape’s altitude began decreasing rapidlv. One flight attendant,
iaimed "Heads down” three times. The electrical power to the CVR was interrupted at
:38.8 {or about 0.1 second. At 1521:41.7 folO »f a second before the recorder
ped}a . le "whoop' could be heard from the ground ~roximity warning svstem.
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1.1L.3 - N Sound Spectrum Examination

The CUVE recording was examined using the NTSB Audio T.aboratory - Bpeetral
Dynamics 5SD-350 scund spectrum analvzer to document the sounds which were in
{requencyv ranges normally associated with engine operation. Some of the sounds heard
were in the V0-I00 Hertz (Hz! range. Sounds produced by the rotation of the high pressure
eomoresser {NZ) of a JT3D engine are in this frequenev ranze. Those sounds were
measured starting at engine spool-up Sefore takeoff and continued until 1521:41

Sounds similar to those produced bv the fan section {N1) of the JT8D engine (in
a higher {requency range! were identified but were not heard until about 3 seconds before
‘ cm: "chmk"’ at 1221:26.4. The Nl-tvpe sounds, which were very faint and eould not
; e stiekshaker activated at 1521:356.0, were de-ermined to have emanated
from the }eft engine. Fan seution speed wes calculated by dividing the number of first
stege fan section biade- 30 into the blade passing frequency 13/ documented by the
sound spectrum analizer =‘~"1nt0dz. Sa milar caleulations were conducted for the N2 fan
section. These ca;caiatmn:, were used te evagluate the N1 and N2 values during the perind
in whieh the loud "clunk”™ was recorlded on the CVR snd bevond. The N1 and N2 vslues
revealed that:

ign

fat

t ergine rpm, as measured by N2, fell off rapidly
ely Tollowing the loud "elunk™; and

3

Hme

{2)  The left engine rpm., as measured bv N1 and N2, fell off at 2 slower
rate starting about 1.5 seconds after the "elunk” sound.

15/ Characteristie biade passing

CaUSIRT pressire pulses in the air du

requency is assumed to result from the fan blades
ing rotation.

I
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1.11.4 Time Correlation of CVR, PDR. Radar, and Air Trafi:e Control Information

The data available from the CVR, the FDR, the air traffic contrcl (ATC)
transcript, and the recorded {(ASR-8) radar data inecrporated diffe.ent reference times.
The CVR timing (elapsed time) was correlated to the ATC transcript timing and the radar
data timing, which were based upon universal coordinated time (UTC). The timing of the
FDR was correlated with the radar data by comparing plots of radar and FDR-indicaled
#ititudes which preceded the engine "elunk."” The correlstion between CVR and FDR data
was performed by overlaying the CVR time line over the plotted FDR data. Several
points were time correlated such as the gap/engine elunic point, the 100-knot callout, the
¥1 eallout, and the ends of the recorded CVR and usable flight éata. {See appendix F.)

1.11.5 Stetic Pressue Error

At 00:57 FDR elapsed time {1321:30), the FDR data indicated an excessive
increase in the climb-rate, while the vertical acceleraticn data indicated a reduction of
normal acceleration forces from about 1 G to about 8.3 G. The reduced G load suggested
forward control voke input and 2 reduced climd rate, contrarv tc the recorded altitude
data, but consistent with witness observations.

The rapid increase in FDR-indicated sltitude revesgled that the indicated
agireraft clird performance was in error and contrary to the Xnown performance
eharaeteristic - of the airplane. It had been expected thet a reduction 53 3 load beiow 1.0,
o have decreased the rate of climb. voi the FDR Liieatec a rapid inerease in
altitude. By integrating the accelerometer data, thz wmeaximum altitude which the
airpiane aetually | 2ached was determined to be abeut 1,400 feet m.s.l., net the indicated
1,570 feet :is.. Douglas Alreraft Compeny flight test data showed that the difference,
170 feet, could nave resuliad from static pressure error. Information, interpoiated from
Douglas flight test detn, revealed that the 170-foot indiested sltitude error (higher than
actual) was zconsistent with a sideslip 16/ angle of about 15% Such a sideslip, according to
e Dougias data, wonld produce s static pressure error and false indications in the
instruments which are dependent upoIn pitol-static informaticn. 7The static pressure
source for the FDR ‘: the airplane’s alternate static pressure source. The eaptain’s and
irst officers altitud: and airspeed instruments {and verticel speed) usad the normal pitot
tatic system, which is iess sensitive to sideclin-inCuced errors. Thus. =hile & 15°%sidesiip
would cause the FDR 10 record airspeed about 14 Xn~1s 10¢ v zh, the same sidesiip would
cause the cockpit instruments to reflect onlv azout 2.7 of the FDR airspeed (€ knots) and
aititude ervor (113 feet).

[¥/

1.11.6 Lireraft Flight Profile Information Based On Recorded Data

The FDR {oil revealed that the taxeof{ roll and liftof{ were nornal, with
{ occurring near the intersection of the midfield taxiway and runwsv 18R, about
feet from the start of the takesif roll. Rotation to the takeof? attitude oecurred at
Knots., NifOME gecelerated to 188 knots with a rate of c¢limb of about 3.200
faet/minute, indicating & normal two-engine initial takeoff flightpath. N180VIE was ahout
7,600 feet down the runwav when it reached a height of 450 feet above the ground and
when the right engine failed. Radar daia indicated that the airsiane was near the left

I
&N
Lo

wi >
i

e R A ol e i

15/ Yaw is the roialional movement n=bout the airplane vertical axis from a fixed
reference point. Sideslip is the sideward movement of the airplane, where the relative
wing is offset to the jefy or right of the lonzitudinal axis of the airnirne.
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edge of runway 1i9R at engine failure. This displacement left of the runway centerline
was considered in evaluating the distribution of engine parts, which were found near the
runway, in analysis of the trajectory of engine parts. The heading trace showed that
N100ME continued essentially straight ahead for the first 4 seconds after the right engine
failure. Radar data confirmed the tracking of the airplane essentiaily straight ahead.

Four seconds after the right engine failure, the FDR heading frace began t¢
deviate substantially to the right {from about 194° to a heading of 214% over a 5-second
period {4° per second). The heading then deviated to the right at a more rapid rate {to
2609 in the next 3 seeonds (15° per second). Comparing the heading change to the radar
track of the flight revealed that part of the heading change, that is, the difference
between the aciual track and the heading, was due to sideslip. The sideslip began about 4
seconds ~fter the right engine failure and increased rapidly in the next few seconds.

For about 3 seconds after the right engine failure, the FTDR vertiesl
acceleration trace remained at about 1 G. It then dropped sharply to ghout 9.3 G in the
next szcond before inereasing to a value of 1.8 G. The ¥DR and aerodvnamic data
indicated aircraft stall at the peint where vertical acceleration reached 1.8 G.

Based upon a liknot FDR airspeed error due to sideslip and induced static
oressure error, the actual airspeed loss from right engine fsilure to stickshaker would
have been about 17 knots. Correcting the FDR data for sideslip and static pressure error
revealed that the aireraft stalied sbout 148 knots equivalent airspeed (KEAS), 17/ or

about 156 KIAS {crew instruments).

On the accident fiight {20° flaps), the t G stall speed was 114 KEAS und the
predicied stickshaker speed was 118 KEAS, When aireraft loading is in excess of 1 G
flight, the aiceraft will stall ai a higher speed {accelerated ctall), consequently inereasing
the stickchexer activation speed. Similarly, when the aireraft is rolling, the stickshaker
speeds inere” te. The follow:ing table reflects the predicted variations in stichshaker speed
as {unctions of load factor and roll rate. The stickshaker stall warning device is
dependent on angle of attack. Deceleration al a rate in excess of 1 knot per second

and/or abrupt pullup maneuvers would reduce the 4-second warning time normally
provide by the stickshaker stall warning svstem.

Roil Rate Stickshaker Speeds (KEAS) Stickshaksr Speeds (KEAS)
Degrees/Second with 1.0 G Loed Factor with 1.5 G Load Factor
g 118 144
3 120 146
in 122 148
i.12 Wreckage and Impact Information

1.12.1 General

N10OME strack the ground in a clearing, in a relatively level, partially wooded
field. Ground slevation of the initial impaect point was about 880 feet m.s.i. Initial
contact was 2t the northern end of a 275-foot -long wreckage path where there were two
17/ At these speeds and altitudes, KIAS and KEAS are generally considered to be the
same, if there are no instrument errors or static source errors. A static source error
would create a difference between KEAS and KIAS.
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parallel gouges about 14 feet apart and which were initiaily 4 to 3 inches wide. One gouge
was 28 feet long, and the second gouge was 30 feet lonz. Both gouges were oriented to
183% Pieces of the right elevator and horizontal stabilizer were imbedded ut a 90° angle
to the ground along the length of the 28-foot gouge. The width of the 80-foot gouge
gradually inereased to 3 feetl D inches at the southernmost end and contained right wing
fragments. Pieces of the righ! wing tip were identified at the norib end of the 80-{oot
gouge. The right engine was lving across the midpoint of the gouge. Bevond the initial
gouges. the remainder of the wreckage of N1O83)ME was strewn about a 200-foot-wide
nath.

The wreckege was {ragmented and was largely consumed by fire. Airplane
pieces, ground, snd trees in this area were blackened and scorched bv fire. Pieces of all
flight control surfsces and the extremities of the airplane, such as nose, wingtips, tail
surfaces, and engines, were found in the impact area.

Engine-reiated parts from the right engine were found up to 200 feet to the
left side and between 7,200 and 8,208 feet south of the north end of runwav 19R. The
parts included compressor Dlades from the 9th and 14th stages of a Pratt & Whitnev JT8D
engine and parts, which totaled 80 percent, bv weizght, of a 9th to 10th stace (9-10) high
pressure COMpDressor spacer. With the exception of the engine-related parts found on and
aGjacent {0 runway 18R, the wreckare of NIOOVIE was recovered “rom the airplane
impuct zres. (See appendix T}

The =attitude and flightnath angle of the airplane at {mpact were estimated v
pictorially aligning the ground scars with the corresponding airplane parts. Using a scale
Zrawing ol the airpiane, the right wingtip was plaeed at the north end of the long ground
scar and the {lightpath of the right horizontsl stahilizer was sligned with the shorter
ground sear. The awrdiane drawing was then rotated to pring its flightpath into aligament
with the end of the long ground sear. Thus, the Safeiv Board determined that flight 105
had impacted in about a %6° right roll with the nose about 28°below the heiizon in g 31°
right vaw. The flightpath immediately before impact was determined to hrve deen shout
837 Gownward.

1.12.2 Detsails of Wreckage Examination

Fuselaze.--Tre {uselage was fragmented and burned. Vost of the idetifiable
nose section componenis were found near the south end ¢f the wreckage path.  Aft
fuselaze Dieces were found from the north end of the wreckage path to a point 1586 feet
from the ialtial impaect int. FPieeces of the sft fuselage were examined for potentisi
sunctures which might have occurred if parts ejected from the right engine had contacted
the {uselage Defore ground impaet. Seversl pieces were submitted to the Salety Boards
Ngterizis Laboratory for further examination. For example, punctures were found in the
fuse’age &t about {uselage station {F.5.} 884, § inches bzlow the right encine ovinn fairine.
in the vicinity of the punciures the {uselage skin was extensively torn. 1 ‘ever, ncne of
the fuselaze skin section: which contained susticious-looking punctures were adijacent to
avdreulio lines oo malor conirol cables.

¢

wings.——The wing strocture was desiroved with pieces sirewn about the erash
site.  The largest pisces recovered were {rom the left wing and included a J4-foont-long
cathoard section with the aileron ang irim (&b attached, although thev were batiered and
partiajly consumed by fire.  Both angle of attack vanes {(stall warniag system 1ift



transducers) were recovered but the right vane had separated from the wipg and was
damaged. A I-foot piece of the left wing leading edge, from sapproximately the
vortilon 18/ position to the outboard end, was intact.

The vortilon was partly attached to the wing with portions burned away. The
wing leading edge suriaces available for examination were smooth and revealed no
evidence of surface corcosion. Several pieces of right wing leading edge were found to be
smooth and free of corrosion.

Three battered and fire-damaged right aileron pieces were found near the
initial impant area. Portions of both right aiieron control tabs were found within the
ailercn structure. The left aileron, with portions of the control tabs attache. was
battered, but intact and attached to the largest piece of the left wing.

All four flight spoilecs were attached to their respective actuators and were
found in stowed positions. Al four spoijcs actuators were retracted and locked. The left-
hand speiler Dypass valve operating handle was found in the ON position with the lock-pin
in place. The right-hand valve operating handle was missing, but the indicator was
oointing to ON.

Right flap pieces were found in the initial impact area. Al} flap hinges and the
flap hydraulic sctuators were separated from the flaps. The left flap was recovered in
two pieces. Each piece was relatively intset except for some fire damage at the trailing
edge of the outboard piece. It was not possible to confirm the preimpact flap position
from the remaining flap fragments. Both ieft flap actuators were recovered. Internal
examination of the cylinders at the Safety Board's Materials Laboratory did riot revesl
merks made by the pistons at the moment of impact. Examina*ion of the piston rods
revealed bends in three rods 2 3/4 inches from the piston rod end. Comparison of
MeDonnell Douglas data and measurements from an airplane similar to the accident
airplane revealed that the piston rods were in a position corresponding with 28° to 28°
extension when they were bent.

Crew conversation, recorded by the CVR, indicated that the flaps were set at
20° for takeoff and did not reveal any indication that the flap position was changed after
takeoif.

Empennage.—-The piteh and directional {vaw} eontrol system pieces were
Dattered and fire camaged. There was, however, no evidence of foreign object damage
{FOD} 1o the actuators, push-rods, or hinge brackets. All fractures appeared tvpicsal of
overload separations. The captain’s and first officer's fractured left rudder pedal support
arms were removed and sent to the Safety Board's Materials Laboratorv for detailed
examination.

The vertical stabilizer was found resting on its right side, separated from the
fuselage, largely intsct from its lower attachment points to the hovizonta) stabilizer
jackscrew. Much of the left side was severely fire damaged. No punctures were found in
the remaining left side skin. The right side skin of the vertical stabilizer was sooted and
discolored but largely was intact. Punctures and gouges were examined carefully for
evidence of contact or damage caused by ejected engine parts. All of the observed
punctures were in areas which did not contain control system components. Some of the
punctures and gouged areas were removed for detailed laboratory examination.
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13 enera’ g pylons) are installed on the wing lower surfaces to provide
airflow control.
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About 12 feet of vertieal stabilizer rear spar structure (from 2 fect below the
fuselage/st” bilizer junction to 10 feet above that junction) was intact. The spar was heat
damaged and had partiallv meited away. This portion of the rear spar revesaled no
evidence of penetration or cuging damage. The two hydraulic lines for the elevator
DOwer Doost system wete still ~outed along the rear spar; the lines were intact except at
the top and bottom of the stebilizer where they were broken and distorted. Broken
portions of ihe upper and mid-hinge bracket boits for the rudder were still mounted to the
vertical stav’lizer. The fracture surfaces were typical of vverload damage.

The rudder was nearly detached from the vertical stabilizer and had suffered
extensive fire damage. A 2-foot piece of rudder leading edge remained attached to the
vertical stabilizer at the lower rudder support post. it was heavily fire damaged. The
rudder sector linkage mechanisms at the base of the rudder were still attached io the
rudder control tab, although heavily heat damaged. The control tab input arm at the base
of the tab torque tube was broken. The bracvet arm mount at the bottom of the torgue
iube glso was broken about 4 inches from the centerline. The bracket and arms for the
nydraulic actuator linkages to the rudder were intact; there was no evidence o
preimpact FOD in this area. The rudder hydraulie actuator was still attached to th-
tudder drive arm.

A rudder section, approximately 6 feet long, which consisted of leading edge
material back to the front spar ard center and upper hinge areas, was recovered. The
hinge brackets were broken; howaver, pieces of bracket structure were still attached by
the pivot bolts of both the center and upper hinges. The fracture surfaces weare typica? of
over 'oad. The rudder damper was still attached and was movabie with normal resistance.
The damper control arm which attached to the vertical {in was broken. A 1 1/4- by 1/8-
inch horizontal cut was found in the rudder ieading edge skin spproximately 2 1/2 inches
above the center hinge area. The cut was at the crown of the leading edge and had
penetrated the skin; however, a plate beneath the surface was not penetrated. No other
penetration damage was noted.

A 17-inch pieca of rudder control tab leading edge (from the base pivot point
to the lower hinge) was recovered. It was heavily {ire damaged; however, it exhibited no
gouge damage.

The yaw damper was removed from the wreexkage and disassembled. No
evidence of preimpact failure or malfunction of the vaw damper was found.

The left horizontal stabilizer was severely burned. The largest remaining
intact portion was a 20- by 356-inch rear center section with a piece of vertical stabilizer
pivot structure attached. The right horizontal stabilizer was disintegrated. The majority
of the identifiable pieces were recovered from the initial impact ground scar. No
evidence of foreign object penetration or corrosion was observed in the pieces that were
available for examination.

The primary and alternate electric trim aciuators and planetarv cearbox had
broken off the jackscrew that is used to adjust the position of the horizontal stabilizer in
flight. The direction of the fracture was consistent with the attitude gt which the
aireraft struck the ground. The length of the jackserew extension carresponded to 2.05°
airplane nose-up trim, close to 2.2 units nose-up trim set by the crew before takeoff.

Seven fragments of the right elevator, accounting for all but the aft ares at
ihe inboard end {which was burned away), were recovered from the wreckage path. There
were no punctures through the recovered elevator pieces. An area of the lower trailing
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edge surface, which contained scrape marks, was removed for laboratory examination.
There was no evidence of FOD in a 47-inch section of right elevator contrcl tab which had
sepavated from the elevator.

A 12-foot piece of left elevator leading edge was attached to the horizontal
stabilizer. The leading edse contained no punctures. The remainder of the left elevator
was consumed by fire. Similarly, the left elevator control tabs were completely burned
away except for portions of their leading edges.

The elevator control tab belleranks were still attached to the torque tubes
within the horizontal stabilizer, although they were heavily fire damaged. The bellerank
ends of the elevator control cables were still attached although the other ends of the
cables were broken. The broken ends had parted in 2 manner consistent with tension
overload. On the remaining elevator and horizontal stabilizer pieces, which were not
consumed by fire, no puncture marks were evident.

Flight Control Linkages and Cables.—-The extensive breaskup of NIOOME
following ground impact resuited in broken and distorted belleranks, sectors, pullevs, and
cables which had been associated with the cable control system. Four cables, which were
for primary control of the elevator and rudder, were recovered from the left side of the
fuselage in the area of the lavatories and outfiow valve and aft of the aft pressure
oulkhead. The broKen ends of the cables were tvpical of tension overlcad failures. Two
rudder trim cables and a stabilizer {eedback cable, which had been routed along the right
side of the aft fuselage, were examined. None of these cable fractures disclosed evidence
of preexisting failure ¢. material defect.

A 2)-foor piece of elevater control cable, routed from within the vertical
stabilizer, revealed a fracture consistent with tensile overload. Two stabilizer position
cables, which had bDeen routed through the vertical stabilizer, alsc had broken ends which
were typical of tension overload failures.

About 200 feet of primary elevator and rudder control cable were identified
and examined with regard to fracture mode and for mechanical damage. Another three
sections of primary conirol cable, each r9out 22 feet long, were recovered from the
vieinity of the outflow valve and were similarly examined; however, the cables eould not
be precisely identifted. Al primary elevator and rudder eablie breaks were tvpical of
tensile overload ¢r were brittle fractures due to overheating. The sections of esble whieh
nad broken strands or which were otherwise suspect were submitted for Safety Bosrd
laboratory examination. No evidence of preexisting damage was noted.

About 115 feet of rudder trim and stabilizer position cable were examined,
disclosing tensile overload and brittle fractures associated with overheating. One piece of
right rudder trim cable similarly revealed tensile fractures and = brittle fracture
associated with overheating.

The elevator sectors at the top of the vertiesl stabilizer were each in one
piece but were fire damaged. The right elevator torque tube was intact with a broken end
of the elevator control tab rod attached. The rod end fracture was typical of overload
failure. The left elevator torque tube, including the entire elevator control rod, was still
attached to the top section of the vertical stabilizer. The rod was straight with the
attachment Dolt to the tab still in place. The tab end of the rod was heat damaged and
the tab structure had melted from around the rod end. The control rods for the lef¢
elevator geared tab wers still attached to the left elevator leading edge structure. Both
rods were straight with the aft attachment bolts intact. The elevator gear tab
attachment brackets had melted from around the gesared tab rods.
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The right elevator geared tab rods were siill attached 1o the elevator
structure. Both ands of the inboard rod were stiil attached, one to the elevator and the
other to a piece of tab structure. The outboard rod was attached at the forward end to
the elevalor strueture but was broken at the aft end of the rod end fitting. The fracture
was typical of bending overload. The right elevator control 12b rod was not recovered
except for the forward attachment fitting which was still attached to the torque tube
structure.

Hydraulic Systems.--The hydraulic systems were fragmented and burned as a
result of impact forces and the effects of the posterash fire. The hvdraulic systems were
examined to determine whether there had been any interruptions io hydraulic ower
before impact. The hydreulic reservoirs exhibited f{ire and impact damage. Similarly,
numerous hydraulie lines, the right auxiliarv hydraulic pump, and the right hydraulic
system pump/motor all exhibited extensive impact and fire damage. Eicht hvdrauilic
accumulators were recovered but were fire and impaet damaged. One accumulator
indicated a pressure of 500 psi. Both hydraulic system filters cortained burned hydraulic
fluid; the magnetic plugs were clean.

Both elevator augmentor cylinders and the right elevator control valve were
tested and found to operate normally. The left elevator control valve was fire damaged
to the extent that ii could not be tested. The postimpsaect condition of the elevator
sugmentors did not allow the identification of the preimpaect positions.

The rudder power shutoff valve, valve sector, and cranX were recovered near
the airplane impact point. Examination of the rudder power shutoff{ valve revenled a Dent
control rod and discoloration which were consistent with rudder hvdrsulic power on.
Hydraulic fluid was within the actuator resevoir. A mcasurement of the rudder power
actuator {(actuator eyedolt to rudder crank) was eguivalent to 1.5°%0 1.75% rudder trailing
edge ieft of center. The rudder trim snd load feel mechanism measurement was
equivalent to the rudder trailing edge being 2.5° left of center. The pesition ol the "Q7
ballows hook to the rudder power eylinder actuator pushrod indicated neutral rudder. The
gripper arms of the rudder tab lockout mechanism were found essentially against the
roller, indicating that the mechanism was in the manual rudder position. Loss of hvdaraulic
sressure would sccount for the rudder tab lockout going 1o the manual rudder position.
The rudder hydraulic sctuator exhibited no evidence ¢f preimpact damage. The
lahoratory examination of the hydraulic pressure and return lines (from the rudder power
actuator tc about 40 inches forward of cant station 988.4) did not reveal evidence that the
fractured areas had been damaged because of another ebject impacting the lines.

Landing Gear.--All three landing gear had separated from the asireraft
structure but remeined in the wreckage area. All three landing gear actuators were
attached to their respactive gear struts and were in the gear "up” positions. All six tires
were intact. Recorded ecockoit conversation disclosed that the landing gear were
retracted after takeoff and did not reveal any indication that the landing gear were
subsequently extended by the crew.

Right Engine.~~The right engine was found resting on its right side, stiil
atigched io a portion of the pylon structure, about 40 feel south of the initial impset
point of the airplane. The engine revealed evidence of a frontal impaet with the ground
which left dirt deposits within the right side of tne inlet case. 'The engine exhibited
impuaet damage but was intact {rom the inlet ease through the thrust reverser. The engine
thrust reverser was found in the stowed position.
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Examination of the right engine revealed that the 9-10 stage compressor
spacer had ruptured and separated from the engine, liberating all of the 9th and 10th
stage compressor blades. The blade outer shrouds showed evidence of sevare abrasir?n,
tyroical‘of airfoil release at high rotationel! speed. There was an opening in the rear skirt
of the intermediate case from the 11 1o 1 o'clock position iviewed lcoking forward), which
was 4 inches wide axially and 7 inches long circumferentially in the plane of rotation of
the missing 9-10 spacer. A piece of vane shroud was protruding through the rear skirt into
the fan airflow duct. There were no other holes through the compressor case. The
internal damage was consistent with a sudden failure initiated by the rupture of the 9-16
spacer.

Metalization of fuel nozzles and burner can domes, thermal cracking of first
stage turbine plades, and metallographic laboratory tests showed that the first and second
stage turbine blades had been subjected to temperatures well in excess of normal
operating temperatures; all were consistent with turbine overtemperature operation,
secondary to the effects of the spacer rupture.

Examination of the 12th stage compressor blades revealed that the majority of
the sairfoil fractures exhibited tensile or shear characteristiecs. Nine blades, however,
showed evidence of relatively shallow fatigue progressions with multiple origins along
convex airfoil surfaces. The fatigue was tvpical of low eyele, high stress eracking. None
of the fractures appeared to be primary in nature.

Most fan blades which were in areas of case deformation were buckled. The
third and fourth stage turbine blades similarly were buckled in a manner typical of little
or nic rotation of the rotors at impact. The EPR transmitter linkage indicated 0.85 (sub~
idle) at impact. Examination of the engine revealed no evidence of bird ingestion or
other significant FOD,

Both the upper and lower rigiit engine cowlings were exXtensively damaged and
had broken apart. Some pieces of the upper cowling, however, remained attached to parts
remaining from the lower cowling, including:

{1} Three cf the four inboard upper cowling hinges were lat<hed, with
portions of the apron and upper cowling attached. The fourth hinge
was not latched but was intact; and

(2} Al four outboard upper cowling latehes were latched, with portions
of the upper and lower cowling attached.

A 3-foot section of the forward upper cowling was recovered and contained a
hole, 2 square inches in size, which appeared to have progressed from inside to outside the
cowling. The location of the hole was determined to have been 16 inches forward of the
plane of rotaticn of the 9-10 stage compressor spacer. None of the cowling pieces which
had been adjacent tc the hole in the engine were identifiable becsuse of extreme
distortion and tearing of the cowling. There was no evidence that the right cowling had
opened before ground impact.

Left Engine.--The left engine was found in a wooded area in heavy vegetation,
gbout 180 feet south of the right engine and near the south end of the wreckage path. The
engine had sustained severe impact damage in the inlet area between the 3 and 9 o'clock
positions (viewed looking forward); the i{ull length of the engine case had been damaged or
distorted by impact. The front fan case was ovalized over a wide ares centered sbout the
4 o'clock position. Markings, such as dlue paint smears, rivet witness marks, and red paint
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transfer on the right side of the engine nose cowl, were consistent with impact forees
oceurring at the 4 o'clock engine position. The inlet case was found about 30 feet north of
the left engine and the nose cowl was 20 fect farther north. The rear fan case was split

at the 12:30 to 2 o'cloek position; the front flange was crushed rearward at the 4 o'clock
position. The upper and lower cowlings were attached to the engine.

The left engine main geardox had sustained a frontal impact with a right to
left direction of the impsct force which had partially disiodged the gearbox from the
engine. The fuel control! unit was separated from the fuel pump and gearbox. The
gearbox right mount was shattered, and the right side of the gearbox was badly damaged.
The cross shaft was partially dislodged- The linkages associated with the power lever and
fuel control shutoff valve were bent and broken precluding an accurate determination of
the preimpaect positions of those controls.

Most of the first stage fan blades were fractured at the airfoil root. The
fracture surfaces revealed no evidence of fatigue. First stage blade tips were rolled over,
consistent with the effects of relatively high rotor speed at impact. The second stage
blades which remained in the disk were bent opposite the direction of rotation of the disk.
Likewise, the {ifth stage blades were extensively bent opposite the direction of rotation
of the f{ifth disk. The amount of compressor rotation, which corresponded with blade
damage at the time of airplane impact or during engine impact(s), could not be
determined from the fan blade damage.

Oniy five third stage blades remained in the disk. Manv of the liberated fan
blades were found near the airplane impaet point, and others were found near the point
where the engine came to rest. The sixth stage blades all revealed evidence of tensile or
snear fracture. There were no missing seventh stage blades.

Fragments of aireraft insulating material were observed on the leading edge of
some seventh stage blades. Pieces of seat ugholstery (seat leather and foam) were found
jammed inside a fractured fan inlet guide vane. Three adjacent fan inlet zuide vanes had
blue paint smears and one vane had white paint smears. These paint smears were
ecnsistent with the girplane fuselage color scheme.

In the eighth disk, 29 blade roots remained in their slots: all other blades were
liberated. Many outward perforations were observed in the intermediate case rear inner
duct in the plane of rotation of the eighth and ninth swage rotors. Eighth and ninth stage
stators were found impacted into the shroud.

Some of the eighth and ninth stage blades exhibited evidence of high stress,
low cycle, reverse bending fatigue adjacent to their platforms with multiple orizins on the
convex and concave airfoil surfaces. These fracture surfaces were typieal of the
fractures referenced in the Pratt & Whitney JT8D Engine Repair Manual. (See
appendix H.} A Pratt and Whitney Product Support Engineer testified that the fractures
described in the maintenance manual were a result of improper engine reversing on the
ground, which in turn had caused compressor stalls. However, he testified to one
exception where such damage was found after a blade root failure. He said that Pratt &
Whitney was not aware of any incident where it had occurred secondary to compressor
stalls which had occurred in flight. The Pratt and Whitney engineer stated that any
engine which was subjected to repeated stalls over an extended period of time, could
produce such damage. He testified that in accident investigations, such damace had not
previously been found 1o have occurred secondary to ground impsact when an engine had
previeusly been operating at high rpm.
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A halled-up, marble-sized piece of titanium allov, which was identified as an
eighth stage blade root, was jammed between two adjacent stator vanes in the 1lth stage
stator assemblv. No other compressor blades exhibited similar deformation. An
unidentified airfoil section, which resembied part of a blade from the high pressure
compressor, was trapped between the eighth stage stator support rail and a slightly
bucikled section of the rear skirt. Sharp rotor blade imprints were observed on the trailing
edge of the fifth, seventh, and eighth stator assemblies.

The left engine burner can domes, fuel nozzles and transition ducts, and first
stage turbine vanes and blades contained titanium-based alloy splatter deposits. The vane
airfoils and blades did not exhibit evidence of overtempers.ure operation.

The left engine examination revealed no evidence of bird ingestion. Neither
was there any ingestion of dirt or leaves within the engine. The main fuel shutoff valve
for this engine was 80 percent open. The thrust reverser was found in the stowed position.

Cocxoit Indications.--The majority of the cockpit instruments, indicators,
lightbulbs, and control levers were too badly damaged to reveal mesningful information.
A flight director indicator indicated a 60°right bank and a 10°nose-low attitude. The left
and right EPR indicators indicated 0.8 and 0.88, respectively. Dore reliable EPR
indications were obtained by examination of the EPR transmitters, revealing gear train
positions consistent with 1.35 and 0.95 EPR for the left and right engines, respectively.

The rudder trim Knob was intact on a section of the control pedestal and was
found in the ! unit left position. A scrateh mark was noted on the indicator scale at a
position between 1 unit left and the neutral position. The aileron trim wheel on the same
pedestal was in a position of about 1 unit left wing down.

1.13 Medical and Pathological Information

Postmorte n examinations of the airplane occupants were conducted by the
Medical Examiner of AMilwaukee County, Wisconsin., No evidence of disease processes
whien would have affected the sbility of the cockpit ecrewmembers to operate the airplane
were identified. The cause of death of all vietims of the erash was reported as "multiple
meassive injuries to the head. torso and extremities." Tissue samples from the two pilots,
one flight attendant, and lwo passengers wevre submitted for toxicological testing.
However, the tissue samples were contaminated with fuel and other substances, which
rendered the results of the toxicological testing meaningless.

1.14 Posterash Fire and Emergency Response

The wreckage revealed no evidence of in-flight fire. Evidence indiested that
any fire associated with the right engine was contained within the engine. N1G0ME
exploded following impaet and was largely consumed by the effects of a posterash fire.

Crash/fire/rescue {(CFR)} response was effected by the Airport Fire
Department, the 440th Air Force Reserve Fire Department, the 128th Air National Guard
Fire Department, the Milwaukee County Sheriff's Department, the Oak Citv Fire and
Police Departments, and the Milwaukee County Fire Department. Firefichters witnessing
the events immediatelv preceding the crash began to launch the 440th Air Force Reserve
Tactical Airlift Wing Tire Department at 1521 before their official notification. Air
teaffic control towe: per:- anel notified the Airport Tire Department at 1522, triggering
the airport's emergency ian. Response to the crash site was prompt and orderlv with the
first units onsite and diseharging fire extinguishing agent at 1524, There was no diffieulty
reaching the crash site and sufficient equipment was available to extinguish the posterash
fire. The principal fire area and wreckage had been cooled down by firefighters by 1528.



1.18 Survival Aspec.s

Impaet forces and the posterash fire destroved the aireraft, fragmenting the

cockpit and eabin and resulting in a4 nonsurvivable environment. Likewise, the seals were
ﬁ"agmente” and showed wxdesoweau evidence of omnidirectional loading. Primary loading
on the seat legs was to the rw‘lt.

1.16 Tests and Research

1.16.1 Engine Parts Trajectory Information

The parts which had been ejected in flight from the right engine and which
were founc on the airport were identified and their lccations were plotted on an airport
diagram. The identified parts included sbout 80 percent {oyv weight) of the failed right
engine 3-10 high pressure compressor spacer, thirteen 9th stage and twelve 10th stage
compressor rotor blades, part of the compressor stator sssembly, eompressor vanes,
compressor vane shroud, and a smail (2- by 2-inch) piece which appeared to be engine
cowling. The weight of the nine spacer pieces found adjacent to runwav 19R weas 2.16
pounds with the largest single spacer piece weighing 1.03 pounds. The weight of the
unrecovered 9-10 spacer pieces was about 0.3 pound (the difference between the total
weight ¢f an intact P/N 482178 spacer and the weight of the recovered spacer piecesh.
This would include any material ground away during the rupture and ejection of spacer
parts from the engine.

The exit velocity and initial exit angle of ejected engine parts were assumed,
based on the tangential velocity, as 2 result of rotational speed, spacer diameter, position
of the hole in the engine, and on Pratt X Whitney experience with other e;ex.tad engine
parts. Research on types of rotor failure and characteristies of fragments 18/ revealed
that when a fragment is ejected from a high speed lurbojet engine and passes through an
engine casing, it may be deflected from its initial path. Howe ', the resesrch revealed
that the deflection causes a loss of energy which is absorbed by the materizl which
deflects the part. The deflection is equally likely to De in an axial or eireumferential
direction. (See figure 2.) The author reported that observations of damage to
surroundings, which were subjected to uncontained turbine engine psarts, show heavy
fragments 1o remain within 5° of the plane of the rotor. (See figure 3.) GCreater
deflections have been recerded with lighter fragments, but deflections at greater angles
tnan 33° result in the fragments losing virtually all of their energyv. The report assumes
that in striking the case of an engine, a fragment loses the component of veloeity
perpendicular to its final line of flight, a decelerating impulse induced by {riction between
the fragment and the casing.

Ueatt & Whitney representatives testified at the public hearing that their
exp~rience had shown that the initial trajectory of uncontained rotating turbojet engine
narts may be estimated by assuming that the parts (or fragments thereof) were initially
ejected tangentially from their previous plane of rotation, through herles in the case and
cowlinz. This is consistent with the aforementioned research findings. The initial
trajectory path may be estimated by aligning a straight object, such as a broomstick,
through the hole in the engine case fron wh:cn the parts were eilected, to the cuter
diameter of the spacer or rotor that failed (the ™roomstick™ method). Prati & Whitnev

187 TAeCarthy, D., "Types of Rotor Failure and Characteristiecs of Fragments,” An
Assessment of Technology for Turbojet Engine Rotor Failures (Massachusetts Institute of
Technology, March 28-31, 1977).
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Figure 2.—Deflection path of uncontained engine parts.

reported that its previous service history of uncontained compressor soacer failures in
JT8D-T and JT8D-1 engines revealed that in incidents where the fuselage was pene.rated
by ejected spacer pieces, the holes in the fuselage were nearly directly in line with the
penetrations of the engine case and tangent to the outer edge of the failed rotating part.

Using the broomstick method and relying on the Pratt & Whitney service
experience, the initial trajectory of the ejected right engine spacer pieces was determined
to be at an angle of about 20°to the right of vertical, away from the fuselage. Based on
the calculated elimb performance of N100ME (50 feet per second) before the right engine
failed, the piteh attitude of the aireraft was determined to be 12° nose-up at the moment
of the failure. The engines of the DC-9-14 were mounted to the engine pvlons at another
3° nose up. Tnus, the ejected engine parts were assumed to have a rearward component,
based on the rearward alignment of the engine, 15° nose-up horizontal. A wind factor,
based on g wind from 220°at 17 knots, was assumed.

The recovered spacer and compressor blade parts were measured to determine
drag reference areas, using a factor of 0.635 20/ to allow for tumbling of parts. Thus. the
drag reference areas for the largest spacer part, weighing 1.03 pounds; a smaller spacer
part. weighing 0.07 pound; and a compressor blade piece, weighing 0.035 pound were
determined to be 0.138, 0.03, and 0.019 square foot, respectively. A flat plate drag
coefficient of 1.0 was assumed. TFor the purpose of determining potential tangential
velocities, initial ejection speeds between 0 and 800 feet per second {{ps) were considered.
(Pratt & Whitney determined that the rim tangential velocity of the operating high
pressure compressor spacer had been 800 fps.)

20/ A tumbling rectangular object presents an average frontal ares of 0.635 times {the
side 1 plus side 2 area).
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The heaviest part would have been most =nsitive to the exit veloecity an(}
angie. The lighter parts would have bSeen more sensitive to wind factors. It was found
that the predicted central point of ground impaet would have been about 400 feet

rearward and 200 feet left of the aircraft at the time the parts were ejected from the
right engine, assuming that the parts were ejected while the airplane was about 450 feet

z00ve the ground, left of the runway centerline and at 138 knots. The calculated ejection
point was consistent with the point at which parts were determined to have been ejected,
Dased upen the timing of the "clunk” on the CVR tape; the correlation of FDR, CVR, and
recorded radar data; and the locations of the recovered engine parts.

The Safety Board explored the possibility that engine parts which were not
recovered might have either struck the airplane and been deflected or striex and
penetrated the airplane. It was found that exit veloecities would have had to be
substantially reduced to 60 to 130 fps for fragments to assume trajectories which wou.d
allow them 1o strike the horizontal stabilizer a grazing blow at a 13°to 16° impact angle.
Exit veloeities required for parts to strike the vertieal stabilizer near the rudder hinge
lire were determined to De in the order of 35 to 70 fps, resulting in an impaet angle of 4°
to 6% A Pratt & Whitney engineer testified at the public hearing that his caleulations
revealed that if parts were deflected enougn to allow them to strike the fuselage, the
resultant impact would have had a perpendicular component (into the fuselage skin) of
about 10 mph. A consultant for Midwest Express Airlines caleulated that, for either the
i1-pound spacer part or for a 0.835-pound compressor blade part to have struck the
fusalage at 90 fos, it would have been necessary for the parts to have been ejectad from
the engine with an exit angle 63°left of vertical {85° left of the initial ejection angle).

1,16.2 Containment of Engine Psrts

The research also addresses a dilemma related to engine design. That is, %o
contain fragmenting engine parts, engine casings strong enough to contain the highest
energy fragments would be required. This, however, would require a generally
unacceplable weight penalty, would create problems of thermal lag in the ecasings, and
would substantially inerease the loads on engine mounts.

The resezrch indizcates that the energy of a failed engine part, that bulges but
does not rupture an engine casing, is transferred to the easing. The addition of the energy
from a second part also would be transferred to the case. If the second part struck the
same point, additional energy would be absorbed at that par{ of the ecase, possibly
rupturing the casing. The release of muitiple blades (for example) may be assumed to be
released singly or in groups and the resultant impacts of those parts against the engine
casing may oeccwr sglmost simultaneously within & small target area. Thus, the
containment or noncontainment of engine parts is dependent upon the number, size, and
weight of the parts; the relative dimensions of the engine casing; and the rotationsl
velocity of the parts.

1.16.3 JT8i) Removable Sleeve Spacers

Removable sleeve high pressure compressor spacers have been used in Pratt &
Whitney JT8D engines for more than 20 years. Spacers are installed at six loeations
within the high pressure compressor of every JT8D engine. The removable sleeve spacer
consists of a spacer (similar in shape to a barrel hoop and designed to separate and align
compressor disks) and 12 press-fit tubes through which tie-reds pass to align and maintain
the integrity of the entire compressor. The 9-10 spacer includes two knife edges,
extending from pedestals on the outer circumference of the barrel (or hoop) and which
provide a rotating air seal between the spacer and the stationary seal land. (See ° o ure 1)
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Pratt & Whitney service history has shown that rupturc of the removable
sleeve spacer usually resuits from cracls which may initiate from stress corrosion, stress
alloying, and corrosion pitting of the spacer barrsl adiacent to removable sleeves, and
irom contact between the knife edge and the stator stationary seal land. The most
common crack source has been «nife edge cracks that propagated through the pedestsl

and led to failure in the spacer barrel. Pratt & Whitney reports that friction associated
with Knife edge rubbing produces heat that initiates fatigue eracks in the knife edge.
Many of the knife edge ecrack-initiated ruptures ! ive been atiributed to inadequate
inspection or repair during compressor module overhaul. All of the uncentained spacer
failures to date have reportedly involved the removable sleeve design.

Pratt & Whitney records revcaled that 45 removable slevve spacers had failed
in JT8D engines before the September 6, 1985, Midwest Express accident. Twentv-six of
the irecidenis resulted in the in-flight shutdown of the affected engin:, and 7 incidents
resuited in penetration of the cowling by ejected spacer parts. Five ¢f the incidents
which invelved cowl penetration alse resulted in spacer parts penetrating the fuselage.
Only one case where spacer parts penetrated the fuselage involved « DC-9 airplane. Two
additional failures oceurred in a Pratt & Whitney test cell. None of the previous
incidents resulted in loss of »n aireraf™ or caused any injury.

In early 1980, Pratt » Whitney conducted eyelic spin testing of a 7-8 stage
spacer {rom a JT8D engine to generate data on knife edge crack propagation rates in high
pressure compressor spacers. The test was conducted at a temperature of D4G°F,
approxXimately the normal operating temperature of the spacer. The spacer was subjected
to stress Dy repeatecly cycling from 1,000 to 12,600 rpm to simulate engine stress
eyeles. 21/ Four saw cuts with depths of 0.011, 0.071, 0.135, and 0.297 inch were made in
the knife edge and pedestal so that propagation rates for different zrack lengths could be
generated simultaneously. The spacer was subjected tc a total of 5,000 test cyeles. Data
collected from the test allowed Pratt & Whitney to study the nature of crack propagation
from knife edge initiation and to predict cyeles from erack to rupture in other spacers.

The cyclic spin test disclosed that a 0.010-inch long (10~-mil) erack in the knife
edge would typically propagate through the knife edge to the top of the pedestal {which
supports the knife edge) in about 15,000 cyeles. The data showed that the crack typically
would progress through the cyiinder wall in an additional 7,000 ecyeles, and then would
progress axially until rupilure of the spacer barrel in about 1,000 additional eveles. Thus,
such & crack would progress from a8 10-mil length in the knife edge to rupture of the
spacer in about 21,000 cyecles. According to Pratt & Whitney, before rupture, the spacer
barrel may defiect into the stator seal land and {requently results in abrading away the
xnife edge and removing the original erack. The ruptured spacer then separates into
segments, which may exit the engine.

The cyclie spin test indicated that a 10-mil crack originating in the cylinder
wall tvpieally required 25,000 cyecles to become a cylinder-through-era_%, and then
another 1,000 cveles to rupture. (Pratt & Whitnev evelic spin test results are shown in
figure 4.) In each example, & 10-mjl erack was assumed as the initiating erack length.

Pratt & Whitney reported that the growth of spacer knife-edge oracks is
retarded when the cracks Legin to propagate into larger cross sections. The spin test
showed that about 3,000 cycles are needed to progagate s knife-edge crack from the thin
knife edge to the thicker pedestal section of & compressor spacer.
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Bared upon an analvtical model developed from the 1980 eyelie spin pit data,
Pratt & Whitney concluded that, at approximately 3,000 test eycles before {imminent)
rupture of a 7-8 stage spacer, a fatigue craek initiating in a knife edge wouild have
extended to a length of at ieast 0.20 inch. A crack of this size would extend through the
kKnife edge and into the pedestal in either the 7-8 or 5-10 stage spacer. Pratt & Whitney
calculated a erack growth rate equation for a 9-10 stage spacer based on the 7-8 stage
data and the known differences in operating temperatures and stress. The calculation

indicated that a knife edge crack would be 0.33 inch in length about 3,000 (test) cyeles
before rupture of the 2-10 stage spacer.

Minimum crack length detection limits are dependent on operator technique
and experience, the cordition of the inspection equipment and other variables. During the
cyclic spin test, crack extensions of 0.048 to 0.045 inch were detected using {lourescent
magnetic particle inspection {FMPI. Pratt & Whitney recently gathered unrelated field
data (from airlines and repair stations) on FMPI of bolt hole cracks in 10th stage disks
which were composed of the same material as the spacer. These data also indicated that
cracks 8.045 inch in length within the bolt holes could be detected using FMPI techniques.

1.16.4 Metallurgical Examination of Airceraft Parts

Nine pieces of the right engine 9-10 spacer, pieces of the aft fuselage and
empennage sKin, broken left engine eighth and ninth stage compressor blades, control
cables, and the rudder pedals were examined .i the Safety Board's Materials Laboratory.

Right Engine - 9-10 High Pressure Compressor Spacer.--All of the spacer
pieces were heavily deformed and contained areas of rust-eolored oxidation products as a
result of exposure to the environment after release from the engine. The corrosion was
neaviest on the inside diameter of the barcel of the spacer.

Many of the spacer piece f{racture surfaces were oblitersted by secondary
damage. Those fracture areas not damaged were, with one exeception, tvpical of
overstress separations. The one fracture area which did not appear to be an overstress
separation was found on one end of the largest spacer piece. it was on a f{lat axial plane
through the rear Knife-edge pedestal and a portion of the adjacent barrel. Near the
fracture, heavy rotational wear had compiletely eroded the forward knife edge and
pedestal, had progressed completely through the barrel between the pedestals, and had
eroded a portion of the rear pedestsl. Heavy corrosion deposits, which extensive cleaning
could not totzlly remove, were found on the flat axial fracture area. However, there was
a gently arcing boundary between the flat axial fracture area and a shear lip region
adjacent to the inside digmeter of the barrel. The flat plane of cracking in the flat axial
zone and the gently ercing bhoundary were consistent with progressive cracking which
initiated in the rear kKnife edge or pedestal and progressed inboard. A metallographic
section through the flat axisgl zone reveale’ no evidence of branching cracks, such as
those associated with liquid metal embrittlen.ent.

Numerous small circumferentially aligned cracks were noted in various spacer
osieces in the barrel, between bleed air holes. A metallographic section through one area
with a signficant number of these cracks revesled that some cracks were filled with
nickei. Niekel and cadmium are used {o plate the parts during rework to prevent
COrrosion.

In many areas on the spacer, the snap surface nickel cadmium layers had
debonded the underiying steel. The debonded areas could easily be extended by pulling on
the glready tree portion of the nickel cadmium layers. A very small amount of cadmium
was deteeted in the freshly debonded arzas. No defects were found on metallographic
sections through the snap surface areas which were not debonded.
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Aft Fuselaze and Tail Damage.--Damaged areas of skin were examined to
determine whether the dama,_. was produced by ejected right engine components. One
damaged area in the vertiea] stabilizer had been penetrated from the insic¢~ toward the
outside of the stabiiizer, indieating post-impact damage; thus, no furth. work was
warranted on this sample. Of the remaining samples, each contained a scrape mark 2nd
some contained skin penetrations, aithough there was no evidence that parts had passed
through the skin and entered the airplane. All of the serape marks were consistent with
an object striking at a very shallow angle to the surface of the skin and  were
aporoximately aligned horizontally in the direction of airplane motion or air flow. Trace
amounts of eadmium were detected in several scrape areas; however, no evidence of
niekel was found.

Tests were conducted to determine the tvpe of metal transfer whieh might
occur when a spacer part contacted the aluminum alloy airframe strueture. Skin sections
were struck against sherp 90° exterior corners of a 8-9 stage spacer section. Analysis of
the contact areas revealed the presence of a significent amount of cadmium (from the
nickel/esdmium surface layer on the spacer). Only a very small amount of niekel was
transferred to the skin surface. The tests did not conclusively determine whether a
spacer part impacting a skin area at a shallow angle, would leave behind traces of
cadmium without leaving behingd traces of nickel.

Therefore, the Safety Board could not determine from the metallurgical
examination whether spacer parts had produced any of the cbserved airframe damage.

Left Encine - Eighth and Ninth Staze Compressor Blades.--Examinatien of
broken eighth and ninth stage compressor biades revegsled that many bilades contained high
stress fatigue cracking features over mueh of the fracture area. In all eases, there was
evidence that faticue cracis initiated near the blade root, from multiple crigins on both
the concave and convex sides of the blade airfoil section. No evidence of a preexisting
defect was found in the initiation areas.

Controj Cables.~-The control cables from the rear of the aircraft were
examined for evidence of ground impact damage or metal transfer associated with niekel
eadmium-~plated parts. Many of the fracture surfaces had been damaged but only one
damage area contained traces of cadmium. Howevor, the amcount of cadmium was
insufficient to allow the Safety Board to conclude that the cable had been struck by a
cadmium-plated component because exposure of the ecables to ground fire could have
deposited residue with cadjum coneentrations cemparadble to that found.

Rudder Pedals.-~Because of & previous history 22/ of rudder pedal support arm
failures, the Safety Board examined the rudder pedal assemblies in its Materials
Laboratory. The examination revealed that all portions of the rudder pedal asscmblies
had been subjected to heavy fire damage. Even after cleaning. the frecture 2reas on the
captain’s and the first officer's left rudder pedal support arms were partially obscured by
heavy corrosion deposits and fire residue. The f{racturcs were rough in texture, similar in
apgearance and had occurred at virtually the same location on the assemblies. Although
no evidence of f{atigue cracking was discernable, the fracture mode of the pedal support
arms could not be positively derermined.

227 MeDonscit Douglas DC-9 Service Bulletin 27-208, issued May 29, 1981, and
Airwocthiness Directive (AD) 82-04-02, effective Mareh 21, 1882, were issued to reguire
pericdic inspections of the magnesium alloy ruddder pedal support arms to deteet possible
fatigue cracking that had resulted in past failures of rudder pedal support arms during
ground operations. Maintenance records for NIOOME revealed that the inspection
specified by the AD had been accomplished in August 1985 and that no cracks were
detected.
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1.16.5 Aireraft Performance Csaleulations

At the request of the Safety Board. Douglas Aireraft Company ealeulated the
takeoff and climb performance ¢f N100ME. The calculations were based on two engine
climb performance to 1,130 feet m.s.l., followed bv the loss of one encine and continued
elimb with varying degrees of thrust loss on the remaining engine. (The thrust loss from
the second engine was indicated in the CVR sound spectrum examination.} The
calculations revealed that if takeoff thrust had been 11,000 pounds {per engine), a loss of
aoout 4,000 pounds thrust from the remaining {left) engine eventually would result in the
pilot being unable to maintain level flight, although control of the sireraft could still he
maintained. These calculations did not assume any sideslip as a result of the initiating
engine failure.

The calculated initial performance of N100ME was consistent with a normal
.wo-engine operation of a DC-9-14 airplane. The actual liftoff was determined to have
occurred about 1.6 seconds beyond the optimum performance liftoff point. The calculated
gear-up, stabilized two-engine climb rate was consistent with a 12°piteh attitude. Climd
rate 4 seconds after the right engine failed was compatible with a normal transition to a
single engine operation.

Several representative ground tracks were developed from a DC-9
aerodynamic model using equations of force, moment, and motion similar to those used in
sirnulator models. The tracks were not representative cf the result of all possible control
inputs but were useful in arriving at a rough flight profile of the accident airplane.
Comparison of the tracks with the radar and FDR profile of the flight provided an
indication that right rudder may have been required to produce the rate of heading change
which was documented by the FDR.

The Safety Board used FDR airspeed datz to ecaleulate the distance traveled.
The FDR-indicated airspeed was corrected for sideslip by subtracting the airspeed error,
which was determined to be zero at FDR time 00:54 (1/2 second after the enzine failure)
and 14 knots stgrting at 00:39. Corrected airspeed was then converted to true airspesd to
which & wind component of 13 knots (at the runway) to 16 knots {(at altitude) was applied
to determine groundspeed. Groundspeed was integrated to vield distance traveled. {See
appendix F.) The 14-knot error was applicable until 1:0% FDR time, which was the end of
the CVR tape and the time of impact.

1.19.6 Fight Demonstration

Safety Board investigators interviewed DC-2 pilots regarding the single engine
flight c¢haracteristics of the DC-9-14 uirplane. MeDonnell-Douglas pilots stated that the
airplane had no unusual handling characteristics and that it did not require "exceptional
pilot skill" during single engine {light, even with the vaw damper disengaged. They
testified tnat the airplane was easily controllable (with control wheel input) after a
sadden loss of thrust from one engine, even without the use of rudder to compensate {or
-awing of the aireraft. Other pilots, however, advised the Safety Board that the DC-9
was a rudder airplane” and that prompt and correct rudder deflection was necessary fur
recovery from the loss of thrust, following an engine failure, particularly just after
takeoff. Some pilots also advised the Safety Board that the DC-9 had unstable
{ur Jamped) yawing motion with the yaw damper off, contrary 1o the MaDonnell-Douglas
testimony.
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The Safety Board learned that the available wind tunnel and flight test dat
were not sufficient to define the lateral dynamic response of the airplane following th
sudden loss of thrust from one engine at takeoff speeds. To resolve the questions, the
Safety Board conducted a flight demonstration using an FAA DC-9-14 airplane on June
11, 1986. The airplane was operated by FAA and MeDonnell-Douglas test pilots who were
qualified in the DC-9. Three separate procedures were used io duplicate a loss of thrust
from the right engine:

a
a
2

(1) Slowly recueing thrust by retarding throttle and compensating for
vaw with appropriate rudder deflection. {At steady flight, the
rudder was quickly returned to neutral.);

{2} A rapid throttle chop beginnning at takeoff power (with no rudder
input to correct for yaw); and

(3) Reduction of thrust by shutting off the fuel flow at takeoff power
{with no rudder correction).

In each test, takecif power was maintained on the left engine. The maneuvers
were performed with the landing gear up, with 20° flaps, and at speeds consistent with the
Midwest Express flight profile. Ths plan was to demonstrate a sequence of flight
conditions which were considered progressively more severe. The initial demonstrations
were performed at about 10,000 feet m.s.l. to allow an appropriate safety margin. Later
demonstrations were condueted at sbout 3,000 feet to allow a greater thrust differential,
more closely dupliesting portions of the aceident flight after it had been demonstrated {at
10,000 feet) that the airplane handling was docile. The pilots used preplanned flight test
cards which outlined precedures which were practiced in the same Republie Alrlines
DC-9-10 visual flight simulator that was used to train the Midwest Express pilots. The
flight was documented with the CVR, FDR, and a high quality audio recorder {{for engine
sounds) and & videotape {cockpit instruments). Rudder and contro! wheel deflection also
were measured. Because of the doecile nature of the airplane during the initial tests, onlv
7 of the 11 planned demonstrations were necessary to obtain meaningful data.

In the fir.® set of demonstrations, during vawing motion (which resulted from
engine-out operation), indicated altitude rose about 30 feet and the indicated airspeed
rose ebout 3 knots. A corresponding 8° to 9° left rudder deflection was required to offset
the asymmetrical thrust condition which caused the sideslip. A 23° to 30° left wheel
deflection {aileron input) was regquired io maintain & near-wings-level atiitude with the
rudder neutral, although slightly greater deflections were used as the roll rate was
initially arrested. (Full control wheel deflection i3 in excess ¢f 90°% Full rudder
deflection is about 37° at speeds below 176 Knots.}

The throttie "chop” demonstrations resulted in = finel vaw angle of 7° 10 8°
attained in sbout 4 seconds with the vaw damper off. With itz vaw damper on, the vaw
angle was reduced slightly. The engine pressure ratio had decreased (o its lowest jevel in
about 110 1 1/2 seconds. About 30°of sontrol wheel deflection was required to maintain
neutral roll attitude (with rudder neutral) after the throttle chop. There were no
significant differences Deiween the throttle chop demonstrations and fuel cut
demonstrations.

In ona series of demonstrations, the girplane's response to the absence of both
aileron and rudder control input (following a simulated engine failure) was documented.
With the rudder demper on or off, a 30° roll ancle was reached in 7 to & seconds. When
the pilot pushed forward slightly on the contrel yoke, the pitcir angle dropped from 15°
nose up to 10° nose down. With no control voke movement by the gi:ot, the piteh attitude
changed from 10°up to about 3° downward. Recovery required 90° of contrsl wheel input
for 1 second in the first case a~d for 3 seconds in the latler.
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The results of the fiight demonstration showed that at 170 knots and with the
ioss of thrust {rom the right engine:

(1) The airplane was easily controllable without the use of rudder
deflection;

{2) The yaw damper had little effect on the sirplane motion and was
not essential for recovery;

(3) At greater thrust levels, the airplane incurred a heading change of
8°to 18°in 3 to 4 seconds; and

(4) Static pressure error due 1o sidesip was demonstrated and was
consistent with the static pressure error data provided by the
Douglas Aireraft Company.

The flight demonstration pilots reported that the eairplane performance in all
of the demonstrations was docile and easily controliable after a sudden loss of right
engine thrust at 170 knots, even without rudder input or yawv damper action. The airplane
performance, which was documented by the flight demonstration, was consistent in all
respects with the gpplicable certification standards.

1.3%7 Additional lnformation

1.17.1 Aporoval and Surveillance of Midwest Express Pilot Training

The FAA's Flight Standard Distriet Office (FSDO) 61, in Milwaukee, Wisconsin,
had primary certification and surveillance responsibility for Vlidwest Express Airlines. As
of July 1985, FSDO 61 held 52 air carrier certificates. including 3 FAR 121 operators and
49 FAR 135 operators. Also, the FSDO had surveillance responsibility for schools and
repair stations, and other general aviation activities. The Prineipal Operations Inspector
{POI), who was assigned to Midwest Express Airlines, also was responsible {or two other
FAR 121 certificate holders, Midstate Airlines and Basler Flight Service, but she was not
responsible for any other air carrier certificate holders. Because the POI previously had
served as a general aviation operations inspector (Aviation Safety Inspector, Operations),
she also conducted general aviation flight checks and stood accident standby duty. She
estimated that, in a recent 6-mcnth period, she had spent about 20 percent of her time
dealinz with her Midwest Express responcibilities. The POI testified that she had no
experience piloting jet aircraft and that she had received no formal training on the DC-9,
She said she kad about 7,000 hours of pilot experience, which was acyguired in gensral
aviation sircraft. The POI held Airidne Transport Pilot and Flight Instructor certificates.
She held a type-rating in the turboprop Shorts SD-3-30 Skyvan. She joined the FAA in
May 1976 and became an air carrier POl in 1984, She sattended an air carrier
indoatrinetion course in 1983 and a POI training course in August 1984,

The POI testified that it was not unusual for a POl to have ecertification and
surveillance responsibility over an air carrier operating sireraft in which the POI was not
quatified. However, she reported that she was not totally comfortable with the situation.
She was responsible for the initial approval of all Midwest Express operational procedures
and menuals and the pilot training program. To accomplish this task, she relied on FAA
DC-8 rated inspectors in neighboring FAA offices to review propased Vidwest THxpress
procedures and manuals. The POl stated that she had received verbsal assurances that the
manuals met FAA requirements {rom inspectors in those offices, and that based on those
assurances, she approved the procedures and manuals. There were no inspectors in the
Milwaukes F3DO who were gualified in the DT-8.
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The approval of the training program, which was to utilize Republic Airlines
instructors and facilities in Atlanta and a Republic Airlines DC-9-10 series flight
simulator, required that the POI also approve the use of the Republic Airlines flight

simulator. Because the POI had very limited exposure to flight simulators and no DC-§
training to effectively evaluate the suitability of the SImulator, she relied on the Republic

Airlines POI and, based upon his advice and a review of the curriculum, she approved the
use of the simulgtor. It was not a requirement that the POI be qualified on or have
special training in flight simulators in order to be responsible for approving the use of the
simulator. She determined that the training curriculum met ail FAA requirements and as
a result, gave initial approval to the training progra:m in April 1984. The POl said that she
gave final approval to the traiming program after the actual training was monitored by an
FAA inspector qualified in the DC-8.

The POI tesiified that she did not personally observe the Midwest Express pilot
training before giving final approval to the program. Subsequentlv, she said she cobserved
some initial, upgrade., recurrent, and emergeney training in the flight simulator. She
estimated that she had observed training in the simulator “onece every 2 months, or so.”
She reported that she had not observed any training or checeking in the DC-9 airplane.

At the Safety Beard's public hearing, the PCI demonstrated uncertainty of
some Midwest Express DC-9 operating procedures. When asked how erew coordination
could be tgught and practiced in the airplane, she stated that the Fiight Operations
Manual contained a general statement on the subject. When asked whether emergenecy
checklist callouts, such as "ilax Power,” "ignition Override,” and "Check Fuel System™
should be made after an engine failure on takeoff (at 450 feet a.g.1), the POl stated that
she would like to hear such call outs, but was not sure that they were reguired. The POI
did not think that a DC-92 pilot should be expected to verbalize "Engine Failure” if the
failure occurred at that point in the takeoff. When asked to comment on the statement
in the COM, "Anv crew member noting a potential or actual emergency situation will call
11 to the captain's attention,” the POI indicated that the statewment should not necessarily
e applied to the cited takeoff situation, a distinetion which is not found in the COM or
Flight Operations Manual. The POi said she had never seen anyvthing in writing about a
"silent cockpit” philosophy 23/ after takeoff, but in principle did not objeet to the ides.
She siated that she had not approved the concept.

The POl was asked by Midwest Express to reduce the 40-hour indoctrination
period in pilot training to 32 hours, hacause the instructors were intimatelv familiar with
the course material. She approved the request. The training curricula was also reduced in
other aress because of the experience and expertise of the instructers. and guality of
training aids which would be used at the Republic Airlines Training Center. When
Midwest Express advised the POI that the first officer on flight 165 had received the
necessary ground training for check airman and requested that he be evaluated as a cheek
airman, she arranged to observe him conduct a proficiency check, and then gualified him
as a check airman without checking his training records. The POl learned alter the
accident that training records did not reflect that the first officer had complated all of
the required training. She stated that she had never turned down a Midwest Express
request for program changes, and that she had not filed any violation action against any
Midwest Express pilots.

"31 “rSilent cockp;t" is & term coined at the Safety Board's publie hearing to describe a
per.od during which Midwest Express pilois were taught that it was unnecessary to
verbalize callouts or to identify the nature of emergency or sbnormal situations vhich
might oceur.
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The POI performed an en route check of the two pilots of flight 105 on
September 3, 1985. No discrepancies were noted by the POI on that en route check, nor
were any diserepancies noted on the other FAA en route checks involving those pilots.

1.17.2 Training at Rapublie Airlines

Republic Airlines, ine., had contractually agreed to provide Midwest Express
pitots DC-3-10 ground schoel, cockpit procedures training, and simulator and airplane
flight training. The decision to utilize the Republic Airlines training facility and
personnel in the training of Midwest Express pilots was based, in part, on the small size of
Vidwest Express, which operated only 3 airplanes and emploved about 25 pilots, includng
its cirector of operations, chief pilot, 2 flight managers, and several ¢hork airmen whe
were not full-time line pilots. As Midwest Express pilots upgraded their qualifications
with line check and recurrent proficiency check authorizations, Republic’s instructor
personnel were eventually reglaced in the simulator and f{light training programs.
However; the majority of the Midwest Express DC-9 training provided to the pilots of
flight 103, partieularly on abnormal and emergency procedures, was administerad by
Republiz instruetors in the Republic DC-39-10 visual flight simulator located in Atlanta,
Georgia. The captain received his initial and captain upgrade training from Republic.
The first officer received captain and check airman training at Repuplic after previously
receiving initial DC-9 training at USAir as an emplovee of K-C Aviation, the parent
corporation of Midwest Express Airlines. The cheek airman eurriculum included training
on appropriate safety measures to be taken from either pilot seat in emergency situations
which might occur in training, including the potential results of improper or untimely
safety measures.

The Repubiic Airlines instructor, who provided much of the ground, simulator
and flight instruction to both pilets, said he had not encountered any problems with either
of them. He reported that in a typical simulator training session, he gave perhaps three
or four simulated engine railures associated with takeoff where at least one oceurred
after V1, when a decision to continue the takeoff was warranted. He ssid that he
emphasized flying the iirplane first {maintain control) and then dealing with the problem,
followed bv communicating with air traffic control when time permitted. He alse said he
diseussed with students the indications of powerplant failure and that initial detection of
the failure would most likely come from yawing of the airplane.

According to the Republic Airlines instructor, a commoen mistake amons [ ilots
new to the DC-8 is to make improper rudder corrections after a simulated enginz failure
and to put too much reliance on aileron control {which could cause a dutch rell). He said
that he emphasized correcting the yaw with rudder first, and then applyving aileron as
needed. He commented that a student in the DC-9 visual flight simulator had to be sharp
to detect the yaw change because the yaw motion cue was not present in the simulator.
He said he taught that detection of the yaw could be sided by outside or inside visual
cues. For example, during & typical V1 engine cut in the simulstor, the outside visual
display would include runway centerline lights which would provide a visual cue rpiding tne
pilot in detecting and correcting for vaw.

The training at Republic Airlines did not speecifically address uncontained
engine failures or compourd emergencies not resulting from engine failure. The training
included a discussion of keeping cockpit conversation to 2 minimum after reaching 100
knots on takeoff. The instructor said that, based on the training he provided, he did not
believe any communication, inciuding identification of the engine failure or making
emergency checklist caliouts, was required after the right engine failure, until reaching
800 feet a.g.l. on the accident flight. He asdded that, if airspeed had been a problem,
however, he would have expected a eallout for "™Maximum Power,” which is one of the
items on the emergency checklist.
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1.17.3 Emergency Procedures, Enrine Failure After V1 (Takeoff Continued)

The Emergency Procedures section of the Midwest Express COM prov%des
standard operating proeedu es to follow in emergency situations. The COM emphasizes
that pilots should carefully perform the procedures {0 minimize error and that "erew

coordination is essential” in responding to emergencies. The COM reminds pilots that,
during an emergency, special care must be taken to “eontinue flyving the aireraft in
compliance with ... good {light operating practices.” The COM states that normally the
2aptain will initiate &n emnergency procedure; however, "any crewmember nholing a
potentia: or sctiunl emergency situation wiil eall it to the eaptain's attention.” Al pilot
crewmembers are required te be prepared to handle the emergeney duties of other pilot
crewmembers.

The COM ealls for the foliowing actions if an engine failure oceurs after V1:

o The pitot ¢alls “max power,” and with a positive rate of elimb on
the altimeter, the copilot calls "positive rate™;

ol The pilot will call "gear up--ignition override~-check fuel svstem™;
o The copilot then performs these actions;
] The pilot then eclimbs at VI until reaching 860 feet or VIGLO,

247 whichever is higher;

© The pilot then accelerates to V2 + 20 knots {for a 20-deg-=e {iap
takeoI{}, retracts the flaps. and continues aecelerating to en route
ciimd speed: and

) The engine fire/{ailure checklist can then be performed.

Both the Midwest Express CCM and Training Manuz] reming pilots t”‘at “on all
engine-out maneuvers, De alert on the rudder and heep the ball nea"‘i' ntered li.e.,
hea:_zmg constant] . Rudder trim shall normmally be used after clean u

Douglas Aireraft Companv recommends that when an engine fails after the
takeo.! decision speed 'V1), the rnilot should eall out “ignition ove*mde, " indicating to the
copilot that an engine feilure Fas been identified. The copilot normally monitors the
instruments and calls out any maifunctions to the pilet. If an engine fails after ¥1 and the
pilot does ot call for “ignition overcide.” Douglas recommends that the copilot should eall

out "engine ailure” upon observing an indicated malfunction on the engine instruments.
Douglas tegctes this philosophy 1o ensure that the crewmembers coordinaste metivities
during a c:'mcal phase of {light and that they accomplish the onlv task necessary to the
engine operat &t that time; namely, switeching to "ignition cverride.”

ﬁT SIGLD is ihe minimum altitude at which the sircraft should be leveled off o
coﬂimete the engine faillure transition and to assurc clearance of obstructions in the
takeoff path. Standard MGLO for the DC-S (Midwest Express} is 800 feet.
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Douglas teaches pilots that keeping control of the aireraft is paramount. This
effort includes maintaining wings level {with enough rudder control input to counteract
the asyvmmetrie thrust eondition) and constant heeding. The elimb is continued and "gear-
up” is called after the "positive rate" call by the copilot. Airspeed of at least V2 is
maintained (single—engine climb speed) until the gireraft is elear of obstacles or until the
acceleration height is reached, at which time the aireraft levels off. The flaps are
retracted on the appropriate schedule and the aircraft continues accelerating to the
single-engine en route climb speed or a minimum of 1.5Vs (50 percent above the stall
speed) if it remains in the local area. The engine failure checklist is then performed per
the Douglas Flight COAM.

At the Safety Board’s public hearing, the Midwest Express chief pilot ancé a
Repudblic Airlines flight instructor, who had instructed Midwest Express pilots, testified
that MiZvest Express pilots were taveht in troinirg, per company policy, not to meke
unnecessary verbal comments, including identifyving or deseribing the nature of an
emergeney octurring on takeoff, during the interval between the attaining of 160 knots on
takecif roll until reaching 830 feet or MGLO altitude. The Midwest Express chief pilot
siated & concern that such communication as identifieation of z failed engine during that
interval constituted unnecessary communication which might distract or misiesd the pilot
who was {lying the aireraft {particularly if the emergency was misidentified). The
Republic Airlines instructor stated that ever the emergency callouts of "Max Power,”
“kmnition Override,” and "Check Fuel System™ should not be made if an engine failure
occurred on takeoff after sear retraction and before reaching 800 feet or MGLO. The
Nidwest Express chief pilot explained that his company viewed the takeoff emergency as
ane that could be dealt with according to the eriticality of the precise phase of flight.

Besause the interval from V1 to gear retraction was considered most critieal,
no latitude with regard to interpretation of emergency procedures was allowed during that
phase of the takeoff. The chiel pilot stated that after gear retraction the reduced
criticality of the situation allowed the crew the luxury of delaving any action other than
flving the sireraft safely to 860 feet or MIGLO, at which time the crew could diseuss the
situation and take aporopriate sction. This variation in how to respond to engine failure
on takeoff emergencies was also expressed by the Republic Airlines {light instructer.

Boinh the Midwest Express chief pilot and the Republie Airlines instructor
testified that they would not have expected the crew of {light 105 to have made any
emergency callouts before reaching 300 feel or MGLO, in zecordance with the “silent
cockpit” shilosophy. The Republic Airlines instructor said his company does not put as
much emphasis on this subject zs Midwest Express but limits communication to the
essential during criticel phases of flight.

A poliey consistent with such training was not stated in the Midwest Express
C-23 Flight Gperations Manual, the COM, or the Training Manuai. YHowever, the COM

states:

Twring an emergency condition, non-essential conversation will be kept
to & minimum. This ensures the Ceplsin’s commands are heard and will
ehiminete any needless distractions which may interfere with flying the
aircraft and executing procedures. ATC notification and communication
should be accomplished only after the emergeney is under control.

e Flight Operations Manual states that all crewmembers are responsible for bringing to

~he attention of the other corewmembers, particularly the pilot-in-command, any
eondition, occurrence or malfunction which may affect the safety of the flight. It stales:
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Crewmembers shall never assume that other crewmembers are also
awsare of such matters without verification.

Midwest Express Airlines holds its eaptains responsible for making all
necessary decisions in response to in-flight emergency situations. The captain will
designate the person responsible for flying the aireraft. A cheek airman, who is assigned
first officer responsibilities on a fiight, shall perform first officer duties and does not
have the authority to assume control of the flight, barring extremc circumstances.
Nonetheless, in a formai submission of their views regarding the accident, Midwest
Express Airlines stated that the first officer, who was also a DC-@ check airman, would
have taken over if he thought he eould have improved the situstion. There was no
indication on the CVR that the first officer responded to the emergency cor assumed
controi of the flight.

1.174  DC-9 Flight Simulator Training

Flicht Simulator Developments and Limitations.~-In the last 25 veasrs,
signifizant advances in flight simulator technology have allowed the development of a
series of modern flight simulators which can be used as alternatives to the training and
cheeking of pilots and f{light engineers in air carrier aireraft. 1In fsect, the FAA reports
that most turboiet air carrier training and checlking sre now performed in flight
simulators, even though some simulator training is supplemented by training in the
aireraft. Today, the most advanced (FAA-qualified) flight simtlators accommodate all
pilat training and checking reguirements. Some teaining is periormed in aireraft at the
optior of the ecarrier; in some ecases it is performed because FAA credits for certain
maneuvers are not authorized in the available {light simulators. Among the flight check
maneuvers that are permitted to be performed in visual simulators (in lieu of fiight cheeks
in the airplane) are engine failures at V1. Maneuvers which involve landings are not
aliowed for credit in visual simulators, but are permitited in the more advanced flight
simulators.

The responsibility for qualifying & simulator for such training rests with the
FAA National Simulator Evaluation Team {(NSET), which is composed of technical staff
and aviation safetv inspectors {pilots; who have had specialized training in the operation
of flight simulators. When an air carrier acquires or upgraces a flight simulator for use in
teaining, NSET is obligated to examine and cualify the simulator before it can be used for
training. NSET then gdvises the FAA POI@ with regard {o capability of the referenced
simulator. The POI has the option of approving or rejecting the use of the simulator based
upon the overall training program needs and the capability of the flight simulator. For
example, the flight simulator used to <rain the pilots of flight 105 was qualified, then
periodically inspected and re—evaluated by NSET at 120-day intervals. The simuiator was
maintained by its owner/operator, Republie Airlines.

The capability of flight simulators to provide metion cues, from which pilots
learn to recognize and react to in-flight situations, can be generally divided into two
groups: those simulators having 3 degrees of freedom {def)} motion cues and those having
& dof. The first three motions are piteh, roll, and heave (a vertical motion). Nonvisual,
visual, and Phuse I flight simulators normally have 3 dof {unless they are baing upgreded
to 6§ dof for eventual qualification as Phase Tl simulators). Phases Il and TI (advanced)
flight sirmulators add lateral motion, yaw motion, and fore-aft {longitudinal) motion.

The primary differences between the motion cues provided by 3 dof end 6 dof
svstems are in the "onset” motion cues. The long term motion cues are slmost identical.
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Tor example, the long-term motion cue that would represent a lateral acceleration is
obtained by relling the simulator (for both 3 dof and ¢ dof) resulting in the occupant
sliding sideways, as if experiencing a lateral scceleration. The § dof system aczcucately
duplicates the "onset™ of acceleration by actually accelerating the occupant sideways.
The 3 dof system cannot do this. It can only roll abruptly, which when coordinated with
the visual and instrument cues can "fool” the pilot into sensing a lateral motion. Although
this method does not precisely duplicate the onset of acceleration, it does provide useful
Ques.

Aircraft provide kinesthetic, sound, and peripheral visual cues which are not
available in the visual simulator. Because of the lack of onset motion cues, training in a
flight simulator which has only 3 dof is somewhat less reslistie than training condueted in
& € dof simulator or in the aircraft.

Despite limitations in the ability of simulators to fully replicate the airplane,
simulators have received acceptance for air carrier training because of economic (fuel
and other airplane operating costs) and safety considerations. Training in the simulator
also can be wmore effective than training received in the airplane because fraining
maneuvers can be stopped, discussed, and repeated in the simulator and because
maneuvers may be safely experienced in the simulator that cannot be safelv practiced in
flight. Wind chear training, for example, could be very effectively taught in a simulator
Sut would not be demonstrated or practieed in the airplane due to practical as well as
safety considerations.

DC-9-10 series sairplane operators, if they wish to use a DC-9-10 series
stimulator, must obtain their simulator training in 3 dof visual simulators because
advanced {6 dof) simulators are not available for that series DC-9. This results in &
requirement that landing credits, which cannoi be obtained in the simulator, must be
acquired in the airplane. However, the practicing of engine fallure maneuvers on takeoff,
are authorized in the visual flight simulator.

Training Value of Motion Cues in Flight Simulators.--Witnesses at the public
hearing differed regarding the effectiveness of the 3 dof visusl simulator in teaching
recognition and response to an engine failure on takeoff. Pilots at the hearing testified
that the DC-9 simulator training was c¢ffective, even if some onset motion cues were not
present in the simuiator. They believed that & pilot's reasction to an engine failure on
takeoff was fundamental and shouid not require an abundance of cues. Two FAA flight
simulator experts stated that they believed that the 3 dof visusl simulator training was
effective. They elso stated that they believed that the time required for a pilot to react
to a loss of engine power on takecfl in the airplan= would not be significantly alteced, if
aitered at all, when a pilot's only previous exposure to such an emergency was in the 3 dof
simulator.

However, & human performance expert in the area of flight simulation,
testified that motion cues, which were not present in 3 doi flight simulators, were
importanrt in recognizing =nd reacting to an engire failure in an airplane after takeoff.
He said pilots react guickly to kinesthetic or acceleration motion cues {vestibular cues
which were missing in the simujator) becsuse they provide a more immediate indiestion
and, therefore, are more relevant alerting cues then are visual cues. He reported that his
experience had shown that, to be effective, simulator motion cues should match as
accurately as possible the motion cues of an airplane.

He reported that the DC-9-10 visual simulator did not accurately reproduce all
the motion cues that would be available in the airplane because of the sbsence of vaw
{from differential thrust) and deceleration cues. He suggested that if the flight 105 pilots
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encountered these cuss in the airplane, not having been exposed to them Qreviqx{sly in
training, they might have become confused and uncertain, affecting their ab1_11ty to
recognize and respond to the emergencey. He suggested that tc resolve the confusion and

uncertainty the pilots might have exerecised the controls, pessibly reaeting incorrectly to
the problem.

The Safety Bosard reviewed an extensive body of behavioral seience literature
regarding the value of high fidelity motion cues in simulators in providing effective pilot
training. The litera'ure was not consistent in this regard. Some studies 25/ present
persuasive arguments to support the conclusion that high fidelity motion cues are
essential to training for abnormal occurrences such as engine failures. However, other
studies indieated that high fidelity motion cues were not necessary for effective pilot
training. The authors of a recent study 26/ reported that no data existed which would
show that high fidelity motion cues were necessary for eivil transport operations. They
reported that training transfer studies conducied on general aviation and military flight
simulators did not support the assertion that high {idelity motion cues were essential. The
authors described a study in which Boeing 727 qualified pilots were used to evaluate the
effectiveness of a 6 dof Boeing 727-200 simulator. During the test, the 6 dof simulator
was reduced at times to 2 dof {unbeknownst to the pilots). The response of the pilots to
varicus seenarios, including an engine-out on takeoff which was simuiated about 5 seconds
after liftoff, was evaluated. At the conclusion of the studv, the pilots reported that the
simulator fidelity to the airplane was veryv good in all of the motion platform conditions.
The pilot rudder controi activity, in response to the engine failure, was not found to be
significantly different for the three motion conditions evaluated The authers reported
that the dynamies of the vehiele being simulated, pilot experience in the vehicle and the
simulator. and pilot pre-test attitudes and beliefs were all factors whieh mav have

effected the test results. However, based upon the conditions sampled, the authors
concliuded that complex (6 dof) motion platforms may not be necessary, and that limited

riotion capability of the simulator may be adequate for training purposes in manyv
airerafi.

dhe Republic Airlines DC-8 Flight Simulator Used by Midwest Express.—-The
Republic Alrlines DC-9-10 visual flight simulator was initially ‘:Awquahfxed for {light
trgining in 1966. The simulator was manufsetured by Singer-Link and is equipped with &
Vital IV, two~window visual system. The simulaior resembles the cockoit eonfiguration of
the Midwest Express DC-9-11 airplanes with minor differences which are addressed during
training sessions. The simulator has 3 dof motion cues. It contains & eontrol panel which
allows the instructor to insert indications of abnormal and emergency situations into the
simulated flight regime for training purposes. Emergency procedurea that have been
approved for the simulator include engine~out climb performance and sbnormal and
emergency procedures associated with takeoff and eclimb. In the simulator, engine
failures are reproduced as if by shutting off fuel abruptlv. ’

A review of maintenance records and a discussion with Republic Airlines and
FAA personnet revealed that the DC-8-10 visual simulator, used by the Midwest Express
erew in training, was modified after the accident, in Februarv 1986, to improve its lateral
handling engine-out characteristics to more closely approxXimate the performance of the

25/ Caro. P.W. "The Relationship Between Flight Simulator \lotion and Training
Requirements”, Human Faetors, 1979, 21, 493-501.

26/ Lee, Alfred T. and Bussolari, Steven R., "Flight Simulator Requirements for Airline
I‘ransoor't Pitot Training: An Evaluation of Motion System Design Alternatives." 19853,
Proceedmos of the IZE Second International Conference on S;mul&torc University of
Warwick, UK.
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airplane. The most significant changes involved adjusting the engine offsets from 14.2 to
6.8 feet. The yawing moment, due to rudder defleetion, was reduced by 36 percent. The
vaw damper trave] was reduced {rom 5° to 1.5% Republic personnel stated that the
simulator periormance now mstches the airplane. This view also was expressed by DC-9
test pilols who flew the simulator and then were involved in the Safety Boards flight
demonstration in June 1986.

The Midwest Express flight 105 pilots and all other pilots who flew the
simulator before these adjustments were made would have experienced more initial rolling
movement (simulating lateral acceleration) following a simulated engine failure than they
would with the simulator in its present condition. The rudder pedal feel would have
remained similar.

1.17.5 FAA Repair Station Surveillance and A.C.E.S. Incpection Procedures.

A.C.E.S. has specialized in JT8D engine repair and overhaul since 1977. The
company was moved to its current Miami, Florida, loeation in April 1982 to allow
expansion of the business. About the same time, the company's name was changed to
AeroThrust Corporation, but its ownership, management, and employees remained the
same and the company coniinued to specialize in JT8D engine repair. The company was
inspected at its new facility, found to meet ali applicable requirements, and recertified by
the FAA on May 12, 1982.

Surveiliance of AeroThrust is performed by the FAA FSDO in Miami. The
Principal Maintenance Inspector (PMI) assigned to monitor AeroThrust at the time of the
accident reported that his other responsibilities included four air carriers and six repair
stations. He said that he had similar responsibilities in 1981-82 when he had been
responsible for surveilling A.C.E.S. He reported that the Miami FSDO had sbout 28
maintenance inspectors in 1981. He said that FAA surveillance of repair stations was a
relatively low priority, unless a problem became known. In that event, he said tha priority
would be elevated and he would deal with the problem. The PMI said that he had not
encountered any serious problems at AeroThrust. His visits to AeroThrust were
admittedly infrequent, but he said there were no problems to warrant more frequent
visits. He also said that, although there had been an FAA requirement to document all
suen visits, the AeroThrust file did not contain records of all visits. Safety Board
investigators reviewed the Miami FSDO file on AeroThrust and found that there were
infrequent visits to AeroThrust (typically not more than three per year before the
Midwest Express accident), and that there were no documented visits from
November 2, 1979, to November 5, 1981.

FAA PMI responsibilities regarding repair stations are contained in FAA
Order 8300.9. Inspectors are responsible for determining the qualifications of applicants
for Air Agency (Repair Station) Certificates by examining the fscilities and evaluating
company personnel. Also, inspeciors are required to inspect periodically the facilities to
determine continuing complianes with FAR 143 requiremsnts on an "as needad basis” at
the diseretion of the local distriet office. The order does not establish a frequency of
visit standard.

The PMI said that he had never seen any customer complaints about
AeroThrust work; none were found in the FAA {ile. He was not aware of any history of
spacer failures in engines overhauled by AeroThrust, and there were no records of any in
the FAA file.
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The only documents in the FAA AeroThrust file addressing the removable
sleeve type high pressure compressor spacer were correspondence between AeroThrust
and Air Florida in late 1982 and early 1982, and between the FAA and Air Florida, dated
Nay 3, 1983. Those letters were not critical of AeroThrust. The FAA letter advised Air
Florida to take action, "as deemed necessary" with regard to continued use of removable
sieeve spacers.

The FAA Miami FSDO performed a General Aviaticn Safety Audit (GASA) of
AeroThrust on November 16, 1984. All noted discrepancies were administrative in nature
and did not involve defective rework, inspection, or assembly of parts. However, the
report did not eontain a response to the questions:

1, Are supetrvisors and inspectors properiy trained and qualified?
2. Is the required training verifiable through company records?

The FAA inspectors who performed the inspection did not recail the 1934 status of
AeroThrust training records. They thought they had examined those records, but could
not explain why the GASA form was not completed to reflect the results of their
inspection. The followup to the GASA ipspection (reinspection of the noted diserepancies)
was not performed by the PMI until June &, 1985. At that time, all formerly deficient
areas had been corrected, although there was no record of foilowup with regard to the
eforemeniioned questions that were not answered previcusly.

The A.C.E.S. Inspection Procedures Manual, dated January 11, 1979, whieh was
in effeet at the time of the 1981 gpacer refurbishment, established the following
inspection standards:

{: ALl inspection personnel must be thoroughly familiar with all
inspection methods, technigues and eguipment used in their
speciality;

{b} 'They must maintain preficiency in the use of various inspection
aids;

(¢} They must be familiar with current inspection limits and
tolerances.

(d) Where magnetic particle inspection is used, the inspector must be
competent to properly interpret defects.

(e) Inspectors performing crack detection must have their vision
checked once a year.

FAA Miami FDSO personnel report that although the 1979 Inspeection
Procedures Manual did not specifically state that AeroThrust must maintain training files
on a8l of its inspection personnel, the FAA has required that such records be maintained in
the past so that repair stations may demonstrate with those records their compliance with
the provisions of 14 CFR 145.43. That reguiation requires repair stations to provide a
summery of the employment experience In the type of work being performed by its
inspection personnel. Another applicable regulation, 14 CFR 145.45, requires repair
stations to De thoroughly familiar with all inspection methods, techniques, and equipment
used in their speciality and to maintain proficiency in the use of that inspection
equipment. The 1879 Menual was subsequently revised in May 1985 and approved by the
FAA PML The manual now requires that AeroThrust maintain records of the training of
each employee. AeroThrust personnel and the PHMI reported that most training at
AeroThrust is conducted on-the-job, as was the practice in the past.



42—

The emplovee who performed the FMPI on the right engine 8-10 spseer during
its overhaul in Qetober 1981 had been an inspector with the company since 1966. A
company spokesman testified that the inspector was trained on-the-job by a Magnaflux
Corporation service representative in 1966, The Magnaflux service representative visited
the inspector weekly in 1966, but the visits became less frequent as the inspector became
more proficient. Magnaflux service representatives still inspect ammually the Magnaflux
H720 FMPI equipment for normal operation. The inspector's training record did not
refiect how he was qualified on the H720 equipment used bv A.C.E.S. and AeroThrust.
Alsg, AeroThrust records did not show whether the inspector’s vision was checked on an
anaual basis before 1981, consistent with the requirement specified in the Inspection
Procedures Manual.

The AercThrust H720 inspection equipment is inspected vearly; however, fluids
and blacklight used with the equipment are inspected monthly. The ammeter is checked
every 6 months. AeroThrust requires inspectors using the H720 equipment to check daily
that the =quipment is operating properly, using test pieces. Complete 720 Inspection
equipment records for 1981 were not available, although records indicated that the
blacklight was checked monthly and that the ammeter was checked once each § months in
1981.

There was no formal training program for FMPI (Magnafiux) inspectors at
A.C.E.S. in 198i. Also there was a general lack of written procedures in the shop in 1981
and as late as 1984. Company management said that detailed procedures in the shop had
not been necessary in the past because the workers nad specialized duties and kKnew the
necessary details of their jobs.

AeroThrust ané A.C.E.S. have twice requested shon reviews 27/ by Pratt &
Whitney (1980 and 1984). The shop reviews were reportedly not brought on by shop
deficiencies. The FAA was not invited to participate in these shop reviews nor was there
any reguirement for FAA participation. Neither was the current PMI aware of the shop
reviews until they were brought to his attention during the accident investigation. He
testified that had he known of the findings of those inspections, he would have been
obligated to investigate the matters further and to possibly take enforcement action
against AeroThrust to assure corrective action on some aof the cited deficiencies. A Pratt
& Whitney engineer who participated in the 1984 shop review testified that AeroThrust
was an avéerage or above average JTBD repair station, by comparison to other similar
facilities which he had inspected; he did not consider the AeroThrusi diserepancies noted
by Pratt & Whitney to be safety deficiencies. He said most of the items were noted w0
improve AeroThrust efficiency. He said that AeroThrust was more responsive to the
Pratt & Whitney recommendations than any of the other fecilities where he had
per formed such inspections.

1.17.6 Astions to Prevent Spacer Fractures

Following 11 fractures of removable sieeve spacers in 1979 and 6 fractures
which occurred in 1980, Pratt & Whitnev, in cooperation with the FAA, distributed a
series of "All Operator Wires™ and "All Operator Letters.” The letters deseribed the
fractures, identified typical erack initiation sites, and provided maintenance

27/ Shop reviews are inspections of JT8D or JTID engine repair facilities. including
Jisassembly, assembly, repeir, inspection, and test operations with the objective of
providing recommendations which might result in reduction of maintenance costs and
improved reliability of engines processed through the facility. Pratt & Whitney provides
this service, with confidentiality, at no cost to the repair facility.
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recommendations which were intended to prevent fractures. Pratt & Whitney also
conducted manufacturer/operator conferences for the purposes of increasing operator
awareness of the spacer failure problem and for disseminating new, more stringent
inspection and repair techniques for the spacer assemblies. During the same _peru_)d,
integral sleeve spacers (which did not require the press-fit tubes for alignment with tie-
rods% were developed for the 7-8 and 8-9 stages. The 9-10 stage integral sieeve spacer
had been introduced as a product improvement in 1972. Pratt & Whitney reccmmended
the use of the integral sleeve spacer, which had a better durabiiity and reliability record,
in an Al Operators Letter dated June 30, 1980. The letter stated, in part:

The excellent reliability record of integral spacers leaves no dox_xbt that
fleetwide retrofit of the removable sleeve type spacer with Integral
spacers is the ultimate solution to the problem of spacer barrel fracture.

Pratt & Whitne: revised the JT8D maintenance manual in 1981 to accomplish
the following regarcing removable sleeve spacers:

{1) Provide for uniform cutback of Knife edges to remove small, hard-
to—deteet cracks.

(2) Emphasize the need for removing sleeves from spacers when
flourescent, magnetic particle inspection was aecomplishd.

{3} Provide for ultrasonic inspection.

(44 Recommend CERMETEL coating to reduce the potential for
cadmium embrittlement caused by inadequate nickel cadmium

plating.

A Pratt & Whitney Product Support Engineer testified that mandatory
replacement of removable sleeve spacers was not recommended in 1380-81 becguse the
manufsctucer elieved that the maintenance manual revisions would sdequately address
the problem. Seivice failures continued; however, the fracture rate dropped substantially
after 1980 (one feilure each in 1981, 1982, and 1983; three failures in 1884; and two
failures in 1985).

Following an uncontained spacer disintegration in 1982, an ARl Operators
Letter was issued on December 23, 1382. The letter reemphasized the importance of
careful spacer inspection during periodic engine teardown and agsain recommended
replacing the removabie sleeve spacers with integral spacers if economically feasibie.
The letter stated, in part:

During & recent operator survey to determine the extent of compliance
with our inspection and repair recommendations for removable sieeve
spacers we also included an inquiry relative to positive operator
programs 1o retire these spacers and replace them with integral spacers.
The response was disappointing. In spite of our recommendations, very
few operators have poszitive programs for the timely incorporation of
integral spacers. In order to stimulate airline interest in replacing the
removable sleeve spacers with the integral design for the 7-8 and 8-9

stages we have recently included these parts in the Order Performance
Incentive Plan Catalog.
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According to the manufacturer's estimates, more than 7,000 spacers of the
removable sleeve design were still in serviee on JT8D engines in November 1985, despite
the fact that the newer, more reliable integral spacer was available for retrofit. At the
time of the Midwest Express accident, the FAA had not issued any regulatory requirement
to install the improved integral sleeve spacer in the JT8D engine and neither the FAA nor
Pratt & Whitney had modified the JT8D engines of their own airplanes with integral
sleeve compressor spacers although there had been 45 previcus failures of removable
sleeve spacers in JT8D engines. Airworthiness Directive 86-08-04, discussed in Section
2.7 of this report, was issued by the FAA on Mayv 13, 1986.

2. ANALYSIS
2.1 General

The examination of the events that led to the accident began with a review of
witness observations in econjunction with the ATC radar and CVR and FDR data.
Witnesses were consistent in their deseriptions of the performance of the sireraft during
the takeoff roll, rotation, liftoff, and initial elimb. The observation by one DC-8 qualified
pilot that the rotation to a takeoff attitude seemed abnormally abrupt was inconsistent
with gll other witness observations and was not corroborated by the FDR data. The
aireraft performance data, subsequent to the liftoff, wses consistent with normal
two-engine operation and disclosed evidence that all flight controls were functioning
through the period of takeoff roll, rotation, and initial climb before the right engine
failure. Thus, the Safety Beoard concludes that there were no operational irregularities of
any conseguence in those phases of the flight.

Witnesses were consistent in reporting that their attention was attracted to
the airplane because of one or more loud noises, described as "pangs,” and similar to
"shotgun reports,” which oceurred about the same time they saw flames and/or smoke
from the right engine. The audible "bang,” associated with an engine failure was
confirmed by the CVR. Witnesses did not deseribe flame emitting from any part of the
aireraft other than the right engine. Examination of the airplane confirmed that there
was no in-flight fire other than that contained within the right engine. The witnesses
estimated that these events occurred about 300 feet a.g.l. it was determined that the
right engine actually failed about 450 feet a.g.l

Sixteen witnesses reported that the aireraflt seemed to decelerate following
the right engine failure, consistent with FDR data. The deceleration of the airplene was
cgused primarily by the loss of thrust from the right engine. The deceleration also was
influenced hy sideslip~induced drag and a reduction of left engine thrust. Reduced
airspeed and increased G load made the airplane susceptible to accelerated stall. The
gresence of sideslip made the airplane suseeptible to rolling motions.

Correlation of the FDR, CVR, and air traffic control data allowed the Safety
Board to make several determinations regseding the flight. The girplane was climbing
about 168 knots with a 50-foot per second rate of climb when the right engine suddenly
failed. For 3 to 4 seconds, control was maintained with little change in heading,
indicating that there was an initia: correet {left) rudder pedal application. Accelercmeter
data showed a reduction of normal G loads, indicating that the airplane’s pitch attitude
was lowered, apparently to reduce the rate of climb and to prevent a deterioration in
speed. The left rudder pedal application and reduction of the airplene's piteh attitude
were consistent with the normal flight eontrol responses following loss of thrust from the
right engine of a DC-9 airplane. About 4 seconds after the right engine failed, the
airplane began to vaw rapidly to the right, &s indicated on the FDR data by the 20°
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heading change from the third to the seventh second {after the right engine failure), while
the radar data indicated that the airplane was continuing in a relatively straight traek.
The yaw rate was greater than that which would have ocecurred due tc a sudden loss of
right engine thrust, or & sudden release of the rudder pedal forece used to compensate for
the asymmetrical thrust.

The Safety Board determined that the sideslip angle resched about 15° and
that the totsl yaw reached 20° during this interval. The airplane heading deviated even
ferther to the right and at a more rapid rate from the eighth to the ninth second,
indicating that a large roil angle was developing. As the airplane started to descend, the
normal acceleration forces increased rapidlv. About 1 second later, 9.6 seconds after the
right engine failure, the stall warning stickshaker act.vated when the normal acceleration
indication was 1.3 G. Normal acceleration increased to about 1.8 G while the descending
right turn continued, indicating that the asirplane entered an aecelerated stall at about 148

knots. The airplane erashed about 5 seconds later. {(See {igure 5.)

The large heading changes which occurred later than the ninth second after
the engine failed could not have occurred without the development of & large roll angle, in
addition to right rudder deflection. Also, the ground track was not consistent with
heading change due to roll angles, and the low nermal accelerations (less than 1 G), which
were recorded in this Interval, would diminish the effects of roll angle on the heading
change rate. Therefore, the Safety Board concluded that the sudden heading change
which occurred before the eighth second after the right engine failure was caused bv a
yawing moment, rather than a rolling moment.

The Bafety Board believes that the configuration of flight 105 did not change
after gear retraction. The flaps probablv remained at 20° deplovment until impact when
they ware driven farther downward to about 28°% In other DC-9 secidents, the Safety
Board has found similar flap movement during the impact sequence. There was ne
evidence that the fiighterew initiated efforts to land the airplane.

The investigation revealed .hat the flightcrew was medically and operationally
qualified for the flight. They had received sufficient rest, and no evidence of adverse
stress—related factors was found. Weather and air traffic control were not considered to
be factors in the accident.

N10GME was certified, maintained, and equipped in accordance with applicable
FAA regulations and approved procedures. The original airplane certification process had
required demonstration of relevant handling qualities of the airplane, including conditions
normally encountered in the event of sudden loss of thrust of either engine. The results of
this investigation did not reveal any handling characteristics of the DC-5-14 which were
inconsistent with the original standards for certification of the airplane. For example,
the pilots who participated in the Safety Board's DC-9-14 {iight demonstration deseribed
the airplane's handling characteristics as docile, even after the sudden and complete loss
of thrust from the right engine in a simulated takeoff/climb phase of flight.
Consequently, the Safety Board concludes that the loss of control of the airplane was not
directly attributable to the loss of thrust from the right engine.

The analysis of this accident thus examined those factors which, in conjunction
with, the fajlure of the airplane’s right engine, might have caused the pilots to lose
controi. Those factors included:

o The possibility that fragments of the right engine separated with
sufficient energy and trajectory to cause critical damage to the
airpiane’s flight control system;
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o The possibility of econtrol system malfunctionis) whieh, in
combination with a single or dual power loss, could have rendered
the airpiane uneontrellable;

o The possibility of a mechanical failure of the left engine, either
related or unrelated to the failure of the right engine, which left

the airplane with insufficient thrust to maintain flight; and

o The possibility of inappropriate flighterew response to the
emergeney presented by the failure of the right engine.

To resolve the factors which precipitated the loss of control, it was first
necessary to examine the circumstances of the failure of the right engine.

2.2 Right Engine Failure snd Secondary Demage from Uncontained Engine Parts

The physical damage to the engine and the condition of the inlet fan blades
and low pressure compresser blades indicated that the right engine had little or no
rotation at impact with the ground. The sound spesetrum examination of the CVR-
recorded engine sounds also indicated that this encine lost rpm very rapidly after the
engine failure.

The hole in the high pressure compressor in the plane of rotation of the 5-10
stage removable sleeve spacer and the damage to the compressor and spacer revealed
conclusively that the spacer had ruptured in flight and that the spacer parts were not
contained by ““e engine casing. The ejected spacer parts had ruptured the rear skirt
intermediate .ase at the 11 to 1 o'clock position, leaving a 4-by 7-inch opening in the top
of the case. The loss of the spacer and consequential camage within the right engine
caused a rapid deceleration and a complete loss of thrust from that engine.

The Safety Board based its analysis of the trajectory of ejected engine parts
from the right engine on the following: (1) Pratt & Whitnev's experience in other
incidents whieh involved rotor and spseer uncontained failures, (2) the researeh deseribed
in the D.¥cCarthy report, (3) the physica! evidence obtained in examination of the right
engine and locations of debris at the accident site, {(4) the analysis and data contained
within the submissions of the parties to the Safety Boerd's investigation of this sceident,
and (5) the Safety Boards engineering analysis of the trajectory of engine parts.

Calculations showed that, from the point at which spacer parts were sctually
ejected from the right engine, the distribution of the parts found near runway 19R was s&s
predicted for undefleeted parts exiting the right engine. ({See figure 6.) The ejection
paths of a few spacer pieces and compressor blades pieces could not be resolved because
those parts were not found. However, based on the paths of the recovered debris, the
Safety Board concludes that part of the spacer was probably ground into tiny, harmiless
pieces during the rupture and that part of the unaceounted for spacer pieces and blades
might have been missed, despite a thorough scarch for engine debris in the grass adjacent
to the runway.

Caleulations showed that the deflection ¢f engine parts by the engine ecasing
or cowling wouid have resuited in the absorption of energy of the deflected parts,
thereby reducing the vejocity substantially and limiting the potential to produce any
damage of consequence to the fuselage or to the control systems. For example, engine
containment tests have shown that ejected engine debris which is deflected more than
33°1oses virtually all of its energv.
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Figiire 7 shows that undeflected parts are initialiv ejected in a direction
approximated by the broomstick method; in this case, 20° outbeard of vertieal (away from
the airplane fuselage) with high energy and speed. To have struck the Midwest Express

fuselage, the parts would have had to have been deflected in excess of 65° and thus
vmtuafly all energy would have been lost.

Study of the DC-8-14 control system revealed that 211 of its components which
pass through the aft fuseiage pass the engines below the cabin floor level. All were
protected by multiple lavers of aircraft strueturc. Therefore, for ejected engine parts to
nave struck and damaged any of these control system components, the ejected parts first
weuld have to have been deflected more than 120° from their initial tangential ejection
path and then would have to have penetirated and continued through engine cowling,
engine pylon, fuselage, possibly fuselage supporting structure, the eabin floor, and possibly
several intercostal flocr beams. Having reached the control system component(s),
sufficient energy would have to have remained to disable the system components. The
Safety Board believes that the possibility of ejected engine parts reaching internsl conirol
system components was extremely remote, if not impossible.

The possibility of parts penetrating the fuselage at a point farther sft and
damaging ceontrol components in the vertical fin would have been even more remote.
Relatively low velocities would have been required for paris to have progressed in that
direction and to have struck the sirplane, while high energy wouid have been required to
penetrcte the fuselage structure. Moreover, examination of the control system revealed
redundancies which would have sllowed the fighicrew to maintain full control of the
airpiane even if some control svstems had been disabled. Also, it was found that the
rudder hydraulic actuator, whieh controls rudder movement by hydraulic pressure or by
transferring control input to the aerodynamic tab, showed no evidence of preimpact
damage. Additionally, the rudder power shutoff vaive was found with a bent control rod
and discoloration, consistent with rudder hydraulic power on at ground impaect.

The Safety Board alsc examined the possibility that the right engine cowl was
blown open in flight or became distorted to such an extent that excessive drag was
produced, affecting conirollability of the aircraft. Although the right engine upper
cowling was extensively damaged by impact forces, all four ocutboard latches remained
latched. There was no evidence to indicate that the right cowl had opened in flight. Al
recoverad right ecowl pieces which could be positively identified were found within the
impact area. Although a small (2- by 2-inch) piece of metal which resembled cowl
material was found near runway 19R, it was determined that each square foot of
deformed cowling would produce drag equivalent to a reduction of engine thrust by 1060
pounds—a minor factor. Based upon the small hole (4- by 7-inch) found in the right engine
case, the absence of other case deformation (other than impact damages), and the
characteristics of typical uncontained engine pieces ejected at high veloeity, the Safety
Board concludes that the cowling deformation probably was small and therefore caused
very little additional drag following the right engine failure.

2.3 Flight Control System Failure or Malfunetion

The Safety Board considered the possibility of a flight control system failure
or malfunction, unrelated to the right engine failure, that might have oceurred
simultaneously or nearly simultaneously with the right engine failure, snd the:
subsequently 1ed to the loss of control. The Satety Board does not believe that such a
failure or malfunction cecurred for several reasons, including those reasons cited
previously regarding possible damage caused by the right engine fajiure. I addition, an
analysis of the control movements, which would have been required {ecommanded or
ctherwise) for the sirplane to have maneuvered as indicated by the FDR, revealed that:
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(1) Ruwlder deflecricn to the left was reqguired for the airplane 1o
meuintain heading for 4 seconds immediately after the right engine
foilure:

(2) TRwudder gdeflection to the right was required to cause the heading
chenge which ocecurred from the 4th to the 10th second after the
right engine failure;

(3) Elevator contirol was required to cause the piten-cver and pull-up
maneuvers which were documented by the FDR geceleration traces
after the right engine failure; and

(4)  Aileron/spoiler deflection was required for the airplane to maintain
the roll attitude in the piresence of large sideslip angles which were
documented.

The Safety Board also considered the possibility that the captain's left rudder
pedal support arm fractured after he deflected the left rudder pedal. Even though the
fracture mode of the pilot’'s pedals could not De determined conclusively from
metallurgical examination, there was no evidence that a pedal failed during a critical
phase of fiight. Review of CVR sounds revealed no noise or flighterew response that
could be associated with such zn event. The similarity of the fractures on both the
captain's and copilot's pedals suggests that they were subjected to similar forces at
failure, most probably overstress at impsact. Furthermore, failures of rudder pedsals in
past incidents occurred during braking actions while on the ground, rather than during in-
flight operation because rudder control forces applied in flight produce less stress on the
pecdals. Finally, failure of the left rudder pedal would result in return of the rudder to a
near-neutral position, and would not account for the deflection of the rudder to the right.
Therefore, the Safety Board concludes that the rudder pedal support arm fractures were
caused by overstress forces at impact and were not reiated {o the cause of the aceident.

In conclusion, the Safetv Board determined, after examination of the
wreekage, trajectory study caleulations, and research into the DC-9-14 control svstem,
thet engine parts probably did not strike the aircraft after being ejected from the right
engine. The Board believes that if any of the small engine parts actuallv struck the
aireraft, no damage of any consequence would have occurred as a result of that contaet.
The Board found that there was no basis upon which to conclude that flight control
systems malfunctioned or were damaged in flight, secondary to the right engine failure,
and that ali of the onboard flight control systems on NIOOME were available to the
flightcrew following the abrupt loss of right engine power.

Further, electrical power was available to the crew of flight 103 until impaet
based upon the continuous operation of the FPR and the CVR and the elongation of the
right wingtip navigation light bulb filament, which indicated that the filament was hot
and, therefore, on when subjected to impact {orees.

2.4 Left Engine Power Loss

The Safety Board does not believe that the left engine power loss was
significant with respect to the eventusl loss of control of the airplane. Anv reduction in
left engine thrust that occurred before stickshaker would have reduced the yawing of the
airplane which occurred after the right engine failure. While possiblv necessitating a
forced landing. & left engine power loss should not have precipitsted, or even contritbuted
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to, & loss of control of the airplane. However, the reduction in left engine power could
have confused the crew. A detailed discussion of the Safety Board's analysis of the leit
engine mechanical condition and operation is contained in appendix 1.

2.5 Evaluation of Flightcrew Response

The flight demonstration of a DC-9-14 airplane showed that with g sudden loss
of right engine thrust at 170 knots, lateral and directional control coukd be maintained
even if the pilot took no immediate action to deflect the rudder. Under thes: conditions,
the airplane experienced about an 8° heading change and developed about 3° of sideslip
within 4 seconds. About 30° of control wheel deflection, or 8° left deflection of the
rudder, was reguired to maintain a wings-level attitude of the airplane. The flight
demonstration was conducted with about 9,500 pounds of continuous thrust on the left
engine {in-fiight takeoff power).

The sound spectrum examination disclosed that, on the accident airplane, the
left engine thrust dropped from 16,750 pound (initially) to about 9,500 pounds after 2 to 3
seconds and to 3,300 pounds at the time of the loss of control. Because of the reduced
asvmmetric thrust, the yawing moment would have been reduced considerably on the
accident airplane, similar to the demonstiration airplare. Since there was no difficulty in
compensating for the thrust asymmetry on the demonstration flight, the Safetv Board
concludes that the yawing moment should have been controllable in the sceident alrplane.

Since the agirplane maintained its heading for the first 3 to 4 seconds after the
right engine failed, it was concluded that the ruddsr was deflected properly to the left
during that interval. However, based upon calculistions of the airplane's vawing response
and resultant ground tracx for various rudder defiections and roll angles, the Safetv Board
Getermined that the large heading change ang sideslip angle that developed after the first
4 seconds could not have been accomplished without a deflection of the rudder to the
right, followed by & roll to the right 4 to 5 seconds later.

Based upon the known performance of a DC-9-14, the closest duplication of
the heading change which occurred on the accident flight {(indicated by the FDR) would
require the rudder to be deflected 6° to the left for about 3 seconds, followed by a rapid
return of the rudder to neutral, then deflection of the rudder 12° to the rip™t sbout 3
seconds after the right engine failure. Returning the rudder 1o neutral and holding neutral
rudder, after initially applying rudder to correct for differential engine thrust. would not
have created the heading change rates which were indicated ov the FDR data. Likewise,
a system malfunction which would eause the rudder to trail in a near-neutrzl position
would be inconsistent with the FiDR-indicated heading change data.

The demonstration flizht in a DC-9-14 airplane showed that the sairplane had
noe control characteristics which were inconsistent with the applicable certification
standards; the airplane was feund to be fully controliable in an engine-out flight
environment, even without using rudder {the primary contrsl for correcting vaw and
meintaining heading) to correct for yaw. Having found no evidence or airplane
performance basis for concluding that there was a control system f{ajlure or malfunction,
the Safety Board concludes that the rudder deflection, which oecurred beginning 4 1o 5
seconds after the right engine failure, was the result of the fighicrew's improper
response. Based on the analysis of the airplane performance, the yaw generated by the
incorrect rudder deflection, combined with G loading, ecaused the airplane to enter an
accelerated stall at an sltitude too low {or recovery.
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In the seconds which preceded the accelerated stall and loss of control, the
airplane was in a very dynamic situation. The inecreasing rate of roll, the sidesiip, and the
increase in acceleration load all affected adversely the stall speed. Because of the
rapidly changing attitude of the airplane, the pilots would not have Deen expected to Know
the speed at which the airplane would stall in asccelerated flight. Compared to the
increase in stall speed, the 8-knot error in indicated airspeed {due o static source error in
a sideskp) wculd not have been significant. Further, the stickshaker stall warning sysiem
would not and did not provide the customary 4 to 5 seconds warning which is typical of
that system because of the rapid entrv into the stall. The Safety Board concludes that the
stall occurred because the flighterew dic not diagnose the nature of the emergency
correctly, applied incorrect rudder control about 4 to 5 seconds after the right engine
failure, and applied nose-up elevator control which increased the G loads. The nose-up
elevator contro} input would have been a normal response to correct for the pitch-over
meneuver end the reduction in pitch attitude which was precipitated by the rudder pedal
induced roll and was consistent witn the rapid deceleration of the airplane. The rapid
deceleration would have resulted in a vestibular perception of downward pitching of the
nose of the airplane.

The Safetv Board believes that more effective seanning of the flight and
engine instruments Dy the pilots of flight 105 would have enabled them to maintain
control of the airplane and to properlv evaluate the powerplant anomalies. The failure of
the first officer to respond to the captain's questions and the failure of the eaplain to
maintain eontrol of the airplane sugzests that there was a breskdown in instrument sean
by Hoth pilots in the eritical seconds which followed the right engine failure.

caused by the flighterew's Improper response to the engine out emergenev, the Safety
Board examined several factors which could have contriduted {o the fiig-terew's improper
setions.

EI In view of the finding that the loss of control of the airplane probablv was

2.5.1 Flighicrew Training and DC-3 Qualification

Airlines larger than Jidwes* Exoress, with meny more vears of operating
experience and larger pilot populations. upgrade pilots to captain based on demonstrated
ability to accept the responsibilities of the position, sufficient senioritv to successfully
»id on the position, and compietion of the reguired training. Midwest Express uses the
same criteria; however, with a smaller nilot population, advancement 1o captain ean oecur
much sconer, as indicated by the advancement of the flight 105 pilots. Pilots at the more
established sgirlines must have a great desl more seniority and thus have more pilot
experience in turbojet airplanes defore captain upgrade because of the relatively slow
growth of those airlines. Because of the DC-3s relstively small size in their fleets, it i
tvpieally the first turbojet airplane in which many airline pilots upgrade to ecaptain. Based
cn a sampling of recent upgrades to captain at two airlines, which the Safety Board
oelieves are representative of carriers providing most of the scheduled passenger service
in the United States, the Board determined that, by comparison, both pilots of flight 103
were relatively inexperienced in turbojnt operations. For example, the experience level
of recent DC-8 captain upgrades at the two airlines was: in axcess of 10 vears™ seniorizy
with the compeny, in excess of 10,000 hours total pilot experience including more than
7,500 turbejet hours as first officer, and generally served as a flight engineer {or more
than 3 vears before upgrading to first officer. The Safety Board does not believe that
much experignce is essential for initial upgrade to captain of 2 DC-8; however, extra
e experience does provides g greater margin of safety 1o the traveling publie.

e ————— —
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By conirast, the captain of flight 105 had been emploved by “idwest Express
for 12 months and had 600 hiours of turbojet experience as a DC-9 first officer (no flizht
engineer experience) at the time of his captain upgrade. He had ro turbojet or sweptwing
airg]ane experience before being hired by Midwest Express. The first officer of flight 105
had pruvious turbojet experience in the T..S. Air Foree before his “lidwest Express
employment. He was upgraded to DC-9 eaptair with only 500 hours experience in the
airplane.

Both flighterew members received training that was in accordance with FAA
regulations. The first officer, who had received DC-3 instruciion from USAir as well as
Republic Airlines, was deseribed by instruetors of both carriers, independentlv of each
other, as an excellent pilot. Republic Airlines’ officials were dleased with the attitude of
Midwest Express in that it willingly encouraged Republic to provide all the traming
Republie believed necessary, within regson, to train its pilots to prolicienaw.

The Safety Board coneludes that the training that the crew received met all
applicable standards. Training to proficieney, 2 practice used v "lidwest Lxpress. is a
sound educationel practice used in many professions. However, the Board is concerned
sbout Midwest Express utilizing a “silent cockpit” philosophy which was not outlined in its
approved training and operations manuals and whieh is contrary to other procedures which
are published in approved manusals. The Safetv Board balieves this conflizt mayv have
resulted in less erew communication and coordination than ctherwise might have heen
demonstated.

The Safety Board is aware that pilots with substantial exnerience in
multiengine airplanes usually have received considerable 1training in  eagine-out
emergencies and have had opportunities 1o piac.. sz =2ppropriate emergency responses
during initial and recurrent training. Seversl pilots confirmed these facts in
testimony at the public hearing on this aceident and stated that a pilot’s reaction. in
applying proper rudder pedal {orces in response to an engine-out emercency, ¢an becomns
reflexive because of that training and previous pilot experience.

Also, the Safety Board is aware that pilots have oceasionallv misidentified a
failed engine in previous accidents and inecidents and have erroneously shut down still
opzrative engines. In the course of this investigation, the Safety Beard learned of several
simulated engine failure incidents in which pilots responded initially with deflection of the
ircorrect rudder pedal in the DC-9 airplane. A Douglas test oilot, who hed flight
instructor experience in the DC-9Y, testified to a personal experience where a pilot who
was receiving DC-9 instruction command=d rudder defiection in the wrong direction in
response to a simulated engine failure. An FAA DC-% instructior, with extensive training
experience, testified that about 1 of every 30 of his students. caeh of whom held an
airline transport pilot certificate, had attempted 1o deflect the wrong rudder nedal during
simulated engine failures on takeoff. The Safety Board attempted to identifv other DC-8
engine failure incidents which occurred after takeoff, while at low altitnde. and found
that such incidents have been infrequent in this eritical flight regime.

The Safety Board also found that the majority of engine-out training proavided
to Midwest Express pilots in the takeoff regime cecurred near V1 when ihe simulated
airplane's pitch attitude was low, which provided outside visual references, including a
rum gy centerline which were not available io the pitots of flight 105, There was very
little exposure in training to the potential errors which might occur in response to an
engine failure after gear retraction in the elimb phase when the airplane’= piteh attitude
is near 12° nose up. In this sccident, with only a eclear blue skv visidle throuzh the
windshield, the flighterew would not have had the outside visual réferences that were




availaiie during most of their emergeney training. Consequently, a clear, blue sky would
not have provided lateral motion cues related to sudden vaw or the roll reference that
were available during V1 engine out training in the simulator.

Recognition and response to engine faijlures are stressed in pilot training and
certification proframs. Airline pilots are required to demonstrate their proficiency in
these skills during initial and recurreni flight c¢hecks. The Safety Board closely examined
aspects of the training in recognition and response to engine failure to determine if some
aspect of the training could account for the crew's failure 1o respond appropriately to the
emergency.

2.5.2 Engine Failure Recognition and Response

Several facts emerge when considering the influence of pilot training in
responsc to engine failure. First, engine failures have become highly improbable events
since the advent of modern. religble turbojet engines in air {ransport operations. When
reciprocating engines were widely used, it was not unusuei for experienced pilots to
encounter an engine failure in {light. Todayv, the opposite s true. Second, the eriticality
of response 1o engine failure is directlv related to the particular phase of flight in which
it occurs. When tha airplane is closest to the ground, it is ohvious thai oroper response to
the failure must be immediate because time available to maxe decisions and to execute
orocedures is limited. At the same time, an alrplane's airspeed is low {and closer to stall)
when it is zlose to the ground. Thus, in takeoff or landing phases of flight, response to an
engine failure —must be immediate and appropriate. In other phases of flight, where
delayed recognition or an improper response to an engine failure could result only in the
1oss of altitude and/or airspeed, a margin for error is available that is not available on
takeoff or landing. Third, a failure in 2 turbojet engine does not aiwavs result in an
sorupt {occurring in less than 0.5 second) loss of power.

Abrupt failures, such as that experienced bv flizht 103, are rare occurrences
within a category of events that i3 itself unusual., While nilots are trained to recognize
and respond to engine failures, the training is not generally in response to an abrupt loss
of power. When pilots practice recognition and response to engine failure in an girpiane,
particularly at low altitude. to do other than retard the throttle {o flight idle to simulate
an enginz failure {(wheve residual thrust is still generated! can seriouslv compromise flight
safety. Thus, it is necessaryv to conduet such training in {light simuletors which do not
respond exactiv as the airplane, following an abrupt loss of power. However, pilot
response to the engine failure should be the same regardliess of the cause of the fallure
even though the cues which the pilot perceives may vary depending on the characteristics
of the failure.

Consequently, although a pilel's response to engine fallure in a twin engine
airplane sheuid be invariant, that is, the pilot must {lv the airplane safely maintaining
directional control through the use of rudder primarily and aileron to 2 lesser extent, the
recognition and resultant speed of the response may be affected by the intersction of the
type of {ailure experienced and the phase of flight in which it is encountered.

The Midwest Express chief pilot testified that the philosophy of engine fa¥lure
procedures and crew response to those procedures is based upon the criticalitv of the
situation. He stated that Midwest Express pilots are allowed more Iatitude, in terms of
their reaction, in responding to engine failures that cccur in less critical phases of flight.
He categorized an engine failure c¢n takeoff before gear retraction, for example. as being
more eritieal than an engine failure later in the takeoff elimb. Thiz viewpoint is
consistent with the pilot certification requirements stated In the Federal Aviation
epulations, and it is consistent with the general practice of the sirline industry.
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However, underlying this approach may be an implication that failures that ccecur beyond
V1, where immediacy of response may not be ss critieal, might actually encourage a
delaved crew response to the fajlure. Thus, the Board studied the possibility that a
perceived lack of eriticality in the speed of the response to an engine failure after gear
retraction may have led the erew to delay coordination of corrective aetinn in response 1o
the engine failure.

Human factors research involving operators of automobile simulators 28/ has
shown that reaction time was related to the nature of the stimulus: the more simple and
intense the stimulus, the faster the reaction time. Regardless of the factors involved,
reaction time was generally measured in fractions of a second. Reaction time to complex
stimuli generally required less than 1 second.

The ecaptain's initial rezetion to the right engine fallure sound was about
1 second, as indicated by his {irst question to the first officer. The response time to apply
correct rudder was about 1 1o 2 seconds, based upen the FDR data.

The Safetv Board believes that the eaptein's prompt rudder application weas a
spontaneous reaction tc his Kinesthetic cues and was merelv an a2ttempt 1o restore a
balaneed flight condition. As such, it prouably was initiated odefore he had time to
a:alvze the nature of the emergencv. However, [oliowing this initial compensatory
reaction. the captain, possibly as a result of other Kinesthetie and/or visual cues, initiated
actions that subsequentlv resulted in less of control of the airplane. Because of these
improper actions {olowing an in-flight encine failure, and the apparent incorrect
interpretation of available cues that prompted them, the Safety Board examined the flight
simulator which was used to train the JQighterew of {light 105 to evaluate what effect, if
any, that it may have had on pilot ability {0 recognize the encine failure.

2.5.3 Flight Simulator Training Effectiveness

Much of the Vidwest Express reguired flight training was performed in an
apoproved. 3 dof visual flight simulator. The differences between the simulator and the
awrplane cockpil lavout were minor and were addressed in training. The Safetv Board
found tha! visual {light simulators have limitations in reproducing the engine failure
emergency a5 i1 would he experienced in an airpiane since peripheral visual cues, certain
onset mnotion cues, and sural cues were absent in the simulainr. This characteristic was
not unigque to the Republic Airlines simulator but was common fo all visual flight

simulators.

A human performance expert testified at the Safety Board’s public hearing
that metion cues were important in training because, without them, the training was not
sufficiently realistic and might not prepare the pilot for an actual {ailure in the wirplane.
He described the {onset} motion nues which the airplane provided that were unlike those
to whigh the pilots were exposed in simulator training. He said that the absence of those
cues in tramning might cause confusion for a pilot when the cues were experienced in the
airplane and that, thus, the pilot{s} might be promptled to make an improper response.
However, DC-9 pilots who had experienced dynamic engine thrust reductions in both the
simulator sad the airplsne stated that they did not believe the differences to he
significant. Their views were generally supported 5y the DC-8-14 fiight demonstration
which showed that the lateral accelerations and vawing motions produced in {light were
neither violent nor dramatie.

28/ Wier~ille, W.W., Cassali, J.G., and Repsa, B.S., Driver steering reaction time to
abrupt-onset crosswinds, as measured in 8 moving dase driving simulator. Human Faetors,
1983,
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Because high fidelity flight simulators are a relatively recent development in
the training of air transport pilots, applicable behavioral science literature is not
consistent on the effects of lower fidelity simulators in pilot recegnition of various in-
flit »t phenomena. More important, the large variance in the experience of piiots used as
subjeets in the research limits the generalizability ¢f the research findings In flight
simulator effectiveness in pilot training. For example, the Safety Board cannot cenelude
that findings based on research involving low time pilots may be generalized to high time
pilots. When variables, such as airplane ecraft complexity and number of engines, are
introduced, the generalizability of the research results is reduced still further. Moreover,
in air transport pilot training, there is little empirical data that researchers ean use to
deveiop conclusions about the importance of specific simulator features on pilot
performance. Often, the data that are presented are of limited applicability due to flaws
in the experimental design.

Because of the lack of consistency in the behavioral seience research on
simulator motion, the Safety Board cannot atitribute the failures in the performance of
the pilots of flight 105 to the lack cf high fidelity yaw motion cues in the DC-2-10 visusl
simalator. While the simulater lacks the immediate Kinesthetic yaw metion cues from
thrust asvmmelry in the airplane, it does replicate the long term laterzl acceleration
miotion cues resuiting from =n engine failure so that the cues which are presented are
similar to the airplane response. Although the pilots of flight 105 meay notl have
experienced the exact kKinecthetic and visual eues in their simulator treining, the Safety
Bogrd believes that they should have been able 1o recognize and analvze the emergency
based on the cues which were prasent.

However, the Safetv Boerd cannot disregard the possihility that the tvpe of
training given in the simulator, rather than the limitations of cues provided in the
simulator, could have been a factor in the flighterew's performance. In particular. the
Safety Board is concerred that the takeoff engine failure training involving a loss of
thrust as the airplane approaches or passes V1 speed may have been a factor.

T a vawing condition, visual stimuli, which typizally produce relativelv slower
reaction times than aural or kinesthetic stimuli, may enhance the perception of vaw since
the pilot normally could see the nose of the aireraft moving sidewsys relative to objects
in his field of view.

In the Vi engine failure, external visusl information alone is generally
sutfficient to inform the pilet of the oceurrence, sinee the sirplane is either on, or only
slightlv above, the runway and the movement of the nose of the airplane, relative to the
runway centerline, provides adequate information that an engine has failed. As a result,
training in recovery from engine failure at or just after V1 might lead pilots to rely
extensively on forward external visual cues, even if peripheral visual cues are present. If
the peripheral information is absent, as it is in the simulator, then repeated training in V1
{ailures in the simulator can result in exclasive use by the pilots of visval information that
is presented straight ahead, outside the cockpit.

In this accident, there were no forward external visual references sinee the
sky was clear- At the time the engine failed, the airplane would have been in a nose up
artitude of about 1Z° and the pilots would have been looking at the sky, if thev were
looking outside the tockpit. In the absence of clouds, there would have een no visual
cues straight ahead that coul€ have provided the pilots with the information needed 1o
perceive the girplane's immedizte vaw to the right following failure of the right engine.



Consequently, the only external visual cues indiesting a yaw that would have been
available t{o the pilots would have been ground-based information that was presented
peripherally, or the flight instruments. However, peripheral visual cues are of relatively
little use for the detection of airplane g’aw because the angular rates of stimuli in the
periphery are generally too low to be readily apparent.

The Safety Board does not consider the limitations of the visual 3 dof
simulator to have been a factor affecting the flighterew's recognition of the engine
failure since pilot training, in general, stresses to pilots the importance of confirming
engine and fiight controi status through the interpretation of cockpit instruments. The
simulator is fully adequate in the presentation of these instruments. The training records
of the f{lighterew of flight 105, as well as the statements and testimaony of their
instructor, indicated that they were so instructed. Thus, the engine instruments should
have confirmed the engine failure, and the flight instruments should have confirmed the
airplane’s attitude, airspeed, aititude, and heading.

Nevertheless, the questions asked by the captain and his failure to maintain
control of the airplane confirm that he did not correctly interpret the sounds, motion, and
other availab.e information. Therefore, the Safety Board believes that the captain
regcted primarily to other than visual and {light instrument references, such as
kinesthetic cues. He apparently misinterpreted those cues and applied the {light controls
incorrectly. This confusion is commonly referred to as "spatial disorientation,” and it
occurs most frequently at night or in instrument meteorological conditions when few, if
any, exernal visual references exist. Spatial disorientation causes confusion, such as that
experienced by the pilots of flight 105, and would account for their incorrect control
responses. The oniv means to orevent such confusion, or to overcome its effeets, is for
the pilot to relv on the flight instruments.

Therefore, the Safetv Board concludes that infrequent training for an engine
failure at low altitude in the initial climb phase of flight could have left the {lighterew
ili-prepared to cope with the emergency. Although analyzing abnormal or emergency
situations and maintaining control of the airplane by reference to f{light instruments are
basic elements of airmanship, the Sefety Board believes that the FAA and the sirline
industry should consider the circumstances of this accident with 8 view toward including
scenarios of engine failures after establishment of the takeof{ climbd in training programs
to betier prepare pilots {or such emergencies. Consideration also should be given 1o
~educing pilot reliance on external visual cues during "VI1 cui” training bv making greater
use of simulated low visibility situations during such training.

5.4 Crew Coordination

The CVR ecmments suggest that the caplain was uncertain and perhaeps
confused by the events which immediately followed the failure of the right engine. He
had never experienced an in-{light engine failure on a NC-8, and he had not heard the
sounds associated with such a failure in his fiight simulator sraining. The vaw and
deceleration motion cues he {ell in the airplane siso would have been slichtly different
from the ones to which he had been exposed in his simulator training. His first question to
the first officer {("What the # was that?"), may have been rhetorical; however, the Board
helieves that the cantain was regquesting assistance. His second question ("What do we got
here, Bill™?), occurred 3 seconds after the right engine {rilure and affirms the concern and
unce~tainty expressed in his first question. The quality of the CVR recording, both in
volume and clarity, leaves little doubt that the first officer heard the captain.
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FAA-approved Midwest Express procedures indicate that the first officer
should have responded, if gble, to the captain’s questions because an emergeney condition
existed and all crewmembers were required to bring to the attention of the
pilot-in-command sny oceurrence which might affect the safety of flight. If the first
officer recognized the nature of the emergency, he should have responded to the captain's
request for information. Failing to respond may have further confused the captain and
that confusion apparently precipitated an improper control response when the airplane
was in a critical phase of {light.

The less explicit and unwritten "s:.lent cockpit” philosophy ({(not making
unnecessary caliouts or even verbailizing the nature of an emergeney after 100 knots and
before reaching 800 feet on takeoff) may have influenced the first officer not to respond.
However, the Safety Board believes it iz more probable that the first officer also was
confused by the indications he observed and heard following the engine failure.
Nevertheless, the Board is concerned about the contradiction in written and verbal policy
at )!.dweqt Express which may have resulted in poor coordinaticn between the two pilots
aboard flight 105,

Analysis of the flight traek and FDR information revesals that a left deflection
of the rudder was commanded properly, and, perhaps reflexively in response to =
perceived heading change or vaw. However, the captain ctill asked his first officer what
was the nature of the occurrence after correct rudder pedsl pressure had been applied.
Therefore, the cadtain refllected uncertainty and perhaps confusion after the corcreet
rudder pedal pressure had been apphed. Consequently, there was a delay in making a

coordinated response to the engine failure, and the captain was uncertain that he had
responded correctly. The captains uncertainty, combined with the failure of the first
officer 1o respond 1o potentially confusing engine instrument indieations, and the absence
of outside visusl reference may have prompted the eaptain to remove the force from the
left rudder pedal and te introduce forces to the right rudder pedal a few seconds later.

The captain may have asked the first officer for assistance, in part, because of

eniority of the {irst officer to the captain and because ¢f the first officer's cheok
airman status. Tne captain would have been justified in expecting that a cheek airman
g t De more Knowledgeadle or more capable than himself in identifving the nature of
the probiem. ?} first officer’s response tc Milwaukee Tower 8 seconds after the right
: tiure. whieh was in confliet with the “silent cockpit™ ;}’xﬂosooh\f, WAS prov 1ded in
fieu of responding to the captain’s guestions and occurred when the airplane was vawing to
the right. was 1n 2 sidesiip, and was on the verge of a loss of control. Callouts of memory
items {rom the smergency cﬁec" itst would have been appm:-?'ate in response to the
engine faflure. and a«m woull nave been important if a dual ena}ne failure was perceived.
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ither pilot had initiated the emergency checkliist, the nature of the emergencv might
have been made m'*u-:-c iately clear to the other pilot and coordinated crew response might
tave followed. Also. ¥ & dual engine failure was perceived, a caliout to that effect was
equired by Midwest Express procedures.

A possidble explanation for & delay in recognizing the problem is that, instead
of coordinating their setions, the captain and the f{irst officer both had shifted to an
outside scan to loox for other wraffic after gear retraction and neither was monitoring
flizht instruments at the moment of right engine failure. Another possible ex lanaticn
related to instrument seanning s that the flighterew shifted their attenticn colieetwelv

o the angine instruments and were not monitoring flight instruments for several crucisl
seconds detween the time ¢orrect ru udder was mitgaliy applied and the time of stiekshaker
ctivation. About § seconds after the engine failed. the captain said " Here .. ." but was
,{e rrupted by the first officer’s response to Milwaukee Tower. The eaptain mayv have

fJ'.l "‘" "
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been pointing out instrument indications assceiated with the right engine failure, or
instrument indications relevant to the left engine power loss, and he may not have been
monitoring flight instruments during the brief but eritical period.

It is possible that the captain (or the first officer) reacted to the left engine
instrument movement. When the right ergine failed, the right engine instruments
probably reached a steady state condition in & very short time compared 1o the left engine
instruments which decelerated more slowly. The Safety Board considered it plausible that
the pilot's attention may have bDeen directed to the movement of the left engine
instruments after the right engine instruments became static. If he perceived that the
left engine was the problem, he may have reacted to that pereception DY applying the
rudder correction for a left engine failure rather than econtinuing with the rudder
deflection appropriate for a right encine failure.

The attentiveness of the crew to {light instruments during the emergency and
a coordinated response to the indications were critical to maintaining control because a
swept wing sairolane, such as the DC-8, when in a sideslip, will tend to roll unless
cerrectiva action is taken. Either the sideslip must be reduced by approprigte rudder
deflection or the lateral controls must be deflected to counter the rolling tendencies. The
rolling tendency due to sideslip will inerease as the lift on the wings increases. For a
given G load (lift} and sideslip angle, & certain amount of latersl control deflection will be
required to counter the roll. As the G load increases, additional lsteral control deflection
will De required te counter the roll. In this case, elevater contrel input caused the G oad
to increase from about 0.3 Gs to about 1.8. Gs from the 5th to the 11th second.

In the presence of the side<iip angle and increasing acceleration load, the
lateral control deflection would have tc be approximately doubled to maintain & constant
bpank angle. If the pilot established a lateral control deflection at the fourth to fifth
second to compensate for the sideslip angle and then was not monitoring the roll attitude
as the G joad increased, the sirplane would roll further to the right. The data indicate
that by the time the stickshaker came on, the airplane was in a significant roll attitude to
the right and the positive G load was inereasing. All of the above conditions should have
been evident to the flighterew by reference to the flight instruments.

The ecaptain, had the individual ability and the responsibility to scan the
instruments and to take ecorrective acticn. However, an apbronriate coordinated
flightcrew response also would involve actions by the first officer 1o assist the captain in
diagnosing and responding to the problem. The redundancy provided by the first officer is
one of the basic tenets of cockpit resource manage ment.

2.5.5 Cockpit Resource Management

The investigation revesled that \lidwest Express did not have a formal training
orogram in cockpit resource management, which is also known as erew coordination.
However, the Safetv Board believes that witis a low pilot to supervisor ratio. the airline
could, and probably did, monitor closely the performance of its crewmembers, both as
pilots and as individuals pariicipating in the joint operation of flights. Thus, the airline
would have Deen able to sssess, to some degree, the extent to which its flichterew
members were « [fective in working together with other pilots to manaze and operate the
aircraft effectively.
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The Safety Bozrd believes that cockpit resource management is of eritieal
importance to air safety and has urged the FAA to implement formal programs to improve
flighterew coordination. As a result of its investigation of an accident invoiving a charter
flight in Reno, Nevada, 29/ the Board recommended that the FAA:

A-86-19

P=vide, to all operators, guidance on topics and training in coceKpit
rosource management so that operaters can provide such training to
their flignterew members, until sueh time as the FAA's formal study of
the topic is completed.

n its August 25, 1986, response, the FAA indicated concurrence with the
recommerdatizn. The FAA reported that thev are disseminating information to air
garriers that addresses coordination and procedural interaction among pilot ecrewmembers.
Several air carrier operations bulletins and FAA Order 8430.86C, the Air Carrier
Qperations Inspectors Handbook, contain guidance to FAA personnel in implementing crew
coordination. The FAA acknowledged that coekpit resource management included not
only procedural interaction between crewmembers, but also subtle snd intangible
interaction as well. The FAA has contracted with the Aviation Psychology Laboratory of
Ohio State University to provide a formal study, of the subtle and intangible interaction
sspects of cockpit resource management. The study is scheduled for completion in
November 1987. The FAA reported thai the anticipated study would serve as a foundation
for a future adviscry circular and would be a model for industiry use. Pending the results
of the FAA study, the fety Board has classified the recommendation as
"Open--Acceptable Action.”

The Safetvy Board is a strong advocate of formalized coekpit resource
management training, However, the Safety Board is aware that few operators at this
time are conducting formal, in-depth training in cockpit resource management {echniques
and that the FAA has not, as yet, made this g reguirement for operators. Midwest
Express did not violate FaA rules or practices by not conducting formal training on the
subject.

The Safety Board believes that training in emergency procedures should be so
thoroughly indoctrinated in training that erew reaction should be prompt and reflexive
after an engine failure emergency has been sgccurately identified. The actions of the
flying pilot, in response to the emergency, should be closely monitored by the nonflying
pilot, and the nonflying pilot should be monitoring instruments in support of the flying
pilet & ensure prompt and correct response, it accordance with published emergency
procedures. Takeoff emergencies typically are critical operations because of low altitude
and low speed at their outset. Even though the initial response of the flving pilot may be
reflexive, involvement by the nonflying oilot is essential to a proper crew response to the
emergency.

In this accident, the cockpit voice recorder reveaied the absence of emergency
callouts froin either pilot and no response from the first officer when the captain
requested assistance. Because the first officer responded to Milwaukee Tower, it is clear
that he was not incapacitated. Heowever, his failure to communicate with the esptain and

297 Alrcraft Accident Report--"Galaxy Airlines. Inc., Lockheed Electra L-188C, N3332,
Reno. Nevada, Janusry 21, 1985" {NTSB/AAR-86/01).
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his possible misiudgment of the sericusness of the situation may have led to an
uncoordinated erew response to the emergency. The Safety Board believes that a
breakdown in crew coordination was 2 significant factor in the aceident.

2.6 FAA Surveillance and Oversight
2.6.1 Midwest Express Airlines

The Safety Board believes that the FAA oversight of Midwest Express
procedures and training during certification and ongoing day-to-day activity in the
carrier's first 2 years of operation was less then optimum and probably suffered as a
direct result of the inexperience of the POL The POI testified that she devoted only 20
percent of her worktime to Midwest Express, her only FAR 121 scheduled passenger
airline, and that she was still obligated to perform routine general aviation duties. The
Board noted that the POI had no previous FAR 121 air carrier experience, that she was
not rated in a turbojet of the category and class used by the airline, and that she had not
received any formal training in the DC-9 airplane used by the certifieate holder for which
she was responsible. In fact, she had no turbojet pilot experienge. Neither did the POl
have available for consultation or assistance air carcier inspectors or DC-9 rated pilots in
her own office. Although the POl used the services of air carrier inspectors assigned tc
other offices to ful’”’1 her responsibilities, it is apparent that this practice reduced her
exposure to the operation of the airline. Apparently, she had become 350 dependent on
other inspectors in surveilling Midwest Express that her own role was reduced primarily to
sdrninistrative matters. The absence of {irst-hand knowledge of the carrier and her lack

f experience in turbojet air carrier operations severelvy handicapped her ability to
perform the guality of surveillence required to detect shortecomings of a FAR 121 airline
ocperation. The Safety Board believes that the experience level of the POI was
insppropriate for her assignment as the POl of a new air carrier operating turbojet
equipment. She even testified that she was not totallv comfortable with the arrangement.

The Safety Board alsc is concerned that the POTI's lack of proper experience
may have been a factor which allowed a “silent cockpit™ concept to De taught in training
even though it was contrary to the approved practice that required any crewmember
noting a potential or actual emergency situation to ¢all it to the eaptain’s attention. The
Safety Board believes that the latter concept is sound and assures that all filight
crewmembers are provided the opportunity to ccordinate their activities, {o sssure the
proper resolution of an emergency ccndition consistent with the practices of most
operators of turbojet equipmeni. Widwest Express emplovees had discussed the silent
eockpit concept with the FOI but had not put it in writing or requested her approval of the
concept. The Safety Board dDelicves that if the POl had been more experienced she might
have recognized the flaws in such a concept, and perhaps she might have recognized that
the airline was already teaching the concept in their pilot tre'sing program.

The Safety Board supports the latest efforts ¢. the FAA through Project SAFE
Safety Activity Functional Evaluation} to alleviate substandard surveillance of the airline
ndustry. SAFE will revise the position description and qusalification criteria for
prospective air carrier inspector personnel to insure that the ability of the inspector
sersonnel who would be assigned to a FAR 121 certificate nolder matches the job
require ents. The FAA targets its implementation of this plan for fiseal year 1583. The
Safaty Board believes that the FAA should, as an interim measure, discontinue the
pracz-ice of assigning FAR 121 air carrier operating ceriificates to POls without the
training and experience commensurate with the POI role and without & tvpe rating in a
eomparadbie {i.e., turbojet powerad transport category) gireraft in the category and elass
used hy the ecertificate holder. The Salety Board noted that the Midwest Express

By
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certificate was reassigned tc the Air Carrier Distriet Office in Chicago, Illinois, following
the Safety Board's public hearing. The Safety Board trusts that if the FAA has not
already done so, a review will be undertaken to require that all FAR 121 certificates are
overseen by FAA personnel thoroughiy knowledgeable in FAR 121 operations.

2.6.2. AeroThrust Corporation

The Safety Poard found that Pratt & Whitney's visits to AeroThrust revealed a
number of deficiencies, many of which were not necessarily safety-related, but were
related to plant efficiency. Many of the deficiencies, inzluding safety-related items, such
as improper test equipment calibration, reportedly were promptlv corrected. Also, the
training records for the inspector who had last inspected the right eagine 9-10 spacer did
not reveai the manaer in which the inspector was gquslified to operate the inspection
equipment. Neither did they reflect the results of the inspector's required annual eve
examinations. FAA surveillance had not detected the test equipment ealibration
geficiencies, training record deficiencies, or the apparent lack of required vision testing
of AeroThrust inspectors.

The right engine fractured spacer pieces, which were examined in the Safety
Board Materials Laboratory, revealed cracks between bleed air holes which contained
nicxel deposits. This finding indicates that these cracks existed at the time the spacer
was ast inspected since nickel deposits are intrcduced during NiCd replating of the
spazer. The AeroThrust Corporation (A.C.E.S. in 1981) work order for the spacer showed
that the NiCd plating had been stripped from the part Guring its rework and that the part
was free of cracks. The Safety Board believes that cracks were present at the time of the
inspection and should have been detectable using FMPI methods. However, the Board does
not believe that these cracks precipitated the rupture of the spacer.

Testimony by Pratt & Whitney representatives revealed that the most ecommon
failure mode of high pressure compressor spacers involved eracks whieh were initiated by
the kKnife edge rubbing against the stationary seal land. Fatigue eracks would propagsate
through the knife edge and pedestal (which supported the knife edge) and then into the
spacer barrel until the spacer ruptured. Examination of the failed 9-10 spacer disclosed
evidence that cracks had probably initiated in the knife edge and propagated to failure
after entering the spacer barrel. The exaect origination point could not be identified
because the xnife edge and part of the pedestal were abraded awav, probably during the
rapiure and ejection of the spacer {rom the engine. Crack growth data showed that the
numder of cyecles required for a 10-mil erack to propagate to failure {almost 2i,000
cveles) were much more thar the number of cveles recorded on the engine subseguent to
the overhaul (2,584 cyeles). Therefore, the originating crack which existed at the time of
the spacer overhaul should have been much longer than a 10-mil length and should have
been detectable during the 1981 spacer overhaul.

The Safety Board believes that a thorough inspection of the spacer at the time
of the 1981 spacer overhaul should have revealed the ecrack(s) and brevented the
subsequent failure of the spacer. Since AeroThrust did not maintain records showing how
the Magnaflux inspector was trained or recurrently qualified and it did not have records of
the inspector’s required annual vision checks, the Safety Board was unable to resolve
whether the inspector's training, proficieney, or vision was responsible for his failure o
discover cracks during the 1581 insrection of the 9-10 spacar. The Safety Board believes
that engine overhaul facilities should document accurately the training of its key
inspector personnel and that FAA PMis should not allow deficiencies in inspector
qualification and training records to exist, as they did at A.C.E.S. and AeroThrust
Corporation,
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The Safety Board found that the PMI assigned to AeroThrust at the time of the
accident had been responsive to deficiencies noted at AeroThrust and that FAA
surveillance had inereasad significantly since his assignment to that certificate in 1985.
The Board is concerned, however, that esarlier documented FAA surveillance did not
identify calibration equipment deficiencies and training record deficiencies whieh
apparently had existed for years at AeroThrust. The Board believes that jet engine repair
facilities require more surveillance and guidance from the FAA than was provided to
AeroThrust (A.C.E.S.)} in 1980-1981 snd, therefore, that FAA surveiilance of AeroThrust
was deficient during that period. The Board coneludes that increased FAA surveillance
should yield stricter adherence to estabiish procedures, improved training and
recordkeeping, and wouild, in the future, produce a more capable repair station inspector
workforce.

.7 Removable Sleeve Spacer Feactures

As a result of the Midwest Express accident and a series of incidents which
involved the failure of removable sleeve spacers in high pressure compressors of JT8D
engines, on November 8, 19853, the Safety Board recommended that the FAA:

A-83-120

Issue an Airworthiness Directive (AD) to require the installation of the
one-piece, integral sleeve spacer at all six locations in the high-bressure
compressor rotor of Pratt & Whitney JT8D-series engines not so
equipped. The installation should be made as soon as practieal but not
later than the next opportunity wherein the engine is available in the
maintenance facility where a partial or complete disassembly of the
compressor can be aceomplished.

On January 2, 1986, the FAA published & Notice of Proposed RulemaXing
{NPRM) in which it proposed to issue an AD that would require:

{1} A one-time, on-wing, eddy current inspection of stazes 7-2, B-9,
and 9-10 HP compressor removable sleeve spacers in accordance
with Pratt & Whitney Alert Service Bulletin {ASB) No. 5548;

{2) Replacement of stages 7-% and 9-10 stage removable slseve
spacers at next HP compressor rotor disassemblv within the next 2
years or 4,000 cyeles, whichever is later: and

(3) Replacement of the &9, 10-11, 11-12, and 12-13 stage removable
sieeve spacers with integral sleeve spscers, whenever the HP
compressor is disasse mbled.

On February 18, 1986, the Safety Board commented on the NPRV,
recommending that the 7-8 and 3-10 stage removable sleeve spacers he replaced as
soon as practical--that is, the next time the engine was in a maintensnce facility in
which the compressor could be partially or completely disassembled, Hut not later
than 4,000 eycles time-in-service from the eflfective date of the AD.

The Bafety Board's comments were based on its understanding that the
on-wing eddy current inspection could detect & crack in the pedestal of the spacer
just be'ow the Kknife edge seal and that an existing crack, undetected hv the
inspection, would therefore take at least 8,000 cvcles to propagate through the

d
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pedestal and into and across the barrel of the spacer. However, the Safety Board
was subsequently informed by Pratt & Whitney that the on-wing inspection would
not necessarily detect a erack until it had propagated almost into the spacer barrel,
at which time {raciure of the spacer could occur in shout 1,000 cyeles.

The Safety Boaré was concerned that the 4,000 cyeles, or 2 years,
whichever was longer, provided by the proposed AD would not adequately protect
against additional spacer ruptures and possible damage to vital components of
airplanes. As a r.osult of these concerns and other considerations, the Safety Board
concluded that the on-wing eddy current inspection required bv the proposed AD and
set forth in Prait & Whitney Alert Serviee Bulletin (ASE) No. 5648 must be repeated
at 1,000-cvele intervals until stege 7-8, 8-2, and 9-10 remcvable sleeve spacers
within the engine have Dbeen replaced with one-piece integral sleeve spacers.
Consequently, on April 7, 1936, the Safety Board recommended that the FAA:

A-36-28

Issue a Telegraphic Airworthiness Directive and amend the airworthiness
directive proposed in the Notice or Proposed Rulemaking published at
51 FR 37, Docket No. 85~ANA-46, 1o require that the one-time, on-wing
eddy current inspection specified in the proposed airworthiness directive
be repeated at 1.000-cyele intervals until stage 7-8, 8-9, and 8-1C
removabie sleeve spacers Detween the high-Dressure compressor are
replaced with integral sleeve spacer.

As & resuit of its issuance of Safety Recommendation A-86-28 which updated the Safety
Board's concerns adbout JT28D removable sleeve compressor spacers, Safety
Reconmendation A-86-120 was classified as "Closed--Superseded.”

On May 13, 1985, the FAA issued Airwerthiness Directive {(AD) 86-08-04 which
reqguires eddy current inspection and subsegusnt replacement of high pressure compressor
{HPC) removadle sleeve spaeers on certain JT8D engines. Although, the AD was
responsive to the intent ol Safety Recommendation A-85-120, it was not fully responsise
10 the concerns expressed to the FAA in Sefety Recommendation A-B6-28. The Safety
Board has learned that the FAA declined to medifv AD-86-08-04 as recommended by the
Bogrd. 'The Safety Board takes exception to the FTAA's position that repetitive eddy
current jnspections are not necessary. In the Boards opinion, eddy current inspections
should be repeated at 1,000-cyeie intecvals until the subject removable sleeve compressor
spacers are removed from  serviee. The Safety Board has classified Safety
Recommendation A-86-28 as "Closed—Unsceeptable Action," but will continue to voice
its concerns should acdditional fallures of removable sleeve spacers continue. The Safety
Egard remains convinced that prompt replacement of removable slesve compressor
spacers in JT8D engines, with integral sleeve spacers, is the best solution to the spacer
rupture problem.

7.8 Flight Data Recorder

The Safety Board has repeatedly expressed views that the flight data recorders
of the U.S. airline fleet are not totslly adeguate for aceident investigation purpeses.
N1GOME was equipped only with a five parameter metal foil analog ¥R, as sre most
other turbojet transports for which type certificates were issued before
September 30, 1969, even though they may have been meanufsctured and introduced into
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thr fleet more recently. Consequenily, the Safety Board was deprived of data regarding
the agirplane’s engine perlsrmance, flight control positions, inertial attitudes, and
accelerations, all of which would have orovided information essential to support the
theoretical anslysis cf the factors leading to the airplane's departure into an
uncontroilable descent. The Safety Board was able to determine engine thrust level, a key
element in the aceident analysis, from the engine sounds recorded on the airplane's CVR.
However, this was fortuitous in this investigation since engine sounds are seliom
discernible on the CVR in those airplanes with aft fuselage mcunted engines. Engine
thrust data, as weil as the flight control and inertial data reguired for a more
comprehensive analysis of this accident are required to be recorded on the digital FDRs
installed on airplanes certificated after September 30, 1969,

In recognition of the shortcomings of the FDRs raquired on the earliar
type-certificated airplanes, the Safety Board on July 13, 1982, issued Safety
Recommendations A-82-684 through -66 tc the FAA:

A-82-64

Amend 14 CFR 121.343 so that, after a specified date, all turbojet
aireraft manufactured before that date and type-certificated before

September 30, 1969, be required to have installed a suitable digital
recorder system capable of recording data from which the minimum
following informaticn may be determined as a function of time within
the ranges, accuracies, and recording intervals specified in Table
I--altitude, airspeed, heading, radio transmitter keving, piteh attitude,
roll attitude, vertical acceleration, longitudinal acceleration, stabilizer
trim position, engine thrust, and pitch control position.

A-82-65

At an early date and pending the effective date of the recommended
amendment of 14 CFR 121.343 to require installation of digital flight
data recorder systems capable of recording more extensive parameters,
require that operations of all airceraft equipped with foil flight data
recorders be required to replace the foil recorder with a compatible
digital recorder.

A-82-66

Amend 14 CFR 121.343 so that, after & specified date, all aireraft
manufactured after that date, regardless of the date of original type
certificate, be equipped with one or more gpproved flight recorders that
record data from which information listed in Table 1 can be determined
as a function of time. For newly type-certificated sireraft, any
dedicated parameter which may be necessary because of unique features
of the specific aircraft configuration and the type design should also be
required.

On January 3, 1985, the FAA issued a Notice of Proposed Rulemaking, the
substance of which proposes retrofit of cigital type recorders with added parameters on
all transport airplanes not so equippes.  Although the Safety Board believes that
requirements even more :lringent than those proposed are needed, the Board supported
the proposed rulemaking and acknowledged that it would be a significant step toward
improving flight recorder standards. The Board is very concerned thet 2 yesrs have
passed since the initiation of the rulemaking action and a final rule is yet to be adopted.
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The Safety Board further notes that the aviation regulatory authorities of
other countries progressive in the aviation field have adopted FDR requirements more
stringent than those required or even proposed by the FAA. In faet, the Iqtematzor_ml
Civil Aviation Orgenization {ICAQ) has adopied standards which are consistent with
Safety Board recommendations. The Safety Board will continue to urge the FAA to
expedite the rulemaking actions to upgrade flight recorders on the U.S. airline fleet and
to ultimately require that new airplanes be equipped with recorders which met ICAO
standards.

Pending further FAA action, Safety Recommendations A-82-64 through -66
have been ciassified as "Open-Acceptiable Action.”

3. CONCLUSION

31 Findings

1. The flighterew was medically and operationally qualified and well rested
before the flight. There was no indication of chronic or life event
stress—related factors which would have affected the performance of
either pilot.

2. N18OME was certified, equipped, and maintsined in asecordance with
FAA rules. There were no uncorrected discrepancy reports which
involived powerplants or control systems.

3. N100ME was dispatched within the applicable weight and center of
gravity limitations.

4. The aircraft performance was normal during the takeoff and initial elimb
phases of flight untii the right engine failed at 450 feet a.¢.l. at a speed
well in excass of the takeoff safety speed (VZ),

3. The right engine failed abruptly and completely due to the uncontained
failure of the Sth to 10th stage high pressure compressor spacer.

5. Uncontained pieces of the ruptured spacer did not cause any significant
camage to the airplane fuselage, control systems, or the l2ft engine.

7. The right engine failure was precipitated by a fatigue crack in a knife
edge of the 9th to 10th stage spacer. The erack had propagated to a

length which should have sllowed detection on the occasion of the last
high pressure compressor overhaul and spacer rework in 1931,

8. None of the sirplane f{light control systems were disabled.

9. The cause c¢f the left engine power loss, which occurred beginning about
1.5 seconds after the right engine failed, was not determined.

10. The left engine experienced a compressor stall in the last seconds of the
flight after contrel had been lost and the airplane was descending toward
the ground in an unusual attitude.

11. The loss of ieft engine power was not significant with respect to the loss
of control of the airplane.
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13.

14.

15.

16.

17.

18.

18,

20.

21.

22.

23.

24.

25.

26.
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The captain initizlly responded correctly with deflection of the rudder
pedal to the left to compensate for the loss of right engine thrust and by
lowering the nose of the aireraft; however, he appeared to be unaware of
the exact nature of the emergeney.

The crew response to the right engine failure was not coordinated.

Meither pilot verbally identified the emergency condition or made the
emergency callouts required by FAA-approved Midwest Express
procedures.

The rudder was incorrectly deflected to the right 4 to 5 seconds after
the right engine failure.

An saccelerated stall and loss of control occurred 10 seconds after the
failure of the right engine.

Forward visual cues {outside the cockpit) were not available to the crew
at the time that the right engine failed. Peripheral visual cues were
available.

The visual flight simulator, which wrs used by the crewmembers in
training, did not provide onset y-w 21d longitudinal acceleration cues,
peripheral visual cues, or aural cues which were available to the crew in
the airplane.

The captain and first officer misinterpreted the inside visual cues which
were presented in the airplane.

The differences in visual motion and aural cues presented in the wvisual
flight simulator and in the airplane may have limited the ability of the
flighterew to recognize and react arpropriately to the emergency.

Failure to recognize the nature of the emergency and improper operation
of flight controls precipitated the loss of control.

The DC-9-14 does not require unusual pilot skill or strength to maintain
continued flight foliowing an engine failure on takeoff.

Both crewmembers were relatively inexperienced in DC-8 flight
operations.

The FAA Principal Operations Inspector who was responsible for
oversight of Midwest Express was inexperiencad in FAR 121 turbojet air
carrier operations.

A TUsilent cockpit" philosophy was suggested by Midwest Express in
response to certain emergency situations, although the concept was not
approved by the TAA and was in confliet with approved emergency
procedures.

FAA surveillance of Air Carrier Engine Service {AeroThrust) was
ficient in the 2-year period which preceded the overhaul of the 9-16
spacer.
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27. The aceident was nonsurvivable because the impaect forces exceeded the
limitations of human toleranece.

3.2 Probable Cause

The National Transportation Safety Board determines that the probable cause
of the accident was the flighterew's improper use of flight controls in response to the
catastrophic failure of the right engine during a critical phase of flight, which led to an
acecelerated stall and loss of control of the airplane. Contributing to the loss cf control
was a lack of crew coordination in response to the emergency. The right engine failed
from the rupture of the 9th to 10th stage removable sleeve spacer in the high pressure
compressor because of the spacer’s vulnerability to craeks.

4. RECOMMENDATIONS

On November 8, 1985, the Safety Board recommended that the Federal
Aviation Administration:

A-~85-120

Issue an Airworthiness Directive (AD) to require the installation of the
cne-piece, integral sleeve spacer at ali six locations in the high-pressure
compressor rotor of Pratt & Whitney JT8D-series engines not so
equipped. The installation should be made as soon as practical but no
later than the next opportunity wherein the engine is available in th-
msintenance facility where a partial or complete disassembly of the
COmPprassor can de accomplished.

A-85-121

Notify appropriate foreign civil aviation authorities and foreign
operators of airplanes equipped with Pratt & Whitney JT8D-series
engines of the failures associated with the removable sleeve spacers
instalied in the high-pressure compressor rotor and of the actions which
should be taken to minimize or eliminate the failures.

On April 7, 1986, the Ssafety Board recommended thsat the Federal
Aviation Administration:

A-86-28

Issue & Telegraphic Airworthiness Directive and amend the airworthiness
directive proposed in the Notice of Proposed Rulemaking published at
51 FR 37, Docket No. 85-ANA-46, tc require that the one-time, on-wing
eddy current inspection specified in the proposed airworthiness directive
be repeated at 1,000-cycle intervals until stage 7-8, 8-8, and 9-10
removable sleeve spacers between the high-pressure compressor are
replaced with integral sleeve space:-s.

As 8 result of its investigaticn, the Safety Board recommended that the
Federal Aviation Administration:

Issue an air carrier operations bulletin direeting Principal Operations
Inspectors to review their respective air carrier's flighterew training
programs to ensure the existence of new coordination procedures that,



notwithstanding a8 policy endorsing nonessential conversation during an
emergency condition, require any crewmember who observes a potential
or actual emergency situation to verbally call it to the eaptain's
sttention. {Class I, Priority Action) (A-87-8)

Issue an air carrier operations bulletin directing Principal Operations
Inspectors to review their respective air carrier’s simulator training
programs to verify that engine failures in the posttakeoff climb are
frequently given with particular emphasis on the use of engine and flight
incftruments as the primary source of information for sirplane control
end on the need for deliberate actions based uvon flight and engine
instrument analysis rather than hasty action based upon Kinesthetic cues.
(Class LI, Priority Action) (A-87-9)

Require Prinecipal Operations Inspectors of 14 CFR 121 certificate
holders to have training and experience commensurate with the air
carrier  invoived, including a comparable type rating fle.g.,
turbojet powered transport category) in the category and elass of
?ircr'aft to be used by the certificate holder. (Class II, Priority Action)
A-87-10)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ JiM BURNETT

Chairman
/s/ PATRICIA A. GOLDMAN e
Vice Chairman

/s/  JOHN K. LAUBER
VMember

s/  JOSEPH T. NALL
Member

Jim Burnett, Chairman, filed the following dissenting statement regarding
probable ¢ause and contributing factors:

The probable cause of the accident was the catastrophic failure of a high
pressure compressor spacer in the right engine during a critical phase of flight, together
with the flighterew's improper use of the flight controls that resulted in an accelerated
stall and loss of control of the girplane.

Contributing to the cause of the aceident was a training program which
inadeqguately prepared the flighterew to diagnose and respond to an engine-out situation ia
the climb-out phase of flight, a lack of crew coordination in response to the emergency,
ané the inadequate inspeciion of the compressor spacer at the engine repair facility.

s/ JIM BURNETT
Chairman

February 3, 1987
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5. APPENDIXES

APPENDIX A
INVESTIGATION AND HEARING

B kvestigation

The Nationel Transportation Safety Board was notified of the accident about
1645 e.d.t., on September 8, 1985, and immediately dispatched an investigative team to
the scene. Investigative groups were established for operations, gir traffic control,
gircraft structures, aircraft systems, powerplants, survival f{actors, wilnesses,
maintenance records, cockpit voice recorder, flight data recorder, human performance,
and aireraft performance. In addition, speeialist reports were prepared to summarize
findings relevant to meteorclogy, metallurgy, and the sound spectrum examination of the
cockpit voice recorder.

Parties to the investigation were the Federal Aviation Administration;
Midwest Express Airlines, Inc.; the Douglas Aireraft Company; Pratt & Whitney Aireraft

Company; AeroThrust Corporation; and the Milwaukee County Office of Emergency
Government.

2. Public Hearing

A 4-day public hearing was held in Milwaukee, Wiseonsin, beginning
February 18, 198&. Parties represenied at the hearing were the Federal Aviation
Administration; Midwest Express Airlines, Inc.; the Douglas Aireraft Company; Pratt &
Whnitney Aireraft Company; and AeroThrust Corporation.
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APPENDIX B
PERSONNEL INFORMATION
Csplain Danny Watkin Martin
Captain Martin, 31, held airline transport pilot certificate No. 235248% with a

DC-9 type rating and an airplane multiengine land rating. He held a first elass airman
medies] certificate, which was issued March 7, 1885, with no limitations.

Fimet Oificer William Roger Weiss
Captain Weiss, 37, held airline transport pilot certificate No. 21259535 with a

DC-3 type rating and airplane single and multiengine 1and ratings. He held a first class
airman medical certificate, which was issued August 18, 1985, with no limitations.

£
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APPENDIX C

STANMDARD NOISE ABATEMENT TAKECOFY PROCEDURES

The following standard ncise abatement takeoff procedures were applicable to
flight 105 takeoff and were contained in the Midwest Express Crew Operating Manual
{COM}:

(1) The piiot sets his heading bug tc runway heading as an aid in
p - = . - g - -
maintaining directional control in the event of an engine failure
after V1.

(2)  The copilot sets his heading bug to departure heading.

{3} After receiving takeoff clearance, both pilots sean engine
instruments for abnormal indications.

{4) Th: pilot then advances throttles to takeoff EPR settings, cross-

referencing N1 to assure correct EPR settings, keeping one hand on
the throttles until V1.

(3} The copilot then adiusts throtties to takeoff EPR and by 60 knots
calls out "power normal.”

{6} The copilot ealls out “100 knots," V1," and "Rotate.”

{7}  When positive rate of climb is established, the copilot ealls out,
"positive rate” after which the pilot calls for "gear up.”

(8) Void of abnormal circumstances, the pilot climbs the aireraft to
1,000 feet above field level, maintaining at least V2 airspeed and a
maximum pitch of 15 degrees up.

(9) Mo turns are to be made below 400 feet above field level (a.f.l.).
Above 400 feet a.f.l., maximum bank angle is limited to 15° until
reaching best single engine climb speed, with a maximum of 30°
Dank thereafter. At 1,000 feet above field level or minimum gross
ievel off altitude {MGLO), if higher, pitch was t{o be decreased to
spproximately 10° tc allow the airplane to accelerate. 30/
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APPENDIX D
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APPENDIX E

D oA W0 vy s T S
T AANSCRIPT OF COTRFD YOrCoe RECORTER

NATIONAL TRANSPORTATION SAFETY BOARD
Bureau of Technology
washington, D. C, 20594

SPECIALIST'S FACTUAL REPQRT OF INVESTIGATION
COCKIT VOILE RECORDER

BY

JAMES R, CASH
AIR SAFETY INVESTIGATOR

WARNING

The reader of this report is cautioned that the transcription of a VR
tape is not a precise science but is the best product possible from an N7SB
group investigative effort. The transcript, or parts thereof, 1f taken out of
context, could be misieading. The attached (VR transcript should be viewss as
an accident investigation tool to be used in conjunction with other evidence
gathered during the investigation. Conclusions or interpretations should nct
be made using the transcript as the sole source of information.
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NATIONAL TRANSPORTATION SAFETY BOARD
Bureau of Technology
wWashington, D. C.

August Z7, 1886
ERRATA TO GROUP CHAIRMAN FACTUAL REPORT OF IRNVESTIGATION

COCKPIT VOICE RECORDER
DCA 85-A-A036

ACCIDENT

Location : Milwaukee, Wiscoasin

Date

September 65, 1985

Aircraft : Midwest Express Airlines, Inc., Flight 105 {MEP/105},
McDonnell Douglas DL-9-14, RN:10OME, SN:4730¢

GROUP

Not applicable.
DETAILS OF INVESTIGATION

Frrata

The following changes should be made to the “"Group Chairman's
Factual Report of Investigation Cockpit Voice Recorder," dated
September 25, 1685.

Cover Sheet

{hange second line ¢of title from "COCKIT VOICE RECORDER™ to "COCKPIT
YOICE RELORDER.V™

Paae 7
Second paragraph, line 4 - change time "15:21:04" to "15:20:43."
Page 5 (of transcript)

Change time "17:17:48" to "15:17:46."

/ R. Cort

James R. Cash
Air 5Safety Investigator
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NATIONAL TRANSPORTATION SAFETY BOARD
Bureau of Technoiogy
Washington, D. C.

September 25, I9E5

GROUP CHAIRMAN FACTUAL REPORT OF INVESTIGATION
COCKPIT VvOICE RECORDER

ACCIDENT

Location
Date : September 5, 1985

Iy

Milwaukee, Wisconsin

Aircraft : Douglas DC-9, N1OOME
Opegrator @ ™Midwest Express Arrlines
Flight No.: 105

NTSE No. : DCA 85-A-A035

GROUP

James R. {ash, National Transportation Safety Board, Chairman
Paul H. 0ldale, McDonnell Douglas Aircraft fompany, Member
Gary Drska, Midwest Express, Member

Rick L. Cremer, Federal Aviation Administration, Member

SUMHMARY

A badly damacged Fairchild model A-100 cockpit voice recorder (VR
S/N 875 was brought to the Audio Laboratory of the Nationail
Transportation Safety Board., The recording medium was undamaged and a
transcript was prepared {attached) from engine start until the end of the
recording.

DETAILS OF INVESTIGATION

The cocxpit voice recorder case sustained both physical and fire
damnage during the accident and the post crash fire. The dust cover that
covers the whole unit was severely crushed and had to be cut off. The
impact protection case had all five of the retaining boltis sheared off.
The front panel, including the data plate was not recovered with the rest
of the CVR unit. The electronic circuit boards and the internal wiring
of the (VR were severely burned and meited. The recording media inside
of its fire protection suffered no damage. The tape was not broken and
the ree] assembly was intact. The tape was moist but suffered no
perminent damage.
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The overall quality of the recording was good. Ail of ihe
yoice recorder channels were working. The No, 1 charneI of the EVR
which is normally associated with the flight engineer's radip panel, was
connected to the aircraft's passenger intercom. At 15:20:41.7 CDT, &}
of the CVR channels got approximately 30 percent louder in volume than
they had been during the preceding 30 minutes. This louder volume
continued untii 15:21:26.4 CDT, when the .olume of all of the CW
channels returned to the lower Tevel. This change in volume, oecause 1t
effected all the CVR channels equally, is probably associated with some
type of internal short or loose wire internal to the CZVR unit, and not
associated with any other aircraft systems. The recording was
approximately 32 minutes in length, but only the last 7 minutes were
transcribed. The information contained in this begining 25 minutes
consisted of casual conversation with the flight attendants, and thg
flight attendants briefing Dy the captain. The before start engine
checklist items were also accomplished in accordance with company
procedures and company operating manuals during this time,

The transcript began at approximately 15:14:23 (DT with the st
of the number two engine. The airgraft started to taxi at approximate?
15:16:22 £D7. The flight was cleared for takeoff at 15:20:29 (D7, and
the power was heard to ingrease at 15:21:04. The takeoff appeared norm
until 15:21:26.4 (07 when a lgud Clurk sound was heard, followed by 2
ncticeable decrease in the sound of one of tne enginss. The stall
warning stickshaker ceme on at 15:21.36.0 (37 and continued unti? the eng
of the recording. The powsr was Interrupted to the cocxpit voice

[ = ¥

recorder at 15:21:38.8 for only G.1 second. At 15:721:81.7, twa-tentrs of
a second before the end of the racording, the sound of the start of thns
"wnoop whooo!" warning of the ground proxvimity warning systew could be

heard. The end of the recordyng occurred at 15:21:41.9 207,

;ﬂﬁ4ﬂ44hl? Eaalk

James R, {z2sn
Air Safety Investigetor
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TRANSCRIPT OF A FAIRCHILD A-100 COCKXPIT VOICF RECORDER

APPENDIX E

S/N 875. REMQVED FROM THE DC-9, NIOOME, WHICH WAS INVOLVED

LEGEND
Cockpit area microphone voice ar spund source
Radig transmission from accident aircraft
Intercom transmission from accident airgraft
Voice identifi.c as Laptain
¥oice identified as First Officer

Voice identified as No. 1 Flight Attendant

rt+
-#

g

[& N

¥oice uniden
Unknown
Mijwauxee Loral Tower Controd

Milwaukes Ground Control

Questionabie text
Eg-i1ariail insertion

Payuse

A1l times are expressed 1a central daylight savings time.
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APPENDIX G
DC-9-14 FLIGHT CONTROL SYSTEM CESCRIPTION
Lateral Control

Conventional control wheels are ecable-connected to conirol tabs on the
ailerons. Aerodvnamic forces on the control tabs move the ailerons. An independent
eable system connects the control wheels to each aileron control tab individually. Left
and right ailerons are bussed icgether so that they alwayvs move together in the proper
direction. Each ailleron contains a conventional trim tab which is connected by cables to a
rim Knob on the pedestal.

Aiiercn latersal contirol is aided by a flight spoiler system. Aileron control tab
cable movement is linked to 2 mechanical mixer assembly that actuates the fiight spoiler
hydraulic control velve. The flight spoiler surfaces start to extend after about 3° of
controi wheel throw. Full aileron deflection is reached when the wheel is deflected about
807, at which time the spoilers on the appropriate wing are deflected about 30° The crew
can continue to deflect the wheel, stretching the aileron cables, to gain an additional 30°
of spoiler deflection. The inner and outer flight spoiler systems are powered by separate
hydreulic systems, so that with one hydraulic system inoperative, one-half of the flight
spoiler effectiveness is retained.

Pirectionsl Control

Conventional rudder pedals control rudder movement. During normal rudder
operations, tae rudder control tab is locked hydraulically. Rudder pedal movement
operates the rudder power control valve through a clesed loop cabie svstem. The rudder
power conirol valve hydraulicailv actuates the rudder power contrel unit, which is
powered oy the right hydraulic system. A conventional trim kKnob on the pedestal
repositions the neutral peint of the rudder power actuator to provide trim. Hvdraulic
power to the nxdder power unit may be shut off by placing the rudder power control
handle in the msanual position in the cockpit. When hvdraulic pressure drops to about 930
osl, the niklder sutomatically reverts to manual operation, unlocking the rudder control
tab.

During manual rudder operation. rudder pedal movement through control
2ables operates a control tab on the rudder. Aerodvnamic force on the control teb moves
the rudder.

The "G limiter™ restricts rudder travel at speeds above 1756 knots. Rudder
t:‘avel is unresiricted below 175 Xnots. At speeds between 176 and 181 knots, rud{ier
travel is limited to *18% Rudder travel limits are modulated between ~18° and +3 1/2
speeds between 181 ‘and 330 xnots. The Q limiter utilizes s bellows, & spring 'nechamsm
asd a hook to limit the rudder travel; and 8 pitot tube, which is mounted on the leading
2dge of the vertical {in, to sense the ram air pressure. Higher speeds cause higher ram air
pressure on the beilows, resulting in restriction of rudder movement.
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A vaw damper is provided to improve damping of any lateral directional
osecillation. Vaw damper operation is selected by a switch on the overhead penel.
Although operation of the DC-3-10 series airplane is normally conducicd with the yaw
gampe:_on, Douglas pilots testified. end Douglas and FAA pilots who participated in a
Safety Board's fh ht demonstration showed, that control of the DC-3 was predictable and
di¢ not require 8‘(080‘{101'18.‘ pilot skiils with yaw damper off and with one engine snut
down. The vaw damper has a limited authority of about 1. 6 of deflection w'*h a
meximum vaw damper induced rudder deflection occurring at a rate of about 0. £5° per
second.

The tab on the rudder has a servo arrangement where rudder deflection resuitls
in additional tab deflection. If the rudder moves trailing edge right, the tab moves even
farther trailing odge right. aerodvnamically resisting the rudder travel. This system
would resist excessive rudder deflection in the event of a single rudder cable failure.

The primarv rudder cable system originates under the cockpit floor and
terminates at a control sector at the Dase of the rudder. The cables are routed through
lightening holes in the floor beams, about 18 inches to the left of the aircralt centerline
gnd 4 inches below the cabin fioor. After pessing rearward of the aft pressure pulkhead,
the eadles angle upward toward the eircraft centerline, terminating at the control sector.
The sector provides control input to the hvdrsulic actuators or the zerodvnamic control
tab.

The rudder irim cables zre 3 o,ed loop svstemn whnieh originates in the

-j-l
2oeKpit center console hetween the pilot seats and ¢ —nmstes at a lcad feel and trim unit
which is attached to *% same =ector to whice ﬁe ori ‘ary eables are attached. The trim
c&b'{eb sre routed aft through lightening holes in the floor heams about 1{ inches to the

right of the airerai t centerline. 4 inches be.m. the eabin floor. Forward of the aft

oressure bulkhead. the t-im cables are routed outdoard and aft. then go vertieally up the

aft wall of the lavatory. After ;:)faa-sm: t‘:mug y the aft pressure Dulkhead. thev are ~outed

to the icsaé feel and trim unit. Inthe s 1selaze ares. Doth sets of rudder eables Sf‘e at a

lower level than the engine nacelies. 'Ih ‘? ole in the right engine was forward of the aft
pressure t}umsenu-

The stainless sieel hydraulie syste™ suoply lines and the alu
return lines. which go to and
Jower shutofl wvsive just =
diagonally EQELJ the indosr
’*xd”au;t‘ linder-

3 =inu™ hvdraull

m the rudder power amnil. are connected to the "ucider
7t of the ali pressure D*Ji*\ iead. the lines then progress
¢ edge of the vertiesl stabilizer support buikhead to the

The rudder _“‘ow er thvdrauiie! unit s locatad Dehind g larze Dulkhead iust helow
the Dotiom of the rudder and in line with the rudder hinge line. The hvdraulic lines to the
rwdder are routed ‘dmg the right 3ide of the sirerafll., ceveral inches inbeard of the
Tuselaze skin and then prograss upward 1o the rudder power unit, aft of the a7t pressur

it
o ael 3
ouinhiead,

44
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Longitudinal Control

The elevator contrel system is a conventional, cable-operated aerodynamic
boost system that operates a single control tab on each elevator. Each control tab is
driven by an independert, two-way cable system from the corresponding eontrol column in
the cockpit. A bus tcrque tube connects the two control columns. The primary elevator
eabie system originates at each control column and terminates at independent control
sectors at the inboard end of the corresponding elevator. Cne cable loop is routed along
the left side of the aircraft, paraileling the primary rudder cables, and then continues up
the resar spar of the vertical stabilizer to tuwe control sector. The other cable loop is
routed through the floor beams approximately 19 inches to the right of the aircraft
centerline and 4 inches below the top of the ecabin floor. At the aft pressure bulkhead,
both cable loops follow the same routing as the rudder trim cables before continuing up
the rear spar of the verticel stabilizer to the control sector.

Movement of either control column moves the control tab. Aerodvnamic
force, generated by the tab, moves the elevator. As cach elevator moves, an additional
tab, which is geared to elevator movement, moves !o assist the control tab. A
hydraulically powered augmentor system, which is powered by the left hvdraulic system,
is provided to assure airplane nosedown capability under extrame high angle of attack
flight conditions. The augmentor system consists of two control valves ir series and an

ctuztor on each elevator surface. A hydraulic accumulator allows several eveles of
elevator operation in the event cf loss of hydraulic {left} system pressure. If, during stall
conditions, elevator control tab displacement reaches 10° nosedown because the elevator
has not responded, the augmentor system will port pressure to appiv nosedown elevator.
The slevator will then follow the position of the control eolumn.

A horizontal stabilizer provides longitudinal trim. It is moved by an
irreversible jackscrew which can be asdiusted by use of primary or alternate trim controls.
When the horizontal stabilizer is being moved by either trim system, an audible signal is
sounded once for each 1/2°of stabilizer movement. A stabilizer takeoff warning switeh is
cam-~opersted by the stabilizer position indicator cable to provide an intermittent audible
warning if the throttles are advanced f{or takeoff and the stabilizer is not in the takeoff
range.

Flep System

Each {lap is actuated by two hydraulic actuators, one mounted inboard and one
al the cutboard end of the flap. The outboard eylinders are operated by the left hydraulic
svstem. The inboard actuator cylinders are operated by the right hydraulic svstem. The
flaps will operate with the loss of one hydraulic system, but at & reduced rate. A bus tie
zable is used 1o assure symmaetrical flap movement.

Stail Warning System

A lift transducer on each wing and a flap position transmitter (for each flap)
supply signais to two seperate summing units. During approach to a stall, either summing
unit may actuate s conirol column stickshaker stall warning svstem. The vibeation is felt
in bo*h eontrol columns, if sctivated.
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Hydraulic Systems

The DC-9 has two independent hydraulic systems, designated left and right.
Services normally receiving pressure from both hydraulic systems will operate, but at
reduced efficiency when one system is inoperative. Each system has a hydraulic reservoir
and an engine-driven hydraulic pump. There are no provisions for routing fluid from one
system 1o the other. An alternate hydraulic motor/pump mechanically connects the two
systems. In additior, the right system has an electrically powered auxiliary hydraulic
pump. Medium and t.igh pressure hydraulic lines are stainless steel pipe.

The left hyvdraulic system supplies pressure for operation of the following
{partial list):

1. Inboard spoilers;

2. ing flap outboard actuator;

3. Elevator augmentor power; and
4. Alternate hydraulic motor/pump.

The right hvdraulic system supplies pressure for operation of the following
(partial list):

1. Outboard spoilers;

2, Rudder power;

3. Wing {iap inboard actuators;

4. Alternate hydraulic motor/pump; and
3. Landing gear.

Each engine-driven hydraulic pump is capable of providing 3,000 psi system
pressure. The suxiliary {electric) hvdraulic svstem pump, which is also capable of
supplying the needs of the right hydraulic system (3,008) psi), is powered from the left
generator bus. The alternate hydraulic motor/pump utilizes pressure from an operating
hydraulic svstem (either) to provide pressure to the opposite unpressurized system.
identical 15 miecron, non-Lypassing Line-type fiiters sre installed in the engine-driven
hydraulic pump pressure and case drain lines, the auxiliary hydraulic pump pressure line,
and ihe hydraulic system return lne.

Priority valves in the pressure lines of the left and right hydraulic systems
give the flight controls priority on pressure available. The valves are designed to prevent
hydrauiic pump output to pass through the valve unless the pressure is 2,000 psi or above.
Midwest Express procedures require that all hydraulic pumps De turned on for takeoff.

The landing gear assemblies are retracted by pressure from the right hvdraulie
system. When retracted, the gear assemblies are fully enclosed by doors which are
hvdraulically and mechanically actuated during the retraction cycle. When retracted, the
main gear assemblies rest on mechanically 1atched main gear doors. The door latehes ean
5e released hydraulically or mechanieally.
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APPENDIX H

EXCERFPTS FROM ENGINE REPAIR MANUAL REGARDING

8-9 COMPRESSOR BLADE FRACTURES
Pratt & Whitney Aircraft

JTBD ERGINE MANUAL (PN R81672 - RESTRUCTURED)

COMPRESSOR BLADES, STAGE 9 - INSPECTION-01

Task 72-36-33-22-00C: Visual/Dimensional Inspection

A Praraguisites
(1} Flucrescent penetrant inspect per Task 72-36-00-23-000,
{Section 72-35-06, Inspection-0%1). Any crack is cause

for reijsction.
B. EqQquipment And Materialsz Reguired

Support Equipmant: PWA 11835 Template

PWA 33275 Gage .
PWA 33318 Gage {egquivalent to PWA 3337S)

Comsumables: None
Expandabla Parts: None
C. Procesdurs

NOTE: Unless otherwise stpecified, compressor blade blend
limits, as specified in this manual, are svaluatad
from the standpo:nt of structural integrity only and
use of substantial number cof Plades rspaired at or
near maximum limits or blades having many repaired
areas may adversely affect cvompresscr efficiency
and engine psrformance.

Subtask 72-36-33-22-G09

{13 Blade

{al

ROTE:

fractures and airfoil cracks.

The following information specifically applies
to engines wvhich have bdeen removed due to stalis,
tut aisco should de followed as a gensral
inspsction.

BEvidence of Iracture or cracking in either Sth
of Sth stage blacdes is justification to scrap
2ll blades of both stages.

Inspect for fractures originating in a«irfoil just
aboves root platform (Pigure BDY1}. Juch fractures
vithout avidence of foreign cbject Eamage and
exhibiting muitiple origing on fracture surface

a4z shown In View A in Piguzys 801, indicate exces-
sive blade eirfoil zxtresg. Bacause of this sasvere
streas snvironment and resultsnt loss in material
strengtk, remaining 8th and 9th stage blades
thoulid be écrepped when this condition is obsarvsd.
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Pratt & Whitney Aircraft

JTBD ENGINE MANUAL

{PN 481672

COMPRESSOR BLADES, STAGE 9

- RESTRUCTURED:
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Subtask

£3)

{a)

{5)

{6}

{11

(8:

{93
(102

(1%)

98-

Fratt & Whitney Aircraft

JT8D ERGINEZ MANUAL (PN 3B187% - RESTRULTURED!

COMPRESSOR BLADES, STAGE S - INSPECTION-O1

(b} Inspect Dlads airfoils for cracking in area just
a™cve platform. Any blade exhibiting cracking
in this aren also indicatess excesisive blade stress.
96 Figure 802. Remeaining Eth and Sth staga
bDlades should be scrappad regardless of whether
or net they sxhibit cracking.

72-36-23-22-001

CAUTION: LIMITE APPLY TO DAMAGED ARZAS AFTER BLENDING
AND NOT TO MAGNITUDE OF DAMAGE MEASURED BEFORE
BLENDING.

Repair of minor injuries to compressor blades can be
made, provided injury csn be removed without excaeding
allowable iimits, Ses Pigure B803.

NOTE: Nicks in leading and trsiling edges become moure
critical, closer to blads root.

Any injury in inner half of eirfoil should be consid-
ored for repair only after most critical inspection.
Blade portions, which hsve sustained indentations {(hav-
ing blade material compressed and edges raised) and
injuries with small radii or ragged edges, must be
removed.

Sagregete thoss bladax having desap nicks along lsading,
or trailing edge from thosge having minor scratches and
pits.

Wasll rounded injuries to lsading and treiling edges
which c¢an e seen on opposite side of Dlade are accept-
abie without reéwork, provided inijury iz ian outer hailf
of blade and indantation does noet excessd 0.010 irnch.
Tectal blsnded length a2n any resr compressoer blade adge
shall not De in excess of 1/%8 of total sdge length.
Biands on both sdges must not be directly opposite and
must be separnted dlagonally by minimum Jdistence egual
to mean chorda’ length of blade. Sse Pigure 803,
Length of bland must de four times dapth.

Not more than ona (edge) Dlend per adge is permitted.

NOTE: Dlends in Arsea A can be counsidered saparately
and are nct accountabdle in computing sbove
limits.

All blade surfaces must Ds, as uearly as possible, com-
parable to new blade.

¢
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APPENDIX I
DISCUSSION OF LEFT ENGINE POWER LOSS

The examination of the left engine ravealed case and gearbox deformation and
internal damage which was most predor.inant in the 4 o'clock position. This was
consistent with the left engine having been subjected to similar impact forces as those to
which the fuselage was subjected at initial ground impact. The blue paint smears, rivet
narks, and red psaint transfer found on the right side of the nose cowl suggested further
that the engine impacted the fuselage immediately following fuselage ground impset.
Seat leather and fosm materisl, similar tu that used in aireraft seat upholsterv, were
found jammed inside a fractured guide vane. Three adiacent guide vanes had blue paint
smears, and one vane nad white paint smears. The paint smears were consistent with the
fuselage paint color scheme. Also, airframe insulation was found in the engine. This
evidence also indicated that the engine collided with the fuselage at ground impact,
probably as the fuselage was collapsing, which allowed the engine to also impaect interior
cabin {furnishings.

Low pressure compressor stator vanes and blades, the inlet ease, and the front
fan case were found between the point of airplane impact and the finsl resting place of
the left engine, indicating that the breakup of the front section of the engine was
initiated by the airplane impect. The rotating first and second stage fan blades were
damaged by case deformation and frontal impact damage, indicating significant rotation
at the time of the initial impset when the engine case was deformed. Evidence of
rotation at impact also was indicated by extensive blade tip curling opposite the direction
of rotation in both the low pressure compressor and in the high pressure compressor.

Since dirt and wood were not ingested into the engine, engine rotation
apparently had slowed substantially, or stopped, before the engine came to rest in a
wooded area. Impact damage from the right side of the engine at the 4 o'elock position
fractured the gearbox, broke the fuel control linkages, and tore the fuel control unit from
the fuel pump. Obvicusly, fuel to the engine was abruptly interrupted and continued
er zine operation was not possible even if there had not been significant internal engine
damage. tensive internal damsage to blades, stators and guide vanes associated with
impact and eclashing Detween rotating parts and stator vanes in the low pressure
compressor would have resulted in engine flameout and rapid engine decelerstion
fellowing the initial impact of the left engine with the fuselage. The time required for
sucit & spooldown could not be measured, but it is estimated to have cecurred in fractions
of a second. The Safety Board believes that sixth stage rotor blades were liberated after
the initial impact and resultant clashing in the low pressure eompressor.

The left engine fuel shutoff valve was cable cperated. The Board does not
believe its postimpact position is meaningful because its position would have changed
when its cable system was subsjected to impact loads.

The eighth and ninth stage high pressure compressor blades, which failed in
reverse bending low cycle, high stress {atigue, had {racture characteristics which were
icentical to descriptions of blade fatigue fractures in the JT8D Engine Repair Manual.
Pratt & Whitney advised the Safety Board that such fractures could occur during severe
fiexing of the blade in less than a few seconds; the higher the repeated stress, the smaller
number of cycles and, hence, the shorter time required to rupture. The Safety Board
accepts the theory that repeated high stress flexing at the proper frequeney could cause
such failures in a short time, but it does not believe that such stresses would have been
repeated between the time of the initial left engine impact and the time the engine
finally came to rest. The extent of case, gearbox, and internal damage which ocourred st
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the time of the massive initial airplane fuselage impact, when transferred to the left
engine, abruptly wrenched the engine free of its engine pylon and drove it through the
fuselege, causing it to be deformed substantially. The frequencies and resonance
associated with impset would have been rapidly dimirished as the engine case was
deformed and as blades and stators fractured and were distorted because of the shifting of
rotors and clashing within the engine. The immediate result would have been flameout
and a rapid spooldown of the engine, and not the repeated cyeclic overstress which would
have been required to fracture the eighth and ninth stage blades in fatigue.

In an effort to resolve the mechanism by which the blades were stressed to
produce reverse bending fatigue fractures, Pratt & Whitney conduected eighth stage blade
flutter demonstrations using an airstream, 1o excite the blade in first tending flutter.
Increasing the exciting force resulted in high stress fractures in 3 to 6 seconds and, as a
result of a susteined airstream, produced a resonant airfoil frequency and a flutter mode.
The fracture surfaces were coarse-textured and had multiple origins on the convex and
concave surfaces, similar the fractured eighth and ninth stage blades from the Midwest
Express left engine. Pratt & Whitney estimated that the time to failure would have been
substantially reduced, other conditions remaining the same, if centrifugal and normal
aerodynamic steady stresses on the airfoil had been applied in the demonstration to more
accurately duplicate the accident environment for the left engine.

Based upon the evidence and considering the results of the Pratt & Whitney
research, the Safety Board believes that the eighth and ninth stage blades failed in fatigue
as a result of violent compressor sislls. Further, these compressor stalls occurred as the
airerafi was falling to the ground, when the fuselage was blocking much of the airflow to
the left engine inlet. I a left engine compressor stall occurred after stickshaker
activation and stall of the aireraft, and precipitated blade fractures in the eighth and
ninth stages of the high pressure compressor, about 5 seconds would have been avsiizble
to precipitate the fractures befors ground impact. The blade failures and subsequent
downstream damage in the engine would have begun to generate abnormally high
temperature in the aft section of the engine. Such evidence, in the form of heavy coarse
metaliization of a titanium based alloy, was cbserved on the inner surface of the outer
shroud and on turbine blade airfoils. The coarseness of deposits on hot section
components indicates that debris had passed through the engine while there was stiil
airflow through the engine, a characteristic which was incensistent with blade fractures
occurring at the initial ground impact. The absence of severe damage in the turbine
suggests that the left engine f{light duration in a stalled condition was short. This is
consistent with a compressor stall that was initiated at or after stickshaker activation.

The balied-up piece of titanium alloy, which was identified ass an 8th stage
blade root and wes found jammed in the 11th stage stator assembly, apparently had been
loose in the gas flow path for at least a few seconds to have become so misshapened. The
amount of damage to this blade was inconsistent with its being liberated and balled up
after ground impact. Ar sirfoil section, which was identified as part of a high pressure
compressor blade, was trapped between the eighth stage stator support rail and a slightly
buckled section of the rear skirt in a manner which indicated that it had been liberated
from the compressor and was in place when the rear skirt was deformed by ground impact.
This airfoil and the balled-up blade both suggested that the eighth and, possibly, the ninth
stage blades fractured in flight.

Many high energy cutward perforations were observed in the intermadiate case
rear inner duct in the plane of rotation of the eighth and ninth stage rotors. This damage
and damage to the eighth and ninth stage stators, which had mechanically impacted the
shroud, indicated that some blades from those rotors had become detached while rotating
at high energy and not after ground impact.
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Sharp imprints of rotor blades were observed on the trailing edges of the fifth,
seventh, and eighth stage stators, indicating the rotor blades had clashed with the stators.
Such damage is typical of compressor stalls where rotor blades move forward rapidly,
sometimes striking stator vanss. The Safety Board believes that the occurrence of
compressor stells in the last seconds of the flight as the airplane fell to the ground would
account for the clashing damage, the fatigue fractures of the eighth and ninth stage
tlades, the balied-up eighth stage blade root, the trapped airfoil, and perferations in the
intermediate case. The Board does not attribute the compressor stali to a malfunction of
the enzine, but to the unusual attitude of the aireraft and resuitant obstruetion of airflow
into the left engine in the last seconds of flight.

A compressor stall or series of stalls occurring at or after stickshaker
activation would not explain the reduction of left engine power which was indicated by
the scund spectrum examination of CVR noises which began about 1.5 seconds gfter the
right engine failed. The sound spectrum during the period following failure of the right
engine indicated g fairly slow and erratic reduction of N1 and NZ, and thus, power on the
left engine. However, the erratic relationship between N1 and N2 is not condusive to
detailed analysis because of the short time interval and an insufficient number of dats
points from which to analyze engine performance. Pratt & Whitney testimony indicated
that the reduction of N1 and N2, which was documented before stickshaker, was not
typical of compressor stall.

Other possible explanations for the .eduction in left engine power include
manual throttle manipulation by the flighterew or mechanical stress in the engine {for an
undetermined reason). The Safety Board cannot conclusively eliminate either possibility.
Thus, the cause of the initial left engine power loss couid not be determined. However,
the Board believes that, regardless of the reascn{s) for the initial power loss and the
compresser stali-induced blade failures, factors related to the left engine did not
contribute to the loss of control of the airplane.
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