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Abstract: This report explains the in-flight loss of propelier blade and subsequent crash
of an MU-28-60 airplane, operated by the South Dakota Depantment of Transponation,
while the flightcrew was attempting an approach to an emergency landing at Dubuque
Regional Airpont, Dubuque, lowa, on April 19, 1993. The safely issues discussed in the
report include the propeller hub design, ceflificat on and continuing airworthiness, and air
traffic control training. Recommendations cencerning these issues were made to the
Federal Aviation Administration.
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EXECUTIVE SUMMARY

On April 19, 1993, at 1552 central daylight time, a Mitsubishi
] MU-2B-60, registered in the United States as N8GSD and operated by the South
B Dakota Department of Transportation, as a public use dirplane, collided with a silo
| on a farm near Zwingle, lowa, while attempting an approach 1o an emergency
landing at Dubuque Regional Airport, Dubuque, lowa. The airplane was destroyed
in the collision and postcrash fire. The captain, first officer, and the six passengers
aboard were fatally injured. Instrument metcorological conditions existed at the
time. The flight originated from Cincinnati, Ohio, at 1406, on an instrument flight
rules flight plan.

The National Transportation Safety Board determines that the probable
cause of this accident was the fatigue cracking and fracture of the propeller hub arm.
"The resultant separation of the hub arm and the propeller blade damaged the engine,
nacelle, wing, and fuselage, thereby causing significant degradation to aircraft
performance and control that made a successlul landing problematic.

The cause of the propeller hub amm fracture was a reduction in the
fatigue strength of the material because of manufacturing and time-related factors
S (decarburization, residual  stress,  corrosion.  nuxed  microstructuare,  and
g o machining/scoring marks) that reduced the fatigue resistance of the muaterial,
s probably combined with cxposure to higher-than-nomal cyclic loads during
R operation of the propeller at a critical vibration frequency (reactionless meode),

\ which was not appropriately considered during the airplane/propeller certitication
xl process.

The safety issues in this report include the propelier hub design,
certification and continuing atrworthiness, and air traffic control training.  Safety
recommendations conceming these issues were addressed to the Federal Aviation
Administration.



NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

AIRCRAFT ACCIDENT REPORT

IN-FLIGHT LOSS OF PROPELLER BLADE
L AND UNCONTROLLED COLLISION WITH TERRAIN
MITSUBISHI MU-2B-60, N86SD
ZWINGLE, IOWA T
APRIL 19, 1993

1. FACTUAL INFORMATION
i i 1.1 History of the Flight

On April 19, 1993, at 1552 central daylight time (CDT).! a Mitsubishi
[ MU-2B-60, registered in the United States as N86SD and operated by 1hc South

‘ Dakota Department of Transportation (DOT), as 2 public use aiiplane,” collided
with a silo on a farm near Zwingle, .owa, while attempting an approach to an
emergency landing at Dubuque Regional Airport (DBQ). Dubuque, lowa. The
e airplane was destroyed in the collision and postcrash fire. The captain, first officer,
1= and the six passengers aboard were fatally injured. Instrument meteorological
fe_l-f conditions existed at the time. The flight originated from Cincimnati, Ohice. at 1406,
on an instrument flight rules (IFR) flight plan.
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The airplane and crew departed Pierre, South Dakota, on April 19
about 0630 to carry a delegation of state officials (including the Governor of South
Dakota) and businessmen to a meeting in Cincinnati and to retum the same day.
The airplane stopped in Sioux Falls and Brookings, South Dakota, to pick up cther
members of the delegation. The airplane departed Brookings with the two pilots
and six passengers aboard, and arrived about 0930 at Lunken Field in Cincinnati.
The passengers then departed tor their meeting.

The pilots remained at the airpont where they ate lunch and ordered
fuel for the retum flight, requesting full iaboard and outboard wing tanks, and
75 gallons in cach wing tip tank. Refueling records revealed that the airplane was

All times in this report, with the exeeption of those in appendin B, are in ceniral daylight time.
See appendix A for information regarding the jurisdiction for the investigation of this accident.



serviced with a total of 303 gallons of Jet A fuel. No other maintenance service was
requested. Personnel of the Million Air fixed-base operation at Lunken Field
recalled that the flightcrew was relaxed. businesshke, and displayed good humor.

At 1201, a caller, using the call sign N86SD and naming the captain as
pilot-in-command, telephoned the Dayton, Ohio, flight service station (FSS) to tile
two IFR flight plans and to obtain weather information for Cincinnati to Sioux Falls
to Pierre. The first route segment to Sioux Falls was specified as "RNAV direct.”
The caller filed to depart Lunken at 1330, with a flight time of 2 1/2 hours to Sioux
Falls, with 4 1/2 hours of fuel on board. Three passengers were to deplane at Sioux
Falls, and the flighi was to resume at 1615 with 2 hours of fuel remaining for a
40-minute flight to Pierre. The call was concluded at 1208. There were no
discussions about altemmate fields and surface weather observations from airports
other than Sioux Falls and Picrre.

The passengers returned about 1345 and boarded the airplane. The
flightcrew radioed ground control at 1355 for flight clearance and taxi instructions.
At 1359, the airplane held on unway 20 to await an IFR release that was received
at 1406 from the Lunken air tratfic control tower.

The airplane took off and proceeded west-northwest. At 1428, the
flightcrew of N8GSD requested and was granted clearance to deviate from course to
avoid weather buildups at flight level (IFL) 230 over Indiana. (See figure 1). At
1509 and 1537, the flightcrew again requested and obtained clearance to deviate
around poor weather conditions at FL. 240 over Hlinois.

At 1540, the flightcrew reported, "Chicago, sierra delta, we had a
decompression,” then "Mayday, Mayday, Mayday. Six sierra delta, we're going
down here.” The Chicago Air Route Traffic Controi Center (ARTCC) controller
acknowledged: "Roger, tell me what you need.” The flightcrew replied, "The
closest airport we can get to here.” ‘The controller informed NR6SD that DBQ was
25 miles away at their 2:00 position and asked what altitude the airplane needed.
The airplane’s position was actually 37 miles from DBQ. At this time. the controller
was unaware of the weather at DBQ. 'The flightcrew responded. "We need to get
down to our oxygen level.” The center controller then cleared the airplane to
8.000 feet.
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About this time, other airports were considered as divert options. The
controller later stated that there were smaller airports in the area but thit they were
uncontrolled and unmanned. She considered Majuoketa Awrport, but 1t only had a
nondirectional radio beacon (NDB) instrument approach. She considered Quad City
Airport (MLI), Moline, Illinois, but believed it was forther away from the airplane
than DBQ.

At 1542:12, the flight requested DBQ weather conaittons. The
controller replied by clearing the flight to DBQ and stating that DEQ was at about a
330-degree hzading, and that the airplane should fly “direct when able.” She alse
reported the DBQ weather as 360 feet overcast, 1.5 miles visibility in roin and fog,
and winds of 060 degrees at 20 knots.,

At that time, DBQ was about 31 miies from the airplane.  Also at that
time, the current weather observation for MLI (about 33 miles away from N86SD)
indicated visual meieorological conditions (VMC) on the surface. Also at hat time,
instrument landing system (ILS)-equipped Clinten Airport (CWI), Clinton, towa,
was 9 miles south, with a ceiling of 400 feet, and a visibility of 5 miles. The air
traffic controllers involved in the emergency situation did not query dheir compiner
for the MLI surface observation, which would have been available.  the CWI
surface observation is not available via a computer query.

About 1542, one of the controliers contacted Quad City approach
contro! to point out to the approach controller that N86SD was descending, wiih the
following land-line transmission: “Yeah, just, ah northeast of Davenport fifteen
miles, that emergency squawk you're seeing, he's going down to ¢ight right now.”

At 1542:11, the controller asked the flight if it ~ould change frequency.
The flight answered in the affinnative, and contacted the low atitude radar
controller.  The DBQ radar controller assigned a heading to join th.e 1L.S final
approach course for runway 31 at DBQ and asked it the flightcrew wanted
emergency equipinent standing by. ‘The flighterew replied, "We nught peed the
equipment...."

At 1544, the controller asked. "Can you hold altitude?” The flighterew
responded, "Well, standby.” The controller th<n cleared the flight to 6.000 feet. At
1545, the airpiane reported difficulty holding altitude, and the controller then cleared
the flight to 4,000 feet and restated the heading to join t'ic approach course.




Chicage ARTCC rotitied DBQ tower at 1545 that N865SD was
diverting to LLBQ with an emergency. At 1546, tihe tlightcrew requested the
distance to DBQ, aud the controller replied that the airplane was 23 miles southeast
of the aitport. N86SD then requested vectors to the ILS. At 1547, the controller
informed NB86SD that kis radar showed the airplane jomning the approach course.
N86SD acknowledged and asked, "...could you have an ambulaiice standing by?" At
1548:06, NKO6SD trensmitted that they "had an engine out” as weil as a
decompressicn.

At 1549, the controller stated the airplane’s alttude readout of
2,700 feet and asked: "Can you hold...there?” N86SD answered, "I don't think so.”
Radar contact was lost at 1551, about 10 miles southeast of DBQ when the airplane
was at 1,900 feet, The controller reported the loss of radar contact to the flightcrew
and directed th:ia to contact DBS) tower.

The flightcrew reported on DBQ tower frequency at 1551, was
infonned that emergency equipment was in position, and was cleared (o land on
runway 31. N86SD acknowledged and asked, "...how far out are we?" The tower
controller, unable to answer the question because .10 equipment to determine the
airplane’s range wes installed in the tower, stated that radar contact had been lost
and asked if the airplane had distance measuring equipment. The flightcrew's
affirmative response at 1552 was the last transmission received.”

A witness at Cottonville, lowa, 4 miles east-southeast of the crash site,
heard an airplane overhead about the time of the accident but did not see it because
of clouds. A witness, 2 miles from ihe site, saw N86SD come out of the clouds to
his east, pass about 100 feet overhead and continue west-northwest. He described
the airplane as inclined right wing down, with the left propeller stopped. He stated
that he saw a single left propeller blade, statiorary above the left wing and bent
foiward.

Three witnesses driving south on US Highway 61 saw the airplane
cross from east to west at low altitude, and later saw the cruption of fire at the crash
site. One of these witnesses stopped on the side of the road and reported the
accident to authorities by mobile telephone.

Thice individuals acquainted with both pilots listened to recorded communications between the
airplane and Dubuque tower, and identified the first officce as the individual making the radio transmissions on
N36SD,
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The accident occurred during the hours oi dayhght at 42 degrees,
15 minutes. 21.6 sccends north latitude and 090 degrees, 41 minutes, 20.4 seconds
west longitude. Thes tacation is about 5.5 nnlcs scuth of DBQ. The elevation of the
stie was determined by a topographical map te be about 1,000 feet above mean sea

level (msl).
1.2 Injuries to Persons
1
Injuries Flightcrew Passengers iher Total P
Fatal 2 6 0 8 e
Serious 0 0 0 0 e
Minor/None 0 0 0 0 oy
Total 2 5 0 8 N
.
1.3 Damage to Airplane Y
The airplane was destroyed during the impact and postcrash fire. Its
estimated value was $600,000. S
1.4 Other Damage o
A famm silo, a bam, several picces of fan equipment, and several famm i
animals were destroyed. The estimated value of this property was $160.000. .
1.5 Personne! Information RN
1.5.1 The Flightcrew Y 1
The captain, age 52, held a second class medical certificate issued on i
December 10, 1992, with a limitation that he wear corrective fenses while flying. It .
could not be determined whether he was wearing corrective lenses during the J 1
accident sequence of cvents. |
The captain held an airline transport pilot certificate, number 1972080, 5
with endorsements for airplane single- and multi-engine land. The certificate was
issued on September 5, 1979. He held a flight instructor certificate with ratings for )
single- and multi-engine land airplanes, and an instrument rating. His total flight
time was 10,607 hours, with 1,922 hours in the MU-2. In the last 30 days, he had L
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flown 20 hours, 12 of whick were in the MU-2.  His insttument time totaled
921 hours in actual instrument conditions and 1!2 hours in simulated instrument
conditions. He complz2ted a recurrency check as MU-Z pilot-in-commiand on
Decemoer 16, 1992, He had been employed s a tull-time pilot by the State of
South Dakota DOT since March 1980. He assumed the position of chief pilot in
1982.

The captain ha  been married for 30 years and had two children. His
son gave the following account of the captain’s activity in the days before the
acctdent. The captain flew a trip on the moming of April 16, retumed to his office
by 1400, and spent the evening at home. The son visited his father that evering, and
his father mentioned a long trip the coming Monday. The capiain went to bed
between 2230 and 2300, awoke carly on Saturday, and spent the day at home. e
and his wife grilled steaks for dinner, and he went to bed about 2330. On Sunday,
ke and his wife attended church in the moming and visited friends that evening. The
son said that his father probusbly went to bed at his usual time between 2336 and
2400. He rose early on April 19, wiihdrew money from an automatic teller machine
about 0530 and went to work for a scheduled 0630 departure. The son recalled that
his father was in the habit of beginning preflight preparations about an hour before
departure.

The first ofticer, age 45, held a second class medical centificate issued
on April 13, 1992, without limitations.

He held a commeircial pilot certiticate, number S03606959. with ratings
for helicopter and airplane, single- and multi-engine land, and instrument airplane
and helicopter. The centificate was issued on February 25, 1977, He held a flight
instructor certificate with ratings tor airplane, single- and multi-engine  land.,
instrument airplane, and helicopter.  His total flight tme was 8,085 hours, with
982 hours in the MU-2. The first officer accumulated about 1,120 flight hours in
rotorcraft as a U.S. Army pilot between 1968 and his military separation in the early
1970s. His instrument time totaled 270 hours actual and 180 hours simulated. He
completed a recurrency check as MU-2 pilot-in-command on December 16, 1992,
While employed by the South Dakota Highway Patrol, he flew the accident airplane
as a part-time pilot from 1983 thrcugh 1988. He joined the South Dakota DOT
Aviation Services Section as a full-time pilot in November 1990,

The first officer had been married 21 years and had two children. His
wife provided the following account of his activities in the 3 days before the
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accident. He flew a trip on Friday, retumed home about 1700, and went to  :d
about 2230. On Saturday, he rose about 0500. He and his wife spent the day
visiting a daughter at college and helping her move. They retumed about midnight.
On Svnday, he rose about 0900. He had !unch with another daughter, napped, and
visited a friend in the evening. He went to bed about 2233. He left the house about
0430 on Monday. He told his wife that he had a long trip scheduled and that it
would be a long day.

1.5.2 The Air Traffic Controllers

Federal Aviation Administiation (FAA) facilily records indicated that
the Coton High position radar controller entered on duty with the FAA on
December 4, 1986, and came to the Chicago ARTCC on June 8, 1987. She attained
her area rating in the Northwest Area on June 30, 1991. Her most recent over-the
shoulder evaluation and tape talk were on November 11, 1992. Her most recent
medical examination was on March 25, 1993, with no waivers or limitations.

The DBQ Low Sector radar controller entered on duty with the FAA at
the Chicago ARTCC on December 30, 1959. His area rating in the North Area was
on July 15, 1987. His most recent over-tne-shoulder evaluation was on March 2,
1993, and his most recent tape talk was on April 7, 1993. On March 16th, 1993, he
received his most recent medical, with the notation that he shall wear lenses that
correct distant vision, and possess glasses that correct near vision while performing
air traffic control (ATC) duties.

1.5.2.1 Controller Emergency Procedure Training

Supervisory personnel at the Chicago ARTCC siated that all
controllers experience simulated emergencies during all phases of training. They
said emergency situations are planned into simulation scenarios, and that situations
very similar to the accident sequence of events are inserted into iraining sequences.
Such situations resembling the N86SD sequence of events are also included in
controller and supervisor annual refresher training, according to Chicago Center
personnel.




1.6 Airplane Information
1.6.1 General

N86SD was purchased by the State of South Dakota on February 25,
1983, from Carlingswitch, Inc., the owner of the airplane since December 13, 1979,
The airplane had been registered under four different numbers since its manuiacture.
The original registration number was NI97MA. It was changed to N6IPC after the
airplane was sold to Carlingswitch, Inc.  On January 26, 1983, the registiation
number was changed to N984MA, and, on June 10, 1983, it became N8OGSD atler it
was purchased by the State of South Dakota.

Communications and navigation equipment installed at the time of the
accident included dual VHF radio transceivers, arca navigation coupled to the
autopilot, dual VOR receivers, DME, ADE/NDB, LORAN, 1L3 with marker
beacon, and radar altimeter.’ The LORAN had a frature to display airports in
proximity to the airplane’s present position.

A telephone was installed in the airplane with handsets at the rizht

pilot's station and the right rear passenger seat. The laiter was used by passengers
twice during the accident flight, but not during the accident sequence of events. See
section 1.9. A cockpit indicator was installed to show the flightcrew when the
telephone was in use.

1.6.2 N86SI) Maintenance Program

Examination of N86SD's logbooks revealed that the airplane was
inspected under Federal Aviation yegulations (FAR) Parts 91 and 43. ‘The State of
South Dakota's maintenance program for N86SD was tound consistent with the
manufacturers' (Mitsubishi, Garrett, and Hartzell) recommended maintenance
programs. These programs are based on overhaul, life-limited, and on-condition
maintenance processes.

4VHF - Very High Frequency; YOR - Very high frequency Omnidirectional Radio Range:

DME - Distance Mcasuring Equipment: ADF/NDB - Automatic Dircction Finding/Nondirectional Beacon:
LORAN - Long Range Navigation: and ILS - Instrument Landing Systen:.
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1.6.3 Engine and Propeller Infoirmation

The airplane was powered by two Garrett Turbine Engine Division,
model TPE-331-10-511M turboprop engines, rated at 940 shaft hersepower at
takeoff,” each driving a Hartzell mode! HC-B4TN-5GL. propeller (see section
1.17.2.1 for description of propeller). Airplane records disclosed that at the time of
the accident, the left engine, Serial No. P-36130C, had accrued a total of 4,516
operating hours since new (TSN) and 929 hours since overhaul (TSO). The right
engine, Serial No. P-36098, had accrued 4,546 hours TSN and 390 hours TSO.
Both engines were overhauled by Teledyne Neosho, Neosho, Missouri, in
November and December 1989, respectively.

The left propeller hub, Hartzell model HC-B4TN-5GL, Serial No.
CD-975, was installed new by the airplane manufacturer at the time of original
delivery and had remained with the airplane through its service life. At the time of
the accident, this propeller hub had accrued a total operating time of 4,585 hours.
Operating cycles were not recorded in the propeller records.

The overhaul of the MU-2's propellers was recommended every
3,000 hours of operation or 60 calendar months, whichever occurred first, according
to Hartzell Service Letter (SL) 61R, dated February 28, 1992. There is no
requirement to disassemble the hub to inspect the hub bores during the propeller
overhaul. Records provided by the operator indicated that the last propeller
overhaul on N86SD was performed at 3,914 hours of airframe total time (TT) on
September 11, 1990, 671 hours before the accident.

164 Weight and Balance

Weight and balance were calculated for the accident fligh using the
following: 7,845 pounds empty weigh* 1,422 pounds for flig'itcrew and
passengers, and 2,425 pounds of fuel. The derived weights were 11,62 pounds at
engine start and 10,825 pounds at accident. Center-of-gravity (CG) as calculated
to be 195.2 inches at engine start and 196.3 inches at the time of the accident. The
maximum takeoff weight for the airplane was 11,575 pounds, and its CG range was
190.9 inches to 199.4 inches.

S’I“he engines are flat rated at 715 shaft horsepower. as instalted on the MU-2B-60.
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The South Dakota DOT pilots used a self-developed computer program
to obtain weight and balance before flights from Pierre.  Its use required entries for
weights and the distribution of flightcrevs, passengers, baggage and fuel. 'The
program summed weights and calculated moment and CG. A representative
calculation for a typical flight underreported zero fuel weight and ramp weight in the
amount of one passenger's weight (first seat behind cockpit on right side), and
miscaiculated CG by the omission of moment for that passenger.

1.6.5 Maintenance Records Review

The maintenance records for N86SD included the airplane, propeller,
engine, vverhaul logbooks, FAA form 337s (Major Repair and Alteration), and
other documents pertaining to the service history of the airplane. The last entry in
the airplane logbook showed that N865D had accumulated 4,570 hours TT on April
12, 1993, when a phase 5, "Ciabin & Cockpit” periodic inspection  was
accomplished.

The airplane logbooks described repairs from a gear-up landing of
N86SD, with no reported damave to the propellers. N86SD was repaired on
January 8, 1988. At the time of ihe accident, the airplane logbook did not indicate
any uncorrecled discrepancies or open items.

The propeller loghooks showed that the left and right propellers were
removed for newer model blede replacement by Aircraft Propelter Services, Inc.,
Wheeling, lllinois, on April 39, 1992, at the awrplane TT of 4,246 hours, which was
approximately 239 hours prior to the accident. The last recovded inspection of the
propellers was performed on January 14, 1993, The inspection included an
examination of the propellers for smooth rotation of the blades on the hub nilot
tubes. The inspection of the propetler hub for cracks, required to be conducted
during the 100-hour periodic inspection, was performed visually and was limited to
the exterior of the hub and hub arm. The interior pilot tube and hub bore were not
inspected at that time due to their inaccessibility.

1.7 Metcorological Information
1.7.1 Surface Weather Observations

DBQ Regional Airport (DBQ), Dubuque, lowa:
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1518 CDT...Special. Measured ceiling 300 feet overcast; visibility
1 1/2 miies; moderate rain, fog; winds 060 degrees at 20 knots:
altimeter setting 29.45 inches of Hg.

1555 CDT...Record Special..Measured ceiling 200 feet overcast:
visibility 1 1/2 miles; light rain, fog; temperature 46 degrees F; dew
point 45 degrees F; winds 040 degrees at 16 knots; altimeter setting
29.46 inches of Hg.,

1632 CDT...Special..Measured ceiling 300 feet overcast; visibility
2 miles variable; lighi rain, fog; winds 040 degrees at 20 Kknots
gusting 27 knoss; altimeter setting 29.44 inches of Hg.; visibility
I 1/2 miles variable 2 1/2 miles.

Quad City Airport (MLI1), Moline, llinois:

1516 CDT...Special..Measured ceiling 1,300 feet broken, 2,700 feet
overcast; visibility 5 miles; fog; winds 180 degrees at 7 knots:
altimeter setting 29.36 inches of Hg.

1550...Record..Measured ceiling 1,400 feet broken, 2,800 feet
overcast; visibility 5 miles; fog; temperature 64 degrees F; dew

point 60 degrees F; winds 180 degrees at 10 knots; altimeter setting
29.35 inches of Hg.

1650 CDT...Record Special..7,500 feet scattered, estimated ceiling
25,000 fect overcast; visibility 4 miles; fog: temperature
65 degrees F; dew point 61 degrees F, winds 180 degrees at
6 knots; altimeter setting 29.36 inches of Hg.

Clinton Airport (CW1), Clinton, Iowa:

1535 CDT...Ceiling 400 feet overcast; visibility 5 miles;
temperature 54 degrees F; dew point 51 degrees F; winds
070 degrees at 12 knots; altimeter setting 29.36 inches of Hg.
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1540 CDT...Ceiling 400 feet overcast; visibility 5 miles:
temperature 54 degrees F; dew point 50 degrees F. winds
070 degrees at 10 knots; altimeter setting 29.37 inches of Hg.;
03 inches of precipitaticn measured between 1520 CDT to
1540 CDT.

1355 CDT..Ceiling 300 feet overcast; visibility 5 miles;
temperature 54 degrees I dew point 50 degrees F. winds
060 degrees at 11 knots: altimmeter setting 29.38 irches of Hg.

1.7.2 AIRMETSs and SIGMETSs
The following aiman’s meteorological intormation (AIRMET) and

significant meteorological information (SIGMET) were in effect at the tine of the
accident:

AIRMET Zulu for Icing:

Issued on April 19, 1445 CDT, valid until April 19, 2100 CDT.
"Occastonal moderate rime icing in cloud and in precipitation from
the freezing level to 18,000 feet.” The area encompassed by this
AIRMET included a 30 nautical mile radius of DBQ.

AIRMET Tango for Turbulence and Low Level Windshear
(LLWSj:

Issued on April 19, 1445 CDT, valid until April 19, 2100 CDT.
"Occosional moderate turbulence below 10,000 feet in region of
strong low level winds. LLWS potential over the area due to
moderate to strong low level winds continuing beyond 2100 CDT.”
The area encompassed by this AIRMET included a 30 nautical mile
radius of DBQ.

AIRMET Sierra for IFR:

Issued on April 19, 1445 CDT, valid until April 19, 2100 CDT.
"Occasional ceiling below 1,000 feet/visibility below 3 miles
precipitation/ffog.”  The area encompassed by this AIRMET
included a 30 nauti :al mile radius of DBQ.




Convective SIGMET 37C:

Issued on April 19, 1455 CDT, vahd until April 19, 1655 CDT.
From 30 naut.cal miles north of DBQ to 30 nautical miles west-
southwest of ORD {Chicage, lllinois} to 20 nautical miles west of
SBN [South Bend, Indiana}: Line embedded thunderstorms 20
nautical miles wide moving from 230 degrees at 30 knots. Tops to
40,000 feet.

Convective SIGMET 38C:

Issued on April 19, 1455 CDT, valid until April 19, 1655 CDT.
From 30 nautical miles east of CID {Cedar Rapids, lowa] to 10
nautical miles southwest of BDF (Bradford, Illinois] to 40 nautical
miles south of BRL [Burlington, Iowa] to 30 nautical miles east of
CiD: Developing area of thunderstorms moving from 230 degrees
at 25 knots. Tops to 40,000 feet, tomadoes, hail to 3 inches, wind
gusts to 75 knots possible.

1.7.3 Center Weather Advisory (CWA)

The following CWA, issued by the Chicago Center (ZAU) Weather
Service Unit, National Weather Service meteorologist, was in effect at the time of
the accident:

ZAU1 CWA 01/38C: Issued on April 19, 1505 CDT, valid until
April 19, 1705 CDT. Over ZAU from 20 nautical miles north of
DBQ to 60 nautical miles northeast of IRK {Kirksville, Missouri].
Rapidly intensifying broken line level 4 to 5 thunderstorms. Severe
weather likely. Line moving east 25 knots. Second line to develop
next 2 hours from 40 nautical miles northwest CID to 40 nautical
miles northeast of IRK. Severe weather also likely as cells develop.

1.7.4 Severe Weather Forecast Alert

The following Severe Weather Forecast Alert (AWW) was in effect at
the time of the accident:
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AWW Number 142: Valid on April 19, 1400 CDT to April 19,
2000 CDT. Tomado Watch 60 nautical miles east and west of a
line from 48 nautical miles south-southwest of SGF [Springfield,
Missoirri] to 40 nautical miles north of BRL. Hail surface and aloft,
2 1/2 inches. Wind gusts 75 knots. Maximum tops to 50,000 feet.

1.8 Aids to Navigation

DBQ is equipped with the following insirument approaches: an ILS to
runway 31, an NDB to runway 31, a VOR to nuinway 36, a VOR to runway 31, a
VOR to runway 13, and a LOC/DME BC to munway 13. The only approach with
weather minimums at or above the minimum required at the time of the accident was
the ILS to runway 31.

MLI is equipped with the following instrument approaches: an ILS to
runway 09, a localizer to runway 27, an NDB to runway 09, and an RNAYV to
runway 31. The weather at the time of the accident was above all approach
minimumes.

Instrument approach options at Clinton include an ILS approach to
runway 03, a YOR approach to unway 03, a VOR/DME app. tach to muinway 21,
an NDB approach to unway 03, and an NDB approach to runway 14, The ILS to
runway 03 has a decision height that was at the ceiling at CWI at the time of the
accigent. The VOR to runway 03 would have also been available, provided an
airplane was equipped with an operating DME.

1.9 Communications
Transcripts of pertinent recorded communications between the

flightcrew and various FAA control facilities during the in-flight emergency are
found in appendix B of this report.

South Dakota personnel recounted two telephone calls during the flight
that were made from the telephone installed in the airplane. About 1430, the office
of one of the passengers received a call from the passenger conveying that the
airplane was airborne out of Cincinnati. About 1530, another passenger called his
secretary in his office. The calls were routine in nature and did not indicate any
airplane difficulty.
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The accident site was in Jackson County, lowa, which does not have
911 emergency service. The telephone call from the witness on the highway by the
crash site was received by the Jones County Sherift’s Office, and the infonmation
was relayed to Jackson County at 1601.

1.10 Aerodrome Information

DBQ has no ATC radar. At the time of the accident, there were two
controllers in the tower cab, and the tower manage. was also on duty. The airport
has two bidirectional runways: nimway 13/31 (6,498 feet by 150 feet) and
runway 18/36 (4,902 feet by 150 feet). Both runways are asphalt, and neither has
an overrun. The field elevation is 1,076 feet msl. Runway 31 has a medium
intensity approach lighting system with runway alignment indicator lights. Lighting
on ull runways was operaticnal and had been tumed to full intensity for the
airplane's approach.

MLI is serviced by an ATC approach control radar. The airport has
three bidirectional runways: 13731 (concrete, 6,000 feet by 150 feet), 09/27
(asphalt, 8,509 feet by 150 feet), and 05/23 (asphalt, 4,909 feet by 150 feet). The
field elevation is 589 feet msl. Runways 13/31 and 05/23 are equipped with

medium intensity approach lighting, and runway 09/27 is equipped with high
intensity apprcach lighting.

CW1 is uncontrolled; however, a iixed-base operator on the field
operates a UNICOM/CTAF [aeronautical advisory station/common traffic advisory
frequency] radio. The airport has two bidirectional runways: 14/32 (asphalt,
3,700 feet by 100 feet), and 03/21 (asphalt. 5,204 feet by 100 feet). The field
elevation is 708 feet. Pilot-controlled lighting is available for both runways.
Weather information could be obtgined directly from the airport via AWOS
[automated weather observing system}.

1.11 Flight Recorders

Flight recorders were not installed, nor were they required to be
installed, on N86SD.
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1.12 Wreckage and Impact Information
1.12.1 Debris Field Description

The airplane came to rest on a heading of 303 degrees magnetic in a
bamyard. During the postcrash fire, ahout 75 percent of the fuselage was consumed
ty fire. The wreckage path began at a denolished 75-foot concrete and steel silo
and continued for about 498 feet on a magnetic heading of between 290 iand
320 degrees. The farthermost pieces of airplane debris that were found were the left
and right tip tanks, which showed minor frontal damage and no fire damage. "The
fuselage was found to be heading 303 degrees and was largely consumed by fire
from the front to the aft pressure bulkhead. (See figures 2 and 3).

The wreckage path contained pieces of the airplane from the nos: to
the tail and from the right wing tip to the left wing tip. One propeller blade, one
blade tip, and the powerplant top cowling from the left engine nacelle could not be
found at the accident site.® Pieces of silo material were found throughout the
wreckage debris.

£.12.2 IFuselage Damage

The fuselage structure was almost completely consumed by fire from
the forward pressure bulkhead (forward of the rudder pedals) to the aft pressure
bulkhead. The nose of the airplane was crushed inward into the cockpit area, a
distance of about 4 feet. Monrtar, concrete block and galvanized hardware were
interspersed throughout the nose and cockpit areas. The fuselage area contained
molten aluminum and unrecognizable fragments of metal.  The empennage was
separated frem the fuselage at the factory joint (the attachment area between
fuselage and tail stnicture) and was about 59 feet from the fuselage.

The fuselage debris was, for the most part, consumed by fire,
eliminating the possibility of evidence of a propeller strike. No propeller material
was found in the fuselage area.

6Thv:' l2ft engine powerplant cowling and the missing L-3 propeller blade. blade clamp. and
scpasaled hub arm were found on May 14, 1993, about 4 miles north of the flighipath, aboul 27 miles east-
southcast of the crash site.
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1.12.3 Wing Damage

The left wing was found separated outboard of the left engine. The
inboard portion of the wing, including the engine attach area, was found with the
fuselage. It exhibited fire damage, consisting of scorched and melted metal, extreme
crushing to the leading edge, and ruptured tuel tanks. The outboerd wing seciion
was not fire damaged and had minor damage to the leading edge. The left wing tip
fuel tank separated from the wing at its attach points. The left aileron trim tab was
positioned at the full-tab-down position (left wing up). The left inboard flap had
scparated from the wing and was found in the bamyard. The left outboard flap was
partially separated from the wing and was attached by the left roll trim electrical
cable. The left flap jackscrews were found in the flap retracted position. The left
inboard spoiler was separated from the attachment points. The left outboard spoiics
wis attached to the wing. All of the fractures exhibited characteristics of overload
failures.

The right wing was separated outboard of the right engine. The
inboard pon.un of the wing, including the engine attach area, was found with the
fuselage and exhibited fire damage, consisting ot scorched and melted metal,
extreme crushing to the leading edge, and ruptured fuel tanks. The outboard portion
of the wing was not fire domaged and had minor damage to the leading edge. The
right wing tip fuel tank separated from the wing at its attach points. The right
aileron trim tab was positioned ai the full tab up position (right wing down). The
right inboard and outboard flaps were found separated from the wing. The right flap
jackscrews were found in the retracted position. The right inboard spoiler was
found separated from the wing. The right outboard spoiler was integral to the wing.
All of the separated flight control surfaces were found throughout the wreckage
path.

1.12.4 Empennage Damage

The empennage was found separated from the fuselage at its factory
joint. The attach structure of the empennage-to-fuselage joint had broken in tensile
overload. The left and right horizontal stabilizers and the vertical stabilizer leading
edges were crushed rearward to their respective fromnt spars. The left horizontal
stabilizer was bent rearward 90 degrees with the rotation about the rear spar. The
left elevator separated from the stabilizer and was found near the empennage. Both
the left and right elevator counterweights wer: found near the empennage. The
clevator trim setting was measured and was det2miined to be unlike either elevator
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trim tab position. Continuity of the trim system could not be veriticd due tG fire and
impact damage, and the trim cables were found disconnected and free.

1.12.5 Engine Damage

Both the left and right engines were approximately 175 feet from the
silo and adjacent to the severely burned cockpit/cabin section of the tuselage, the
central point of the crash site. Both the left and right propellers were attached to
their respective engine output shafts. Initial examination disclosed that the propeller
blade operating cylinder and piston assembly, and the entire No. 3 blade, had
separated®from the left propeller. The remaining three blades were attached but
severely damaged. The right propeller, except for the cylinder and piston assembly,
was complete. However, all fou blades were severely damaged.

The left engine was broken into threc major pieces and the major
fracture point was in an irregular tangential line through the inlet duct and around
the tunnel housing that encloses the main engine rotor drive for the reduction
gearbox (RGB). Two of the three major sections were found at approximately
83-degree angles to each other on » heading of 150 degrees and 67 degrees.
respectively. They were connected only by miscellaneous tubing and electrical wire
bundles. The third piece, the lower left section of the RGB, was about 6 feet
east-northeast of the RGB section. The RGB separated as a basic assembly with
the propeller attached to the engine output shaft.

The right engine was split into two pieces, the propeller/RGB section
and the power section. The propeller/RGB assembly came to rest on a heading of
256 degrees and was adjacent to the right side of the bumed section of the airplane
cockpit. The power section was approximately 10 feet cast-southeast of the RGB
assembly on a heading of 211 degrees. The engine fracture line was along a ragged
vertical plane through the engine inlet duct and accessory housing, basically in line
with the face of the rear cover of the accessory mount section of the housing. The
right propeller with all four blades was attached to the engine output shatt. The
RGB section was found inverted and partially imbedded into the soft ground
surface. The fracture and surrounding cracks in the housing were typical of
overload separations.
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1.12.5.1 Left Engine Mount Damage

The left side panel beam separated from the front wing spar, with the
beam hinge type attachment and bolt intact; the separation occurred at the wing spar
riveted joint. (See figure 4). The left beam was bent at mid length to the right (aft
looking forward) approximately 50 degrees and slightly twisted in a clockwise
directior. The cover and vibration isolator were intact and relatively free of

damage. The engine mount spindle plate was attached to the vibration isolator;
= : however, the spindle plate separated from the accessory gear box (AGB) when the
A threaded inserts were stripped froin the cast aluminum AGB housing. The inserts
made multiple imprints at the attach point on the engine. The right beam also
separated at the wing spar in tension and in a forward direction. The separation was
at the web just aft of the vertical bolt. However, the right beam was not bent or
A twisted. The spindle on the right beam spindle plate failed at the minor diameter,
and the separated piece of the spindle remained with the vibration isolator.

The triangular truss support fractured into several pieces on impact,
and all of the pieces were not recovered. The largest piece recovered was the apex

section of the triangle that housed the front top vibration isolator and was attached
to the top front engine mount.

The separation occurred almost equidistant from the center of the apex
and several inches behind the rear face of the isolator housing. Both side sections of

the truss between the isolator housing and the left and right side beam attachment
fitting were either not recovered or not identifiable. The truss end fitting that
attached to the right side beam fractured in overload through the bolt hole. Ninety
percent of the right fitting and a portion of the truss were recovered. The truss end
fitting for the left side beam was intact and attached to the beam. However, sections

of the triangular truss on either side of the left beam fitting were missing and not
recovered.

‘The rear engine mount was separated with evidence of multiple rubbing
marks. The left and right engine mounts from the left engine were placed in their
respective positions relative to the left wing. Damage to the wing leading edge
indicated that the left mount had rotated about 30 degrees inboard.

The "horse collar” broke on both sides of the top vibration isolator

housing and at its attachment point on the nacelle. Two major pieces were
recovered and were twisted and deformed.
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1.13 Medical and Pathelogical Information

Toxicological testing on samples taken posthumously from the captain
was completed by the St. Luke's Regional Center, Sioux City, lowa. A urine sample
tested negative for alcohol and other major drugs of abuse. Additional testing was
completed by the Toxicology and Accident Research Laboratory of the FAA Civil
Aeromedicatl Institute (CAMI). A sample of muscle fluid tested negative for
alcohol, and a sample of liver fluid tested negative on a dnig screen, including major

drugs of abuse. The lowa State Medical Examiner listed the probable cause of
death as severe traumatic injuries,

Toxicological testing on samples obtained posthumously from the first
officer was completed by the St. Luke's Regional Center. Urine and vitreous fluid
samples tested negative for alcohol, and the urine sample was negative on a drug
screen, including major drugs of abuse. Additional testing was completed by the
Toxicology and Accident Research Laboratory at CAMI. A urine sample tested

negative for alcohol and major drugs of abuse. The lowa State Medical Examiner
listed the probable cause of death as severe traumatic injuries.

1.14 Fire

Following impact, there was an intense fuel-fed, postcrash fire. No
horizontal soot or heat patterns were found on any airplane part; however, most of
the fuselage had been consumed by fire. Airplane parts found away from the
fuselage fuel tanks exhibited no fire damage. Fuselage windows, which separated
during the impact sequence, were not heat crazed or soot damaged.

1.15 Survival Aspects

Because of the dynamics of the impact, the accident was considered
nonsurvivable.

Two fire-fighting vehicles were available at DBQ. One of them carried
150 gallons of water and 450 pounds of dry chemical, and the other carried
1,000 gallons of water. Both vehicles were capable of generating fire-fighting foam.

Both vehicles were positioned on the field for the airplane’s arrival. The airpont
equipment did not move to the crash scene,
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At 1550, airport personnel requested additional vehicles and an
ambulance from the Dubuque Fire Department, 8 miles northeast of the airport. A
paramedic ambulance, two command vehicles and a pumper truck responded. As
the vehicles arrived, they received nctice over their radios that the crash site was
located farther south and was being responded to by local fire departments. The
ambulance and a command vehicle then continued on to the site. A pumper and a
tanker responded from the Key West Volunteer Fire Department (VFD). Also, a
pumper, a tanker and two rescue vehicles responded from La Motte VFD on local
reports of a fire at the crash site. In addition, two tankers responded from the

Bemard and Maquoketa VEDs.
1.16 Tests and Research
1.16.1 Propeller Examinations

1.16.1.1 The Left Propeller

The left propeller was attached to the engine output shaft with ail eight
bolts configured per Airworthiness Directive (AD) 83-08-OIR1. A blade was

found missing from the propeller hub.” The separation point was approximately
1 inch outboard of the bottom of the hub bore for the No. 3 blade pilot tube.

The majority of the propeller spinner dome had separated from the
propeller and was not recovered; however, a small section of the spinner dome
remained with the bulkhead and was crushed between the L-1 and L.-4 propeller
blades. The spinner bulkhead was attached to the propeller hub and was extensively
damaged. A porttion of the bulkhead was crushed rearward between the 1.-2 and
L-4 blades, through the area of the missing L.-3 blade.

The piston and cylinder portion of the blade pitch change mechanism
separated on impact. The propeller cylinder, feathering springs and the beta tube
were recovered from the crash site as an assembly. The cylinder was dented and
buckled, and the feathering springs were partially extended. The beta tube remained
with the cylinder spring assembly and was bent. The piston was fragmented, and
only about 25 percent of it was recovered. The L-1 and L-4 blades did not rotate in

7The propelier blades will be identified in this report by the designation, L-1, L-2, L-3, L-4 and
R-1,R-2, R-3 and R-4. The letters L and R designate the propeller position on the airplane--i.e. right and left, and
-1 through -4, indicate the blade position on the propeller.
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their respective blade clamps, but the L-2 blade had rotated in its clamp
approximately 45 degrees toward the low pitch position. Propeller blade rotation
was determined by checking the relative position of the roiation stripe on each

blade.

The L-1 blade was relatively intact. There was moderate to heavy
scratching in random directions on the blade rear camber that occurred between 1/4
and 1/2 blade span. The inboard half of the leading edge sustainzd some nicks and
indentations, while the trailing edge was relatively smooth. The blade bearings were
nonmal, and removal of the blade from the hub pilot tube was not restricted.

The leading and trailing edges of the L-2 blade at the tip end were
curled toward the face side of the blade, which had a smcoth "S" bend toward the
back side of the blade. The bend started at the outboard end of the deicing boot and
terminated about 8 inches from the blade tip. There were two large gouges in the
leading edge with scrapes on the front side of the blade emanating from the gouges
and moving aft and toward the hub, The scrapes form: an angle of about 30 degrees
from the blade chord. The leading edge of the blade was moderately gouged and
dented throughout the span. The blade bearings were nonmnal; however, removal of
the tlade from the hub pilot tube was restricted.

The L-4 blade had 8 to 10 inches of the blade tip missing. The
remainder of the blade was bent forward about 30 degrees from the outboard end of
the deice boot. The missing blade tip was not recovered. There were deep
spanwise diagonal gouges (inboard to outboard) on the face of the blade traveling
from the leading edge to the trailing edge, and from the edge of the fractured tip
about 5 inches inboacd. The blade was difficult to remove from the hub piiot tube.
In addition, there were gouges on the full span of the leading edge.

The L-1 link arm was attached to its respective clamp and was bemt
outward, and a section of the fragmented piston was attached to the arm. The cotter
pin was sheared, and the link screw hole was clongated. The L-2 and L-3 link anms
were not recovered. The L-2 link screw was normal but the cotter pin was sheared,
The I.-4 link arm was attached to its clamp and, except for minor surface
irregularities, was not damaged.

The L-1, L-2 and L-4 blade clamps were attached to their respective
bladzs, and the L-3 blade ciamp was missing. The counterweights were intact and
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normal on blades L-1 and L-4, and the ears on the saddle weight of the L-2
cour,.erweight were misstng.

Examination of the faces on the tip area of the L-1 and L-2 propeller
blades revealed several minute areas bearing a light green substance (similar in
appearance to zinc chromate paint} in: the scratched surface of the blade.® On the
L-2 blade, the scratched surface was up to 4 inches {rom the tip with the scratches
oriented on the blade in a generally chordwise direction. X-ray energy dispersive
spectroscopy of these depasits indicated that they contained the following elements
(approximately in order of decreasing peak height): carbon, oxygen, aluminum,
silicon, zinc, chromium, potassium, calcium, and titanium. Zinc and chromium are
elements found in primer for the aluminum skin of the airplane.

1.16.1.2 The Right Propeller

The right propeller was properly attached to the engine output shafl
with all eight bolts comigured per AD 83-08-O1R1. The propeller had sustained
extensive damage from impact but was mostly complete with ail four blades
attached. The piston and cylinder assembly separated on impact but was recovered
at the accident site. The right propeller spinner dome separated on impact, and only
a small section, which was crushed between blades R-1 and R-4, was attached to
the propeller. The spinner bulkhead was intact but was deformed rearward between
blades R-1 and R-2 and extending toward the R-3 blade.

1.16.1.3  Propeller Configuration

During the left and right propeller disassembly, the configuration of the
propeller was checked for conformance with the propeller's most recent and current
records. This review disclosed that model rumbers, part numbers, and serial
numbers conformed with the infonnation recorded in the applicable propeller
overhaul record and/or the propeller logbook and were correct for the installation.

1.16.1.4 Laboratory Examination of Left ’ropeller Hub and Blades

The components examined from the airplane's left propeller, Hartzell
medel HC-B4TN-5GL., were:

B,. L . . .
Zinc chromate paint is commenly used on zircrafl structure as a corrosion preventative,
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1.  Propeller hub, P/N D-3405-1, S/N CD 975, with a separated
hub arm.

N

Propeller blade (Design Number LTI10282N B-5.3R,
S/N H43468), blade clamp, and associated bearings from the
separated arm. This is the L.-3 blade assembly found remote
from the impact site.

3.  Propeller blades from the three intact ars of the hub.

The examination of the left propeller revealed that the fracture wn the
separated hub arm was the result of a fatigue crack that initiated from the inside
diameter of the pilot tube hole in the hub arm. Figure 5 is a drawing of a cross
section through the hub arm of the Hartzell HC-B4 propeller, with the location of
the fracture indicated. Figure 6 is a view looking inboard on the fracture surface on
the main portion of the propeller hub. The circurnferential location of the origin area
of the fatigue crack was at the 7:30 position, looking inboard at the fracture, with
forward at the 12:00 position. This portion of the hub arm would experience
maximum tensile stresses during normal operation of the propeller (forward thrust).
The axial location of the origin was about 0.020 inch outboard of the bevel on the
inboard end of the pilot tube. The fatigue cracking propagated through about
45 percent of the hub arm cross section before final fracture occurred.

The origin area contained a large number of ratchet marks,” indicative
of fatigue crack initiation from a large number of individual initiation sites. The
approximate width of the origin area was 0.33 inch,

A portion of the fracture adjacent to the fatigue origin area contained a
distinct, semicircular, darkly discolored area that extended over a width of 0.75 inch
and to a depth of slightly less than 0.2 inch from the pilot tube hole surface. There
appeared to be two separate curvilinear initiations of fatigue cracking from the end
of the discolored fracture arca. The larger initiation stemmed from an area of the
discolored crack front closer to the 7:00 position of the hub and the other, which
was smaller, was closer to the 8:00 position. Initial fatigue cracking from these
reinitiation areas was relatively clean (not discolored); however, after a shor
distance, the fracture was again discolored in thin rings, after which the fatigue

9Ratchel marks are small vertical steps in the fracture thal usually separate individual fatigue
initiation: sites on slightly offset planes.
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crack fronts appeared to merge to a single crack front. The remaining fatigue
fracture outside these ring: contained lesser amounts of discoloration with
increasing distance from the origin. LExamination of the fracture with a scanning
electron microscope showed that some areas of the fatigue crack region outside the
darkly discolored portion contained features with an intergranular appearance
(fracturing between grains).

‘The surface of the pilot tube hole in the vicinity of the fatigue crack
origin area contained general corrosion damage (primarily in the form of corrosion
pits). However, the number of individual initiation sites was far greater than the
number of corrosion pits. A narrow gap with corrosion deposits extended between
the inboard end of the pilot fube and the inside diameter surface of the pilot tube
hole in the hub arm. The surface of the pilot tube hole also contained bumished
machining marks.'™® The origin area was along one of these machining marks for a
substantial portion of its widtkh.

Disassembly of the propeller hub revealed no evidence of bearing
damage. Measurements of the propeller hub revealed no dimensional anomalies that
might have contributed to the initiation of the fatigue crack. Inspection of the hub
revealed no indications of additional cracks. The hardness of the hub was slightly
below the hardness range specitied on the hub's engineering drawing.

A metallographic evaluation of the hub material revealed that about
90 percent of the microstructure contained a somewhat feathery appearance, typical
of bainite.'' The remainder of the microstructure (about 10 percent) appeared to be
martensite.'” The size of the colonies of martensite was about the same as the size
of the intergranular features observed on the fracture face in the fatigue regions. A
thin layer of decarburizatior: (loss of carbon) was found on the pilot tube hole wall
surface in the hub anm.

'The propeller blade that separated trom the left propeller in flight was
intact and contained slight damage to the electrical deicing boot. Other than slight
damage associated with the boot, no mechanical damage was noted on the blade. In

OBumishing refers 1o & rolling process that smoothes the machining marks on the hole surface.
A mixed microstructural phase that is produced when steel at an elevated temperature is cooled
quickly and held chmpcraturcs asuilly between 500 degrees Fahrenheit (F) and 700 degrees F.
“A supersaturated solid-solution that is produced when steel a1 an elevated temperature is
cooled quickly to temperatures below about 400 degrees F.
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particular, the leading and trailing edges of the blade showed no signs of contact
with any solid object.

1.16.2 Recorded Radar Information
o The Chicago ARTCC recorded voice and radar data for portions of the
P flight of N86SD. The data show that N86SD wus cruising at 24,000 feet about 10
b nautical miles (nmi) west of MIHAL intersection, lllinois, at a ground speed of
{ about 215 knots and a ground track of about 295 degrees tiue (T). The ground track

changed to about 270 T. The airplane began descending at about 4,500 feet per
minute (fpm) followed by the pilot reporting a decompression of the airplane. The
rate of descent remained constant to 9,000 fect. From 7,000 feet to 2,700 feet
where radar coverage was lost, the descent rate was constant at about 900 fpm.

Air traffic controliers providing vectors to intercept the 1S course to
runway 31 at DBQ told the pilot that he was intercepting the course, and asked for a
confirmation of the course interception. The pilot reported intercepting the localizer
course to runway 31 with, "That's affimn.” At that time, the airplane was about
4,000 feet msl, about 3,000 feet below the glideslope. Subsequently, the airplane
ground track deviated about 30 degrees to the left of the localizer course, although
the descent rate remained at about 900 fpm.

p— g

Between the time tiat the airplane passed 2,700 fect and the time of the
pilot’s call of "1,900 feet” about 1550:37, the descent rate would have been around
700 feet per minute (fpm). In addition, a descent rate of about 200 fpm would be
consistent with the airplane passing the witnesses who were abouw 4 miles and
2 miles, respectively, southeast of the ash site.

1.16.3 Fuel Analysis

Analysis of the fuel recovered from the tip tanks indicated that the fuel
in both tanks had densities, particulate contaminant concentrations, and lost volume
percentages (during the distillation tests) that were within established specifications
for an airplane tuel sample.




1.17 Additional Infermation

1.17.1 South Dakota DOT Aviation Services Section Information

The aviation services section is under the Division of Air, Rail and
Transit, within the South Dakota DOT. The captain involved in the accident was
the section manager and chief pilot, and he performed scheduling, coordination and
internal accountinug for the section, in addition to his flying dutics.

The section’s primary function was to transport the Govemor of South
Dakota in his travels on state business. Transportation was provided for other
personnel on state business after the Govemor's needs were met. The Governor's
requirements were relayed via internal electronic mail from his office to the captain,
in itinerary fommat, indicating the Govemor's first and last appointment at a
destination. Communication between the captain and the Govemior's staft resolved
travel time and selected appropriate departure times.

The section occupied an office in the DOT buildine next to the state
capitol building. A hangar at the Pierre Airport housed the section's airplanes, the
mechanic's office, and the pilots’ flight planning room. The planning room contained
terminals for access to a commercial weather and flight planning service, Kavouras
Weather System, and to the FAA-sponsored DUATS (direct user access terminal
system) for weather, NOTAMs [Notice to Ainmen], and flight plan filing. The pilots
had access to a flight service station in the airport terminal building.

The section’s full-time personnel were three pilots (including the
manager), a mechanic. and a secretary. Two additional pilots were under contract
to DOT as part-time first officers in the MU-2 when full-time pilols were not
scheduled in both pilot seats. One of the part-time pilots also worked as a second
mechanic when he was not flying.

The airplanes used were N86SD and a PA-34. The latter is a twin,
piston-engine airplane with a capacity for six people, including the pilot. ‘The
full-time pilots routinely flew both airplunes. The section's mechanic, who holds an
airline transport pilot certificate, has flown as first officer in N§6SD on occasion.

A memorandum of November 25, 1987, from the South Dakota
Secretary of Transportation established a policy that two-pilot flightcrews is
required for passenger flights in the MU-2; the pilot-in-command (PIC) must have
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completed formal training in the MU-2; and the second pilot must have completed a
study of the airplane manual and a flight check by the chief pilot.

The pilots divided cockpit duties according to seat position. The PIC
occupied the left seat and manipulated the flight controls while the second pilot was
responsible for radio communications, systems operation, and the execution of
checklists by the challenge-and-response method. The duties for the respective
positions were delineated in an internal document entitled, "Co-Pilot Syllabus.”
When two pilots who qualified as PIC made a trip together, they altemated as PIC
on successive legs, exchanging seats between landing and subsequent takeoft.

Pilots recorded flight time, passenger names with departmental
affiliation, and fuel purchases on a form labeled, "Daily Flight Record and Load
Manifest.” The captain used the form to record airplane utilization and operating
expenses. He allocated expenses to various state agencies based on the passenger
miles flown by their personnel. The section did not maintain records of individual
pilots’ flight time. Pilots maintained personal flight logs and kept them at home or in
their offices.

Maintenance discrepancies were handled by verbal briefing to the
mechanic or by annotating the Daily Flight Record. The pilots interviewed
described the airplane as well maintained and without recurring or deferred
discrepancies.

1.17.1.1 Aviation Services Section Training

Each of the three full-time pilots had formal initial and interval
refresher training as PIC in the MU-2. Their training was obtained at Flight Safety
Intemational (FS1), Houston, Texas. The section's mechanic attended maintenance
training on the airplane at FSI and at the engine manufacturer. FSI is the airframe
manufacturer's designated training site for the model.

The accident pilots last attended training from December 14 through
16, 1992. Each pilot obtained recurrency checks as PIC that were conducted in a
flight simulator. They attended initial training in model in 1983 and refresher
training since that time, usually together at 6-month intervals. Both pilots had flight
instruction in the accident airplane in 1983 that included emergency descents,
engine failures in various flight regimes, and single-engine instrument approaches.
Single-engine flight was simulated by reducing one engine to zero thrust. The same
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abnormal or emergency procedures were covered in refresher training, either in
classroom instruction or in the simulator.

The part-time pilots had not attended fonnal training in the MU-2.
Their training consisted of an introduction to the airplane by the section's pilots or
mechanic, a review of the airplane flight manual, and an indefinite number of
instructional flights. Instruction in the airplane occurred when passengers were not

aboard. Both contract pilots stated that they had not encountered or simulated
single-engine flight in the airplane.

The Co-Pilot Syllabus described the division of labor in the cockpit but

did not outline or quantify training. In interviews with section personnel and the

part-time pilots, there was no account of a local (Pierre, South Dakota) examination
or flight check.

1.17.2 Hartzell HC-B4 Propeller Description

1.17.2.1 General Description

The Hartzell HC-B4TN-5GL model propeller is a 4-bladed, single-
action, hydraulically operated, constant speed propeller with full-feathering and
reversing capabilities. Qil pressure from the primary propeller govemor is used to
move the propeller blades toward the low pitch position (low blade angle).
Counterweights, mounted on the propeller blade clamp, and feathering springs direct
the blades toward the high pitch position (high blade angle). The propeller is of all-
metal construction. The propeller rotation is counterclockwise, aft looking forward.

Very similar propellers are also manufactured in a 3-bladed and 5-bladed
configuration.

The propeller hub is the ceniral structural base of the propeller, as
shown in fijure 5. The hub has four arms that extend radially outward from the
center of the hub. The Lub also has a mounting flange for attaching the propeller to
the engine. The hub is a machined forging made from 4340 steel, containing nickel,
chromium, and molybdenum as alloying elements. Assembly of the propeller is
started by inserting a machined steel pilot tube into a hole that is drilled radially
inward from the outboard end of each arm. The pilot tubes are a larger diameter
than the pilot tube bore in the hub arm. The larger diameter of the pilot tube is
needed to obtain a specified interference fit between the tube and the hub anm upon
assembly. Assembly of the tube is performed by room-temperature pressing the
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tube into the hole 10 a specified depth. A propeller blade is then inserted onto a
portioni of the pilot tube that extends out of the hub arm. The inboard end of the
blade is then clainped to the flange on the outboard end of the hub arm.

During operation, most of the bending loads on the blade ar: passed to
the hub through the pilot tube. The centrifugal loads and some bending loads on the , |
blade are passed to the hub through the clamp. ]

’ 1.17.2.2  Normal Loads

During flight (high thrust conditions), the loads on each propeiler blade AT
RE can be divided into three types: radial outward loads from the centrifugal motion, \
SEER loads in the direction opposite of rotation from drag, and loads in the forward
PR direction from thrust. For the hub arms, the centrifugal loads dominate, resulting in
tensile stresses throughout the shank portion of the hub arms where the fatigue
fractures occurred. The thrust and drag loads on the blades introduce bending
/ stresses into the hub arms. These bending loads would be expected to increase the "
e | tension in the aft and leading edge sides of the hub arms, and to decrease the tension
T in the forward and trailing edge sides of the arms. During reverse thrust conditions,
\ o | there is a load in the aft direction on the blade. This would result in an increase in
’l . the tension in the forward and leading edge sides of the hub armis, and a decrease in i
‘ Il‘ﬁ;‘; the tension in the aft and trailing edge sides of the hub anmns. 5

2. In addition to the steady state loads described above, the propeller
3\._[' blades are also subject to a vibratory load referred to as the "P" factor. The
| frequency of the "P" factor loads is once per revolution of the propeller, and these
loads arise from the fact that the plane of the propeller is usually slightly tilted to the
9 *\ incoming wind during flight. This tilt results in slightly ditferent araounts of thrust e
S for a given blade in different portions of the plane of revolution, I

TR While the airplane is on the ground or taxiing, there is little or no thnust |
Y on the propeller blades, and the propeller is rotating slower than in flight. This 35
. results in reduced centrifugal loading of the hub amms and, usually, minimal \ ’

' vibratory loads because of the minimal thrust.




37

1.17.3 Certification of HC-B4 Propelter for MU-2B Application

S The original models of the MU-2B airplane were assembled by R
Mitsubishi Heavy Industries, Ltd., in Japan and exported to the United States as
essentially complete airplanes. The certification and issuance of a Type Certificate e
for these models was accomplished under the provisions of Civil Aviation

BE Regulation (CAR) Part 10, dated March 28, 1955. This regulation authorized the -
RN U.S. Federal Aviation Agency to accept the findings of compliance made by Japan's i
) Civil Airworthiness Authority with requirements that provided an equivalent level of 1
safety to the airworthiness requirements of U.S. CAR Part 3 and specified special g L
AU conditions that applied at the time of certtification. The Type Centificate for the W
S original MU-2B was approved November 4, 1965. All subsequent models of the |
S MU-2B that were approved under this Type Certificate were equipped with 3- St
bladed Hartzell HC-B3 propellers. -\
- | The later models of the MU-2B, including all of those with 4-bladed \3;
N Harizell HC-B4 propellers, were assembied as complete airplenes in the United E ot
_States. A separate Type Certificate was issued for these airplanes and the \ ﬁ
certification basis was CAR Pari 3 plus special conditions. The applicable ET ¥
1 regulation pertaining to propeller vibration was CAR 3.417, which stated, in part: = A \
in the case of propellers with metal blades or other highly stressed \‘g
metal components, the magnitude of the critical vibration stresses - g .
under all normal conditions of vperation shall be determined by A
actual measurements or by comparison with similar installations for /
which such measurements have been made. The vibration stresses ¥
thus determined shall not exceed values which have been 8!
] demonstrated to be safe for continuous operation. Vibration tests B
AT - may be waived and the propeiler installation accepted on the basis
| of service experience, engine or ground tests which show adequate :
{0 margins of safety, or other considerations which satisfactorily i
1. substantiate its safety in this respect. i
| - k,
” The certification criteria for propeller vibration remains essentially 4‘
\ unchanged today in the airworthiness requirements of 14 CFR 23.907. ;|
SRR To comply with the airworthiness requirements, the propeller '

. manufacturer must consider during design and subsequently demonstrate the
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vibration characteristics of the propeller assembly to assure that resonant
frequencies that can produce critical vibration stresses do not occur within the
normal operating range for waich the propeller is intended to be used. One of the
known vibration modes that must be considered is that which can be experienced
when a crosswind or tailwind component acts on the blades as they revolve during
ground operations. The changes in the wind force on the propeller blades, because
of the proximity to the airplane's wing, excite the blade vibration. In the case of 4-
bladed propellers, pairs of opposite blades vibrate in phase with one pair vibrating
forward while the other pair vibrates aft. Such vibration results in reverse bending
stresses in the blade and hub arms with little or no relative motion or vibration of the
mounting flange because the resulting motion of the blades is balanced on the
propeller shaft. This is termed the "reactionless” mode of vibration and is
particularly insidious because the pilot may be unaware of the propeller vibration.
When in the reactionless mode condition, each blade and hub arm experiences two
cycles of vibration for each revolution of the propeller.

During the certification of the Hartzell HC-B4 propeller installation on
the MU-2B model airplanes, ground testing was accomplished to identify possible
reactionless mode conditions. This was done by using another airplane to blow a
quartering tailwind across the rear face of the propeller blades on an instrumented
propeller assembly to attempt to excite the blades into the reactionless mode
condition. Wind speeds of 20 to 25 knots were used to determine the stress levels
and engine speed range at which the propeller reactionless mode occurred. The

testing was accomplished by Hartzell Propelier and Mitsubishi personnel at the
Mitsubishi factory in San Angelo, Texas, in 1976.

During these certification tests, Hartzell identified a reactionless mode
of vibration with peak stresses occurring at a propeller speed of 1,079 RPM. The
result of the investigation of vibratory stress levels of Hartzell model HC-B4
propeller mounted on the MU-2B airplane was described in a Hartzell engineering
report dated August 21, 1976. The testing upon which this engineering report was
based was accomplished using newly manufactured propeller blades. The Safety
Board did not find evidence that tests were repeated using propeller blades altered
to confoim with the minimum dimensions specified in the repair limit criteria
contained in the Propeller Maintenance Manual produced by Hartzell for the HC-B4
propeller. The report was approved by the FAA and was provided to Mitsubishi to
support the certification of the aircraft. The report contained the restriction that

"continuous operation on the ground below 1,145 RPM (72% of engine RPM) is
prohibited."”
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By tailoring adjustments to the engine fuel comrol settings and
propeller pitch stop limits, the minimum engine speed for the airplane with the
power control and propeller conditioning levers at the ground idle position was
limited to 1,145 RPM. Thus, operation at the reactionless mode speed of 1,079
RPM is avoided except for the momentary acceleration and deceleration
encountered during engine start and shutdown.

In addition to those tests to determine the reactior) - s mode vibration
characteristics, the airplane/propeller centification tests conducted in 1976 included
flight tests to determine the stress levels for maneuvers usually performed by a
nonmal category corporate use airplane. The tests included in-flight engine
shutdown and startup, negative torque sensing procedures and feathering and
unfeathering of the propeller. The aimplane was flown at different weights for cruise
and climb conditions that would normaily be seen in service. The airplane propeller
was also tested at high bank angles and yaw angles. Flight strain vibration data
were nieasured. The testing indicated that there were no stresses in the propeller
that would require restrictions or life limits on the propeller design instaliation.

The Type Certificate for the MU-2B-60 equipped with Hanzell HC-B4
propzliers was approved on March 2, 1978.

1.17.4 Production History and Other Applications of HC-B4 Propellers

Hartzell has provided the Safety Board with the following information
relative to the production of the HC-B3, 4 and § blade model propeilers:

Production of the 3-blade hub began in 1963. The 4-blade propeller
hub was certificated on April 27, 1971,

There have been 26,423 hubs produced for 3-bladed propellers, 5,212

units for 4-bladed propellers, and 1,114 units for 5-bladed propellers, for a total of
32,749 units.

On three occasions, Hartzell made changes in the manufacturing
process of its steel propeller hubs. The first change occurred on January 27, 1981,
when the heat treatment was changed from an austempering” treatment designed to

3An austempering heat treatment involves quenching the steel from un clevated temperature to
an intermediate temperature of about 5009 F to 750° F and holding to transform the steel to bainite,

Sy S .
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produce a bainitic microstructure to a quenched and tempered treatment designed to
produce a tempered martensitic microstructure. The second change occurred in
December 1982. At this time, changes were made to the quenching and tempering g
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processes. The third change occurred in April 1984. Prior to that date, final j
machining of the hub and bumishing of the pilot tube holes in the hub arms were 4
performed prior to heat treatment. After that date, the pilot tube holes were final
machined and bumished atter the heat treatment. .
Production of the 4-bladed propellers is as follows: =
Initial production up to January 27, 1981, was 2,07] units.
Production from January 27, 1981, io December 13, 1982, was _‘

airplanes:

752 units.

Production from December 13, 1982, to present was 2,389 units.

Hartzell HC-B4 model propellers are insialled on the following

Model
Beech F90 King Air
Beech A100, AIOOA (U-21F King Air)
Beech B100 King Air
Beech 300, 300LW
Beech B300, B300C, Super King Air 350
Beech 1900, 1900C Airliner
deHavilland 57-27B Saunders
Let L-410A Turbolet
Casa C-212-CB,-CC,-CF
Domier DO228-100, -101, 1200, -201,
-202, -212

Fairchild SA226-T(B) Merlin {1IB
Mitsubishi MU-2B-26A,- 36A,-4-,-60
Mitsubishi MU-2B-30 (STC)

Shorts SC-7 series 3, variant 200
Totals: Estimated

Estimated

Number of Airplanes

237

155

137

243

95

245
Unknown
Unknowi
About 200
About 200

124
289
Unknown
Unknown
1,925 airplanes
3,850 propellers
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According to data provided by Hartzell for the MU-2B fleet equipped
with 4-bladed propellers, approximately 30 percent of the tleet for which data are
available [66 out of a population of 216 (estimated)] has accrued 4,000 or more total
operating hours on the propellers.

1.17.5 Previous Hartzell Propeller Blade Failures

A review of Hartzell, Mitsubishi, and Garrett records, and FFAA
Service Difficulty Reports, revealed that Hartzell HC-B3T (3-bladed) and HC-B4T
(4-bladed) propeller blades (as opposed to propeller hubs) had failed on 10
occasions prior to the N86SD accident. One failure occurred on a Domier 228,
three failures occurred on Swearingen Metro lls, three failures occurred on
Mitsubishi MU-2B-60s, and three failures occurred on other models of the MU-2B.
Hartzell attributed the blade failures to corrosion.

1.17.6 Previous Failure of a Hartzell HC-B4 Propclier Hub
1.17.6.1 September 27, 1991, Accident

In an accident on September 27, 1991, in Utica, New York. another
MU-2B-60 airplane experienced a fracture of one of the propeller hub anms on the
right propeller, which was a Harzell model HC-B4. 1In this accident, a right
propeller hub failed and rel2ased one blade. This blade, or a piece of another
damaged blade, pierced the fuselage. The engine mounts did not fail completely,
and the engine remained aligned with the relative wind.  The propeller
autofeathered. According to the pilot, he could not arrest his descent after the hub
failure and autonomous engine shutdown, and he was “just barely” able to reach the
runway at Utica.

Metallurgical examination of the broken hub at the Safety Board's
Materials Laboratory revealed that the fracture was the result of fatigue cracking
that initiated from muitiple initiation sites on the surface of the hole for a pilot tube.
The longitudinal location of the origin area was in the same position as the Zwingle
accident hub (near the inboard end of the pilot tube), but the circumferential location
of the origin area was at the 2:00 position, approximately diametrically opposite
from the origin area of the Zwingle accident hub. The origin area and the fatigue
crack fracture surface was darkly discolored through to the outside surface of the
hub. Spira: scratches, possibly created during bumishing of the pilot tube hole,
were found on the surface of the hole in the vicinity of the origin area. The hub was
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manufactured in 1977, and its microstructure was found to be a mixture of bainite
and apparently martensite, similar to the microstructure on the separated Zwingle
accident hub. Corrosion pitting was also found on the surface of the pilot tube hole
in the hub arm. However, the fatigue initiation sites could not be traced to specific
corrosion pits.

At the time of this failure the propeller hub had accrued a total
operating time of 4,460 hours.

1.17.6.2 Resulting Safety Board Recommendations

The Safety Board issued three safety recommendations on August 13,
1992, after the HC-B4T propelier hub failure on the MU-2B-60 on September 217,
1991, in Utica, New York. The airplane was climbing through 19.000 feet when the
pilot felt a strong vibration, followed shortly by a loud bang. After landing safely, it
was discovered that one of four arms of the propeller hub for the right engine had
separated, releasing a propeller blade in flight. Severe vibration resulted in partirl
separation of the right engine nacelle from the engine truss mounts. The airplane
had accumulated 4,805 operating hours when the failure occurred. The failed
propeller hub had accumulated 4,460 operating hours at that time. The three safety
recommendations were addressed to the FAA and are as follows:

A-92-81

Develop, with the assistance of Hartzell Propeller, Incorporated, a
nondestructive inspection technique capable of detecting hub arm
cracks stemming from the inside diameter surface of the hub arm at
the approximate location of the inserted end of the pilot tubes on
Hartzell model HC-B4 propeller hubs, and issue an airworthiness
directive requiring that HC-B4 hubs with 3,000 hours or more be
inspected using this technique the next time the propeller assembly
is overhauled for any reason, or at the next annual inspection (or
equivalent), whichever is first.

A-92-82

Determine, based on the results of the inspections requested in
Safety Recommendation A-92-81, if the hub ams on Harzell
model HC-B4 propeller hubs witl: 3,000 hours or more should be

e
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inspected at periodic intervals. If such inspections are warranted,
issue an airworthiness directive, as appropriale, requiring periodic
inspections.

A-92-83

Determine if Hartzell model HC-B3 and -BS propelier hubs, based
on similarity of design and fat ication processes with the HC-B4
propeller hub, should be inspecicd for cracking in the hub arms. 1f
such inspections are warranted, issue an airworthiness directive, as
appropriate, requiring periodic inspections.

Communications between the FAA and the Safety Board conceming
these safety recommendations are contained in appendix C. Following the Zwingle
accident, Hartzell attempted to develop an inspection method that would be capable
of detecting cracks that initiate from the interior of the hub arm. No method studied
was capable of detecting such cracks unless the pilot tubes were removed.

1.17.7 FAA Actions Following the Zwingle, Iowa, Accident

On April 28, 1993, the FAA issued AD 93-09-04 conceming Hartzell
Model HC-B4TN-5 propellers installed on MU-2B-60 airplanes. The purpose of
the AD was "to prevent fatigue cracks in propeller hub amm assemblies progressing
to failure, resulting in departure of the hub am and blade, and that may result in
engine separation and subsequent loss of aircraft control....” It required that the
propeller hubs on all MU-2B-60 airplanes be magnetic particle inspected with the
pilot tubes removed. The AD required that the inspection be repeated at 600-hour
intervals.

On June 10, 1993, the FAA issued AD 93-12-01. This AD extended
the provisions of AD 93-09-04 to Hartzell model HC-B4TN-5 propellers installed
on other MU-2B airplanes (the -26A, -36A, and -40A versions). (See appendix E
for copies of these two ADs).

Hartzell has reported that as of October 13, 1993, a total of 373 hubs
from MU-2B airplanes have been inspected per ADs 93-09-04 and 93-12-01. "This
number represents 79 percent of the U.S. fleet of hubs used on MU-2B series
airplanes and includes nearly all of the hubs in service on MU-2B-60 airplanes.
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1.17.8 Results of Postaccident Hub Inspections

As a result of compliance with AD 93-09-04, propeller hubs on MU-
2B-60 airplanes were subjected to magnetic particle inspection (MPI) with the pilot
tubes removed. During these inspections, another hub was found with a cracked
arm, The propeller was delivered to the airplane manufacturer in 1979 and was
overhauled in 1985. The operating time at this overhaul coula not be determined.
There were 4,121 hours accumulated since the 1985 overhaul. This propeller was
received at Hartzell for a hub inspection with the latest style blades installed. It was
reported that the blades from this hub were reinstalled on a new hub when the
propeller was reassembled.

This new hub, Serial No. CD-989, was made prior to the heat
treatment change in 1981. Both the circumferential and longitudinal locations of the
crack were the same as the origin area of the fatigue crack on tae hub from the
Zwingle accident. This crack was broken open and found to be 0.48 inch wide
circumferentially and 0.12 inch deep. The presence of surface discontinuities at the
origin area of the crack could not be verified because the hole diameter surface had
been machined to an approximate 0.017-inch larger diameter to facilitate the
mandated inspection of the hub.

Following the Zwingle accident, Hartzell gathered information
concerning the condition of the nilot tube hole surface on many other Hartzell 3-, 4-,
and 5-bladed steel propeller hubs. Most of these hubs had corrosion damage,
including some with severe corrosion pitting. Many of the hubs had scratches or
machining marks of some type. During the postaccident-mandated inspections of 4-
bladed hubs on MU-2B airplanes, two hubs had to be scrapped because they
contained deep machining grooves in the pilot tube hole wall.

The metallographic examinations of the broken hub from the Zwingle
accident, the broken hub from the Utica accident, the hub found to contain a crack,
and the examination of three additional hubs, which were made using the same heat
teeatment process, indicate that the mixture of bainitic and martensitic
microstructures is typical for hubs made using the austempering heat treatment.
Hubs made using this pre-1981 heat treatment process are used on a wide variety of
airplanes other than the MU-2B-60.
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1.17.9 Postaccident Hub Tests - Vibration and Stress Survey

Following the Zwingle accident, Hartzell conducted ground and tlight
tests with an instrumented propeller hub, in an attempt to quantify more precisely
the operating stresses in the propeller hub. ©.1in gauges were placed in varous
locations along the inside diameter surface + -1 pilot tube hole. The strain gauges
could not be placed directly at the fracture . + zin location because of the presence of
the press-fit pilot tube at this location. The closcst strain gauges were just inboard
of the inboard end of the pilet tube. Consequently, a finite element anatysis mode!"?
was used to project the stresses measured at the sttain gauge locations to the plane
of the fracture. The Hartzell analysis showed that the stress is concentrated in the
area of fracture plane (near the inboard end of the pilot tube) but that the stress level
is relatively small for all normal operating conditions. The testing also confinned
that the reactionless mode of vibration would normally occur below the minimum
ground idle RPM of 72 percent of full RPM. The reactionless mode of propeller
vibration was known to be excited by an aft quartering wind while the airplane was
on the ground.

The postaccident testing that Hartzell perfomied indicated that the
resonant frequency of the reactionless mode can increase to within the nonmal
ground operating RPM range for the MU-2B when the propeller contains wom or
repaired blades. Hartzell found that the blades from the hub involved in the 'itica
accident had been overhauled and that the tips of the blades were substantially
thinner than new blades but within the repair manual limits for removal of material.
Removal of material from the tips of the blades will cause the resonant frequency of
the blades to increase, thereby causing the resonant frequency of the reactionless
mode to increase. Hartzell produced four blades simulating the condition of the
blades from the Utica propeller and used these blades in their postaccident testing.
The testing showed that the resonant frequency of the reactionless mode using these
blades increased to a point above 1,145 RPM, the minimum ground idle speed,

thereby creating the pussibility tnat the reaciionless mode could occur during giound
operations.

Two of the propeller blades that were replaced during the earlier
AD-directed blade change were also tested by Hartzell. These tests revealed that
the reactionless mode resonant frequency of the blades was also above the minimum

14 . . : o
A finite element analysis is a computer model for analyzing the stress distribution in a
component.
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ground idle speed for the MU-2B. According to the propeller logbook, these blades
were removed from the hub after 4,344 hours of operation.

Hartzell has generated a listing of the margin between the resonant
frequency of the reactionless mode of vibration and the placarded RPM range for
different combinations of Hartzell steel propeller hubs and aimplane models. This

listing shows that the MU-2B series airplane has the least margin (a difference of
66 RPM) of those listed.

The shape of propeller blades is conirolled at regularly spaced blade
stations. At each overhaul, the thickness and shape of the blage mast conform to
minimum requirements at these stations. The Hartzell testing demonstrated that an
increase in the resonant frequency of the reactionless mode of vibration will occur
when material is removed only from the tip portion of the blade. Therefore, a
relatively large distance from the tip of the blade to the nearest blade station would
allow a larger area from which material could be lost without causing the blade to be
rejected when it is inspected during overhaul. Hartzell has also generated a listing
of the spanwise length of the blade adjacent to the tip over which the blade contour
is not controlled. This distance is greater for blades on the MU-2B series airplanes
than for any other application listed, which allows for more margin of metal removal
that can result in an increase in the resonant frequency of the reactionless mode to a
point where it occurs during ground idle conditions.

The strain gauge measurements generated by Hartzell during its testing
of the reactionless mode of vibration were projected to the plane of the tracture
using the finite element analysis model. Hartzell indicated that the derived cyclic
stress in 5- to 15-knot, 15- to 25-knot, 25- to 35-knot, and 35- to 45-knot quartering
tail winds were +/-8,645, +/-10,830, +/-12,614, and +/-15,525 psi, respectively.
The steady state stress was 14,350 psi in all wind conditions. Hanzell also
indicated that wind conditions higher than 35 to 45 knots would cause the
reactionless mode stresses to increase. In comparison, during normal takeoft and
flight operations, thc stresses derived by Haitzeli from flight testing varied,
depending on conditions, with the highest mean stress being takeoff rotation
(21,600 psi +/- 3,295 psi) and the highest cyclic stress being at cruise (17,400 psi
+/-4,931 psi). Unusual conditions in normal flight regimes were also derived and
found to be 19,650 psi +/- 8,043 p:i. Testing conditions did not involve turbulence
or gusting winds that Hartzell believes will increase these stresses.
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The steady state (mean) stresses derived from the reactionless mode
testing was always less than that occurring under normal flight conditions. This is
because of the minimal thrust loads on the blades and the fact that the RPM of
ground idle is lower than that of normal flight. All stresses measured or analytically
determined for rormal operation and the reactionless mode were below those that
would produce fatigue cracking in a hub that has nomal fatigue properties tor the
material.

1.17.10 Air Traffic Control

1.17.16.1  Procedures

Paragraph 10-1, d, FAA Air Traffic Control handbook 7110.65. states
that "because of the infinite variety of possible emergency situations, specific
procedures cannot be prescribed. However, when you believe an emergency exists
or is imminent, select and pursue a couise of action which appears to be most
appropriate under the circumstances and which most nearly conforms to the
instructions in this manual.”

Paragraph 10-22, Emergency Airport Recommendation. states that
weather conditions, among other items, should be considered "when recommending
an emergency airport.”

1.17.1¢.2 Small Airport Information Available to Controllers

The air traffic control sector in which the decompression occurred was
called the Coton High sector. This sector controls airplanes at and above flight level
240. Small airports are not normally depicted on the radar map used tor high
sectors. However, the controller working the sector (manual) position reported that
to assist the radar controller, she depressed the sector boundary button to bring up
additional airports that are not nonnally displayed on the radar screen. CWI was
then displayed, as well as DBQ and MLI. Additional information can be obtained
on a specific airport by the controller by typing the letters "A” (meaning "airport
information") into the computer, then placing the cutsor over the airport symbol on
the screen and pressing the "enter” key.

Information such as airport elevation, UNICOM frequency, pilot-
controlled lighting capability, runway surface, longest runway, nearest navigation
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aid, and primary navigation aid, appear on a small display adjacent to the radar
screen. This additional available information was not brought up by the controller
involved in this airbome emergency.

1.17.10.3  Air Traffic Controller Weather Retrieval Methodology

To obtain a specific weather sequence report, the radar controller must
call up the sequence via a keyboard so that it is displayed on the CRD." Only one
sequence at a time can be displayed. If the sequence report is updated with a new
report, the updated information is then displayed, replacing the old information. If
the radar controlier receives another message (not necessarily related to weather) on
the radar CRD, the message replaces the sequence report on the CRD screen.

The sector (manual) controller also has a CRD. At his position, the
sector controller can also call up only one weather sequence report at a time.
However, this sequence report will remain in a dedicated position on the display
screen and will not be displaced by another message until a request is made to
display another weather sequence report. If the sequence report is updated, this
information is automatically displayed.

The only other means to display a sequence report at a radar or sector
controller position is for a controller to request that a flight progress strip be printed,
to place that strip in a strip holder, and to put it in a strip bay. Only one sequence
report can be displayed on an individual strip. However, several strips could be
displayed, each with a separate weather sequence report on it. Periodic requests
would have to be made to keep the information current, since there is no automatic
update.

The supervisor of each area in the ARTCC also has a computer
terminal (part of the Meteorological Weather Processor) available that is capable of
displaying weather sequence reports. The computer is not located near individual
sectors for the immediate use by controllers. The Center Weather Service Unit
meteorologist was aiso available in the radar control room to assist in weather
matters. His equipment is also not located near the individual sector controller
areas.

5 : . i
! CRDs are cathode ray tubes located on the display consoles that provide controllers with
various messages conceming air traffic matters. Incoming infonmation can either be requested by the controllers or
will appear on the screen automatically. The main CRD is located between the strip bays in front of the manual
controller.
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2. ANALYSIS

2.1 General

The Safety Board determined that the airplane was being maintained
and flown by State of South Dakota personnel in accordance with procedures that
were applicable at the time of the accident. No structural anomalies or systems
malfunctions were discovered in the wreckage (other than the missing propeller
blade and damaged left engine mount), and no evidence of fire in flight was found.
The Safety Board could not determine whether pieces of propeller blade injured
anyone aboard N86SD. Although the flightcrew's specific radio call for an
ambulance may have meant that an injury had occurred, the call could have also
been because of the decompression, or because the flightcrew expected difficulties
during landing. Lastly, the severe weather in the Illinois/lowa area, causing the
flight plan deviations of N86SD, had no eftect on the accident sequence of events,
although the low ceiling in the DBQ area did play a role in thc outcome of the
accident.

Following the propeller blade loss, the combination of the loss of
engine power, the increased drag from external sheet metal damage, and the
increased drag from the canted engine nacelle and propeller blades caused airplane
control difficulties that prevented the flightcrew from arresting the descent. The
catastrophic consequences of the accident were the result of the controlled descent
of the airplane in low visibility conditions that eventually precluded an evasive
maneuver to avoid collision with the silo.

2.2 Analysis of the Hub Arm

The Safety Board detenmined that the scparation of one of the four
propeller hub arms of the left propeller was the result of fatigue cracking that
initiated from multiple initiation sites on the inside diameter surface of the hole for a
pilot tube. In attempting to determine the cause of the cracking on the left propeller
hub from the Zwingle accident, the Safety Board tcok into consideration information
obtained on the broken hub from the Ulica, New York, accident on September 27,
1991, and the hub that was found to contain a crack during the inspections
mandated after the Zwingle accident. In addition, the Safety Board gathered
information conceming the operating stresses on the hub and its vibration
characteristics.
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The broken hub involved in the Utica accident was also from an
MU-2B-60 airplane. The cracking on this hub was similar to the hub involved in the
Zwingle accident because it initiated from multiple initiation sites on the inside
diameter surface of the hole for a pilot tube. Although the longitudinal location of
the origin area was in the same position as the Zwingle hub (near the inboard end of
the pilot tube), the circumferential location of the origin area of the cracking in the
Utica hub was at the 2:00 position, approximately diametrically opposite the origin
area on the Zwingle hub.

The cracked hub found during the mandated inspections was also from
an MU-2B-60 airplane. The circumferential and longitudinal locations of the crack
were the same as the origin area of the fatigue crack on the hub from the Zwingle
accident.

The Safety Board believes that the discolored portions of the fatigue
cracks in the Utica and Zwingle hubs are regions where the crack is growing slowly,
allowing time for corrosion to occur. Beyond the discolored portions, the cracks
were growing fast enough that corrosion did not have sufficient time to discolor
these portions of the fracture. It is possible that propagation was occurring with
each revolution of the propeller in the areas beyond the discolored portions of the
fractures. The propagations would be attributable to the cyclic loads that occur as a
result of blade angle-of-attack changes as the blade rotates (P-factor).

The investigation into the cause of the fatigue crack in the hub from the
left propeller from the Zwingle accident uncovered several mechanical and
metallurgical factors that can contribute to the initiation of the cracking. These
factors included the microstructure of the hub, scratches or machining marks at the
origin area, decarburization of the surface from which the fatigue cracking initiated,
and extensive corrosion in the bore of the hub. Because of these factors, the Safety
Board believes that the hub was sensitive to crack initiation. Once a crack initiates,
it is very likely that it will propagate to a critical size unless detected during
inspection.

The core hardness of the hub was slightly lower than the specified

hardness range. This reduced hardness would have only a minor effect on the
overall strength of the part. Because the core hardness is not representative of the
surface hardness, it is not a factor in the initiation of the fatigue cracking.
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The Safety Board also leamed that the reactionless mode of vibration
may have subjected the hub to higher-than-expected stresses. The factors that may
have contributed to the initiation of the cracking are discussed in the following
sections.

2.2.1 Surface Discontinuities and Mctallurgical FFactors

The Safety Board determined that the broken hubs from the Zwingle
and Utica accidents had surface discontinuities (scratches or machining marks) on
the pilot tube hole surface in the vicinity of the origin arcas. Examinations of other
Hartzell steel propeller hubs indicated that these scratches or machining marks may
be typical of a large number of hubs. The Safety Board believes that these scratches
and machining marks can act as stress raisers and can cause fatigue cracking to
initiate at levels of loading less than theoretical for the material.

The mixed microstructure (bainite and martensite) found on hubs made
prior to the heat treatment change in 1981 (including the two broken and one
cracked hubs) would be expected to have lower fatigue properties than either a pure
bainitic or martensitic microstructure. The mixed microstructure indicates that the
bainitic transformation was not compicte on heat treatment to produce a uniform
homogeneous structure. After austenitizing at 1,550 degrees F, the part is to be
quenched to 690 degrees I, which is above the martensitic transformation
temperature. The part is supposed to be held at this temperature for a sufficient time
until austenite transforms completely to bainite. However, if not held in the quench
media for a long enough period, some retained austenite will remain in the structure.
This retained austenite can then transform to martensite when the part is cooling to
room temperature after the 690-degrees F quench. Martensite results in a volume
expansion of the material that can produce residual stresses in the part. Such
residual stresses can be tensile at the surface contributing to premature fatigue
initiation.

Because the size and rclative magnitude of what appeared to be
martensitic colonies in the microstructure were approximately the same as the size
and magnitude of the intergranular features on the fracture surface, the Safety Board
believes that these features are related. The presence of sporadic regions containing
intergranular features in a fatigue fracture of 4340 steel is unusual, and the Safety
Board believes that this may be a sign of embrittled or weakened material at grain
boundaries. The extensive preaccident corrosion and rubbing on the fracture
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prevented a determination of the presence of similar intergranular features at the
origin of the fatigue cracking.

‘The Safety Board also found decarburization along the pilot tube hole
that would reduce the fatigue properties of the steei. Decarburization occurs during
heat treatment when the surface of the part is exposed to an oxidizing atmosphere at
high temperatures. Carbon is partially depleted at the surface as it combines with
the oxygen. The decarburized layer, being much softer and weaker than the
underlying material, is more susceptible to fatigue crack initiation.

The manufacturing process that was used prior to 1984 called for final
machining the pilot tube bore prior to heat treatment.  Therefore, any
decarburization layer that was produced during heat treatment of a hub made before
1984 would not be removed by subsequent machining. Final machining is preferred
atter heat treatment since correctly performed machining will not only remove
decarburization but will also introduce a slight cold work layer resulting in residual
compressive stresses at the surface that will increase the fatigue resistance of the
material.

Also of concemn was the applied stress and damage that results from
the assembly of the press-fit pilot tubes into the bore of the hub. If the hole or pilot
tube is not sufficiently round, interference between these members will not be
uniform, resulting in focal stress concentrations and/or damage of the hub at the
interface with the pilot tube. The interference fit produces hoop stress around the
circumference of the hub arm. These stresses also occur to a lesser degree in the
tongitudinal direction, corresponding to the direction of stresses that initiated the
cracking found on the hubs.

Corrosion in the area between the inboard end of the pilot tube and hub
hole wall surface can also increase the local interference and local stresses.
Corrosion products (iron oxide) are of a larger volume than the steel (which is being
oxidized); therefore, additional pressures can be introduced between the pilot tube
and hub due to wedging of these corrosion products between these members as the
steel corrodes.

Although corrosion pitting could not be directly linked to the fatigue
cracking, cotrosion in any form can be detrimental, and pitting does not have to

occur to produce a reduction in fatigue properties. Corrosion can produce localized
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fracturing in areas prone to grain boundary separation, such as along prior austenitic
grain boundaries of localized pockels of martensitic transformation.

The Safety Board believes that the hubs manufactured where the
finished machining operation was done prior to heat treatment (prior to 1984) are
the most at risk for lower fatigue properties. This is because, besides corrosion, the
decarburization and associated residual stress are the most influential in affecting
the fatigue resistance of the material.

The Safety Board concludes that the fatigue properties of the hub were
substantially reduced by a combination of factors and that cracking would not have
initiated if the properties had not been reduced. ‘the Safety Board examined two
possibilities for the source of stresses that caused crack initiation: normal operating
stresses, and stresses associated with the reactionless mode of vibration.

2.2.2 Normal Operating Stresses as a Source of Crack Initiation

Hartzell has indicated that the normal flight loads on the MU-2B-60
induce stresses on the propeller hub that arc some of the highest of any of the
Hartzell steel hubs, Therefore, hub amm failures on the MU-2B-60 could be
consistent with hub cracking as a result of degraded fatigue properties and normal
operating stresses.

The postaccident testing conducted by Hartzell demonstrated that the
cyclic component of the stresses in the origin area of the Utica hub are about the
same as those for the origin area for the Zwingle hub for both the reactionless mode
of vibration and during normal flight. Because the cyclic component has a much
greater effect on fatigue crack initiation than does the steady state portion of the
stress, the location of the origin areas on the two broken hubs could be consistent
with stresses from either the reactionless mode or the normal flight.

For the above reasons, the Safety Board cannot rule out that the nommal
operating stresses on the MU-2B-60 are sufficient, given the degraded fatigue
properties, to cause fatigue cracking. Because of this possibility, the Safety Board
believes that the FAA should identify Haitzell steel propeller hubs on other
airplanes that have high stresses during flight and should conduct a designated
safety inspection for crack : in the pilot tube hole of the hub arm on those hubs that
have high amounts of opcrating time and that were manufactured with pilot tube
holes machined prior to heat treatment. The Safety Board also believes that the

@ -




34

reduced fatigue properties are present on the 3- and 5-bladed Hartzell hubs, and that
similar actions should also be considered for hubs with similar stress levels.

2.2.3 Reactionless Mode as a Source of Stresses

Despite the precautions that are taken to avoid oper.ting the propeller
in an RPM range that matches the resonant frequency of the reactionless mode of
vibration, the postaccident testing that Hartzell perfonned indicated that the resonant
frequency of the reactionless mode can increase to within the normal ground
operaling RPM range for the MU-2B when the propeller contains worn or repaired
blades. This was demonstrated using a propeller with blades similar to those from
the hub involved in the Utica accident, and with propeller blades installed on the
Zwingle hub prior to the AD-mandated propeller blade change.

The Safety Beard found that two factors must interact in order for the
reactionless mode of vibration to occur at or above the ground idle speed of the
engine. First, there must be a relatively small difference between the resonant
frequency of the propeller with new blades and the minimum ground idle speed of
the engine. Second, material must be lost from only the tip portion of the blade.

An examination of the margin between the resonant frequency of the
reactionless mode of vibration and the placorded RPM range for different
combinations of Hartzell steel propeller hubs and airplane models shows that the
MU-2B seri¢cs airplane has the least margin (a difference of 66 RPM) between the
ground operating range and the resonant frequency of all applications of the
4-bladed propeller.

The shape of propeller blades is controlled at regularly spaced blade
stations. At each overhaul, the thickness and shape of the blade must conform to
minimum requirements at these stations. A relatively large distance from the tip of
the blade to the nearest blade station would allow a larger area from which material
could be lost without causing the blade to be rejected when inspected during
overhaul. Hartzell has also generated a listing of the spanwise length of the blade
adjacent to the tip over which the blade contour is not controlled. This distance is
greater for blades on the MU-2B series airplanes than for any other application
listed.

Hartzell has therefore demonstrated that both of the propeller
conditions needed to allow operation in an RPM range corresponding to the
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resonant frequency of the reactionless mode of vibration are more likely to occur on
the MU-2B than on ony other application. The FAA has indicated that a study of
the propensity of oiher propeller/airframe combinations to experience the
reactionless mode of vibration is being conducted and that appropriate action will be
taken to ensure that aircraft operations are kept out of this mode of vibration as
much as possible. The Safety Board supports this effort and urges the FAA to
complete this study and to issue appropriate airworthiness directives.

The Safety Board found substantial circumstantial evidence that the
reactionless mode of vibration contributed to the initiation of the fatigue cracking on
the Zwingle hub. As the reactionless mode occurs, the steady state and cyclic
portions of the stress are nearly the same at the locations of the origin areas for the
Zwingle and Utica hubs. Therefore, cracking that initiates fromn the reactionless
mode of vibration could initiate on either side of the hub. The Safety Board believes
that the location of the origin area on the Utica hub is more consistent with initiation
from reactionless mode stresses than from stresses associated with normal
operation. This is because the steady state portion of the stress also contributes to
crack initiation, and, during nonnal operation, these stresses are greater in the
portion of the hub arm opposite the Utica initiation area. Also, the Hartzell
postaccident testing using blades similar to those from the Utica hub demonstrated
that the reactionless mode of vibration could have occurred during ground
operations of the Utica airplane when the propeller vibration mode was excited by
exposure of the airplane to a tailwind while operating at a critical RPM.

More convincing evidence of the reactionless mode was found on the
Zwingle hub at the end of the primary discolored zone emanating from the origin
area. In this area, the already established crack front did not continue to propagate
in its established shape and coloration. Instead, there appeared to be two separate
cracks initiating from each side of the crack tip with the initial crack propagation
relatively clean for some distance away from the discolored zone. Crack reinitiation
from an already large, established crack front, such as that found in the initial
discolored zone, is not typical and signifies a change in the stress state to a much
lower cyclic stress.

Also, the location of the reinitiations on each side of the crack front
indicates bending stresses resulting from different blade loading than that which
initiated the origin of the discolored zonc. Furthermore, under normal operating
cyclic stress, the estimated crack initiation and propagation from a crack of 0.2 inch
deep to the terminus of the fatigue region would be in the neighborhood of a few
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hundred hours of flight operation. The only event that occurred within this time
frame was the change in propeller blades on April 30, 1992, approximately 239
flight hours prior to the accident. The previous blades removed were thinned at the
blade tips, resulting in a reactionless mode at or above ground idle operation.
Therefore, the initial discolored zone is more representative of a higher cyclic stress
state, such as that which can occur during the reactionless mode under high aft
quartering winds. The reinitiation and propagation from this discolored zone are
most consistent with lower cyclic stress from normal operation of the propeller.

In comparison, the Utica hub displayed discoloration from the origin
area well through the hub amm thickness with no signs of reinitiation from an
established crack front. The extent of discoloration may be representative of the
reactionless mode occurring throughout the majority of the propagation of the
fatigue cracking. At the time of the Utica accident, the blades were found in a
configuration that would allow the reactionless mode to occur at or above ground
idle.

Information from Hartzell has also shown that the MU-2B series
airplanes are the most susceptible to having the reactionless mode of vibration
during ground operations. The Safety Board also believes that the stresses
associated with the reactionless mode will be greater than those measured (or
derived) when the wind is greater than 35 to 45 knots. The Safety Board also notes
that the derived stresses associated with the reactionless mode are based on limited
data and that there are numerous variables, such as blade clamping and bearing
assembly tolerances and the amount of interference fit between the pilot tube and
hub arm, that could affect the level of stress. Therefore, the cyclic portion of the
stresses associated with the reactionless mode could be greater than any of the
stresses from in-flight conditions. Increased cyclic stresses would increase the
probability of fatigue crack initiation. Based on the stress levels associated with the
reactionless mode and the propensity of the MU-2B airplanes to experience the
reactionless mode at or above the ground idle RPM, the Safety Board concludes that
the fatigue fracture of the hub is more likely to have initiated as a result of increased
cyclic stresses produced during the reactionless mode of vibration, in combination
with the substantially reduced fatigue properties of the hub material.

The Safety Board further concludes that the precautions taken during
the initial certification that were intended to minimize the exposure of propellers on
MU-2B airplanes to the reactionless mode of vibration were inadequate.
Specifically, the Safety Board found no evidence that Hartzell conducted or the
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FAA required or Mitsubishi requested any additional vibration survey tests using
propeller assemblies having blades dimensionally conforming to the repair manual
limits during the certification demonstration of compliance to propeller vibration
requirements in 1976. Thus, the identification of engine speed at which the
reactionless mode could occur was only applicable to propeller assemblies hiaving
new blades and the full engine speed range at which a reactionless mode condition
could be experienced during the service of the airplane was not evaluated by ‘ests.
The Safety Board believes that the potential increase in the reactionless mode
frequency for propeller blades of reduced mass should have been apparent to
engineering personnel and that they should have required additional tests in order to
ensure that the propeller operating limits and engine speed restrictions cited in the
August 21, 1976, propeller vibration and stress survey report were adequate to
prevent operation at the highest possible reactionless mode frequency. The Safety
Board believes that the minimum ground idle RPM speed of the HC-B4 propeller on
the MU-2B airplane needs to be increased to provide a greater margin between the
resonant frequency of the reactionless mode and the ground idle speed. In addition,
the distance between the tip of thc HC-B4 propeller blades and the closest blade
station needs to be substantially reduced, in order to reduce the uncontrolled area
from which material can be lost, thereby minimizing the engine speed range in
which the resonant frequency of the reactionless mode can occur.

The Safety Board is concemed that hubs on airplanes besides the
MU-2 may have also been subjected to increased stress due to the reactionless
mode of vibration in the nonmnal operating range. Therefore, the Safety Board
believes that the FAA should identify those airplanes that can, throagh a
combination of the resonant RPM, the ground idle RPM range, and repair limits at
the blade tip, produce the reactionless mode in the normal operating range. For
these airplanes containing Hartzell hubs at risk for reduced fatigue properties
(manufactured prior to April 1984), the FAA should require inspection for cracks in
the pilot tube hole.

The Safety Board has been advised by the FAA that all of the 4-bladed
hubs delivered by Hartzell for installation on MU-2 airplanes have been identified
by serial number. However, the FAA has not yet been able to verify whether any of
these hubs have been operated on MU-2 airplanes and subsequently installed on
other model airplanes. The potential exists for damage induced during operation on
the MU-2 to lead to failure on the other airplanes from normal operating loads.
Therefore, the Safety Board urges the FAA to immediately determine the
whereabouts of all 4-bladed Hartzell propeller hubs that have been installed at any
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time on MU-2 airplanes, and require immediate inspections for potential fatigue
damage in the hubs.

2.24 Analysis of Corrective Actions

Prior to the 1991 Utica accident, the Hartzell steel propeller hubs had
an excellent service history and had no reported failures. Hartzell began
manufacturing steel hubs in 1963, and more than 32,000 hubs. with millions of
accumulated flight hours, have been produced.

The metallurgical examination of the hub from the Utica accident
revealed that a fatigue crack initiate from the inside diameter of the hub arm and
propagated outward. For this reason, visual or other nondestructive inspections of
the outside surface of the hub would not be effective in detecting similar cracks.
This finding prompted the Safety Board to issue Safety Recommendation A-92-81
on August 13, 1992. This recommendation urged the FAA to develop, with
Hartzell's assistance, an inspection method capable of detecting hub cracks
stemming from the inside surface of the hub arms. The Safety Board recognized
that removal of the pilot tubes to more casily inspect the inside of the hub arms
could create undetected damage and may have been unnecessarily expensive. Prior
to the Zwingle accident, the FAA had initiated no action in this regard, citing the
long history of operation with the Utica fracture being the only separation of a
Hartzeli steel propeller hub. The Safety Board believes that the FAA could have
taken more positive and timely action in response to Safety Recommendation
A-92-81. See appendix C conceming FAA and Safety Board correspondence on
this matter.

The Zwingle accident prompted the FAA, together with Hartzell, to
initiate a program to develop an inspection method that would satisfy Safety
Recommendation A-92-81. Hartzell has reported that several nondestructive
inspection methods were studied. The only possible method was determined to be
ultrasonic inspection. However, it was found that the inboard end of the pilot tube
reflected the ultrasonic beam, making it impossible to distinguish between ultrasenic
beam reflections from possible cracks and beam reflections from the end of the pilot
tube. It therefore appears that currently available nondestructive inspection methods
are incapable of detecting cracks initiating from the inside diameter surface of the
hub arms when the nilot tubes are installed.




59

Because the Zwingle accident demonstrated that the Utica failure could
no longer be considered unique, the FAA issued AD 93-09-04, on April 28. 1993,
and AD 93-12-04, on June 10, 1993, requiring that ali Harzell HC-B4TN propetler
hubs in service on MU-2B airplanes be inspected for cracks after removal of the
pilot tubes. The ADs also require repeated inspections at an interval not to exceed
600 hours. Because of the potential risks from damage created by the removal and
insertion of the pilot tubes during the inspection program, the FAA has authorized
only Hartzell to perform the inspections. The Safety Board recognizes that the
mandated inspection progt. m is difficult and expensive and that it is therefore not a
practical solution for assuring the integrity of Hartzell propeller hubs installed on
airplanes other than the MU-2B series; nor is it a practical long-term repetitive
inspection program for the MU-2B propeller assemblics.

2.3 Pilot Actions

ATC radar data suggest that once the airplane had descended to about
9,000 feet, the pilot tried to level off and maintain altitude until the airplane was
established on the ILS to runway 31 at DBQ. However, the descent rate wis not
arrested but was reduced to about 900 fpm. The airplane was well below the
glideslope and radar data show that the airpiane never converged toward the
glideslope except for one brief moment when the airplanc was intercepting the
localizer. In addition, the pilot made severil statements to the eftect that he could
not hold altitude. The descent then continued, although at a shightly reduced rate,
untit the crash. The pilot confirmed that he was intercepting the localizer courve,
but he soon deviated 30 degrees to the left of the locahizer course.

The Safety Board does not believe that the tlightcrew deliberately
attempted to fly belcw the 200- to 300-foot ceiling in the Dubuque local area to
attempt to locate DBQ. Their level of training, their overall experience and
experience in the MU-2 almost certainly precluded this possibility. In addition, and
most importantly, they were aware of the low ceiling at Dubuque. and were
undoubtedly aware of the inadvisability of low level flight over unfamiliar terrain.
Therefore, the Safety Board analyzed why the flightcrew could not maintain level
flight and attempted to determine the effects of the damage on climb capability and
controllability.
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2.3.1 Effects of Damage on Drag and Rate of Climb

The Safety Board believes that at the time of the crash into the silo, the
engine was displaced downward about 30 degrees. 'This is based on the leading
edge gouges on the L-2 propeller blade, the scrapes emanating from those gouges,
and eyewitness accounts. In addition, the Safety Board believes that the engine
mounts were totally separated prior to contact with the silo, and, at one point, the
engine had been displaced inboard about 30 degrees. This conclusion is based on
the damage found at the inboard engine mount/wing leading edge, zinc chromate
found on two blade tips, and the known decompression of the cabin.

The Safety Board estimated that the 30-degree downward droop of the
engine would increase the frontal area by 5.4 square feet. This assumed that the
engine was pinned about 6 feet aft of the front of the nacelle and the nacelle was
about 1.8 feet wide. The coefficient of drag (Cd) would have been about 1.5 due to

SR the jagged edges of the disrupted cowl. The increase in the airplane’s Cd attributed
. to the displaced engine and jagged cowl was 0.0455 (8.1 square feet/178 squarc
| - feet).

1 Single engine performance data were based on the assumption that the
propeller of the failed engine was feathered, the airplane was properly trimmed, and
that no other damage was present. Mitsubishi Heavy Industries (MHI) data showed
that at a speed of 160 KCAS' and 11,600 pounds, the single engine rate of climb
with no damage and a feathered propeller would have been about 450 fpm up. A:
these conditions, the Cd would have been about 0.063. The engine displacement
would have increased the drag by about 72 percent (0.0455 + 0.063) to 0.109. At
160 KC AS, the rate of climb would have been reduced from 450 fpm up to 534 fpm
down. - «ditional cowling or faring damage would have increased the aerodynamic
drag. wach square foot increase in the flat plate frontal area would have increased

the rate of descent an additional 156 fpm.

At 175 KCAS, the damage would have changed the rate of climb from
340 fpm up to 948 fpm down. Each | square foot increase in the frontal area would
have increased the rate of descent by 203 fpm. At 190 KCAS, the rate of climb
would have changed from 150 fpm up to 1,504 down. Each drag increment

lf'Kno!s calibrated airspeed. KCAS is KIAS {(krots indicated airspeed) corrected for aitspecd
indicalor system crrofs.
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equivalent to 1 square foot of increase in frontal arca would have increased the rate
of descent by 261 fpm.

The investigation disclosed that both airspeed indicators were at
190 KCAS after the crash. If the airplane were at 190 KIAS, the identified damage
would have resulted in a 1,500 fpm rate of descent, whicii was clearly not consistent
with radar data. Also, witness reports indicate that for the last 4 miles, the airplane
only lost szveral hundred feet resulting in a calculated rate of descent of about
200 fpm. Any damage greater than that equivalent to 1.3 square feet of frontal area
would have resulted in greater than a 200 fpm rate of descent at 190 KIAS. The
damage identified by the Safeiy Board was more than 4 times greiter than the
1.3 square feet. The Safety Board corcludes that the indicators were probably
reading accurately; however, they probably did not reflect the actual qirspeed at
impact. The discrepancy between the actual airspeed and the instrument readings
most likely resulted from disrupted airflow around the static pressure ports. either as
a result of sideslip angles, engine cow| displacement. or both.

Based on the known damage, the 700 to 900 fpm rate of descent, and
ground speeds derived from radar data, the Safety Board concludes that the airplane
speed was between 150 and 175 KIAS. If the damage were greater than estimated,
the speed was most likely in the lower portion of this range.

2.3.2 Effects of Damage on Lateral Control

Damage to the nacelle would have resulted in a loss of lift. which, in
turn, would indrze a rolling moment that would require additional wheel deflections
to :maintain centrol of the airplane.  MHI data show that single engine operation
without nacelle damage required the spoilers to produce a coetficient of lift (Cl) of
018 for 160 KCAS and .025 for 150 KCAS. The damage to the nacelle would have
raised the required Cl to .029 for 160 KCAS and .037 for 150 KCAS. With
damage, 43 degrees (54 percent) of wheel defleciion would have been required at
160 KCAS and 57 degrees (72 percent) at 150 KCAS. One hundred percent of
wheel deflection would have been required at around 140 KCAS. In addition. MHI
data shows that approximately S0 percent rudder detlection would have been
required at speeds between 150 and 160 KCAS. Slowing to about 140 KCAS
would have required about 100 percent of rudder deflection.

The pilot would have found that slowing to 160 KCAS would require
50 percent of both rudder and wheel deflection to keep the wings level or banked
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into the good engine. Slowing to 150 KCAS would have required about 72 percent
wheel deflection. Slowing further could have resulted in momentary loss of control
until speed increased or power was decreased on the operating engine.

The slight increase in indicated altitude shown on radar data at the time
the localizer was being intercepted could have indicated a climb that would be
accompanied by a loss of speed or an increase in sideslip angle, either of which
could have resulted in the temporary loss of lateral control.

2,33 Pilot Decisions on Flying the Airplane

The Safety Board examined the appropriateness of the pilots’ decisions.
The Board noted that the pilots initiated an emergency descent and descended down
to and through 9,000 feet in a very rapid manner very likely because of the cabin
depressurization. Had they attempted to a.rest the descent at 12.000 feet, tor
example, and tumed toward DBQ at the first instruction for a northerly turm from
ATC, they might have had sufficient range to reach DBQ. In addition, had the crew
stated the true seriousness of their situation to Coton High controllers, the
controllers might have been miore prone to search for & more suitable diversion
airport.

The Board notes that the airplane was flying in IMC and was probably
experiencing significant buffeting.  Understandably, the pilot had received no
training for the combination of circumstances that he faced. This combination
included an engine tuilure. a displaced engine, cowl damage. nnusually large control
inputs. an unchecked descent. and only flight instruments for reference.

Immediately after the engine failure, the pilot initiated an emergency
descent. An emergency descent would have required lower power settings for the
operating engine. less wheel and rudder deflections to maintain control, and would
have been conducted at higher airspeeds.  Until the moment that the pilot attempted
to arrest the rate of descent, he would have been unaware of potential control
problems.

Once the pilot determined that he could not appreciably arrest the rate
of descent by slowing down. but could gain a significant margin in available flight
controls by flying faster. he probably chose to maintain a higher airspeed and more
control of the airplane. thus accepting a higher descent rate.

1§
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The Safety Board notes that during the September 17, 1991, Ulica,
New York, incident, the pilot stated that he could not maintain level flight, even
though his airplane sustained less aerodynamic damage than did N86SD.

The Safety Board concludes that the pilot acted in a reasonable manner
in continuing the high rate of descent to lower altitudes and that once he was at
lower altitudes, he continued to fly at higher airspeeds and rates of descent to gain
more aerodynamic control.

2.4 Air Traffic Control Actions

Following the loss of the propeller blade and the decompression, the
flightcrew requested from the Chicago ARTCC controller vectors to the “closest
airport we can get to...," at 1540:46. Four seconds later, the controller transmitted
that DBQ was at the airpla, s 2:00 position and 25 miles away. DBQ was actually
about 37 miles from the airplane.'’ At that time, the airplane was within 2 miles of
being equidistant from MLI and DBQ and only about 9 miles trom CWI. The DBQ
and CWI local areas were experiencing IFR weather conditions, and the MLI local
area was experiencing VFR weather conditions.

Immediately after the decompression, as N&6SD progressed westward
and descended, its relationship to DBQ and MLI remained about the same, while
the distance from CWI increased. At 1542:16, the airplane was directed to tum to a
heading of 330 degrees, but it did not do so. The nearly equidistant relationship
from DBQ and MLI continued until the low altitude sector radar controller assigned
the airplane the heading of 360 degrees, at 1543:45. After that, the distance from
the airplane to DBQ decreased. while the distances from CWI and MLI increased.
as the airplane descended to the north.

The Safety Board belicves that N865SD would have broken out of the
overcast at a higher altitude if it was on a course toward ML rather than DBQ,
although N86SD was not oftered this option by the controllers. This would have
given the pilot more time to select a flat, open area on the ground to crash land the
airplane, and the probability of flightcrew and occupant survival would have been
greatly increased.

17, . : :
Air traffic control personngl stated that the inaccuracy of the radar presentation (ot the radar

range sclting customanily used) accounted for this 12-mile crrer.
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Following the propeller hub failure, the airplane probably had sufficient
altitude to attempt an ILS approach and landing at CW1I, although the flight was not
offered this option by air traffic control. The difficuily of the approach would have
been compounded by the low 400-foot ceiling. Also, the flightcrew would have had
to fly some distance southwest f the airport to align the airplane for an approiach to
runway 03, which was the runway with the ILS spproach.

Additionally, the center radar controller did not have readily available
weather information for CWI to issue to the flight. Weather information for CWI
was generated by AWOS, which is not available via the CRD screen used by the
controllers. The controller would have had to either contact the Center Weather
Service Unit or Quad City approach control to obtain the latest CWI observation.
This process weald have taken at least | minute or longer.

‘The reason the controllers said that they selected DBQ as the landing
airport for NR6SD, rather than MLI or CWI, was that they perceived that it was the
closest svitable airport to the airplane when the emergency situation was announced.
Of the two airports that they considered sending the tlight to, DBQ was closer by
about 2 miles. Acting upon the information they possessed at the time, they
probably believed that they were complying specifically to the pilot's request. The
fact that they were only aware of a decompression aboard the airplane (with no
other complicating factors) at that juncture, and the fact that they knew the
flightcrew was qualified to fly into IFR conditions might have also entered into their
decision making process. In addition, they believed that DBQ possessed adequate
emergency response equipment.

The Safety Board believzs, however, that the controllers involved in
this emergency should have, at some point, determined that the weather at MLY was
much better than that at DBQ. Moreover, they should have been aware that CWi
was much closer than either ML1 or DBQ and then relayed that information to the
pilots of N86SD. The air traffic contro! transcript revealed that an apparent lull in
controller activity occurred shortly atter N86SD was given the DBQ weather. ‘This
would have been a good opportunity for the controllers to identify other possible
diversion airports, obtain weather sequences for one or more of ihese airports, and
then transmit some options to the pilots of N86SD. As it happened, of the several
airports in the area with instrument approach capability and weather above
instrument approach mininwms, the pilots were given information on only one
airport, DBQ.

! ‘
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Once a flight declares an emergency, the role of air traffic control
reverts from one of controlling the flight to one of assisting the flight in sate
iccovery. Ideally, an exchange of information between the flightcrew and the
controllers should have taken place to allow the safest resolution of the emergency
situation. The controllers should not have hesitated to pass any potentially helpful
information to the flightcrew, however sketchy that information might have been,
thereby offering them the maximum number of options.

There were also systemic shortfalls that bindered the effectiveness of
the assistance that the controllers could provide N86SD. These include a lack of
readily available current weather sequence reports for the controllers, and a lack of
writlen guidance for controllers during emergency situations.

24.1 Lack of Weather Sequence Reports Provided for Controllers

ARTCC radar controllers do not have an efficient means of searching
through multiple weather sequences to locate the airport with the best weather
conditions for landing or an adequate means of constantly displaying several
terminal weather sequences. Of the several methods of obtaining current weather
sequences, all are cumbersome and impractical during airborne emergency
situattons.

The Safety Board believes that hourly sequence reports for key airports
should be constantly displayed on each sector in some manner.’® Having only the
capability of “calling up" and preserving a single weather sequence is inadequate, as
the circumstances of this accident indicate. Had the appropriate weather sequences
been constantly displayed, the controllers would have been immediately aware tha:
the weather in the MLI area was considerably better. This knowledge would have
provided N86SD a better opportunity to land without catastrophic consequences.

Pilots should not be expected to be familiar with all weather conditions
on the surface along their entire route of flight. Although the flightcrew of N865SD
could have inquired about better weather at some other airport during the emergency
descent, the Safety Board believes that one or more of the Coton High sector air
traffic controllers should have had a readily available means to research this

18 : : . . : A

Such a practice was standard in ARTCCs prios to. and for a shon time after. the edvent of

automated radar displays. An assistant controller manually copicd the weaiher onto large "grease pencil” display
boards in the radar room, a procedure that was somewhat labor intensive.

PP e T PRI o L air Db S s .
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information for the flightcrew. If the controllers had automatically been provided
the current weather at major airports in their sectors during the airbome emergency.
their ability to assist the pilot would have been greatly enhanced. Therefore, the
Safety Board believes that the FAA should provide all ARTCC sector positions of
operation with the capability of displaying several hourly sequence reports at once.
This display should be updated automatically and displayed at all times.

2.4.2 The Need for Additional Guidance for Controllers in
Emergencies

Controllers do receive some level of emergency procedure training in
initial and annual refresher training. However, the circumstances of this accident
indicate that this training is inadequate. The Safety Board believes that the Air
Traffic Contro! handbook that is the basis for controller training does not adequately
address the issue of airborne emergencies in general. [Further, conceming this
accident sequence, the issue of finding the best possible weather for an 1FR aircrafl

during an airbome emergency is not clearly addressed.

While there appears to be adequate information in the emergency
assistance section of the handbook regarding VFR aircraft in weather difficulty, the
handbook is somewhat vague in its one-sentence guidance that weather conditions
should be considered for emergencies involving 1FR-rated pilots. Sce appendix D.
It does not mention the importance of finding the best possible landing weather for
an IFR aircraft in an emergency status. Better landing weather conditions werc not
researched in a timely manner by the controllers attempting to aid N86SD during its
emergency. This lapse led the Safety Board to believe that the wrilten emergency
procedure guidance in the ATC handbook is not specific enough, and that weather
considerations were not adequately emphasized. The Safety Board therefore
believes that the FAA should enhance the Emergency Assistance section of Air
Traffic Control handbook 7110.65 to fully address the issue of finding the best
possible landing weather for an IFR aircraft in an emergency status (which is
extremely important in the selection of the best possible diversion airport) and to

emphasize this concept in emergency training scenarios.

Concerning the focus of general emergency procedures training for
controllers, the Board agrees that providing training for every possible emergency
scenario would not be practical. However, tie Safety Board belicves that the
problem as basic as an emergency descent for landing through IFR conditions is a
common one during many airbome emergencies and that more consideration should
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be given in controller training for this and other common contingencies. Controller-
to-pilot and pilot-to-controller communication in various emergency situations
involving air traffic control should be emphasized in this training. Accident reports,

such as this one, involving an emergency descent in IFR conditions, the El
Al/Amsterdam B-747 accident,!® involving a loss of two engines on one side with
tumning difficulties, the Avianca Airlines/Kennedy B-707 accident,’® involving
imminent fuel exhaustion, and other reports, would be ideal training aids.

In all of these accidents, there was a lack of communication between
pilots and controllers. The Safety Board believes that training scenarios should
emphasize total, complete communication on the part of both pilots and controllers.
If a pilot in an emergency status needs a closer airport, has difficulty making a
particular tum, or is mnning out of fuel, such problems should be clearly
communicated to the controller. Likewise, if the controller has any information or
options that he believes the pilot might consider, he should not hesitate to

communicate this to the pilot.

At the time the flightcrew of N86SD began its descent, the controllers
| were only aware of the decompression, the Mayday call, and the request for lower
| altitude. At ne time during the initial descent of the airplane were the controllers

told about the engine-out condition and the airplane controllability problems,
although they did surmise later that the airplane was having difficulty holding

assigned altitudes.

—

SR 19El Al Bocing 747F, Registration 4X-AXG, Amsterdam. Hoiland. October 4. 1992. Repont

. pending from the Govemment of the Netherands.
’ 20 Ajrcraft Accident Report--“Avianca, The Airline of Colombia. Bocing 707-321B. HK 2016,

f Fuel Exhaustion, Cove Neck, New York, January 25, 1990" (NTSB/AAR-91/04)
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3. CONCLUSIONS

Findings

1. N86SD was operated as a public use airplane by the State of
South Dakota, and, therefore, its maintenance anc .ne training of
its pilr*s were not required to conform to Federal Aviation
Regulanons. The pilots were trained and the airplane was
maintained in accordance with current State of South Dakota
and manufacturer guidelines, and these guidelines conformed to
current Federal Aviation Regulations.
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2. During cruise flight at FL. 240, a propeller hub amm on the left
propeller failed, releasing the propeller blade attached to that
hub arm. The released blade struck the following propeller
blade and broke the tip off the following blade.

3. Severe engine vibration, caused by the missing propeller blade,
' caused an autonomous left enzine shutdown.

4. During the event, the left engine was forced downward and :
inboard on its mounts. One or more of the remaining propeller 4
blades, andfor a released blade tip from one of the remaining
propeller blades, might have contacted the fuselage, causing a
cabin decompression.

5. A lack of damage to the released propeller blade indicated that it
did not contact the fuselage.

% 6. During a previous blade release on an MU-2B-60, the pilot was !,f"_ |
. unable to arrest his descent. ‘The damaged propeller on his |
N airplane was feathered, and the failed engine nacelle was not
canted away from the relative wind. , |

7. Due to drag caused by displacement of the left engine, sheet _
metal damage, and the loss of thrust of the left engine, the {
airplane was incapable of maintaining level flight. |
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The left propeller was last overhauled on September 11, 1990, in
accordance with Hartzell procedures, at 3,914 hours of airframe
total time, 671 hours before the accident.

The failure of the hub arm was the result of fatigue cracking that
initiated from multiple initiation sites on the inside diameter
surface of the hole for the pilot tube.

The fatigue propertics of the hub were substantially reduced by a
combination of factors, including machining marks or scratches,
mixed microstructure, corrosion, decarburization, and residual
stresses, and cracking would not have initiated if the properties
had not been reduced.

Based on the stress levels associated with the reactionless mode
and the propensity of MU-2B airplanes to experience the
reactionless mode at or above the ground idle RPM, the fatigue
fracture of the hub is more likely to have initiated as a result of
increased cyclic stresses produced during the reactionless mode
of vibration, in combination with the substantially reduced
fatigue properties of the hub material.

The precautions taken during the initial certification that were
intended to minimize the exposure of propellers on MU-2B
airplanes to the reactionless mode of vibration were inadequate.

There was no routine or special inspection in place at the time of
the accident that were designed to detect the fatigue crack that
precipitated the loss of the propeller blade. Subsequent to the
accident, efforts to develop a practical, nondestructive test,
without the removal of the pilot tubes to detect such an anomaly,
were unsuccessful,

The pilots acted in a reasonable manner in continuing the high
rate of descent to lower altitudes; and, once at lower altitudes,
they continued to fly at higher airspeeds and rates of descent to
gain more acrodynamic control.
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15. Following the event, the flightcrew asked for "the closest
airport.” The controllers offered the single option of ILS-
equipped DBQ, 37 miles away from the airplane. At that time,
ILS-equipped CWI was 9 miles away, and ILS-equipped MLI
was 39 miles away. However, under all of these circumstances,
this option was appropriate.

16. ARTCC sector positions of operation do not have the capability
of displaying several hourly weather sequence reports at a tiine,
being automatically updated, and being displayed at all times the
sector is in operation.

17. The Emergency Assistance section of the Air Traffic Control
handbook did not address the issue of finding the best possible
weather for an IFR aircraft in an emergency status.

3.2 Probable Cause

The National Transporiation Safety Board determines that the probable
cause of this accident was the fatigue cracking and fracture of the propeller hub arm.
The resultant separation of the hub arm and the propeller blade damaged the engine,
nacelle, wing, and fuselage, thereby causing significant degradation to aircraft
performance and control that made a successful landing problematic.

The cause of the propeller hub arm fracture was a reduction in the
fatigue strength of the material because of manufacturing and time-related factors
(decarburization, residual stress, corrosion, mixed microstructure, and
machining/scoring marks) that reduced the fatigue resistance of the material,
probably combined with exposure to higher-than-normal cyclic loads during
operation of the propeller at a critical vibration frequency (reactionless mode),
which was not appropriately considered during the airplane/propeller certification
process.
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4. RECOMMENDATIONS

As a result of this investigation, the National Transportation Safety
Board makes the following recommendations:

--to the Federal Aviation Administration:

Determine whether any 4-bladed Hartzell propeller hubs have ever
been installed on MU-2B airplanes and are now installed on other
model airplanes, and issue the necessary airworthiness directives to
inspect the hubs for fatigue damage. (Class I, Urgent Action)
(A-93-153)

Identify airplanes that can, through a combination of the resonant
RPM, the ground idle RPM range, and repair limits at the blade tip,
produce the reactionless mode in the normal operating range. For
those airplanes containing Hartzell hubs at risk for reduced fatigue
properties (manufactured prior to April 1984), require inspection for
| cracks in the pilot tube hole. (Class II, Priority Action) (A-93-154)

Perform a designated safety inspection for cracking in the pilot tube

hole on high time Hartzell 3-, 4-, and 5-bladed propeller hubs that 3
are found to have high operating stress and that were manufactured
with the pilot tube holes finished machined prior to heat treatment.

(Class 11, Priority Action) (A-93-155)

Increase the minimum ground idle RPM speed of the HC-B4
propeller on the MU-2B airplane to provide a greater margin
hetween the resonant frequency of the reactionless mode and the
ground idle speed. (Class I, Pricrity Action) (A-93-156)

Revise maintenance and repair limits for propeller blades on HC-B4
hubs on MU-2B aircraft to reduce the length of the uncontrolled
area at the blade tip to minimize the in-service increase in the
reactionless mode frequency. (Class 11, Priority Action) (A-93-157)
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Enhance the Emergency Assistance section of Air Traffic Control
handbook 7110.65 to fully address the issue of selecting the best
possible diversion airport for an IFR aircraft in an emergency status,
(Class 11, Priority Action) (A-93-158)

Provide all ARTCC sector positions of operation with the capability
of displaying several hourly weather sequence reports at once. This
display should be updated automatically, and displayed at all times.
(Class 11, Priority Action) (A-93-159)

Provide expanded emergency procedures training for air traffic
controllers.  The general capabilities of airplanes in various
emergency scenarios involving air traffic control should be a focal
point of this training, and past air tratfic control-related accident
reports should be used. (Class II, Priority Action) (A-93-160)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

Carl W. Vogt
Chaiman

Susan Coughlin
Vice Chairman

John K. Lauber
Member

John Hammerschmidt
Member

James [, Hall
Member

November 16, 1993
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5. APPENDIXES
APPENDIX A
INVESTIGATION AND HEARING
1. Investigation

The National Transportation Safety Board was notified of the accident
around 1730 on April 19, 1993. The Safety Board has formal agreements with
numerous federal and state agencies to investigate accidents involving "public use”
airplanes. The State of South Dakota does not have such an agreement with the
Safety Board, and, therefore, its public use airplanc was not under the Safety
Board's legislative mandate; however, senior officials from the Office of the
Governor of South Dakota formally requested that the Safety Board lead the
investigation of the accident.

An investigation team was dispatched from Washington, D.C., that
evening and arrived at Zwingle, lowa, shortly thereafter. On-scene investigative
groups were formed for operations/human performance, structures/systems, and
poveerplants. Groups for metallurgy and air traffic control were also formed.
M.:teurology, maintenance records, aircraft performance and radar studies were also
compi>'ed. Safety Board Vice Chairman Susan Coughlin accompanied the
investigative team to [owa.

Parties to the investigation included the State of South Dakota, Hantzell
Propeller, Inc., Beech Aircraft Corporation,zl Allied-Signal Aerospace Company,
the National Air Traffic Controllers Association, and the Federal Aviation
Administration.

2. Public Hearing

There was no Safety Board public hearing associated with this
investigation.

9
"IBecch Aircraft Corporation assumed product support responsibilities for the MU-2 on Apnt 1.
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APPENDIX B

RELEVANT RADIO TRANSCRIPTS

Q Niemorandum

Federal Aviation
Adminlstation

INFORMATION: Traps.ription concerning oste. May 19, 1993
the accident involving N86SD on April 19,

1963, at 2053 UTC
Renly to

Air Traffic Manager Atinof: I,, Reilly:x315
Chicago ARTCC, ZAU-1

This transcription covers the time period from April 192, 1993,
1430 UTC to April 19, 1992, 2056 UTC.

Agencies Making Transrissions Abbreviations
Indianapclis ARTCC Muncie Sector MIE
Chicago ARTCC Sectors:
Kokomo QKK
Logan IGH
Bearz BRZ
Danville DNV
Feotone EON
Joliet JOT
Roberts RBS
Bradford BCF
Icwa City 10w
Mzlta MAL
Coton CTN
Dubugue DEQ
Quad City ATCT Approach Control QAPF
Dubugque ATC Tower DBQT
¥itsuhishi eight six sierra delta NEESD
lear Jet six one eight roneo NE61ER

"R" after abbreviations refer to radar position and "D' re
to manual position.

Las}
o
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'

I HEREBY CERTIFY that the following is a true transcription of
the recorded conversations pertaining to the subject aircraft
accident:

s

i /’/’w\wrf r M,

THOMAS F. REISEL

Quality Assurance Specialist
TITLE

[—




15

ny AT A N B !_u,gi«' y
il Ra e i

11
2038:27  IOWD RU b
(2039) -
(2G40)
2040:22 N86SD Chicago ahh sierra delta we had ahh a
decompression
2040:27 CTNR November eight six sierra delta say again ;
2040:33 N86SD Mayday mayday mayday six sierra delta we're
goin down here
204G:43 CTNR November eight six sierra delta roger tell |
me what you need I got your rayday .
2040:46  N86SD We need the closest airport we can get to %
here z
2040:50 CTNR Novenber eight six sierrvra delta roger you f
understand you need an airport Dubuque -
| airport is off to your two o'clock and -
‘ twenty five miles can you land there ¥
2041:00  N86SD Ah thats Dubuque off ah to our left and i,
twenty five ‘%
2041:04 CTNR Eight six sierra delta affirrmative thats ;?
Dubuque airport 3
2041:17 CTNR November eight six sierra delta you still
with me
2041:2 N86SD Thats affirm
2041:22 CTNR Eight six sierra delta roger what altitude
do you need we'll get it for you we'll clear
everybody out of your way
20421:28 N86SD (Unintelligible) we need to get down to ah

our oxygen level here y -

ﬂ..
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2041:34

204) 37

2041:39

2041:41

2041:4¢

2041:580

2022:C0

2042:00

t)
L ®)
.
[x% ]
&
n

2042:05

2042:07

2042:08

CTNR

N86SD

CTNR

CTNR

N86SD

CTKR

NBESD

CTNR

QAPP

DBQD

QAPP

76

Eight six sierra delta roger descend and
maintain eight thousand

Goin down to eight

Eight six sierra delta okay I'll have an
altimpmeter for ya in just one moment

Noveunber eight six sierra delta Dubuque
altineter two niner four five two niner four
five

Two niner fcur five roger

Eight six sierra delta can you switch over -
to a low altitude freguencty are you gonna X

have anry problen with that or do you just s
wanna stay with re =

Quad City apprcach Chicago get an energency f ‘?g
Gc ahead we're ¢n

Yeah just ah northeast of Davenport fifteen
zmiles that emergency sguawvk you're seein 5
ne's coing down to eight right now E

Yeah we can do it we can change the
frequency

Ckay eight six sierra delta low altitude i;m&f
sector frequency one three three point niner S
five one thirty three ninety five A

Pescending to eight thousand
Yeah

Point ouvt approved
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2042:08

2042:09

2042:11

2042:12

2042:12

2042:16

2042:28

2042:32

2043:05

2043:08

2043:11

2043:13

2043:16

DBQD

QAPP

DBQD

QAPP

N86SD

CTNR

NB6SD

CTNR

CTNR

N86S5SD

CTNR

N86SD

77

*(VU)

Let us know if you need anything else v
Thank you

Charlie mike

* (We need the weather here) Thirty three
ninety five ahh do you have the weather at
Dubucnie

Reger eight six sierra delta roger and you
are cleared to Dubuque that's about a ah
three thirty heading direct when able you
are cleared to Dubuque airport and ah if you "
want the weather I've got it for you right N
now 5]

Go ahead .

Okay it's a special measured ceiling three
hundred overcast visibility one and one half
with rain and fog the winds are zero six
zero at twenty knots

November eight six sierra delta you still
with re

Affirm we're still with ya b

s AL

Okay eight six sierra delta can you switch
over now to thirty three ninety five

wrp o

That's affirm we'll give it a try

corPsmim wquy
EEg "
I

Okay if you have any problems come back
right to me

P
o
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2043:40

2043 :45

2043:51

2044:00

2044:02

2044 :04

2044 :07

2044:08

2044:11

2044:14

2044:18

2044:19

2044:21

2044:22

2044:23

N86SD

DBQR

N86SD

DBQR

N86SD

DBOR

N86SD

DBEQR

N86SD

DBQR

DBEQD

N86SD

DBQR

QAPP

DBQD

78

And Chicago ah six sierra delta is with ya
ah level at eight thousand here thirty three
ninety five

Eighty six sierra delta fly heading three
six zero radar vectors tor the ILS do you
want equipment standing by

Three six zero and ah we might need the A

equipnent also ah ah okay eh the altitude f'//?
Okay do you have charts for the ILS there at ‘-
Dubuque

Affirm

Okay three sixty on the heading radar vector
for ILS

Okay

Can you hold altitude

Hell standby

Maintain six thousand eight six sierra delta

Quad City approach Chicago

Down to siXx

Roger

Quad City

Yeah that ah eight six sierra delta he's
going down all the way to about three
thousand I guess
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N
15 :
2044:27  QAPP Eight six sierra delta 1 - 3
{, 2044:29  DBQD Yeah the one had an emergency you're 2
Y watching four zero five four ;
; it
= b
- 2044:31  QAPP (Unintelligible) -\
?f?f! 2044:33 QAPP Are you heading for Dubuque with him N
¥ 2044:34 DBQD Yeah that's what he wanted
2044:35  QAPP Okay charlie mike |
2044:36  DBQD VU 3
2045:15 DBQR And eight six sierra delta it appears you
can have ah hold six thousand for awhile sir
|
2045:20  N86SD It don't look like it ah were having a hard 5
time helding altitude here L
2045:27 DBQR Okay descend and maintain four thousand at i f'
pilot's discretion you can hold as high as W
b you can for as long as you can and fly A
3 heading now three four zero .
‘ V]
i {
f 2045:36  N86SD Three four zero roger that N
?% 2046:21  NB86SD Yeah approach ah six SD
2046:23 DBQR I'm sorry missed it try it again
2046:31 N618R Lear six one eight romeo reguest about ten

degrees right to avoid a buildup ahead

2046:35 DBQR That's approved sir you're twenty three
miles southeast of Dubuque when you can join
the localizer on that three forty it would
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2046

2046

2046:

2047

2047:

2047:

2047

2047

2048:

2048

2048

2048:

2048:

:51

56

58

:02

08

438

52

00

102

: 04

06

08

N86SD

DBOR

H86SD

N86SD

NB86SD

DBQOR

N865D

DBQR

DBQR

NB865SD

DBQD

N865SD

DBQT

80

have been about in a minute or two join the L\
ILS to runway three one you're able you're ‘
able

i

Ah approach six»x sierra delta how far are we
from Dubuque

Showing you twenty three miles southeast

H
R

Okay ah if you can give us vectors ah for
the ILS we'd appreciate it

Okay fly heading of ah three four zero when
you're able join the ILS you're abcut one
minute south of joining the ILS

Roger that

Eight six sierra delta I show you joining
the localizer at this time do you concur sir

That's affirm and ah cculd you have an
anbulance stand by

Yes sir we've we're talked to en
All the cocrdination has been done
*{Thank you)

Tower Dubuque Tower Chicago

Yeah we've got an engine out and ah ah F -
deconmpression ;

Yeah tower cab
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jf 2048:10  DBQD (Unintelligible) we got eiqht six sierra
¥ bravo
2048:10 (Unintelligible)
© A 2048:13  DBQT Yes
F“*ﬁ 2048:15 DBQD He's got ar engine out we got an emergency
:? 2048:17  DBQT Okay
o
2048:18 DBQD One engine out decompression he wants all
b the equipment standing by he wants an
[ ambulance standing by
L
Y 2048:25  DBQT okay we'll have it all here
R ; 2048:26  DBQD (Unintelligible)
20486:27 DBGT DB
2048:52 DBOR Eight six sierra delta cleared for the
straight in XILS approach to ah ah runway
three one you're position is ah ten miles
south about nine miles southeast of ZILOM at _
this time maintain ah ah well I see you're L
through it I was gonna tell you to maintain i
thirty three hundred ah till established
: 2049:06  N86SD Okay
2049:18 DEQR Dubucgue Chicago

2049:20 DBQT Dubuque tower
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2049:

2049

2049:

2049:

20469:

2049:

2049:

2049:

2049

2049

2049:

2049:

2049

2049:

2050:

21

33

34

36

38

39

40

42

44

145

46

51

=3

02

DBQR

DBQT

DEBECR

DBQT

DBEQR

DBQT

DBQD

DBQT

DEQR

N8ESD

DEQR

N8&SD

DBQFR

N86SD

DBCR

82

I don't know if ah eight six sierra delta is
gonna make it he's about eight socutheast of
ah ZILOM at twenty seven hundred and he
can't hold altitude so start looking out
that southeast window if you can

Okay we'll do it

You got plenty cf vehicles there whatever he
heeds

Yeah we're gettin em all were gettin enm out
now

Just lost him on radar

Alright DB

Maybe alert the state police

Wilco

Eight six sierra delta Chicago

Go ahead

They've got all the equipment ah and
everything ready for ya

Okay

Can you hold at least twenty seven hundred
there sir

I don't think so

I'm showing you thirteen miles southeast
eicht six sierra delta
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2050:06 N86SD Roger that

2050:32 DBQR Eight six sierra delta say the altitude

2050:36 N86SD We're at nineteen hundred
% 2050:37 DBQR Okay you're still about ten miles southeast
| of the airport
j 2050:42  N86SD Okay
2051:10 DBQR Eight six sierra delta radar contact is lost

contact Dubuque tower now on one one nine
point five

2051:15 N86SD Nineteen five thanks
(2052)

(2053) S
‘ (2054)

(2055)

(2056)

:
i

END OF TRANSCRIPT

* This portion of the rerecording is not entirely clear, but

this represents the best interpretation possible under the
circumstances.
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NMemorandum

INFORMATION: Transcription concerning
the accident involving N86S5D on April 19,
1993 at 2053 UTC

Cate APR 2 3 ‘993

Jon Croft iﬂ?é?
Air Traffic Manager, Dubuqgue ATC Tower

This transcription covers the time period from April 1¢, 1993,
2045 UTC to April 19, 1993, 2058 UTC

Agencies Making Transmissions Abbreviations
Dubugue ATC Tower DBQ
Chicago ARTCC ZAU
NBESD N86SD
Alrport Rescue and Fire Fightingy ARFF
Unknown UNE

I hereby certify that the following 1s a true transcription of
the

rereccrded conversations pertaining to the subject a-cident

involving NeesD:
Nern C\ﬂ\

Jon Creft

Alr Traffic Manager

April 23, 1993

This portion of the transcript identifies cornunication at the
Ground Control position from the period 2045 UTC to 2058 UTC.

ZAU Hey Dubuque Tcwer Flow

DBQ Dubuque Tower

"Train fo Succeed'’

I A N
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2045

2045:

2045:

2045

2045:

2045

2045

2045

2045

2045:

: 07

10

t11

12

16

123

1 26

140

51

33

57

(2046)

2046 :

204¢E

01

: 03

ZAU

DBQ

ZAU

DBQ

1
v ]
<

DBQ

ZAU

DEQ

ZAU

DBQ

Yeah you know you got the emergency comin
towards you

OK you dont know anything about it
No
Hold on one second

Eight Six Sierra Deltas comin towards you I dont
know all the specifics yet but he is an emergency
priority aircraft

Do you know anything at all what the nature of
the emergency is

Hang on cne second I got it right here

O}, all we got right now so far is that he had a pres-
surization problem and he needed immediate descent _
I dont know if hes see Im getting this second hand .
so I dont want tc lose a lect of it in the translation '

Can you tell me his position now

His positicn now is about twenty five southeast of the
airport hes at fifty seven hundred feet

Is he going to do the 1ILS

I dont know what approach hes golng to do ?

Ok




2046:04

2046:07

2046:09

2046:10

2046:11

(2047)
(2048}
{2049)
{2050)
(20£1)

2CEl:.0C¢

2051:41

2081:45

(2052)
(2053)

ZAU

DEQ

ZAU

DBQ

ZAU

DEQ

ARFF

86

All right as soon as you get a down time on him would
you report it back to us please

OK what yeah twenty two

Yes

Thank you CM

Crocund Fed Five

FRed Five Dubuque Ground

el
0
e
m
L]
)
o

that 2 One Three cr a Three One apprcach

Red Five he'll be deing an ILS Runway 31 and
have ycu advised ambulances are they enroute

Antulance and additional fire units have been noti-
fied by nine one one 1'l] be prestaging at Delta Two
and Runway One Three Three One

Red Five you can proceed on Delta One hold short of
Runway Three One

Roger
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2053:55 UNY. {sound of transmitter keying twe times)

(2054)

(2055)

20£5:12 ARFF Ground Red Four

2055:14 DBQ Red Four Dubugue Ground

2055:16 ARFF Yes would ynu advise that ambulance that Im waiting

for him oa the wroad 1']11 give him an escort in he
should fcllow me

20£5:22 DBQ Red Fcur Im not in contact with the ambulance
they call me 1'11] relay that

-
-

£
LS

2055:27 ARFTF Recger that
(2056
2087
{205
This perticn of the transcrizct identifies communicaticns at the
Local Control position frenr the rerica 2048 UTC tc 20%&8 UTC.
(2045)
{2048)
(2047)
2047:57 ZAU Tower Dubugue Tower Chicago
(2048}
2048:03 DBQ Yeah tower cab
2048:06 ZAU Yeah vie got Eight Six Sierra Bravo hes got

one engine nout we got an emergency




2048:11

2048:18

2048:20

2048:21

{204¢2)

2049:12

2049:14

<043:24%

2049:27

2049 :3C

2049:31

20493

=9

2049:36

DBQ

ZAU

DBO

ZAU

DBQ

ZAU

LAl

DEC

ZAU

One engine out decompression he wants all the equipment
standing by he wants an ambulance standing by

OY. we'll have it all here

CK BO

All rignt DE

Dubugque Chicagc

Dubugue Tower

I dont know if Eight Six Sierra Deltas gonna make it
hes about eight southeast of the Zilom now hes at
twenty weven hundred he cant hold altitude so start
looking ocut that southeast window if you can

want

i
O
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+

O}: e - :

o
0
(4]
rt
T
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)
L
fad
jo g
o
=
fu
]
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x
]
!
m
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+
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rt
o
m
3
O
o
ru‘

OK 1 just lest him on radar

All right DB

Yeah maybe alert the state police

Wilco




2051

2051

20¢%1

20561

2051

2051:

2051:

2051 :

2051:

2051 :

2051

(2053)

2049:36

(2050)
{2051)

1156

18

40

142

144

48

: 57

: 59

2052:09

N86SB

DBQ

N86SD

ZAU

DBQ

ZAU

DEQ

N86SD

DBQ

N86SD

Dubuque Tower Mitsubishi Eight Six Sierra Deltas with
you

Mitsubishi Eight Six Sierra velta Dubuque Tower we
have all the lights on high the emergency vehicles are
on their way out wind zero four zero at fifteen altimeter

two niner four five you are cleared to land Runway three
one

Sierra Delta roger
And Dubuque
Dubugque Tower go ahead

Sierra Delta I lost him about twelve (unintelligitle)
about eight miles to the southeast

We're talking to him
OK hes having a problem holding altitude
All right DB

How rar out are we

Six Sierra Delta lost radar contact on you approximately
six to eight miles from the field do you have DME

Yeah

TP ISR OIS S,
K A
LN & JEEEUE : L
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2053:16

2063:40

2054 :51

{2055)

2085:27

(2056)
{2057)
(2058)

DBQ

DBQ

DBQ

DBQ

DBQ

90

Mitsubishi Eight Six Sierra Delta wind zero five zero at
fifteen previnus arrivals have reported plus or minus

five to ten knots wind shear on approach and tower visi-
bility now i a ¢good twu miles

Mitsubishi Eight Six Sierra Delta if you have time Just,

key your mic a couple of times so we'll know youre still
with us

Mitsubishi Eight Six Sierra Delta Dubuque Tower do you
read

Mitsubishi Eight Six Sierra Delta Dubuque Tower

Mitsubishi Zight Six Sierra Delta Dubuque Tower do
you read

This portion of the transcript identifies communication at the Supervisor
Cab position from the period 2045 UTC to 2C58 UTC.

(2045)
(2046)
(2047)
(2048)
{2049)
(2050)
(2051)
{2052)
{2053)
(2054
(2055)
(2056)

2056:10 DBQ

2056:12

ZAU

Chicago Center Dubuque Tower

Dubuque Sector




2056:16

2056:23

2056:31

2056:34

(2057)
(2058)

DBQ

<AU

DBQ

ZAU

91

We have an unofficial report that he might not of
made it and might have hit a buillding five southeast
are you do you have any airplanes in the area that
could monitor the eémergency frequency for an ELT

Yes we do we'll do that

Let me know if you get the ELT then

oY BO

END OF TRANSCRIPT
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APPENDIX C

SAFETY BOARD RECOMMENDATIONS A-22-81 THROUGH -83
CORRESPONDENCE HISTORY

On September 27, 1991, a Mitsubishi MU-2B-60, on a cargo flight,
sustaine substantial aamage when a propeller blade separated in flight near Utica,
New York. The airplane was climbing through 19,000 feet when the pilet felt a
strong vibration, followed shortly by a loud "bang.” The vibration increased and
became so severe that the pilot experienced considerable control difficulty. The
airplane was successfully landed at the Utica Airport, with no injuries. As a result
of its investigation of this accident, the Saf:ty Board addressed three safety
recommendations to the Federal Aviation Administration. These recommendations
were issued on August 13, 1992, and are as follows:

A-92-81

Develop, with the assistance of Hartzell Propeller. Incorporated, a
nondestructive inspection technique capable of detecting hub arm
cracks stemming from the inside diameter surface of the hub arm at
the approximate location of the inserted end of the pilot tubes on
Hartzell model HC-B4 propeller hubs, and issue an Airworthiness
Directive requiring that HC-B4 hubs with 3,000 hours or more be
inspected using this technique the next time the propeller assembly
is overhauled for any reasc:, or at the next annual inspection (or
equivalent), whichever is first.

A-92-32

Determiine, based on the results of the inspections requested in
Safety Recommendation A-92-81, if the hub anns on Hanzell
Model HC-B4 propeiler hubs with 3,000 hours or more should be
inspected at periodic intervals. [If such inspections are warranted,
issue an Airworthiness Directive, as appropriate, requiring periodic
inspections.




A-92-83

Determine if Hartzell model HC-B3 and -BS propeller hubs, based
on similarity of design and fabrication processes with the HC-B4
propeller hub, should be inspected for cracking in the hub arms. If
such inspections are warranted, issue an Airworthiness Directive, as
appropriate, requiring periodic inspections.

The FAA first responded to these recommendations in letters of
October 26, 1992, and January 4, 1993, respectively. The FAA stated in the firs!
letter that the service history of the Hartzell propeller hubs was being reviewed to
determine the magnitude of the problem, as well as the service manuals, to
determine what, if any, changes needed 10 be made. In the second letter, the FAA
pointed out that the review of the service history had been completed and that only
one iatlure (the one on September 27, 1991) had been found. I'he FAA further
noted that the siress levels in the crack initiation area are acceptable, and that the
kubs are currently subjected to a magnetic particle inspection during overhaul every
3,000 hours. The FAA stated that no additional action was planne., but that
Hartzell would continue to monitor the service history of the propeller.

The Poard replied to these FAA responses in letters dated January 6,
1993, and March 4, 1993, respectively. In these replies, the Board noted that the
FAA service history study of Harzell propeller hubs had been initiated and
completed and that the FAA planned no further action other than having Hanzell
monitor the situation. The Board sirongly stated that regardless ot the finding that
the service history of the HC-B4 hubs contained no other examples of cracking or
fractures similar to the Utica accident, the Board was convinced that «
once-through-the-fleet inspection of the subject hubs was necessary, as requested in
Safety Recommendation A-92-81.

Furtner, in its Maich 4, 1993, reply, the Board stated its concem that
the FAA had not taken action in the interim to examine the possibility of using a
more appropriate method to inspect the hub arms; and that the F£.A saw no need to
review the design and fabrication process of other Hartze!l propeller hub models to
determine if similarities in design might indicate the need for inspection of these
other hub models. Because of these concems and because the Board did not believe
that the FAA had addressed these recommendations in sufficient detail, Safety
Recommendations A-92-81 through -83 were classified as "Open--Unacceptable
Response.”
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On April 19, 1993, the accident occrrred at Zwingle, fowa, involving
an identical Mitsubishi mode] airplane and Hartzell propeller. The FAA responded
a third time to Safety Recommendations A-92-81 through -83 on May 21, 1993,
Primarily as a resu't of the Zwingle, lowa, accident, the FAA pointed out that it had
taken actions, or was considering a wide range of actions, that were designed to be
responsive to the subject recommendations.

In a June 21, 1993, letter, the Safety Board accepted the actions taken
and those planned by the FAA as an excellent start in addressing the safety issues
that prompted Safety Recommendations A-92-81 through -83. Pending receipt of
additional information conceming the progress of these activities, Safety
Recommendations A-92-81 through -83 were classified as "Open--Acceptable
Response.”

The FAA has not responded further since the Board's June 21, 1993,

reply.
The following are copies of the actual correspondence:
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JN 2 logs

Mr. Joseph M. De! Balzo
Acting Administrator

Federal Aviation Administration
Washington, D.C. 20591

Dear Mr. Del Balzo:

Thank you for the Federal Aviation Adminisiration (FAA) letter dated May 21, 1993,
further responding to Safely Recommendations A-92-81 through -83. These
recommendations resulted from the National Transportation Safety Board's investigation
of an accident in which a Mitsubishi MLi-2B-60 airplane sustained substantial damage
when one ol the four blades on the Harlzell HC-B4 propeiter on the right engine
separated from the propeller white in flight near Utica, New York, on September 27, 1991,

The Safely Board determined that the propeller blade separated from the propeller
because of fatigue cracking that initiated from the inside diameter surface of one of the
four arms of the propeller hub. Safeiy Recommendation A-92-81 asked the FAA 1o
develop, wilh Hartzell's assistance, an inspection method capable of detecting hub arm
cracks and to issue an airworthiness direclive (AD) requiring that HC-B4 hubs with over
3.000 howrs be inspected. Salely Recommendation A-92-82 asked the FAA 1o mandate
repeated inspections of the affected huos, if so warranted by the results of the initial
inspections. Safely Recommendation A-92-83 asked the FAA to determine if other
simi'arly designed Harizell propeller hubs should also be inspected for cracking.

Your letter indicates thai the FAA agrees with the recommendations and has taken
or is considering the foliowing actions to address the safety issues regarding the two
failures on Hartzell Model HC-B4TN-5 steel hubs:

On April 29, 1993, the FAA issued AD 93-09-04, requiring removal of the
pilot tubes and inspection of the hub arms on HC-B4TN-5 hubs installed on
Mitsubishi MU-28-60 airplanes. Since issuance of the AD, mandaled
inspections have found an indgication of a crack in one hub arm.

Hartzell and FAA nondestruclive inspection (NDI) specialists will conduct a
comprehensive study to determine if ultrasonic inspection techniques can
provide a viable and reliable irispeclion procedure to detect cracks in the
hub arm where the previous failures have occurred.

| S
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New laboratory and flight testing activities will be conducted to explore
numerous failure theories ano tn help delermine the cause of the failures.

The applicability of AD 93-09-04 will be expanded to include additional
MU-28 model airplanes with similar operational characteristics. Harizell is
developing service documentation and part {ogistics to support this effont.

The results of tests and analyses, once comploted, will be reviewed to
determine what additional actions will be needed to address all remaining
maodels of the Hartzell steel hub design.

The Safety Board believes that the aclions taken and planned by the FAA are an
excellent start in addressing the salely issues that prompted Safety Recommendations
A-92-81 through -83. Pending receipt of additional information concerning the progress
of these activities, Safely Recommendations A-92-81 through -83 are classified "Open--
Acceptable Response.” *

Sincerely,

Original Signed
Bussan Coughlin

Cari W. Vogt
Chairman

(o] o Robert P. Thurber
Acting Director
Office of Transportation Regulatory Affairs
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U'S Departrment Oftice of the Admnsiralor 800 incepencence Ave S W

of Fronsporiahon Washington. DC 20591

Faderot Aviotion
Administration

MAY 2 | 1993

The Honorable Carl W. Voagt

Chairman, National Transportation
Safety Board

490 L'Enfant Plaza East, SW.

Washington, DC 20594

Dear Mr. Chairman:

This is in further response to Safety Recommendations A-92-81
through -83 issued by the Board on August 13, 1992, and
supplements our letters dated October 26, 1992, and January 4,
1993. These safety recommendations were issued as a result of
the Board's investigation of an accident on September 27, 1991,
involving a Mitsubishi MU-2B-60, Canadian registry C-FFSS,
which was on a cargo flight. The airplane sustained
substantial damage when a propeller blade separated in flight
near Utica, New York. The airplane was climbing through flight
level 190 when the pilot felt a strong vibration, followed
shortly by a loud "bang." The vibration increased and becane
SO severe that the pilot experienced considerable difficuity
controlling the airplane. Despite this difficulty, the airplane
landed at Utica Airport. There were no injuries.

A-92-81. Develop, with the assistance of Hartzell Propeller,
Incorporated, a nondestructive inspection technique capable of
detecting hub arm cracks stemming from the inside diameter
surface of the hub arm at the approximate location of the
inserted end of the pilot tubes on Hartzell model HC-B4
propeller hubs, and issve an airworthiness directive requiring
that HC-B4 hubs with 3,000 hours or more be inspected using
this technique the next time the propeller assembly is
overhauled for any reason, or at the next annual inspection (or
equivalent), whichever is first.

A-92-82. Determine, based on the results of the inspections
requested in Safety Recomnendation A-92-81, if the hub arms on
Hartzell model HC-B4 propeller hubs with 3,000 hours or more
should be inspected at pericdic intervals. If such inspections
are warranted, issue an airworthiness directive, as
appropriate, requiring periodic inspections.
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A-92-83. Determine if Hartzell mode). HC--B3 and -B5 propeller
hubs, based on similarity of design and fabrication processes
with the HC-B4 propellec hub, should be inspected for cracking
in the hub arms. If such inspections are warranted, issue an
airworthiness directive, &s appropriate, requiring periodic
inspections.

FAA Commenit. The Federal Aviation Administration (FAA) agrees
with the Board's recommendations and has taken the following
actions to address the safety recommendations regarding the two
failures on Hartzell Propeller Inc., Model HC-B4TN-5 steel
hubs:

The FAA issued priority letter Airworthiness

Directive (AD) 93-09-04 to require an inspection of all
HC-B4TN~5 model steel hubs installed on Mitsubishi MU-2B-60
model airplanes. This action requires that all MU-2B-60
propellers be renoved from the airplanes, disassembled, and the
hub assemblies shipped to Hartzell for specific inspection and
rework. At Hartzell, the pilot tubes are removed from the hub
arms and the bores are inspected using a magnetic particle
process. Hub arm bores that pass the inspection are reworked
and reassembled with new pilot tubes. These reworked hubs will
be repetitively inspected every 600 hours time-in-service. The
FAA's National Resource Specialist for nondestructive
inspection (NDI) has reviewed and concurred with the inspection
procedures,

As a result of the inspections required by the AD, one hub arm
crack indication has been found to date. The Safety Board was
notified and an investigation was started to verify the crack
indication utilizing several NDI processes, including magnetic
particle, eddy current, dye penetrant, and ultrasonic. An
effort is underway in coordination with the Safety Board's
specialists to nondestructively characterize the suspected
crack's location, length, depth, and orientation with
ultrasonic and eddy current techniques. Radiographic
procedures are also beinhg explored. The objective is to
correlate the NDI results with the forthcoming destructlve
tests to determine the viability of using NDI techniques for
future inspections.

Hartzell has retained an NDI specialist who has over 20 years
experience in NDI technology with specific expertise in
ultrasonic inspection. This expert will work with Hartzell and
FAA specialists to conduct a comprehensive study to determine
if ultrasonic inspection techniques can provide a viable and
reliable inspection procedure to detect cracks in the hub arm
where the previous failures have occurred. The study will
examine test methods on hubs with and without the pilot tubes
installed.
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Crack characterization destructive tests are also planned and
will be coordinated with the Safety Board. Hartzell has
proposed that the hub arm with the crack indication be
sectioned and a tensile specimen be created from the crack
indication area. This specimen will be fracture to'ghness
tested in accordance with American Society of Testing and
Materials E399 test procedures. This test will provide
information required to establish the loads present during the
final moments prior to hub failure.

;% ‘% The characteristics of the crack surface should not be affected
| by the fracture toughness testing. The test plan proposal is
being developed and will be coordinated with the Safety Board.

L. The FAA has consulted with Hartzell and has defined new

- laboratory and fiight testing activities which will exolore
numerous failure theories and help deternine the cause of the
failures.

Hartzell will conduct a new flight stra.n survey of the

3 HC-B4TN-5 model propeller as installed on the MU-2B-60 model

g airplane. The test propeller will have strain gauges located
near the suspect area in the propeller hub arm bore. The FAA
is reviewing the test plan proposal ani Hartzell has scheduled
preliminary flight testing of this installation to begin today.

Hartzell will also conduct laboratory testing using various
sized pilot tubes pressed into a representative hub arm
configuration with strain gauges located on the inner surtace
bore of the hub arm. The tests will measure the stress
loadings caused by the interference fit between Lhe pilot tube
L and hub arm. Additionally, a static test will be conducted to
e determine if an improperly fitting blade clamp could cause
P additional stress loadings in the hub arm.

Based on the results of above tests, Hartzell will update the
S finite elenment nodeling and fractures mechanics analysis to help
e determine the cause of the hub arm failures. Additionally, a
5%'“- comprehensive review ¢ the current maintenance instructions
and manufacturing procedures will be performed using ‘data
developed from the interferenca fit and blade clamp tests.

‘SN 1he FAA will expand the applicability of AD 93-09-04 to include

- additional MU-2B model airplanes due to the similar operational
characterist.cs of these type design configurations. Hartzell
is developing service documentation and part logistics to
support this effort.

Once all tests and analyses are completed, the FAA will review
e the data to determine what additional actions will be needed to
v address all remaining models of the Hartzell steel hub desian.
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The FAA will continue to coordinate all activities associated
with this investigation with the sSafety Board.

Sincerely,

Jdséph Del Balzo
ctin Adminlstrat r




Mr. Joseph M. Del Balzo
Acting Administrator
Federal Aviation Administration
Washington, D.C. 20591

Dear Mr. Del Balzo:

Thank you for the Federal Aviation Administration (FAA) letter dated
January 4, 1993, further responding to Safety Recommendations A-92-8]
through -83. These recommendations resulted from the National Transportation
Safety Board’s investigation of an acciden} involving a Mitsubishi MU-28-60
airplane that sustained damage when one of the four blades of the Hartzell

HC-B4 propeller on the right engine separated from the propeller while in
flight near Utica, New York, on September 27, 1991.

The Safety Board determined that the propeller blade separated from the
propeller because of fatigue cracking that initiated from the inside diameter
surface of one of the arms of the propeller hub. Safety Recommendation
A-92-81 asked the FAA to develop, with Hartzell’'s assistance, an inspection
method capable of detecting hub arm cracks and to issue an airworthiness
directive (AD) requiring that KC-B4 hubs with over 3,000 hours be inspected.
Safety Recommendation A-92-82 asked the FAA to mandate repeated inspections
of the affected hubs, if so warranted by the results of the initial
inspections. Safety Recommendation A-92-83 asked the FAA to determine if

other similarly designed Hartzell propeller hubs should also be inspected for
cracking.

Your letter indicates that propeller hubs used on the Hartzell HC-B3,
HC-B4, and HC-BS propellers have accumulated a large amount of service time
with only one reported failure of a hub arm. Hartzell procedures recommend a
magnetic particle inspection each time the hub is overhauled (every 3,000
hours). Your letter indicates that an airworthiness directive is not
necessary, based on the service history and the presence of the magnetic
particle inspection in the overhaul procedures.

The area from which the cracking initiated on the propeller hub from the
Utica, New York, incident was the inside diameter surface of the hub arm, at
a location approximately corresponding to the end of the pilot tube, This
area contained scratches that were probably introduced during the origiral
manufacturing of the hub, and it is possible that other hubs have similar
scratches that could cause crack initiation. A representative of Hartzel}
indicated to the Safety Board that magnetic particle inspections of the hubs
in question are normally performed without removal of the pilot tubes from
the hub arms. Because the pilot tubes are assembled to the hub with an
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interference fit, disassembly of a tube is difficult and can damage the
surface of the hub arm hole. Therefore, a pilot tube would be removed
during overhaul cnly if it was cdamaged or worn.

Without the removal of the pilot tube, a crack that initiates at the
inside diameter of the hub arm will not be detectable by magnetic particle
inspection unti{l it penetrates or nearly penetrates the outer surface of the
hub arm. The Safety Board believes that a crack of this size would
propagate to failure in much less than 3,000 hours of operation. Therefore,
magnetic particle inspection performed during overhaul with the pilot tubes
in place is an inappropriate method for detecting cracks of this type. The
Safety Board still believes that an appropriate inspection method, such as

ultrasonic inspection, needs to be developed and applied to the hubs of the
HC-B84 propeller.

Separation of a blade from a Hartzell HC-B4 propeller on another
airplane could result in a catastrophic accident. The Safety Board notes
that the FAA 1is continuing to monitor and 1is awaiting the outcome of
Hartzell’s continuing investigation. However, the Board is concerned that
the FAA has not taken action in the interim to examine the possibility of
using a more appropriate method to inspect the hub arms. Further, the Board
is concerned that the FAA sees no need to review the design ard fabrication
process of other Hartzell propeller hub models to determine if similarities
in design might indicate the nee: for inspection of these other hub wodels.
Because of these concerns and because the Safety Board does not believe that
the FAA has addressed these recommendations in sufficient detail, we have
classified Safety Recommendations A-92-81, -82, and -83 as
"Open--Unacceptable Response.”

The Board looks forward to receiving a report on the findings from the
Hartzell continuing investigation and a report on the FAA’s own analysis of
the situation as the monitoring continues. While the Hartzell investigation
progresses, the Board encourages the FAA to develop an inspection method that
could efficiently detect the type of flaw that caused this accident without
removal of the pilot tubes from the hub arms.

Sincerely,

Original Signeq
Carl W. vogt By

Carl W. Vogt
Chairman

cc: Nr. Donald R. Trilling
Director
Office of Transportation Requlatory Affairs
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iice 21 the Administialor 800 ir sependence Ave . SW
Ofbee wasnnglon DC 2059

JAN 4 1933

The Honorahle Carl W. Vogt

Chairman, National Transportation
Safety Board

490 L'Enfant Plaza East, SW.

Washington, DC 20594

Dear Mr. Chairman:

This is in further response to Safety Recommendations A-92-81
through -83 issued by the Board on August 13, 1992, and
supplements our letter dated October 26, 1992. These safety
recommendations were issued as a result of the Board's
invectigation of an accident on September 27, 1991, involving a
Mitsubishi MU-2B-60, Canadian registry C-FFSS, which was onr a
cargo flight. The airplane sustained substantial damage vhen a
propeller blade separated in flight near Utica, New York. The
airplane was climbing through flight level 190 when the pilot
felt a strong vibration, followed shortly by a loud "bang."
The vibration increased and became so severe that the pilot
experienced considerable difficulty controlling the airplane.
Despite this difficulty, the airplane landed at Utica Airport.
There were no injuries.

A—-92-81. Develop, with the assistance of Hartzell Propeller,
Incorporated, a nondestructive inspection technique capable of
detecting hub arm cracks stemning from the inside diameter
surface of the hub arm at the approximate location of the
inserted end of the pilot tubes on Hartzell model HC-B4
propeller hubs, and issue an airworthiness directive requiring
that HC-B4 hubs with 3,000 hours or more be inspected using
this technique the next time the propeller assembly is
overhauled for any reason, or at the next annual inspection (or
ecquivalent), whichever is first.

A—-92-82. Determine, based on the results of the inspections
requested in Safety Recommendation A-92-81, if the hub arms on
Hartzell model HC-B4 propeller hubs with 3,000 hours or more
should be inspected at periodic intervals. 1If such inspections
are warranted, issue an airworthiness directive, as
appropriate, requiring periodic inspections.
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A=92-83. Determine if Hartzell model HC-B? anrd -B5 propeller
hups, based on similarity of design and fabrication processes
with the HC-B4 propel) er hub, should be inspected for cracking
in the hub arms. If such inspections are warranted, issue an
airworthiness directive, as appropriate, requiring periodic
inspections.

FAA Comment. The Federal Aviation Administration {(FAA) agrees
with the intent of these safety recommendations but does not
helieve that airworthiness directive action is required. The
FAA completed its review of the service history of the Hartzell
Propeller steel hub designs. To date, the one failure
described by the Safety Board is the only known failure of a
Hartzell steel hub design. The FAA and Hartzell Propeller have
independently reviewed their own service difficulty records to
determine if cracks in the hub had been found during magnetic

particle inspections. No reports of craciks in this area had
been found.

The Safety Board indicates that over 28,000 HC-B3 and HC-BS5
steel hub propellers are in service, These propeller designs
have accumulated wmillions of safe flight hours. The

Hartzell HC-B4 design has also accumulated a significant
service history with one reporied failure of the steel hub arm.
Hartzell Propeller has conducted an extensive analysis on the
HC-B4 hub design as installed on the Mitsubishi MU-2B-60 to try

to determine the cause of the failure. A finite element
modeling of this area has been accomplished and Hartzell
Propeller has indicated to the FAA that stress levels in this
area are acceptable even with varying degrees of interference
fit between the pilot bore and the pilot tube. No
metallurgical discrepancies were found in the hub material.
Hartzell Propeller is continuing its investigation and will
provide the FAA with its findings.

The Safety Board recommends that all steel hub propellers be
inepected at the 3,000-hour service interval or at the next
annual inspection, whichever occurs first. Hartzell Propeller
procedures already require a magnetic particle inspection on
steel hub designs when the propeller is overhauled. The
ranufacturer's recommended interval is 3,000 hours
time-in-service per Hartzell Service Letter 61R. Based on the
service history and the fact that current procedures require
inspection at 3,000-hour service intervals, the FAA does not
believe that an airworthiness directive is necesgary at this

time. The FAA will continue to monitor the service history of
these hub designs.
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I will keep the Board apprised cf the FAA's progress on these
safety recommendations.

Sincerely,

%’é’@‘:

Administra
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Honorable Thomas C. Richards
Administrator

Federal Aviation Administration
Washington, D.C. 20591

Dear Mr. Richards:

Thank you for your Jetter dated October 26, 1992, responding to Safety
Recommendations A-92-81 through -83. These recommendations resulted from
the Board’s investigation of an accident involving a Mitsubishi MU-2B-60
airplane that sustained damage when one of the four Hartzell propeller blades

on the right engine separated in flight near Utica, HNew York, on
September 27, 1991.

The Safety Board found that loss of the propeller blade was the result
of fatigue cracking that initiated from the inside diameter surface of one of
the arms of the HC-B4 Hartzell propeller hub. Safety Recommendation A-92-81
asked the FAA to develop, with Hartzell’s assistance, an inspection method
capable of detecting hub arm cracks and to issue an airworthiness directive
(AD) requiring that HC-B4 hubs with over 3,000 hours be inspected. Safety
Recommendation A-92-82 asked the FAA to mandate repeated inspections of the
affected hubs, if so warranted by the results of the initial inspections.
Safety Recommendation A-92-83 asked the FAA to determine if other similarly
designed Hartzell propeller hubs should also be inspected for cracking.

The Safety Board notes that the FAA is reviewing the service history of
the Hartzell propeller hubs to determine the magnitude of the problern.
Regardless of whether the service history of the HC-B4 hubs contains other
examples of cracking or fractures similar to the Utica accident, the Safety
Board believes that a once-through-the-fleet inspection of the subject hubs
is necessary, as requested in Safety Recommendation A-92-81. Because your
letter does not indicate that the FAA has taken any steps toward this
action, the Board has classified Safety Recommendation A-92-81 "Open--
Unacceptable Response.” Also, because {implementation of Safety
Recommendation A-92-82 must be preceded by a once-through-the-fleet
inspection of the HC-84 hubs, this recommendation is also classified "Open--
Unacceptable Response.”

The Safety Buard believes that a review of the design and fabrication
process similarities between the HC-B4 and other Hartzell propeller hud
models 1is necessary, as requested in Safety Recommendation A-92-83, to
determine if other Hartzell propeller hub models should also be inspected.
Because your letter does not adequately address this issue, the Board has
classified Safety Recommendation A-92-83 "Open--Unacceptable Response."
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The Safety Board urges the FAA to reconsider the actions planned in
response to Safety Recommendations A-92-8! through -83.

Sincerely,

L N
RN T )
Car] W. Vogt
Chairman

cc: Mr. Donald R. Trilling
Director

Office of Transportation Regulatory Affairs
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JS Depoartmen Office of the Admunislialo’ B0 Ingependence Ave SW
&S?rmspc;f 30?;(;'\ Wasnington DC 20591

Federal Aviation
Administration

OCT 26 B9

The Honorable Carl W. Vegt

Chairman, National Transportation
Safety Board

490 L'Enfant Plaza East, €W

Washington, DC 20594

Dear Mr. Chairman:

This is in response to Safety Recommendations A-92-81 through
-83 issued by the Board on August 13, 1992. These safety
recommendations were issued as a result of the Board's
investigation of an accident on September 27, 1991, involving a
Mitsubishi MU-2B-60, Canadian registry C-FFS§S, which was on a
cargo flight. The airplane sustained substantial damage when a
propeller blade separated in flight near Utica, New York. The
airplane was climbing through flight level 190 when the pilot
felt a strong vibration, followed shortly by a loud “bang."

The vibration increased and became so severe that the pilot
experienced considerable difficulty controlling the airplane.
Despite this difficulty, the airplane landed at Utica Airport.
There were no injuries.

A-92-81. Develop, with the assistance of Hartzell Propeller,
Incorporated, a nondestructive inspection technique capable of
detecting hub arm cracks stemming from the inside diameter
surface of the hub arm at the approximate location of the
inserted end of the pilot tubes on Hartzell model HC-B4
propeller hubs, and issue an airworthiness directive requiring
that HC-P4 hubs with 3,000 hours or more be inspected using
this technique the next time the propeller assembly is
overhauled for any reason, or at the next annual inspection (or
equivalent), whichever is first.

A-92-82. Determine, based on the results of the inspections
requested in Safety Recommendation A-92-81, if the hub arms on
Hartzell model HC-B4 propeller hubs with 3,000 hours or more
should be inspected at periodic intervals. If such incpections
are warranted, issue an airworthiness directive, as
appropriate, requiring periodic inspections.

A=92-383. Determine if Hartzell model HC-B3 and -B5 propeller
hubs, based on similarity of design and fabrication processes
with the HC-B4 propeller hub, should be inspected for cracking
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in the hub arms. If such inspections are warranted, issue an

airworthiness directive, as appropriate, requiring periodic
inspecticns.

FAA_Comment. The Federal Aviation Administration (FAA) is
reviewing the service history of the Hartzell Propeller hubs to
determine the magnitude of the problem. The FRA is also

reviewing the service manuals to determine what, if any,
changes need to be made.

I will apprise the Board of the FAA's course of action to

address these safety recommendations as soon as the review is
completed.

Sincerely,
© de_

omas C. Richarad
Administrator




10

SRANS,» .
By : :’4’% National Transportation Safety Board
‘-‘:5 g/ 00 Washington, D.C. 20594
ALY Safety Recommendation

Date:  August 13, 1992
In reply refer to: A-92-8] through -83

Honior sble Thomas C. Richards
Administrator

Federal Aviation Adminfstration
¥ashington, D.C. 20591

On September 27, 1991, a Mitsubishi MU-2B-60, Canadian registry C-FFS$S,
on a cargo flight, sustained substantial damage when a propelier blade
separated in flight near Utica, New York. The airplane was climbing through
19,000 feet when the pilot felt a strong vibration, followed shortly by a
loud “"bang.” The vibration increased and became so severe that the pilots
experienced considerable difficulty controlling the airplane. Despite this

difficulty, the airplane was successfully landed at the Utica airport, with
no injurtes.

' Postaccident examination of the afrplane revealed that one of the four

i arms of the propeller hub for the No. 2 engine had separated, releasing one
of the four propeller blades ¢n flight. The released blade hit and damaged
an adjacent blade on the same engine and ripped a 12-inch hole in the
pressurized portion of the fuselage. The severe vibration resulting from
loss of the blade caused substantial twisting and wrinkling of the wings and
a partial separation or the No. 2 engine nacelle from the engine truss
mounts. The released blade and associated blade clamp, pilot tube, and
separated portion of the hub have not been recovered.

Metallurgical examination of the broken Hartzell propeller hub, model
HC-B4TN-50L, was conducted at the Safety Board’s materials laboratory. The
hudb arm fracture was Yocated about 2.3 inches inboard of the outboard end of
the hub srm. The fracture was caused by a fatigue crack that inftiated from
multiple sites on the inside diameter surface of the arm and progressed
through 70 percent of the arm cross sectfon before final separation. The
fatigue crack {nftiation ares was approximately in Yine with the inbcard end
of the pilot tubt that fs assembled dnto the hub arm bore with an
interference fit. During operation of the propeller, a slight stress
increase 1s expected to occur at the position corresponding to the assembled

inboard end of the pilot tube, and this may have caused the fatigue origin
are3 to be located at this radial position.

The inside diameter surface of the separated hub arm contained scratch
marks that extended over about one-half of the hole wall circumference and
from the fracture surface to a position sYightly inboard of the plane of the
fracture. The fatigue origin area was located within this area of scratches.
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Examination of the three remaining iutact arms after removal of the pilot
tubes disclosed evidence of scratch marks similar to those found on the
separated arm.

As the propeller rotates, the predominant load experienced by the hub
arm is from the centrifugal loads on the propeller blades. These loads
result in radial_ tension throughout the hub arm. In addition, drag and
thrust loads on the blades produce bending in the hub arms. During normal
operation (in forward propeller thrust), these bending loads result in
maximum tension in the aft leading-edge quadrant of the hub arm. During
reverse thrust, the maximum tension would be in the forward leading-edge
quadrant of the hub arm. However, the fatique origin area was not located in
either of these quadrants, but was, instead, found in the forward trailing-
edge quadrant of the hub arm, suggesting that the circumferential location of
the fatigue initiation region was not influenced by bending loads but may
have been determined by local stress raisers such as the scratches on the
inside diameter surface of the separated hud arm.

The separated propeller hub was manufactured in 1977 and was overhauled
in 1983 and 1988. Records from the first overhaul are not available. The
records from the second overhaul indicate that two of the four pilot tubes
had been replaced at that time. Because similar scratches were found on all
four hub arms, it 1is unlikely that the scratches were introduced during the
more recent overhaul. Also, the scratches extended inboard of the position
contacted by the pilot tubes, and it is unlikely that removal or insertion of
the tubes could create such damage. However, the scratches could have been
¢reated by some manufacturing or repair process any time that the pilot tubes
were not present in the hub arms., The Safety Board believes it more likely
that scratches were produced during original manufacturing of the hub.

General corrosion damage and corrosion pitting were also noted on
various portions of the inside diameter surface of the remaining portion of
the separated hub arm, including the area from which the fatigue cracking
initiated. The general corrosion damage had partially obliterated the
scratches from the inside diameter surface. Scanning electron microscopic
examination of the fracture revealed no evidence of corrosion pits at the
individual fatigue initiation sites, indicating that corrosion may not have
substantially contributed to initiation of the fatigue cracking.

The Safety Board believes that it is more likely that the fatigue
cracking on the separated hub initiated from the scratches than from
corrosion damage. Regardless of the cause of initiation, the failure of a
hub arm on a HC-B4 propeller hub could result in a catastrophic accident.

The separated hub, model HC-B4TN-50L, had accumulated a total of 4,432
hours of operation since new. Information provided by Hartzell indicated
that the highest time model HC-B4 propeller hub (manufactured since the
1960s) has accumulated about 15,000 hours of operation. The Safety Board
beliaves that all HC-84 Hartzell propeller hubs that have accumulated at
least 3,000 hours should be subjected to a one-time inspection for cracks.

P —— i 2
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Hartzell recommends that the HC-B4 propeller be overhauled every S years or
3,000 hours whichever comes first. Performing the hub inspection at the
next recommended overhaul could allow passage of too much time before the
inspection is performed. Therefore, the Safety Board believes that the hubs
should be inspected the next time that the propeller assembly is overhauled,
or at the next annual inspection (or equivalent), whichever occurs first. I[f
the inspection of these hubs reveals additional hubs with cracks, then
periodic inspections of the HC-B4 hubs may also be necessary.

The interference fit between the pilot tube and the hub arm increases
the possibility that removal and reassembly of the pilot tubes (to do a
direct inspection of the inside diameter surface of the hub arms) could
damage the hole wall. However, the Safety Board believes that hub arm cracks
could be detected without removal of the pilot tubes through the use of an
inspection method such as ultrasonic inspection.

The design of the HC-B4 hub and the manufacturing processes used to
make it are ve:ry similar to the rnesign and processes used to make the
Hartzell three-bladed hub (basic model HC-B3) and the Hartzell five-bladed
hub (HC-B5). Hartzell has made more than 27,000 three-bladed hubs and more
than 1,300 five-bladed hubs. Because of the similarities hetween the types
of hubs, the Safety Board is concerned that hubs of the three- and five-
bladed design could also be susceptible to cracking because they could have
damage similar to the scratch marks and corrosion found on the separated
four-bladed hub, A failure of a hub arm on a three- or five-bladed hub could
also result in a catastrophic accident, and the Safety Board believes that

inspections of these hubs may also be necessary to determine if they have a
cracking problem.

Therefore, the National Transportation safety Board recommends that the
Federal Aviation Administration:

Develop, with the assistance of Hartzell Propeller, Incorporated, a
nondestructive inspection technique capable of detecting hub arm
cracks stemning from the inside diameter surface of the hub arm at
the approximate locztion of the inserted end of the pilot tubes on
Hartzell model HC-B4 propeller hubs, and {issue an airworthiness
directive requiring that HC-B4 hubs with 3,000 hours or more be
inspected using this technique the next time the propeller assembly
is overhauled for any reason, or at the next annual inspection (or

equivalent), whichever is first. (Class 1I, Priority Action)
(A-92-81)

Determine, based on the results of the inspections requested in
Safety Recommendation A-92-81, {if the hub arms on Hartzell mode)
HC-84 propeller hubs with 3,000 hours or more should be inspected
at periodic intervals. If such inspections are warranted, issue an
airworthiress directive, as appropriate, requiring periodic
inspections. (Class Il, Priority Action) (A-92-82)
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Determine if Hartzell model HC-B3 and -B5 propelie- hubs, based on
similarity of design and fabrication processes with the HN(-B4
propeller hub, should be inspected for cracking in the hub arms.
If such inspections are warranted, issue an airworthiness i
directive, as appropriate, requiring perioaic inspections. N
(Class I, Priority Action) (A-92-83) :

Chairman VOGT, Vice Chairman COUGHLIN, and Memhers LAUBEP, HANT, and if' !
HAMMERSCHMIOT concurred in these recommendations. ;
I

Lattonr

By: Carl W. Vogt
Chairman
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APPENDIX D

ATC HANDBOOK 7110.65H, EMERGENCY ASSISTANCE

Section 2. EMERGENCY ASSISTANC™

10-10 INFORMATION REQUIREMENTS

a. Start assistance as soon as enough information
has been obtained upon which to act. Iaformation
requirements will vary, depending on the existing
situation. Minimum required information for in-flight
emergencies is:

18-108 Note.—In t2e event of an ELT sigral see pangnph
10-19.

1. Aircraftidentification and type.
2. Nature of the emergency.
3. Pilot’s desires.
b. After initialing action. obtain the following

items of any other pertinent information from the
pilot ot aircraft operator, as necessary:

10-10b Note.—Nontaally, do rot reguest this irformatioa fom
wibitary fighter—=type aironaft that we at Jow altutudes (1e. on
tpproach, immediately sfter departure, on a low level route,
eic). However, request the position of aa aircraft that is not vis-
vally sighied or Cisplayed on radar if the pilot bas not giver his
location.

1. Aircraft aititude.
2. Fuel remaining intime.
3. Pilot reported weather.
4. Pilot capability for IFR flight.
5. Time and place of last known position.
6. Heading since fast known position.
7. Alrspeed.
8. Navigation equipm . >t capabdility.
9. NAVAID signals reccaed.
10. Visible landmarks.
11. Aircraftcolor.
12. Number of people 0 board.
13. Point of departure and destination.
14. Emergency equipment on board.

10-11 FREQUENCY CHANGES

Although 121.5 mHz and 243.0 mHz are emergenc;
frequencies, it might bs best 10 keep the aircraft
on the initial contact frequency. Change frequencies
only when there is a valid reason.
10-12 AIRCRAFT ORIENTATION

Orientate an aircraft by the means most appropriate
to the circumstances. Recognired methods include:

8. Radar.

b. DF.

¢. NAVAID's.

d. Pilotage.

Para 10-10

¢. Sighting by other sircraft.

10-13 ALTITUDE CHANGE FOR IMPROVED
RECEPTION

When you consider it necessary and f weather
and circurstances permit, recommend that the aircraft
maintain or increase altitude to impreve communica-
tions, radar, or DF reception.

10-14 FMERGENCY SITUATIONS

Consider that an aircraft emergency exists and
inform the RCC or ARTCC and alent the DF
Netwhen:

10-14 Note 1.-—USAF fuzilities ase orly required to cotify the
ARTCC.

10-14 Note 2.~~Eack ARTCC shall be the DF Net Cocirol for
its fligh advisory Lea except Waskitglon ARTCC The Nodolk
RCC is the DF Ne: Corucl for the Waskingion flght sdvison
rrea.

8. Anemergency is declared by ¢ither:

1. The pilot.
2. Facility personnel.

10-1422 Note.—Ar exa-iplz of an emergency which 150413 be
declared by facility per nozelis urexpecied loss of rada contact
ard radis cormrmurica.ons witk an aircraf!

3. Officials responsible for the operation of
the aircraft.
b. Reports indicate it has made a forced landing,
is about to do so, or its operating efficiency
is 2 impaired that a forced landing will be necessary.

¢. Reports indicate the crew has atandoned the
aircraftor is about to do so.

d. An eme¢rgency 1adar beacon
received.

10-14d Note.—— EN ROUTE: Durirg Stage A openation, Code
7700 causes EMRG to Blink in field E of the data Dlock.

e. Intercept or escort zircraft services are required.
f. The need for ground rescue appears likely.

8. An Emergency Locator Transmitter (ELT) signal
is heard or reported.

10-14g Reference.—Providing Assistasce, paragraph 10-3.

Emeigency Locster Tramsminer (ELT) Signals, pangrsph
10-19.

10-15 RIJACKED AIRCRAFT

When you observe a Mode 3/A Code 7500,
6o the foliowing:

10-15 Note 1.—Mliury fuclities will potify e approcriste
FAA ARTCOC, or the bost patios sgency resporsible for en rovte
cootrol, of any indication that an aircraf is being hijecked. They

response  is

10-2-1
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will also provide full cooperation with the civil agencics in the
control of such airenft

10-185 Nole 2.— EN ROUTE: During panowband radar oper-
ations, Code 7500 causes HUK to blink i3 the dsta block.

10-18 Note 3.—Only noodiscrete Code 7500 will be decoded
as the hijack code.

a. Acknowledge and confirm receipt of Code
7500 by asking the pilot to verify it. If the
aircraft is not being subjected to unlawful interference,
the pilot should respond to the query by broadcasting
in the clear that he is not being subjected to
unlawful interference. If the reply is in the affirmuive
or if no reply is received, do not question the
pilot further but be responrive to the aircraft requests.
Phraseology:

(1dertification) (mame of facility) VERIFY SGUAWKXING
7500,

10-18a Note.—Code 7500 is only assigned vpoa potificatioa
from the pilot that his aircraft is being subjected to unlanful
interference. Therefore, pilots bave been requested to refuse the

sssignment of Code 7500 in any other situation aad to iaform
the controller accordingly.

b. Notify supervisory personnel of the situation.
¢. Flight follow aircraft and use normal! handoff
procedures  withou! requiring transmissions or

responses by aircraft unless communications have
been established by the aircraft.

d. If zircraft are dispatched to escort the hijacked
aircraft, provide all possible assistance to the escort
aircrafe to aid in placing them in a position behind
the hijacked aircraft.

10-158 Reference.—Escont procedures are cosuined in Ordes
76104, Chapter 7.

e. To the extent possible, afford the same control
service to the aircraft operating VFR observed
on the hijack code.

10-15 Reference~Code Monitor, panagraph $-3).

10-16 VFR AIRCRAFT IN WEATHER
DIFFICULTY

a. If VFR aircraft requests assistance when it
encounters or is aboul to encounter IFR weather
conditions, request the aircraft 1o contact the appro-
priate control facility. Irform that facility of the
situation. If the aircraft is unable to communicate
with the ocontrol facility, relay information and
clecrances.

b. The following shali be accomplished on a
Mode C equipped VFR aircraft which is in emergency
but no longer requires the assignment of code
7700:

1. TERMINAL' Assign a beacon code that
will permit terminal minimum safe altitude waming
(MSAW) alarm processing.

10-2-2
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2. EN ROUTE. An appropriate keyboard entry
shall b¢ made 10 ensure en route MSAW (EMSAW)
alam processing.

10-17 RADAR ASSISTANCE 10 VFR
ATRCRAFT IN WEATHER DIFFICULTY

8. If a VFR aircrafi requests ralar assistance
when it encounters or is sbout 1o encounter IFR
weather conditions, ask the pilot if he is qualified
for and capable of conducting IFR flight.

b. If the pilot states he is qualified for and
capable of IFR flight, request bim to file an
IFR flight plan and then issue cleatance to destination
airpon, ss appropriate.

¢. If the pilot states he is pot qualified for
or pot capable of oconducting IFR flight, or if
he refuses to file an IFR flight plan, take whichever
of the following actions is appropriate:

1. Inform the pilot of airports where VFR
conditions are reported, provide other available perti-
nent weather information, and ask if he will elect
to conduct VFR flight to such an airpornt.

2. if the action in subparagraph 10-17¢1 is
not feasible or the pilot declines to conduct VFR
flight 10 another airport, provide radar assistance
if the pilot:

(2) Declares an emergency.

() Refuses to declare an emetgency and
you have determined the exact mature of the radas
services the pilot desires.

. If the aircraft has already encountered IFR
condiuzos, inform the pilot of the appropriate terrain/
obstacle clearance minimum altitude. If the airceaft
is below appropriste termainfobstacle clearance mini-
mum altitude and sufficiently accurate position
information has been received or radar identification
is established, furnish a Leading or radial on which
to climb to reach appropriate terain’obstacle clearance
minimum altitude.

d. The following shall be accomplished on a
Mode Cequipped VFR aircraft which is in emergency
but oo longer requires the assigament of code
7700:

1. TERMINAL: Assign a beacon code that
will permit terminal minimum safe altitude waming
(MSAW) alarm processing.

2. EN ROUTE: An appropriate keyboard entry

shall be made to ensure en route MSAW (EMSAW)
alarm processing.

10-18 RADAR ASSISTANCE TECHNIQUES

Use the following techniques to the extent possible
when you provide radar assistance to a pilot not
qualified to operate in IFR conditions:

Pars 10-18
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8. Avcid radio frequency changes except when
necessary 1o provide a clear communications channel.

b. Make tums while the aircraft is in VFR
conditions so it will be in a position to fly
astraight course while in IFR conditions.

¢. Have pilot lower gear and slow aircraft to
approach speed while in VFR conditions.

d. Avoid requiring a climb or descent while
inaturn if in IFR conditions

e. Avoid abrupt maneuvers.

f. Vector aircraft to VFR conditions.

g The following shall be accomplished on a
Mode C equipped VFR sircraft which is in emergency
but no longer requires the assignment of code
7700:

1. TERMINAL: Assign a beacon code that
will permit terminal minimum safe altitude waming
(MSAW) alarm processing.

2. EN ROUTE: An appropriate keyboard eatry

shall be made to ensure en route MSAW (EMSAW)
alarm processing.

10-19 EMERGENCY LOCATOR
TRANSMITTER (ELT) SIGNALS

When an ELT signal is heard or reported:

8. EN ROUTE: Noiify the Rescue Coordination
Center (RCC).

10-1%2 Note.—FAA Form 7210-8. ELT Incident, contains
stundardized format for coordination with the RCC.

10-12a Reference.—Order 7210.3, paragraph 11-30.

b. TERMINAL: Notify the ARTCC which wili
coordinate with the Rescue Coordination Center
(RCO).
10~192. and b Note L—Opcrational ground testing of Emer-
geocy Locator Transmittess (ELT's) bas been suthorized duning
the first S5 minutes of each bour. To aveid coafusing the tests

with an actual a'irm, the westing is restricted (o 8¢ more tan
three sudio sweeps.

10-1%a. and b Note 2.—Contollers can expect pilots to repon
sireraft position and time the signal was first beard, aircraft
position and time the signal was last beard, sircralt posivon at
marimum signal stuength, Qight alitude, and frequency of the
emergency signal (121.5/243.0). (See Airman’s Information
Maccal, Emergency Locater Transmitters, pangraph §-18.)

¢. EN ROUTE: Request DF Net attempl to obtain
fixes or bearings on signal. Forward bearings or
fixes obtained plus any other pertinent information
tothe RCC.

d. TERMINAL: Attempt to obiain fixes or bearings
on the signal.

¢. Solicit the assistance of other aircaft known
to be operating in the signal area.

f. TERMINAL: Forward fixes or bearings and
any other pertinent information to the ARTCC.

Para 10-19
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10-19f Note.—Fix informatica in relaticn o &« VOR «
YORTAC (nadial distance) facilitates accunste ELT plohting by
ROC and should be provided when possidle.

g. EN ROUTE: When the ELT signal strength
indicates the signal may be emanating from some-
where on an airport or vicinity thereof, notify
the on-site Airway Facilities persoonel snd the
Regional Qperations Center (ROC) for their actions.
This action is in addition to the above.

h. TERMINAL: When the ELT signal stzength
indicates the signal may be emanating from some-
where on the sirport or vicinily therof, notify
the on-site Airway Facilities personnel and the
ARTCC for their action. This sction is in addition
to the above.

. Air Traffic personnel shall not leave their
required duty stations to locate an ELT signal
source.
10-19h and | Note.—~Porabie handcarried receivers assigned 1o
air tnaffic facilities (where po Airway Faciities persoane] are
availsble) may be loaned to respoasible airport persoane] or
Socal authorities to assist in Jocating the ELT signa) source.

J. EN ROUTE: Notify the RCC, the ROC, and
deactivate the DF net if signal source is located/
terminated. ‘

k. TERMINAL: Notify the ARTCC if signal source
is located/terminated.

10-19 Reference.—Responsivility, pangraph 10-4. Information
Requirements, pasagraph 10-10.

10-20 AIRCRAFT BOMB THREATS

a. When information is reccived from any source
that a2 bomd has been placed on, in, or near
ap aircraft for the purpose of damaging or destroying
such sircraft, notify your supervisor or the facility
gir traffic manager. If the threat js general in
nature, handle it as a “*Suspicious Activity.” When
the threat is targeted against & specific aircraft
and you are in contact with the suspect aircraft,
take the following actions as appropriate:
10-20a Note 1.—Facility supervisors sre expected 1o potify the
appropriste offices, sgeacies, operstorsair ¢: viers according w
applicable plans, directives, and Ordes 72103, paragraph 2-8 ox
spplicadle mulitany ditectives.
10-20a Note 2.—''Suspicious Activity*’ is covered ia Ovder
7210.3, pangraph 2-85. Military facilities would report 8 **gea-
eral’* threst through the chain of command or according to serv-
ice directives.

1. Advise the pilot of the threat.

2. Inform the pilot that technicsl assistance
can be obtained from an FAA Avistion Explosives
Expert.
10-20a2 Ncte.—An FAA Avistios Explosive Expert Is oo call
at sll times and may be coclacted by calling the FAA Oper-
atons Center, Washington, DC, ares code 202-863-510C, FTS

969-3100, FTN 521-0111, ot DSN 667-5592. Technical sdvice
can be relayed 10 assist ¢ivil or military air crews ia their search

1%2.4
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for a boed and in determining what precavtionary sction 1o take
if ooe is found.

3. Ask the pilot if he desires to climb or
descend to an altitude that would equalize or
reduce the outside air pressure/existing cabin air
pressure differential. Issue or relay an appropriate
clearance considering MEA, MOCA, MRA, und
weather.
10-20a3 Note.—Equalizing existing cabin air pressuze wath out-
side air pressure is o key step which the pilot may wish to take
to minimize the damage potential of 2 bombd,

4. Handle the aircraft as sn emegency and/
or provide the most expeditious handling possible
with respect to the safety of other sircraft, ground
facilities, and personnel.
10-20a4 Note.—Emergeacy bandling is discretiooary and
should te baszd oa the situation. With rerain types of threals,
plans ray call for a Jow-key sction of re.ponse.

S, Issue or relay clearances to a new destination
if requested.

6. When a pilot requests technical assistance

or if i1t is apparent that s pilot may need such
assisiance, do NOT suggest what actions the pilot
should take concerning a bomb, but obtain the
following information and notify your supervisor
who wiil confact the FAA Aviation Explosives
Expent:
10-2006 Note.—This informatioa is peeded by the FAA Avis.
tion Explosives Expen so that be cap rssess the sination and
mike immediate recommendations to the gilot. The Aviation
Explosives Expert may oot be familiar with 1l militery airenft
conrigurations Bt he ean offer technical assistance which would
be beneficial 1o the pilot.

(3) Type, series, and model of the aircraft.

() Precise location/description of the bomb
device if known.

(c) Other details which may be pertinent.
10-20a6(¢} Note—The following details may be of significance
if known, but it is not intended that the pilot should disturd »
suspected bombdbomd cootainer to ascertain the information: the
altitude or time set for the bomb to explode, type of detonating
action (batometric, time, anti-handlivg, remote sadio transmit-
ter), power source (Dattery, electrical, mechanical) type of
initiator (blasting cap, fash bulb, chemical), and the rype of
explosive/incendiary charge (cynamite, black powder, chemical).

b. When a bomb threat involves an sircraft on
the ground and you are in contact with the suspect
aircraft, take the following actions in addition 1o
those discusted in the preceding paragraph which
may be appropriate:

1. If the aircraft is at an airport where tower
control or FSS advisory service is pot available,
or if the pilot ignores the threat at any airpon,
recommend that {akeoff be delayed unlil the pilot
or sircraft operator establishes that a bomd is
not aboard in accordance with FAR 121. If the
pilot insists on taking off and in your opinioen

10-24
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the operation will not adversely affect other traffic,
issue or relay an ATC clearance,
10-2001 Reference.—Aircra’t Security, FAR 121.538.

2. Advise the aircrafi to remain as far away
from other aircraft and facilities 1s possible, to
clear the runway, if appropriate, and to taxi to
an isolated or designated search area. When it
is impractical or if the pilot takes an altemative
action; e¢.g., parking and off-loading immediately,
advise other aircraft to remain clear of the suspect
aircraft by at least 100 yards if able.
10-20b1 Note.—Passenger deplaning may be of panmount
importance and rmust be considered defore he nircrah is parked
or moved awsy from service areas. The decision to use nmp
facilities rests with the pilot, aircrafi operator/airport manager.

¢. if you are unable to inform the suspect aircraft
of 8 bomb threat or if you lose ocontact with
the aircraft, advise vour supervisor and relay pertinent
details to other sectors or facilities as deemed
necessary.

d. When a pilot reports the discovery of a bomb
or suspected bomb on an aircraft which is airbomne
or on the ground, determine the pilot’s intentions
and comply with his requests in 50 far as possible.
Take all of the actions discussed in the preceding
paragraphs which mey be appropriale under the
existing circumstances.

e. The handling of aircraft when a hijacker has
or is suspected of having a bomb requires special
considerations. Be 1esponsive to the pilot’s requests
and notify supervisory personnel. Apply hijacking
procedures and offer assistance to the pilot according
to the preceding paragraphs, if needed.

10-21 EXPLOSIVE DETECTION K-% TEAMS

Take the following actions should you receive
sn aircraft request for the location of the mnearest
explosive detection K-9team.

10-21 Reference.—Order 72103, Explosives Dewection K-9
Teams, paragraph 2-10.

a. Obtain the aircraft identification and position
and advise your supervisor of the pilot request.

b. When you receive the nearest location of
the explosive detection K-9 team, telay the informa-
tion to the pilot.

¢. If the aircraft wishes to divert to the sirport
locstion provided, obtain an estimated arrival time
from the pilot and advise your supervisor.

10-22 EMERGENCY AIRPORT
RECOMMENDATION
Consider the following factors when tecommending

an emergency airport:
8. Remaining fuel in relation to airport distances.

b. Weather conditions.
¢. Airpor conditions.

Para 10-22




|

9/1693

d. NAVAID status.
e. Aircrafttype.
f. Pilot’s qualifications.
g Vectoring or homing canability to the emergency
airpont.
10-23 GUIDANCE TO EMERGENCY
AIRPORT

When necessary, use any of the following for
guidance to the airport:

a. Radar.

b. DF.

¢. Following another aircraft.
d. NAVAID's.

e. Pilotage by landmarks.

f. Compass headings.

10-24 EMERGENCY O2~i7 T"CTION VIDEO
MAP (EOVM)

a. The EOVM is intended to facilitate advisory
service to an aircraft in an emergency situation
wherein an appropriate terrain/obstacle clearance

Para 10-23
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minimum altitude cannot be maintained. It shall
only be used and the service provided under the
following coaditions:

1. The pilot has declared an emergency, or

2. The controller has determined tha: an emet-

gency condition exists or is imminent because
of the pilot’s inability to maintain an appropriate
terrain/obstacle clearance minimum altitude.
[0-2402 Nole.—Appropriate ternin‘otstacle clearsnce mini-
toum altitudes may be defined as Minimum IFR Altrode (MIA),
Minimum Es route Alitude (MEA), Minimum Obstruction
Cleanance Altiude (MOCA), or Minimum Vectoring Altirude
(MVA).

b. When providing emergency vectoring service,
the controller shall advise the pilot that any headings
issued are emergency advisories intended only o
direct the aircraft toward and over an area of
lower terrain/obstacle elevation.

10-24b Refereace—Order 72103, Emergercy Obstruction
Video Map Ordes, paragraph 3-103.

10-25 thru 10-29 RESERVED

10-2-§
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APPENDIX E

HARTZELL PROPELLER AIRWORTHINESS DIRECTIVES

AIRWORTHINESS DIRECTIVE ﬂ

FLUGHT STANDARDS SERVICE U.S. Department
REGULATORY SUPPORT DIVISION of Transportation
P.O. BOX 26460 Federal Avistion
OKLAHOMA CITY, OKLAHOMA 73125-0460 Administration

The kiowing Airwortirngas Direcive Tspund 3y the Faderal Avialion Administration I potirdencs with Pw provisiory of Federsl Avisdor Regustions, Pant 38, applies o o siroet

rodel of which our mcords Indiond you 'aly be T regiversd ownet. Alrwortinsss Orectae sfied priation safety W o8 reguisBiong which require nyredish stierfion. You e
aasored Nt FO person MY opirse e sivrell B which en Arworhinest Direciive agoles, maoept I accordence oith e reguberants of P Aireothiness Directive (wierercy
FA Sudpat

03-12.01 Hartzell Propeller, Inc.: Amendment 39-8642. Docket 93-ANE-35.

Applicabllity: Hartzell Propeller, Inc. Model HC-B4TN-5{D.G.JIL/LT10282(B.K)-5.3R and
HC-B4TN-5(D,GQ.JIL/LT10282N(B.K}-5.3R propellers Installed on Mitsuvbish! Model MU-2B-26A,
-36A. and -40 alrcraft,

Compliance: Required as Indicated, unless accomplished previously.

To prevent possible fatigue cracks In propeller hub arm assemblies progressing to fatlure,
resulting In departure of the hub armn and blade, that may result tn engine separation and
subsequent loss of alrcraft control, accomplish the following in accordance with the compliance
schedule as indicated:

TIME-SINCE-NEW (TSN)

IN HOURS ON THE EFFECTIVE
DATE OF THIS AD OR PROPELLER
HUB ASSEMBLIES THAT HAVE

EXPERIENCED A BLADE STRIKE COMPLIANCE REQUIRED
TSN greater than or equal to Within the next 10 hours
3000 hours or TSN unknown. tirze in service {TIS)or

two calendar months after
the eflective date of

this AD, whichever occurs
first. and thereafler at
fntervals not to exceed
600 hours TiS or 60
calendar months since
last inspection,

whichever occurs first.

TSN less than 3000 hours. Prior to the accumulation
of 3010 hours TSN, or
within the next 200 hours
TIS or 12 months after
the effective date of
this Al), whichever occurs
first. and thereafter at
{ntervals not ta exceed
600 hours TiS or £9
calendar raonths since
last inspection,
whichever occurs first.
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TIME-SINCE-NEW (TSN)

IN HOURS ON THE EFFECTIVE
DATE OF THIS AD OR PROPELLER
HUB ASSEMBLIES THAT HAVE

EXPERIENCED A BLADE STRIKE COMPLIANCE REQUIRED
Regardless of TSN, Within the next 10 hours
propelter hub assemblies TIS or two calendar

that have experlenced a months after the

blade strike prior effective date of this

to the effective date of AD, whichever occurs

this AD. See paragraph {c) first and thereafter

of this AD for the at intervals not to
deflnition of a blade exceed 600 hours

strike TIS or 60 calendar

months since last
inspection, whichever

occurs first.
Regardless of TSN, Prior to further flight,
propeller hub assernblies and thereafter at
that experlence a Intervals not to exceed
blade strike after the 600 hours TIS or 60
effective date of this calendar months since
AD. See paragraph (c} of last inspection,
this AD for the definition of whichever occurs first.

a blade strike.

(a} Remove aflfected propeller hub assemblles from the aircraft and retumn to Hartzell
Propeller Inc.. One Propeller Place. Piqua, OH 45356-2634 U.3.A. for Inspection and specificd
rework procedures, in accordance with Hartzell Alert Service Bullelin (ASB) No. A183, dated
June 1, 1993. Propeller hubs removed from Mitsubishi Model MU-2B-26A, -36A, and -40 aircrafi
may not be installed on any other alreraft unless an inspection is performed in accordance with
Hartzell ASB No. A183, dated June 1, 1993.

(b) Re-install affected propeller hub assemblies that have had the hub arm bores
Inspected and reworked as necessary, pilot tubes replaced, and marked at the end of the hub serial
number with suffix letter "M®, followed by a number (1.2.3, etc.) to indicate the number of
repetitive Inspections perforrmed In accordance with Hartzell ASB No. A183, dated June 1. 1993; or
install new preduction hubs which have passed the inspection and have been marked at the end of
the hub serlal number with the suffix letter "M".

{c) A blade strike Is defined as a propeller having any blade(s) that has been bent beyond
repalr limits in accordance with Hartzell Service Letter 61R. dated February 28, 1992,

(d} The "calendar month" compliance time stated in this AD allow the performance of the
required action prior to the last day of the month in which compliance is required.

NOTE: For example. if action Is required 2 calendar months from June 15, 1993, the required
cctions are to be perforined not later than August 31, 1993.

(e) An alternate method of compllance or adjustment of the compliance time that
u<vides an acceptable level of safety may be used if approved by the Manager, Chicago Aircraft
Certification Office. The request should be forwarded through an appropriate FAA Malntenance
Inspector. who may add comments and then send it to the Manager, Chicago Aircraft Certification
Office.

NOTE 1: Information concerning the existence of approved alternative methods of complilance with
this Alrworthlness Directive, if any. may be obtalned from Chicago Aircraft Certification Offlce.
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NOTE 2: Although Hartzell Propeller is presently the only FAA-approved repair facility authorized
to conduct the requirements of this AD, other facllities may be authorized through the alternative
method of oump'lance procedure in paragraph (e) of this AD.

(0  Ex:ept when propeller hub assemblies experience a blade strike after the effective
date of this AD, special flight perm:its may be issued {n accordance with FAR 21.197 and 21.199 to
operate the alrplane to a location where the requirements of this AD can be accomplished.

(g} The removal from service, inspection, rework. and reinstallat.on shall be done in
accordance with the following alert service bulletin:

Document No. Pages Revision Date
Hartzell ASB

No. A183 1-3 Original June 1, 1993
Total pages: 3

This incorporation by reference was approved by the Director of the Federal Register in accordance
with 5 U.S.C. 552(a) and 1 CFR part 51. Coples may be obtained from Hartzell Propeller Inc., One
Propeller Place, Piqua, OH 45356-2634. Coples may be inspected at the FAA, New England
Reglon, Office of the Assistant Chief Counsel, 12 New England Executive Park, Burlington, MA; or
at the Offlce of the Federal Register, 800 North Capitol Street, NW., sulte 700, Washington, DC.

{h} This amendment becomes effective October 14, 1993, to all persons except those
persons to whom it was made immedlately effective by priority letter AD 93-12-01, issued
June 10, 1993, which contained the requirements of this amendment.

FOR FURTHER INFORMATION CONTACT:

Tim Smyth, Aerospace Engineer, Chicago Alrcraft Certiflcation Office, FAA, Small Alrplane
Directorate, 2300 East Devon Avenue, Room 232, Des Plaines, I[L 60018; telephone
{312) 694-7130. fax {312) 694-7834.

PR
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AIRWORTHINESS DIRECTIVE

FUGHT STANDARDS SERVICE U.S. Department
REGULATORY SUPPORT DIVISION of Transportation
P.O. BOX 26460 Federal Aviation
OKLAHCOMA CITY, OKLAHOMA 73125-0460 Administrstion
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83-09-04 Hartzell Propeller Inc.: Amendment 39-8583. Docket 93-ANE.25.

Applicabllity: Hartzell Propeller Inc. HC-B4TN-5(D.G.J)L/LT)0282(B.K)-5.3R and

HC.B4TN-5(D.G.J)L/LT10282N(B.K}-5.3R Propellers installed on Mitsubishi Model MU-2B.60
Alrcraft.
NOTE: The parentheses indicate the presence or absence of an additional lettar(s) which vary the
basic propelier hub and blade model designation. This Atrworthiness Directive (AD) still applies
regardless of whether these letters am present or absent on the propeller hub and blade model
designation.

Compliance: Required as indicated, unless accomplished previously.,

To prevent fatigue cracks in propeller hub arm assemblies progressing to fallure, resuliting
in departure of the hub arm and blade. and that may result in engine separation and subsequent
loss of aircraft control. accomplish the following In accordance with the compliance schedule as

indicated:

TIME-SINCE-NEW ({TSN)

IN HOURS ON THE EFFECTIVE
DATE OF THIS AD OR PROPELLER
HUB ASSEMBLIES THAT HAVE

EXPERIENCED A BLADE STRIKE COMPLIANCE REQUIRED
TSN greater than or equal to Within the next 10 hours
3000 hours or TSN unknown. time (n service {TIS) or
two calendar months after
the effective date of

this AD, whichever occurs
first, and .hereafier at
intervale not to exceed
600 hours TIS or 60
calendar months since
last inspection,

whichever occurs first.

TSN less than 3000 hours. Prior to the accumulation
of 3010 hours TSN, or

within ths next 200 hours
TS or 12 months after
the effective date of

this AD, whichever occurs
first. and thercafter at
intervals not to exceed
600 hours TIS or 60
calendar months since
last inspection,

whichever occurs first.
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TIME-SINCE-NEW (TSN}

IN HOURS ON THE EFFECTIVE

DATE OF THIS AD OR PROPELLER

HUB ASSEMBLIES THAT HAVE

EXPERIENCED A BLADE STRIKE COMPLIANCE REQUII'ED

Regardless of TSN, Within the next 10 hours
propeller hub assemblies TIS or two calendar

that have experienced a months after the

blade strike prior effective date of this

to the effective date of AD, whichever occurs
this AD. See paragraph (c) first and thereafter

of this AD for the at intervals not to
definition of a blade exceed 600 hours

strike TIS or 60 calendar

months since last
inspection, whichever
occurs first.

Regardless of TSN, Prior to further flight,
propeller hub assemblies and thereafter at

that experience a intervals not to exceed
blade strike after the 600 hours TIS or 60
eflfective date of this calendar months since
AD. See paragraph {(c] of last inspection,

this AD for the definition of whichever occurs first.

a blade strike.

(a) Remove affected propeller hub assemblies rom the aircraft and retum to Hartzell
Propelier Inc., One Propeller riace. Piqua, OH 45356-2634 U.S.A. for inspection and specifled
rework procedures, in accordance with Hartzell Alert S=rvice Bulletin (ASB) No. A182, dated
April 28, 1993. Propeller hubs removed from Mitsubishl Model MU-2B-60 aircraft may not be
installed on any other alrcraft unless an tnspection s perforined In accordance with Hartzell ASB
No. A182, dated April 28, 1993,

(b) Reinstall affected propeller hub assemblies that have had the hub arm bores
inspected and reworked as nece::sary, pllot tubes replaced, and marked at the end of the hub serial
number with suffix letter ‘M’, followed by a number {1.2,3, etc.) to Indicate the number of
repetitive inspections performed In accordance with Hartzell ASB No. A182, dated April 28, 1993;
or install new production hubs which have passed the inspection and have been marked at the
end of the hub serial number with the suffix letter ‘M".

(c) A blade strike s defined as a propeller having any blade(s]) that has been bent
beyond repair limits in accordance with Hartzell Service Letter 61R, dated February 28, 1992.

(d) The "calendar month® compliance time stated in this AD allow the performance of
the required action prior to the last day of the month in which compliance 1s required.

NOTE: For example, if action Is required 2 calendar months from April 28, 1993, the required
actions are to be performed not later than June 30, 1993.

(e} An altermate method of compliance or adjustment of the comnpllance time that
provides an acceptable level of safety may be used {f approved by the Manager, Chicago Aircraft
Certification Office. The request should be forwarded through an appropriate FAA Maintenance
Inspector, who may add comments and then sent it to the Manager, Chicago Aircraft Certification
Office.
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NOTE 1: Information concerning the existence of approved altemative methods of compliance with
this Alrworthiness Directive, If any, may be obtained from Chicago Aftrcraft Certification Office.
NOTE 2: Although Hartzell Propeller Is presently the only FAA-appioved repair facllity authorized
to conduct the requirements of this AD, other facilities may be authorized through the alternative
method of compliance procedure i paragraph (e) of this AD,

(N Except when propeller hub assemblies experience a blade strike after the effective
date of this AD, special flight permits may be {ssued in accordance with FAR 21.197 and 21.199 to
operate the airplane to a location where the requirements of this AD can be accomplished.

(g} The removal from service. Inspection, rework, and reinstallation shall be done in
accordance with the following alert service bulletin:

Document No. Pages Revision Date

Hartzell ASB

No. A182 1.3 Original April 28, 1993
Total pages: 3

This incorporation by reference was approved by the Director of the Federal Reglster in accordance
with 5 U.5.C. 552(a) and 1 CFR part 51. Coples may be obtained from Hartzell Propeller Inc., One
Propeller Place. Plqua, OH 45356-2634. Coples may be inspected at the FAA, New England
Reglon. Office of the Assistant Chief Counsel, 12 New England Executive Park, Burlington, MA: or

- at the Office of the Federal Reglster, 800 North Capitol Street, NW.. suite 700, Washington, DC.

. {h) This amendment becomes effective August6, 1993, to all persons except those
persons to whom it was made immediately effective by priority letter AD 93-09.04. issued
April 28, 1993, which contained the requiremants of this amendment.

FOR FURTHER INFORMATION CONTACT:
Tim Smyth, Aerospace Engineer, Chicago Airciaft Certification Office, FAA, Small Airplane

Directorate, 2300 East Devon Avenue, Room 232, Des Plaines, [I. 60018; telephone
(312)694-7130, fax (312) 634.7834.

*U.S. G.P.C.:1994-300-644:8001¢
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