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NATIONAL TRANSFORTATION SAFETY BOARD
WASHINGTON, D.C. 3594

AIRCRAFT ACCIDENT RHPORT

Adoptad Zeptember 13, 1981

Ariep—n.
fiely

NGRTHRBAST JET CONPANY
GATER LEARJET 23D, N1ISHE
GULF OF MEXICO

MAY 19, 1980
SYNOPSIS

At 1205 e.d.t., on May 19, 1980, Noriheast Jet Company, Learjet 25D, N125NB
crashed into the Gull of Mexico while en route to New Orlexns, Louisiana, from West
Palm Beach, Florida, Only the pilot and copilot were on board the aircreft,

About 2 1/2 minutes after the aircraft was reported at Flight Level 430 In the
vicinity of the Covia Intersection on Alrway J58, the Jacksonville, Florida, Alr Route
Traffic Control Center received an unusual stacceto sound trensmission over the
frequency, followed 18 seconds later by a repert from the copilot, "Can't get itup . . . it's
ina spin...." About 33 seconds after the first staccato sounds, redio and rader conteot
with N12SNE was lost about 104 miles west of Sarasota, Floridi, Floating debris was
located by a search alrcraft and later recovered; the flightcrew wsn not found. There
were N0 known witnesses to the crash,

The National Transportation Safety Boerd deteemines that the peobabie cause
of this accident was an unexpected encounter with moderate to ssvare ciear air
turbulonce, the flighicrew's improper response 1o the encounter, and the alrcraft's
marginal controllabllity chiaracteristics when flown at and beyond the boundary of its igh
altitude spead onvelope, all of which resulted In the aireraft exceeding its Mach limits and
a progressive losa of control from which recovary was not possible. Contriduting to the
accldent was the discoinection of the Mach overspeed warning horn with an unauthorized
eit-out switch which resulted in the absence of an overspead warning that probably
delayed the crew's response to the turbulence encounter, and the inconsistencies In
alrcraft flight manuals and flighterew training programs regarding the use of spollers to

regain control,
1. FACTUAL INFORMATION

1. Ristcry of the Filght

On May 14, 1830, N12SHE was flown to West Palm Beach, Florida, on a
business flight. The alrcraft was fueled to near capacity and then hangared, According to

the fixed-base operator, at West Palm Beach, the alrcraft did not receive any further
service,

About 2140 I/ on May 18, the flightcrew arrived in West Polm Beach by
comm 2relal alreraft, remained overnight in a company apartment, end arrived at the
airport about 0930 on May 19. Thelr activities betwaen the time of thair arrival o
May 8 and thelr arrival at the alrport the following morning are not known.

i/ All (mes herain are eauiern daylight, based on the 24-hour clock,
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At 0055:15, the flightcrew of Learjet N125NE contacted the International
Flight Service Station, Mlami, Florids, obtalned a weather briefing, and filed three flight
plans for a trip from West Palm Beach to Allentown, Pennsylvania, with en route stops at
New Orleans, Louisiana, and Nowerk, New Jersey. The flighterew was to deadhead to
New Orleans and pick up a pamsenger for a charter flight to Newark, New Jersey, and then
return to Allentown, the company headquarters. They planned to depart at 1230 with a
route of flight to New Orleans on Alrway J-58 at Flight Level (FL) 430 at a true alrspeed
of 440 knots. Time en route was o be 1 hour 30 minutes with 4 hours of fuel on board.
There was no forecast of turbulence In the flightcrew's weather briefing.

The copilot of an unmodified Lesrjet 24D, N51J, stated that he saw the crew
of N125NE arrive at the airport and he engaged In a conversation with them about a
simillar portion of the route of flight. He sald that the crew of N125NE did not have the
New Orleans instrument appronch chart and they had asked for and mnade coples of his
chart, He said that when the crew boarded N125NE for departure, the pllot occupied the
right seat and the copilot occupied the left seat,

At 1107:08, N12SNE contaoted Palm Beach Clearance Delivery and recalved
the following clearance: ", . . cleared to the New Orlears Lake Pront alrport radar veotors
Sarasota as filed maintain five thousand expect FL 430 10 minutes after departire,
departure froquency will be 124.3, squawk 3712.," At 1118114, the flighterew recelved taxi
cloarance to runway 9, and at 1121:07, the crew received clearance for an intersection
takeoff; 3 seconds later, they reported rolling.

At 1122148, the alreralt was cleared to climb and maintain 10,000 feet mean
sea level (m.s.L) 2/ and to turn left to a heading of 330°. Tlirty-six seconds later, thay
were told to tirn to 290°% At 1124151, the aircraft was cleared direct to Sarasota and was
cleared to climb to and maintain 17,000 feet. At 1126:49, N125NR contacted the Miami
Alr Route Traffic Control Center (ARTCC) and reported, ™...out of fifteen, five
climbing to one seven thousand,” and was then cleared to climb to and maintain PL 230.
At 1127130, N12SNE was cleered to olimb to and maintain PL 430. At 1130:56, the crew
reported out of FL 2¢0, and at 1135:16, they reported out of FL 330. At 1145:16, the
alrcraft reported to the Miami Center, ".. . with you level uh out of four two zero for
four three zero."

At 1201:42, the pllot contacted the Jacksonville ARTCC and reporied level at
Fir 430. At 1203:58, an unusual steccato or vibration nolse, was transmitied over ihe
ARTCC frequency, The followiny transeript of the radio transmissions from N125NE was
prepared by the Jacksonville ARTCC:

1203:58 - (unusaal scund on frequency, three
distinet burats)

1204:00 (put out the spoilers)

1204103 (keysd mlccophone with static)

1204:13 (keyed microphone with static)

1204:14 Can't get it up (pause) it's in o spin
(background) noise, voice talking in
background)

1294:20 (sporadio sounds, keying and unkeying
of a microphonai

1204:23 Oh jees (bacikyround nolss)

7/ All altitudes are inexn sesl level unless otherwiso noted,
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1204327 We're

1204:30 - (statie

1205:19 R-29 November Cno Two Five Novembe
Echo ah reset and squuwk three seven
one two normal

1208:18 R-29 November One Two Five November
Becho JAX

1208:29 R-29 November One Two Flve November
Echo Jecksoi rille Center

At 1202153, the Jacksonville ARTCC lost altitude information (mode C) from
the aircraft and at 120£{:29, the ARTCC lost radar contact with the alrcraft on Alrway
J-58 in the vicinity of the Covia Intersection when the alrcraft apparently mads about a
80° left turn from the 290° radial, 104.5 miles west of the Sarasota (SRQ), Florida,

The slreraft crashed at latitude 27°54' N and longitude 84°¢¢' W, The depth of
the water is abou! 600 feet,

According to the copllot of N51J, he deperted West Palm Beach about
18 minutes after 'N125NE. He and the pllot, who was flving the siroraft, received radar
vectors over Laks Okeochobee during the climb-out, and nbout 50 milas south of Sarasota,
they were clestrad by the Miami ARTCC to fly direct {0 the Covla Intersection, The
aireraft reachid FL 430 well befcee the Covia Intersection end was eruised at Mach 0.77,
iadicating 210 to 220 knots with a true al (TAS) of about 440 knots. The ram air
temperature was -39° C. Tho gross weight of the aircraft was estimated at 12,000 pounds,
He describeii the weathar as essentian¥ clear, with a very light haze at about PL 450,
with some iow clouds at about 2,000 feet and some cloud buildups southwest of tneir
course. He did not note any change in ram air temperature.

N51J encountered some light to moderate "chop™ which presentad no problem,
about §0 ralles west of Serasota, In the vicinity of the Covia Interaection, the aircraft
piteched up about 8° climbed about 300 to 400 feet, pitches down about 4° lost about 700
to €00 foot of eltitude, and then abruptly pitchad up at which time the autopilot
disengage.d. The flightcrew reengaged the autopilot, and the same sequence occurred two
more tinmies. Pollowing the third reengagement of the autopilot, no further turbulence
disturbarices occurred. The pllot of N51J, en experiencod Learjet captain, gavo the
following account of the incident:

I noticed that our Mach numbee suddenly rose from .77 to
nearly .EC and simultancously our altituda ircreased and I felt
the mast severe turbulance I have ever encountered in a
Learjat, It disconnected our autopilot end, when I reengaged
it for the last time, the eltitude hold was Inoperative and it
had to bo repaired later, 1reduced power immediately,

Tho turbulencs continued f:r a certain time, which 1 cannot
lguess at row, Our altitude varied ccnsiderably during this
nterval,

I did not check the path of the jet streams that day but I am
fsirly certaln that we must have crossed a jet siream at a
fairly sharp angle and this was the cause of the rise In Mach
number and the turbulence.
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, The pilot further stated that he, "...had no great difficulty in maintaining

control under these extreme conditios.® He did not deploy the spoilers, nor did he
unintentionally disengage the autopilot and yaw damper with the wheel master button
during the encounter, -

Shortly after 1100, a National Aeronautics and Space Administration (NASA)
pllot departed the Johnson Space Center, Houston, Texas, He was flying a Northrup T-38
jet aircraft from Houston to Patrick Air Force Base (AFB) near the Kennedy Space
Center, Florids. He stated that there wers cloud bulldups just to the south of New
Orleans, with tops about FL 430. He stated that 40 to 50 miles cast of New Orleans, the
weather was clear and the air was smooth, with some scattered cloud layers below. He
was crulsing at Mach 0.9 et FL 430 on Alrway J58 and attempting to attaln Mach 0.90,
The groas welght of the air:raft at the time was 10,500 lbs. His flight level was changed
by the Jacksonville Cente: and he climbed to FL 450, hortly thereafter, he overheard a
keyed microphone and volices in the background which lested about 10 seconds, He said he
was not sble to determino what was stated. The aircraft cverflew the sccident site about
19 minutes after the accidsnt., The pilot further stated that he dld not encounter any
significant turbulence. He suid that in the vicinity of Covia Intersaction he requested tc
fly direct to Patrick AFB and that the alr traffic control (ATC) kept him at L 450 as
long as they could before he recelved a descent clearance to land.

1.3 Injuries to Persons

Injuries Crew Passengets Total

- -

Fatal y { 0
Serious 0 0
Minor/None 0 0

Damage (o Alrcraft
The aircraft was destroyed by impact forces,

Other Dattage

None.

1.9 Pereonnel Information

The flighterew was certificated and qualified for the flight, (See appendix *)
The pilot obtained type ratings in itie Learjet 23 and 24 on August 16, 1966. He acquired
his type rating in the model 23 on July 8, 1988. According to Northeast Jet, he hed
accumulated 15,740 flig'rt-hourr, of which 6,062 hours were In the Learjet,

Tha copllot was not rated in the Learjet, According to the company, he had
accumulated 4,118 flight-hours, of which 65 hours were in the Lesrjet. Ha had aiso
acquired 40 hours of Learjst 25 ground school. He was a former military pilot and hed
accumulated 2,476 flight-hours of high performance turbojet flight time before his
employment with the company.

1.6 Alrereft In{cemation
Gates Learjet Model 75D, N125NEB, seriel No. 271, wes issued a standard

alrworthiness certificate on Pebruary 12, 1970. It was equipped with the manufacturer's
Century Il and Seitflite performance modifications to imgerove the slow speed and stall
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characteristics of the alrcraft. It was certificated for fligzht up to 51,000 feet. The
aireraft was purchased by Northeast Jet Company on April 30, 1879, (See appendix C.)

The maintenance logs were on bcard thn aireraft nd were rot recovered. A
review of the company's available malntenance records did not provide an accurate
evaluation of the maintenance status of the aircraft. However, the records indicated that
the required maintenance checks under the company's Approved Alrcraft Inspection
Program had been conducted at the proper intervals,

Company records indicated that on May 29, 1979, the copilot's airspeed
indicator was indicating 0.02 Mach higher than tho pilot's; a ground check of the
indicators showed both to be reading identically. The cabin altitude test horn was
reported inoperative in August 1979; corrective astion taken was, "slaved in aural warn
control box. No help. Relnstalled plug on original box and system ops check okay." On
December 26, 1979, a customer work record stated "Stick puller goss off at Mach .79 on
captains a/s Indicators.,® According to the maintenance facility that performed the
1,200-hour inspection on Apcil 20, 1980, the Mach/overspeed warning and stick puller
control syrtems had been tested and no discrepancies were noted. During the same
inspection, the right engine oil pressure gage was indicating a below zero pressure and the
left aileron cable was reported bad; no corrective actions were recorded. However, a
Northeast Jet representative sald thut the eight engine oll pressure diserepancy had been
correcied and the left allaron cable had been replaced on May 8, 1980.

The maximum certificated takeoff gross welght of the Learjet 25D s
15,000 pounds and the center of gravity (c.g.) envalope at this weight is 17 to 30 percent
mean aerodynamic chord (MAC)., The total fuel capacity of N125NE was 6,144 pounds.
The addition of 580 gallons of fuel on May 14 would have placed the fuel load on departure
at 5,737 pounds,

Postaccident weight and balance computations of the alrceraft before takeoff
vere:

item Welght (1bs) Moment (X1000)

e ——

Zeo Pyt Wolght (Bow)® 3,709 3,256.000

wings and tip tanks 4,837 1,885.330

fusclage ___500 341,720
Total Ramp Waoight 14,446 5,463,050
The c.g. was 21.5 percent MAC,

*Basic operating weight

L7 Metsorutogical Information

The 1060 Went Paim Beach surface weather was: Scattered--2,000 feet and
30,000 feet; visibility--12 miles; temperature--82° F; dew point--74°F; wind 140" at
9 knots; altimeter--30,07,

Based wpon radur observations from the National Weather Service (NWS) redar
at Appilrchicole, Floridi, and photographs from the Geoetationary Operational
Environmantal Satellite (GOES), thece was no significent thunderstorm activity over the
Qulf of Mexieo in the vielnity of Covia Intersection. There was, however, thunderstorm
activity ty the north over noithern Florida, Georgla, and Alabama.
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The 0800, 250 millibar (approximately 34,000 feet) map showed a trough
extending south through the western plains Stutes into western Texas. The jot stream
wind maxima extended north-northeast from northeast Texas through West Virginla. The
_?stoo. I(lm millibar (approximately 53,007 feet) map showed a trough with no pronounced

et maxima,

The 0800 winds aloft observed at Bootheville, Louisiana, Appalachicola, and
Tampa, Plorida, were as follows:

Altitude Direction Speed
(feet above sea level) (degrees true) (knots)

Bootheville - 42,797 263 69
Appelachicola - 42,9088 261 49
Tampa - 43,138 256 9

The maximum vertical wind shears at the approximate altitude of N125NE at
Boothville, Appalachicola, and Tampa were 9.2, 14.6, and 6.5 knots per 1,000 feet,
respectively. The maximum horizontal wind shear between Appalachicola and Tampa (a
line nearly normal to the wind direction) was 37 knots per 150 miles. The parameters used
by the NWS for forecasting clear air turbulence based on wind shear include: vertical
wind shears exceeding 6 knots per 1,000 feet and/or horizontal wind shears exceeding
18 knots per 150 miles for moderate turbulence, and vertical wind shears exceeding
8 knots per 1,000 feet and horizontal wind shears exceeding 40 knots per 150 miles for
severe turbulence,

In addition to the wind shears, a shallow temperature inversion layer, possibly
an upper front, was reported at Bootheville, Appalachicola, and Tampa near the flight
level of N125NE. Such an inversion layer, or upper front, is often considered an indication
of clear alr turbulence.

There were no forecasts for clear air turbulence included in the 0900 area
forecasts issued by the Forecast Offices at Miami and New Orleans. There were no
convective SIGMETS or AIRMETS pertinent to the area of the aceident.

The following pilot report was made by NS1J at 1230 Location--270°
160 miles from St. Petersburg, Floride; altitude--43,000 feet; type of afreraft--Learjet
24; ‘urbulence--severe clear air turbulence {cat).

1.8 Aids to Navigation

Mot applicable.
1.9 Communr!cations

There were no known communication difficulties before the last transmission
from N125NE.

1.10 Aerodromse Information

Not applicable.




1.11 Flight Recorders

The aircraft was not equipped with a flight data recorder or a cockpit volce
recorder, nor was either required by regulation,

1.12 Wreckege and hinpact [nformat on

Recovered aircraft wreckage from N125NE consisted of a 40-inch section of
fuselage from the aft pressure bulkheud forward (frames 18 through 23), which contained
the baggaga compartment; a 1.5~ by 3.0-foot plece of cockpit floor structure; a landing

ear emergency air bottle; an oxygen bottie; a spare wheel; a ram air duct; the right wing
ue! tip tank nose section, from the forward closure bulkhead to the second hulkhead
(station 46); the front section of the right engine pylon; and miscellaneous cabin Interior
items. Examination of the debris was concentrated on the baggage compartment floor
structure and fuselage skin, the right engine pylon, and the portion of the right wing fuel
tip tank.

On the left side of the fuselage sectlon, the frames and
stringers remained attached to the baggage compartment
fioor structure. The floor structure was undamaged. The
Nos. 5 and 8 wing spar to fuselage attachment fittings were
broken. The fastencers of the wing fitting at the No, 7 spar
attachment failed in shear, leaving the wing fitting atiached
to the fuselage fitting.

On the right side of the fuselage section, the No. 7 wing spar
litting was broken and the remaining portion was connected
to the fuselage fitting which was bent rearward, The No. 8
fuselage fitting was broken and bent rearward and outboard,
The skin on the right side of the fuselage section was
concaved in the open bays between the frames and stringers,

The sir conditioner evaporator and blower assembly, anti-ice
tuting, electrical wiring, and conduits were attauched to the
fuselage top skin, Two diagonal buckles were located below
the level of the baggege fioor at frame 21 on the left side of
the scructure and progressed upward and forward to
frame 19.

The housing for the recognition light, lccated forward of the
closure bulkhead of the right wing tank was Iintact. The light
bulb and nose cone fairing were not recovered, All of the
fastener b<tes for the nose cone falring were elongated in the
forward direction. Glass particles remained Instde the light
bulb retainer ring. The aft bulkhead fastener holes were
eloigated forward around the top surface and rearward
around the bottom surface of the nose section of the tank,
The tank was slightly compressed and exhibited a secondary
compression buckle in the bottom surface of the tank.

The forward partion of the right engine pylon, which was
separeted from Its engine and (uselage attachment, Included
the upper and lower skin, the leading edge alr inlet, and the
inboard and outboard attachment flanges, Al inboard
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attachments to the fuselage we.e sneared. All screws
common to outboard flange attachinent to the engine nacelle

were pulled through, The upper skin surface exhibited
diagonal buckles between the pylon box structure which
indicated downward loading of the pylon.

1.18 Medice! xad Pathological Information

. A review of the flightcrew's flight physical examination records disclosed no
history of disqualifying medical problems,

1.14 Fire

There was no uvidence of fire damage to the recovered wreckage,

Survival Aspects

The accident was not survivable,

1.15.1 Wreckage Search

The flightcrew of a Fairchild P27, N172C, on a company flight from Hc aston,
Texas, to Tampa, overheard the Jacksonville ARTCC calling N125NE, N172C was at
PL 190, The ARTCC advized the flightcrew that contact with N125NE was lost and asked

them if they would attempt to contact the aircraft and search the water en route to
Tampa,

The captain of N172C stated that the weather was clear and smooth, He
obtalned clearance from the ARTCC to descend ‘o 8,000 feet for a closer look and circled
a 20-mile area in the vicinity where radar contact viith N125ME was lost, The capta'n
spotted white floating debris around an ofl slick on the 290° radial, 104.5 miles from
Sarasota. At 1249, the aircraft made a low pass and determined that the debris was white
styrofcam and what appeared to Le &n overhead liner and a nose cone portion of a tip
tank. The flightcrew of N172C did not see the flighterew of N125E,

The captain stayed at the scene until a Coast Guard C-130 arrived at 1345.
The C-130 flightcrew located the accident site, using a Litton 72 inertial navigation
system, and contacted and Zirected a fishing vessel to the debris.

By the time a Coest Guard helicopter from St. Pelersburg arrived on-scene at
about 1424, tha debris and ofl slick had drifted on a heading of 180" true. Except for a
section of fusclage, the debris had driftad beyond the oil slick. The helicopter crew
reported the weather on-scene as clear with 15 miles visibility, wind--120° at 10 knots,
and sea condition--3 feet from 220°

The fishing vessel recovered the debris and transported it to St, Petersburg.

The Safety Board in couordination with the QGates Learjet Corporation, the
Federal Aviation Administration (FAA), and Perry Oceanographles, Inc,, of Kiveiera,
Florida, participated in a two-phase effort to recover the remainder of the wreckage.
The first phase wes conducted between May 25 and June 8, 1950, using side scanning sonar
and Loran"C" navigation equipment, The sonar returns defined potential crash site
locations in the area whera the floating debris was recovered and added credibility to the
bellef that the crash site area had been correctly identified,
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The second phase was conducted from June 21 to July 2, and an attempt was
made to Identify the sonar rcturns, using underwater video equipment transported by a
tethered remote control vehicle, The video search proved negative as ali of the sonar
returns observed were from dead coral formations and lumps of mud, Purther attempts to
recover the wreckage were suspended,

1.16 T'ests and Research

1.16.1 Alrcraft Performance

‘The two-engine climb schadule for the Lesrjet Model 25 is based on a climb
speed profile of 300 knots indicated airspeed (KIAS) to 24,500 feet, Mach 0.70 indicated
(M,) to 45,000 feet and 0.72M, above FL 450. It {3 more common to fly the aircraft at 270

AS until reaching 0. ?OM (aL‘»out 30,000 feet,) At a start climb welght of 14,600 pounds,
the climb schedule chart shows that the alrcraft was not climb limited to FL 430 at
standard atmospheric conditions (ISA). The temperature was about 10° warmer (iSA + 10°)
than stancerd from FL 360 to FL 400, but from FL 410 to Pl 430, the temperature was
about standard. The amount of fuel used for tax!, takeoff, and to the top of the climb was
about 1,200 pounds, an amount that would normally be burned from the tip tanks before a
fuel trensfer fromn the fuselage tank would be accomplished. At this point, the aircraft's
weight would have been 13,246 nounds with a c.g. of about the 20.2 percent MAC,

The following altopeed limits and turbulent alr penetration procedures were
exiracted from the Learfet 25D and 25. ajreraft flight manual (APM):

Limitations
KIAS KCAS

MAXIMUM OPERATING SPEED VMOIMMO

These speeds shall not be deliberately VMOS.L. to 14,000 feet
exceeded in any flight condition except 306 300
where specifically authori.zed for flight Vumo 8bove 14,000 feet
test or pllot training operations o in 359 350
spproved emergency procedures, If Muo 82 M 81IM
*Vaio O Mppo I8 inadvertently exceeded. AFC/SS Inoperative

1. Thrust‘ Lever - ldle 0.78 MI 0.77TM

2. Rotate nose un not to exceed 1.5 g's

3. Level wings if required

NOTE: No serodynamie changes are apparent at either V MO and
the aircraft will respond normally to control mov ents.
*Means .naximum operating limit speed,

TURBULBNT AIR PENETRATION

Flight through severe turbuience should be avolded if possible. When
flying at 30,000 feet or higher, it is not advisable to avoid & turbulent
area by cllmblng over it unless it is obvious that it can be overflown welt
in the clear. Por turbulence of the same intensity, greater buffet

margins are achieved by flying the recommended speeds at reduced
aititudes,
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AFC/S8 - If severe turbulence Is penetrated with the APC/SS on,
the altitude hold mode should "2 off, With AFC/SS off, yaw
damper should be engaged. Lemember, contrcilabllity of the
aireraft in turbulence becomes more difficult with the yaw damper
oftf. Rudder should be centered before engaging yaw damper.,

B.  Airspeed - Approximately 255 KIAS., Severe turbulence will cause
large #nd often rapid varlations in indicated alrspeed. DO NOT
CHASE THE AIRSPEED.

C. Attitude - Maintain wings level and the desired pitch attitude, Use
attitude indicator as the primary instrument. In extreme drafts,
lacge altitudz changes may occur. DO HOT USE SUDDEN LARGE
CONTROL MOVEMENTS.

D. Stabllizer - Maintain control of the airplane with the elevators.
After establishing tho teim setting for penetration speed, DO NOT
CHANGE STABILIZER TRIM.

B.  Altitude - Allow altitude to vary. Large altitude variations are
possible In severe turbulence. Sacrifice altitude in order to
maintain the desired attitude and airspeed. DG NOT CHASE
ALTIMETER.

F.  Thrust - Bngine ignition should be set to ON (refer to IGNITION
SYSTEM OFERATION, this Section), Make an initial thrust setting

for the targat airspeed. CHANGE THRUST ONLY IN CASE OF

BXTREME AIRSPEED VARIATION.

Buffet Bourdaries--All aircraft in high speed flight are subject to airframe
buffet caused by shock wave induced airflow separations from the aireraft's lifting
surfaces. The focmation of a shock wave begins as the local alrflow over the wing afrfoil
shape reaches sonle speed. The onset of high speed buffet is influenced by the speed of
the alrcraft and sudden changes in its angle of attack. Usually, airframe buffet also
occurs at low speeds when high angles of attack (stall) are approached because of
separation of the airflow from the airfoil surfaces. The difference between the high
airspeed which produces Mach buffet and the low alrspeed which produces stall buffet
decreases as altitude Increases. At very high alt! udes, the difference is substantially
reduced in subsonie alreraft. Since Mach buffet and stall buffet are also dependent on the
load factors produced by the wing, the alreraft's maneuverability margins at high altitudes
are correspondingly reduced. The Learjet does not possess sufficlent inherent prestall
buffet charact ristics at low speeds to provide a pilot with a clear warning that the
aircraft is stalled before It enters a flight condition from which & normal recovery can not
be accomplished. 3/ Therefore, the aircraft was equipped with a stall warning
stickshaker/pusher system to artificlally provide the needed stall warning.

According to the AFPM, the low speed buffet boundary for an aircraft with a
gross welght of 13,000 pounds, at FL 430, and 1,5g's is 192 KIAS (.71M,). The AFM does
not deplet the high speed buffet boundary. According to Gates Learjet, however, at
12,500 pounds and in 1-g fiight, the buffet free Mach number range for the accident
aireraft would have been from 0.37M, (155 KIAS) to beyond red line of 0.82M, (233 KIAS).
"Beyond the red line, and beginning \vlth a barely perceptible airframe but}et at about
.82M, the buffet and alleron activity increase with increasing Mach No, to .86M, which Is
as fast as has been tested."

3/ FAA epecial condition CAR 3,120,
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Radar Information--ARTCC recorded radar information for N125E was
available from the Jacksonville Conter, the Miami Center, and the Cross City radar
facliity north of Tampa, The radar points from the three racdars were averaged into one
probable ground track. (See appendix ID.)

Calculations of the alreraft's performance were made based on the radar
data, alreraft apecifications, and meteorological data. The calculations included the
peclod between the latter part of the climb to FL 410 and the time of the last altitude
encoded radar return from the Jacksonville radar. Because of data tolerances, the Safety
Board could not conclude that the aircraft was performing precisely as calculated at each
point in time that the calculations were made, The general range and trend of these
calculations, however, are representative of the aireraft's performance during the p:riod
of the flight examined.

The radar data showed that the aircraft was cruising on assigned altitude and
on course within a minute before radar information was 10st, The radar information als>
showed that the aireraft's track turned to the right nearly 90° and the aircraft began a
descent during the final minute of information. During this turn, altitude information was
lost from sll three radars. However, the ground position coordinates, which continued to
befrecorded, showed that the aircraft's ground track made a final turn of about 90° to the
left, )

Once an alrctalt exceeds a rate of descent of 20,000 feet per rainute, the
radar computer no longer «<isplays tha altitude information from the aircraft's
transponder, and when this happens, a specific code is recorded in the computer memory,
If the altitude information from the alrcraft's transponder is not rezeived by the redar,
then a different code is recorded in the computer memory. A readout of the recorded
radar Information from the accident alreraft showed that the altitude Informailon was
lost because it was not being recelved by the ground radar, and not because the aircraft
had exceeded the 20,000 feet per minute rate of descent parameter. A special flight
check of the primary radar coverage in the vicinity of tihe Covia Intersection showed
satisfaatory coverage from FL 430 to a minimum altitude of FL 190,

N125NE climbed to its cruising altitude of FL 430 between 220 and 250 KIAS,
or betwecen 0.75 and 0.82 Mach (M,). Between 1157:41 and 1202:41, the altitude was
stabilized at PL 43] snd the averagL speed was Mach 0.77. During the next 48 seconds,
batween 1202:41 and 1203:29, the alrcraft's altitude and vertical speed deviations were
within tclerances, At 1203:48, Jacksonville radar showed the aircraft had lost 300 feet
which resulted in a rate of descent of 1,500 feet per minute, At 1203:45, Cross City radar
showed the alreraft had lost 800 feet which computed to about 4,000 feet per minute, No
further altitude information was recelved by Jacksonville nor Cross City, Between
1203:29 and 1204:14, the alreraft made a right turn of nearly 90° followed by a left turn of
“ubout 86 in 7 seconds. Radar information was lost 8 seconds later at 1204:29,

Learjet N51J departed West Palm Beach 16.5 minutes after N125NE and flew
the same flight route In the same direction. N51J's route of flight was displaced about 12
miles south of N135NE's route of flight, Also, the NASA T-38 flew on the same airway in
the opposite direction as N125NE and overflew the vicinity of the accident site about 18,5
minutes after Jacksonville Center received the last radar return from N125NE. Learjot
N51J was cruising at FL 430 "well before Covia Intersection™ according to the pllot,

The NASA T-38 was first recorded on radar, climbing from FL 430 to 450,
about 120 miles west of the viecinity of the accident. According to the pilots, the NASA
T-38 was crulsing at Mach 0.89 and the Lecrjet was cruising at 0.77, indicating 210 to
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220 knots with TAS of 440 knots, with wn indicated outside sir temperature of -39°C
(-28°F). The saleulate) ram temperature rise at Moch 0,77 and -39° C indicated is about
20.5° C. This would give an outside air temperature of -59.5° C.

1.16.2 ATC Thpe of Coinmunications

An ATC tspe of communications with N125NE was oxamined In the Safety
Board's eudio laboratory. The FAA ATC transeript was expanded in the area of the
occurrence, (See appendix E.,) Reception was marginal because of the distance between
N125NE and the receiving station. If N125NR had been maneuvering, {t is possible for the
reception to have been irtermittent even though the transmitter remained keyed. The
unusual, very low vcluine signals, which were heard following the cossation of the last
decipherable trarsmission at 1204127, may have been bleed-through thirough the receiver
transistor controlling the squelch circuitry, The possibility that the low volume slfnals
were coming from N125NE is supported by the fact that the normal transmitter ON/OFP
signature was absent from the transmission, which suggests that the airersft's transmitter
remained ON. 7The receiver squelch circuitry could have been responsible for the low
gnc;;litud:d signals. The Jow signals were weak volces; however, the words could not be

1ciphered.

The "staccatto sound" (similar to the stall warning signal as noted in the
transeript) had a froquency of 18 to 19 heavy beats per second. In some cases, the heavy
beat was followed by a light beat about 20 milliseconds later. 'n general, the individual
staccatto beats took a finite time (approxisately 168 milliseconds) to build to a maximum
and then drop off. The signal lovel between the beats did not drop to the normal
qulescent (no signal) voltage level but remained up at scme vatue until the beginning of
the next cycle, which indicated that the carrier was continuing or that the recelver
squelch was keeping the A1°C recelver on.

1.18.3 Ailerass Buffot

The Gates Learjet Corporation investigated the staccato-type sound by
comparing the frequency of primary flight control vibration with the frequency of the
unusual sound. The natural frequency of the allerons is 11.5 Hz. The same frequency was
pleked up when the vibration was recorded in the cockpit. When the sound was recorded
through the radio in the cockpit, a frequency of 19 He was identified. The vibration of
the stickshaker was alzo recorded. It revealed a frequency of 30 Hz without the radio and
31 Hz with the use of the radio as a medium, Besed on the resulls of the tests, the
manufacturer was not able to 1each any conclusions about the source of the staccato
sounds heard on the tape.

1.19 Additional Information
1.17.1 Automatis Flight Control Stability System (AFC/8S)

The APC/SS primarily consists of the autopllot pitch axis which includes a
force sensor in combination wi.h a control stick puller and an aural overspeed Mach
werning hoen. Longitudinal stabllity of the alreraft is dependent on operation of the
autopilot piteh axis when operating beyond Mach 0.78 (M.% when the autopilot Is not In
use, speed Is resiricted to 0.78 M;. When this limit is reatiched, a sensing switch in the
copilot's pitot static system encrgizes ths 0,78 Ml speed warning.
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The force sensor will signal the autopilot computer to disengaged the autopilot
piteh trim once the pilot overrides the elevator with a force In axcess of 8 to 8 pounds,
Tone forew sensor slso disconnects any autopilot modes selected, such as heading, altitude,
o speed, and causes the sutopliot tu operate in the basic altitude hold mode., Once the

control column pressure is decreased, the amutopilot will maintaln the existing pliteh
&ttitude and will rcll the wings level,

The control stick puller is incorporated into the flight control system to
automatically prevent the alrcraft from exceeding M o' The puller is powered or armed!
by the left stall warning switch, When the aire reaches Mach 0.82 (M.), another
sensing switch will sound the Mach warning horn and feed a nose-up signal to thé autopilot
clevator servo clutch. This will cause the aircraft to climb until the overspsed condition
is corrected. The stick puller exerts a force of 18 pounds. It is an M_ _ function only and
will not work below 30,000 feet. The aircraft is not to be flown b'Wond 0.74 Ml if the
puller is inoperaive.

1172 3tall Wamning Sticksimker/ Pusher System

Because of the stall characteristics ¢f the Learjet, an artifical stall warning
system incorporating a stickshaker and stiockpushet was installed to provide a prestall
warning to prevent en abrupt wing rolloff. The system includes a stall vane on each side
of the nose of the aircraft, two angle of attack indicators, two stall warning lights, and a
computer. In flight, the stall vanes align with the local direation of the airstream. As the
angle of attack of the aireraft changes, the realigned vancs signal the computer and the
corresponding angle of atteck is depleted on the cockpit indicators, As the critical angle

of attack is approached at a point near the stall, 1.07 V_, the compJ.ter actuates the
stickshaker walch induces a mild vibration of the control Solumn while causing the red
stall warning lights to flash, If the angle of attack is further increased, an additional
signal from the computer actustes the stickpusher (d.c. torquer clutch) and forces the
control wheel forward with a force of 60 to 80 pounds. This applied force diminishes as
the angle of attack decreases and can be overridden by the pilot. The system
automatically disengages when it has decrec3sed the angle of attack to a point less than
that at which the pusher was set to actuate. 4/ Any signals from the autopiiot are
cancelled when the pusher activates. The computer 8iso modulates the signals to
compensats for varlous wing flap positions, In conjunction with an altitude pressure
switch, the angle of attack for the shaker/pusher operation iz reduced atovs altitudes of
about 22,500 feet, This causes the system to operate at a higher speed than it does at
lower altitudes, This featura is incorporated in o.ly the models 24 E/R, 28 D/F, and all
Century Il rmodified airplanes,

The Century Il modification incorporated an electronic computer circuit in
the stall warning system, The circuit, Identified as the alpha dot system, uses the rate of
change of the engle of attack sensor vane to automatically raise the stsll warning
stickshaker/pucher speeds to compensate for accelerated entry to the stall. The circuilt
permits the stickpusher activation speed to Le set within 1 knot of the unaccelerated stall
speed/wing rolloff, Theoretically, the computer ralsas the stickshaker/pusher speeds at
atout the same rate that the stall speed increases uixier accelerated stall conditions.
During an PAA special investigation of the Learjet, in cooperation with the Safety Board's
study of modifivd Learjets, 5/ it was determined that the 1-knot speed margin between

47 FAK Ordar §110.6, Roview Case No. 38
§/ "Study «f Selected Performance Characteristics of Modified Learjst Afreraft,”
debeunry 1979,




-14-

sctivation and aerodvnamic stall was Inadequate. This condition was corrected by Air-
woethiness Directive (AD) 79-12-05, dated June 18, 1979, which increased *he pusher
reargin to about 3 knots and increased the AFM stall and landing approach speeds,
However, with the development of the Softflite moedification, the alrcraft rolloff
characteristics at tha stall were enhanced significantly and permitted resetting of the
stickpusher operation within 1 to 2 knots of the stall speed.

1.17.3 Whoel Master Button

The wheel master bution is located below the four-way trim switch on the left
side of the pilot's conteol wheel, (See figure 1.) In the Learjet model 25D, when
Mdepesgied, it will, among other features, disconnect the autopilot and yaw dampe, and
interapt any reimary piteh teim,

The yaw damper system is designed to prevent a coupled lateral-directional
osciilation which is commonly referrod to as a "dutch roll." Without the yaw damper
opecating, "duteh roll" can occur in the Learjet at altitude and high Mach number but is
nmost severe in the landing configuration,

L1TA Overspeed Warning Hom Cut--out Switch

N125NE weas equipped with an overspeed warning horn cut-out switeh, an
unauthorized modification. (Sea figure 2,) Th2 Northeast Jet Company reported the
oxistence of tha switch when a similiar one was located under the pllot's instrument pansl
in the company other Learjet 25D, N911MQ.

An operational ground check of the switch installation in N911MG using
battery power disclosed that when the switch was activated the maximum operating speed
‘:“M‘IM cabin altitude, and landing gear warning hocn was inhibited. The stall warning,

smﬁ,erlpmher systein, and stickpuller were not affected becawse the switch was
instaliod between the aural warning control box output and the horn. With the switch in
the normal position (ON), signals from the aural warning controal box would activate the
hoen. In the OFF position, the horn was inhibited,

An anercid type pressure switch Is installad in the copllot’s pltot-static system
to activate the oversmpeed warning horn if the 308-KIAS limit Is exceeded between sea
level and 14,000 feet. The speed restriction was impwsed becavse of the windshield bird
strike criteria of 14 CPR 25.775. 8/ The Learjet Model 23, the first model producad, was
certificated on May 15, 1958, in accordance with Part 3 of the Civil Air Ragulations;
windshield bird strike criteria were not required. As a result, the Learfet 23 was approved
to ernise up to its maximum operating speed of 358 KIAS between ses level and FL 239
without a structural speed restriction. Later Learjet molels were certificated in
sccordance with FAR Part 25 and were required to meet the windshield bird strike
criteria. A redesigned windshield was able to withstand the impact of a 4-pound bird at
300 knots. The Learjet models 24 through 24E weve limited to 308 KIAS between s2a
level and FL 310 and the Learjet model 24F and later models were restricted to 306 KIAS
untll passing 14,000 foet, and to 359 KIAS adbove 14,000 feet. This procedure was
cmbo ‘::ont with an earlier FAA decision invalving the certificaiion of another type of
turbojot.

e windshield panes and supporting structure directly in front of the pllots must
withutand, without penetration, the impact of a 4-pound bird when the velocity of the
alecraft (relative to the bird along the airersft's flightpath) is equal to the value of its
crulse velocity at sea level.
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Figure 1.--Wheel master button on pllot's conirol wheel,
The inierophone switch is located on the frent side of the
wheel, opposite the wheel master hutton,

Figure 2.--The unauthorized overspeed warning horn
cut-out switeh is identified within the cirele.
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Shortly after tihe accident, the FAA issued a general notice alerting its fisld
offices of the unauthorized switcli installation. A special airworthiness alert weas issued
later which elerted all air carrier and general avistion operators of the unauthoeized
switeh installation. The PAA expressed concern that all flighterews and operators might
not be aware of the cxistence of such a switeh and that operators should have thelr
alreraft incpected and have the switeh removed, if installad.

Nertheast Jet Corapany did not disclose its reasyn for installing the overspeed
warning cut-out switch,

1.17.5 Gates Lesarjet Service Nows Letter

Gates Learjet Service News Leiter 48, deted Mey 19880, and issued
immediately after the accident, reguested that operatns roview thelr einergency
procedures regarding potential overspeed conditions. The manufecturer specifically urged
carefu review of procodures relating to emergency descent, inadvertently exceeding
Vm omm o’ pitch axis malfunction, and normal or primary piteh trim system runaway.

Regarding the overspeed condition, the letter states, in part:

At Mach No.s in excess of M_ , aileron activity could be
encountered, and this activity increasef In amplitude &8s Mach No. s
increased. This activity has been described as alleron "buzz® or alleron
"snateh” and is a random frequency and amplitude movement of the
aflerons and control wheel, Pulling "g's" In that regime of flight
increases the aileron activity, so one must not pull abruplly on the
elevator control to slow the alrcraft, but must spply a steady force of
the magnitude recessary to produce as much "g" force as possible
without losing roll contrcs. Exceeding V in the lower Mach No.
regime produces higher recovery elavator ¢ frol {forces, but no aileron
activity. Another phenomenon which occurs at IMach No.'s beyond the
rad line is "Mach Tuck." This phenomenon is caused by aft movement of
the wing center of pressure and results in a nose-down pitching moment,
The stick puller is provided s a device to ensurs no excursion buyond
M___. It should never be turned off during normal operation of the
oaifRatt, If, for any reason, there is a malfunction that requires turning
off the stick puller, the aircraft should be oporated at speads vrell below
M __ _ as preseribed In the applicable Flight Manual procedures. As in eny
aiP}?ane, . s beyond the red line mwt be avoiced by mnlntainlnf the
desired attitude with appropriate flight controls and by decieasing thrust
while executing the preseribed Emergency Procndures.

NOTE: IF M%ﬁ IS INADVYERTENTLY EXCEEDED TO THE POINT
R

WHERE THE PLANE SEEMS TO BE OUT OF CONTROL, LOWER
THE LANDING GEAR. The landing gear doors may be loot or damaged,
but the main concern is to facilitate recovery by using the extended gear
to slow the forward speed of the aliplane ... .

Spoiievs

The uvae of the spollers is not prescribed in Piteh Axis Malfunetion and
Runaway Trim Emetrgency Precodures. The reason s that the noss down

piteh change which the spoilers producs may aggravate piteh down
peoblems,
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Certification flight tests of the alrcraft's high speed flight chsracteristics
wers conidusted to determinog compliance with the criteria set forth in PAR Part 25.553
(Pobruary 1, 1383). In eccordance with Advisoey Circular (AC) 25.253-1, dated
November 24, 1935, on high apeed flight characteristic testing, us a means of compliance,
only a 1.5 g recovery procedurs is used,

L17.0 Spozia! Cevtificaticn Revizw of the Learjet

As a rsult of saveral other Learjet accidents (see appendix F), the FAA
undertook a special certification review (3CR) of the Learjet which addressed primarily
several items suspected of being potential factors in the neclidents. The following
exiracis of three speciiic problem areas discussed in the interim SCR report, were made
avuilable to the Safoty Board on May 8, 19812

Thiv interim report will generclly establish that the Learjet
airplancs do possess certain critical flight characteristics, which
require compensation by complex systems to insure an adequato
levl of safety. Records review Indicates that approval of these
comyensating systems were based on poasible inedequate rules,
oxtensive rationalization rather than actual demonstration of
adequacy, early "state-of-the-ari" . engineering judgment,
equivelent safety determinations, and apparent inadequate system
snnlysls, It sppears that most of the reported problem areas
involve a system(s) whose proper functioning is corlileslly required
to provide an acceptatie level of safety for the airplane; and these
Ifmitalged ay/stems are possibly inadequate to perform their intended
unction, 7

High Spued Charactaristics

s M, (0.81) i3 limited by longitudinal stability
elﬂﬂctulstlcﬂ.

b. Mach tuck (ndse down pitech divergence ceused by aft
movement of center of pressure due to compressibility)

begiw prior to MMO.

Cates Loarjet states in the Model 25 Type Inspection Report
(TIR) that if & FAR 25.1505 8/ upset occurs at M,,., the
alreraft will exceed M. .. Thlis nharacteristic is th@?eason
for the stick pullee. Bpme puller is [noperative, MMO is
limited to 0.74 Indicatad Mach Number,

7 s s rewdt of Th preliminary findings, the FAA issuod AD 80-18-068 on August 4, 1980,
which was superseded by AD 110-19-11 on September 4, 1880. (See appendix G.)

§/ Maximum Operating Llinit Speed - "V /M___ rmust be established so that .t is not
greater than the design cruliing speed V T a8 That 1t is sufficiently below Vp/Mp, or

Yop/Mpps to make it Hghly lmprobabfe that the latter speeds will be inadvertently
moﬂmf ine operations.” V%MD means design diving spead and VDP/MDP means
Jemonstrated flight diving speld.,
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Extension of the spoilers at high speed causes a large nose
down pitching moment., For the Lear 25 D/F Models, stick
force required to hold airspeed with spoller extension ot VMO
varies from 46 lbs, at aft c.g. to 8¢ 1bs. at forward c.g.

Alleron "buzz" onset occurs just above M, .3 at higher Mach
numbers and/or higher load factors, aile”»ﬂ "xmatch“ {(rapid,
large deflection alleron motion) occurs. Loose {misrigged)
alleron cables could increase the amplitude and lower the
onset Mach number, since the major factor which damps this
motion is control zy=tem friction.

The Mach overspoeed warning and stick puller systems operate
only from the copllot's pitot-statie system. If an error in the
copilot's system results in a low Mach reading for any reason,
the overspeed warning will occur beyond Muor

During STC approvals on three different aircraft (one
Model 25D and two Model 35s), it wes noted in & dive to M
with a separate trailing cone calibrated static system n?a'{
the pllot's Machmeter stopped increasing at approximately
0.80-.81 Mach number and remained at tis reading out to a
true Mach number of 0.86.

On the recovery, the pllot's Mach indicator began
working again at .305 Mach., Changing the Machmeter did
nol eliminate this characteristic, The copilot's Machmeter
indicated correctly on the Model 25D, but both Model
35 copllots' Machmeters read less than the correct Mach
number.

The majoeity of the problem was traced to a production
static system calibration error In a dive using a production
indicator., This was not detected during original prototype
testing with a sensitive Machmetet and a trailing cone,

In addition, part of the problem was possibly caused by the
static sources not being flush with the surface cfter the
eirplenes were painted. The end result of the sirspeed
problem was that the production airplanes were actually
going .01 to .015 Mach fuster than expected,

Lear 25 TIR data shows that the speed increase after an
upset was less if the spoiiers were not used, becaure the
heavy nose down trim change made it harder to get tho nose
up to Lbig's for recovery, The AFM specifies spoller
deployment as the first action in an overspeed condition,

It a pitch upset occurs near M m, tha alrplane can accelerate rapidly

into & reglon where the fiying itles are unacceptable. Consider, for
example, any type of nose down piteh axis malfunction (such as telm
rumway, pusher hardoves ~utopilot hardover, etc.). In this case,




if the pilct restrains the control column, the pull force can go as high as
90-60 lba. (89 Ibs. for pusher malfunction) Becsuse of pilot reaction
time (3 seconds necording to 8110.10), 3/ the speed will have increased
beyond the limit Mach humber. If the pllot ‘ollows the AFM procedure
foe overspeed and Geploys the spoilera (which Is instinctive), the required
pull force will incrcase an additional 50-80 1bs. Also, because of the
plich instability due to Mach tuck, the pull force will continue to
increase as speeci increases. Adding the maneuvering stick force
required to pull L3 g, thoe total pilo” force required for recovery can be
as high as 150-200 1bs.

The stick puller was installed to prevent Mach overspeed, but in the
event of a nose down pitch axis malfunction, and/or deployment of the
spoilers, its 18 1b. pull becomes insignificant,

At some Mach number teyond M., the elevator effvotiveness will
decrease due to shock wave forn‘m'ion. Additionally, atreteh In the
longitudinal control system at very high control forces can negate any
further elevator deflection In tha recovery direction,

At the same time these extreme pitch forces are being generated, the
pliot can have a severe roil control problem due to alleron "buze" and
"snetch.” An actlve piteh sxis melfunotion is not required for this
scenario to take place. A pascive failure on the ground to tha 0,81 Mach
warning/puller switch allows the system to test properly on preflight, yet
be totally inoperative. [n this case, an Inadvertent overspeed due to gust
ugset, unannunciated autopilot softover, pitot statie system error, pilot
inattention, fuel bumoft, flying into a colder airmass, ete., can put the
airplane into an overspeed condition with no warning,

If, atter the pilot notices the overspeed, he deploys the spollers, or if
alleron "snatch” rolls the airplane to an excessive bank angle, it may
become impossible to recover.

2) Pitch Trim System

#. The control wheel primary pitch trim iIntercupt switeh
installed on the contral wheel of all 30 series and Century Il
10 series Learjets {5 not & quick-disconuect switch as inferced
In slmost all Learjet TIRs and design documents, The pitch
trim interrupt switch must be held until the piteh trim
selector/disengage switch is turned off, None of the control
wheel switches, with tho exception of pitch trim and lateral
trim, are labeled as to thelr function. Becavse of these
cGifferences from model to model, different emergency
procedures are applicable, In the event of an actual pitch
axis malfunction, the pilot cannot always I(mmediately
determine the cause of the malfunctions since it aould be
cauted by any of the following: stick pusher, stick puller,
autopilot, secondary piteh trim or peimary piteh trim, In
acdition, no single action by the pilot can immedciately

9/ PAK Rotlce of September 22, 1972 concer:.ing trim malfunctions,




ciminate all piteh axis faults. In order to totelly isolate all
potential piteh axis faults, the piteh trim selector must be
turned off, the autopllot turned off, both siali warnings
turnad off, and the AFCS pitch circult breskor pulled.

Autopllot APC/68 Characteristies

On the 45,000 foot Model 24E/F and 25D/F autopilot
malfunctions were conducted at low altitudes only with
maximumn specification torques on all axes. Autopilot
performance was demonstrated at low altitudes only with
miniraum servo torques. No autopilot piteh trim runaways
were conducted.

On the 51,000 foot Model 24E/F and 25D/F autopilot
functional tests were conducted at 51,000 ft utilizing
minimum specification torques on all axes. Malfunction tests
were not conducted, but instead were "rationalized" from
data obtained at 41,000 to 45,0060 ft on various straight wing
models of the 24, 25, and 36.

FAA Review Case No, 57 (dated September 16, 1955) on the
DC-8 on which the Learjet 24/25 AFC/SS (Mach trim)
system was patterned, required the !ollowing specific items
to be added to the existing DC-8 autopilot before it rould be
used as a stability device:

© Aural warning upon any autopilot disconneet In the
clean configuration,

Adding the autopilot lisconneet light to the master
warning light,

Restriction of the alrplane nose-down pitch command
authority of the autopilot to approximately 10°
(degrees{

0 Addition of a stabilizer-in-motion aural warning.

The ilems in subparagraph ¢ were not required on the Learjet APC/SS.

d.

The Mach trim function of the PC-110 AFC/SS as originally
evaluated on the Model 24, required a stick force-disengage
function on the pitch axis to "preclude any out-of-trim
problems.,"” During required collision avoldance maneuvers,
the Mach trim function was automatically disengaged with
8 1b, stick force. This force disengage funetion is Included on
all Model 24 and 35 AFC/SS systems. The function was,
however, deleted on the Model 35/36 and 28/29 models where
an independent Mach trim unit Is provided,
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2. AHNALYSSS

2.1 ‘he Flightcrew

The flightcrew was certificated and qualified to operate the aircraft. The
pilot, an experieiiced Learjet captain, occupied the right seat, The copilot, who occupied
the left seat, was not rated in the Learjet and had limited flight time in this alreraft. It
is belleved that the vopllot wes flying the alrcraft when a loss of contrel occurred. There
was no evidence of previous medical problems of either pilot which would have bad an
effect on the accident,

2.2 Aireraft Airworthiness

The unavailatility of the entire wreckage and most of the maintenance records
fo. examination precluded the Salety Board from making a total assessment of the
aireraft's alrwerthiness at the time of the aceident. According to Northeast Jet, the
previous discrepancy concerning the right engine oil pressure had been corrected. The
December 25, 1979, remark, "stick puller goes off at Mach .79 on captain's a/s indieators,”
infers that the indicator was faulty because the Mach overspeed warning and stick puller
system operates from the sensing switch (Mach switch) In the copilot's pitot-static
system. The inference is somewhat supported by the May 29, 1979, remark that the
copilot's indicator was belleved more accurate than the pilot's, which read 0.02 Mach
lower, The difference between the indicators was within tolerance; however, the pilot's
indfcator would have been 0,01 Mach out of tolerance with respect to the actuation of the
stick puller if it operated at the prescribed speed of 0.82M,. Assuming the existence of a
0.02 Mach difference between indicators, the copilot's indlcator would have been reading
0.81M, when the puller activated, and this indication was also within tolerance. The
Safet:’ Boerd could not conclude with certainty, however, that the copllot's Mach
inJicator was accurste based entirely on the actuation of the puller because it was not
known if the Mach switch setting was within tolerances. Erroneously low airspeed
indications could have been a critical factor in the accldent because the aireraft would
have heer. nearer fits Mach buffet boundary and would have had less meargin for
maneuvering, The low airspeed indications were noted as an item of concern in the SCR
interim raport.

The inoperative cabin altitude test horn reported in August 1979 may have
been due, in part, to the initallation of the overspeed warning cut-out switch, However,
the Safety Board was not atle to verify that possibility,

According to Ncrtheast Jet, the left alleron cable hed been replaced 13 days
before the accident. Proper maintenance of the aileton system is a critical item in the
Learjet because, as noted in the SCR interim report, control system friction is a major
factor in damping initial Mach buffeting of the control surfaces.

Becaus . the Learjet has characteristics which could lead to critical control
problems in the high Mach regime of fligas ar:? which might not e recognized by the
inadequately trained or unwery pilot, comuivx ¢ ;mpensating features were incorporated
into the flight control system to comply witl: current Federal aviation regulations and to
provide an appropriate level of safety. In view of the integral nature of the compensating
features in the aireraft, an unauthorized modification, such as an overspeed warning horn
cut-out switeh, could be detrimental to sefety. The switch also would have inhibited the
cabin sititude and landing gear warning horns. ‘This unauthorized modification, therefore,
could have Insidlous consequences. In some earlier Model 24 Learjets, pllots were
required, according to AFM limitations, to maintain 306 KIAS between 10,000 feet and
FL, 310, and iIn some later Model 24 Lesrjats, pilots were required to slow to 306 KIAS &t
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14,000 feet during a descent to avold actuation of the overtpeed warning horn, The
Learjet Model 25D was exempt from the 308 KIAS speed restriction above 14,000 feet,
but the use of the cut-ct switch would have permitted abuse of the speed restrictlon
below 14,530 feet, during climbouts and descents, without sctivation of overspeed warning
horn. Because the overspeed warning also prcvides a vital safety function at high Mach
numbers, the Safety Board concludes that installation and use of the cut-out switch made
the accident alreraft unairworthy,

A preflight test of the other Northeast Jet Company Learjet disclosed that the
cut-out switch did not affect the operation of the stick puller system. Based on the test
and statements made by company perconnel, the Safety Board concludes that the cut-out
switeh also would not have affected the operation of the stick puller in N125NE,

1.3 Loss of Control

Recorded comments of the flighterew on the ATC tape indicated that control
of ine aircraft was lost shortly after it was leveled at FL 430. The limited portions ¢f the
recovered wreckage pravented deter mining whether the alrcraft was intact when it struck
the water. Although no firm conclusions could he made regarding the aireraft's attitude
at impact, the nature of the damage suggested that the impact was severe. The
separations of the wing attachment fittings indicated that the ri?ht wing rotated aft end
the left wing rotated forward at breakup, The top crown skin and the sidewall skin
attached to the baggage floor were concaved which suggested that the alreraft struck the
water inverted. However, diagonal buckles on the left side wall skin which extended from
below the baggage floor at frame 21 to near the top of frame 19, suggested that the
alreraft may have struck the water with empennage first, in an upright, nose-high
attitude. The elongation of the right wing tip tank nose seatlon fastener holes indicated
that it separated in an vpward direction.

Since the complete wreckage v:as not available for examination, the Safety
Board considered several possibilities which could have caused the loss of control of the
aircraft, based on the knowledge gained from previous Learjet investigations, the FnA's
SCR interim report, ATC radar and tape of communications, meteorological data, and
information from other pilots who were in the vicinity when the accident occurred. The
Safety Board identified the following areas for ¢veluation:

Plight characteristics

Flight control system and compensating features
Engine performance

Turbulence

Pilots' acticns

Flizht Charccieristics.--The flight characteristics which most probably
contributed to the accident were the speed instability due to "Mach Tuck™ the minimat
speed margin between M,, ., and M_ ., resulting in the requirement for a stick puller; the
high nosedown pitchlngr'ﬂ?oment ith spoller extension at high speed; the aileron
"buzz/snateh' phenomenon which occurs slightly above M,, . and which i3 aggravated with
increased speed and load factor; and the decreased ele\mgr effectiveness due to shock
wave formation at Mach numbers beyond MDF‘

Flight Controi Systam and Compensating Features,--With regard to the flight
control system, control difficulty was considered becase of the malfunction history «f
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the electromagnetie clutches, However, hecause the accident alreraft was equipped with
Improved d.c. torquer clutches, the Safety Board concludes that a malfunction in this unit
was not likely.

The possibility of a transistor failure in the autopilot computer which could
have caused a trim runaway in either the noseup or nosedown direction and flight ccatrol
difficulty was considered because it {3 not known whether the aircraft was equipped with
the Deleo or non-Delco germanium icansistors., According to Gates Learjet, Delco
transistors are more resistant to thermal runaway failures than germanium transistors
built by other manufacturers; also, the transisiors on the aceident aircraft were likely to
have been non-Delco. Their rellabllity, therefore, is Juestionable. However, In
conslderation of a transistor fallure, a fallure could cause a runaway trim in elther the
noseup or nosedown direction, The control wheel pressure needed to compensate for
runaway trim conditicn could have been low or high (10 to 80 pounds) dependiug on when
the piteh trim raonitor may have disconnected the autopilot, The Safety Board cannot
rule out the possibility of a fallure or malfunction of an autopilot computer transistor;
however, when considered with all the available evidence, we believe that a failure or
imalfunction of a transitor was not likely.

Engine Performance.--Engine flameout leading to a loss of control was also
reviewed. The service history disclosed that engine flameout primarily concerned the
CJ810-6 engine and not tho -8A engine which has an improved comprecsor stall margin.
Also, there was no evidence on the ATC tepe indicating that the flighterew was
confronted with an engine power loss, and loss of thrust would not have caused or

necessarily have contributed to either a low speed or high speed loss of control situation.
Therefore, the Safety Board concludes that it is not likely that an engine flameout caused
the loss of control,

Turbulence,-~-The Safety EBoard's examination of the weather conditions
showed no active thunderstorms in the immediate vicinity where the eircraft departed ts
flight level. The wind in the vicinity would have been from 270" at 50 knots (+10° and 5
knots), and the tempzrature would have been -59° C (+2%. This temperature corresponds
almost exactly with the corrected ram alr ter.perature reported by the arew of N51J.
Besed on the soundings which indicated the existence of a shallow terapercature inversion
layer, an upper front was present. Such a frontal system Is known to be conducive to the
formation of clear afr turbulence. Since the NWS defines a horizontal wind shear of 40
knots over 150 miles as a severe clear air turbulence condition, the Safety Board
concludes that moderate to severe clear air turbulence exi: 2d at FL 430 in the vicinity of
the Covia Intersection when the aceident airereft entered the area.

The pilot's report from Learjet N351J, minutes after the accident, and his
subsequent statements further confi>m the existence of clear alr turbulence, The Safety
Board belleves that the aceldent afrereft encountered essentlally the same phenomenon &s
described by the pilot of N51J, and we conclude that this phenomenon initiated the
accldent sequence of events, Furtherm.ore, the flight characteristics of the aireraft, and
the actions of the crew in response to the enanunter led to the loss of control from which
the flighterew was not able to recover.

An sadequate range usually exists at all altitudes and weight conditions
betweea the onset of high specd buffet and low speed buffet, or the speed at which the
stickshaker would activate in 1-g flight. Increased load factors caused by manuevering,
such as pull-ups or level banked turns, however, reduce the buffet-free spced range. The
aireraft's operational envelope, therefore, hecomes restricted under conditions of high:
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altitude flight because of the buffet boundary limitstions, This narrow area of operation
is commonly teferred to as "coffin corner.” For these reasons, the buffet boundaries of an
alreraft become extremely important to a pilot since they dictate the limiting macrgins
within which the alreraft can be operated safely. A sharp, unexpacted turbulence
encounter can easily cause an aireraft to exceed these margins,

Sinco the alrcraft wes operating in & :elatively narrow area of its flight
envelope, the Safety Board considered the possibilities of a loss of control from transient
conditions which might have placed the alrcraft either below its low speed buffet
boundary or above its high speed buffet boundary, The aireraft’s 1-g low speed buffet
boundary was 0.67M. and its 1-g high speed boundary was about 0.82M,, a 0.25 M, margin
equatinz to about 74 knots. A load facior Increase of about 1.5 g's would have keduced
th? margin to between 30 and 40 knots. However, an adequate margin appears to have
existed.

Pilots' Actlons.--According to the ATC tape of communlcations, the first
indication of diffTculty begen at 1203:40.1 (appendix B) with a short burst of static
assoclated with a keyed microphone, The sound came from the accldent alrereft since it
compared with the transmitter key's signature from previous transmissions.  Also,
according to the probable radar ground track plot, the first sign of significant flightpath
deviation occurred about 1203:41, coincldent with the kayed microphone sound, when the
alrcraft begen turning to the right and descending from FL 431.

Eight seconds after the burst of static, the calculated speed of the aircraft
was Mach 0.81, a 0.04 Mach increase over that which the aireraft had been averaging
about 4 seconds earller. At 1203:56.7 (appendix E), the unusual staccato sound occurred.
The Safety Board belleves that the staccato sound was transmitted when the copilot keycd
the microphone inadvertently because of his firm grip on the control wheel, It was noted
that the signal level between the low frequeney beats did not drop to tiic normal quiescent
voltage level, but remained at the same value until the next frequency cycle began. The
evidence supports the contention that the copilot had keyed the microphone continuously
which resulted in the inadvertent transmissions. Immediately after the cessation of the
staceato sound, at 1204:00.7, the pilot stated, "put-out the spoilers.” His statement
sounded weak, as If>{t was in the backgrcund, possibly due to his statements being
amplified through the copilot's headset micronhone. At 1204:13.3, 12.6 seconds later, the
copilot stated, "Can't get it up... its in a spin." Four seconds later, the aireraft made
about a 90° deviation to the teft in {ts ground track.

Based on Information from the closest radar site, Cross City, the aircraft's
calculated rate of descent at 1203:48 was about 4,000 feet per minute. The evidence
indicates that the alreraft began to descend rapidly, and Its speed began to increase
shortly (8 to 10 secunds) before the first staccato sounds were recorded. The high rate of
descant Is further supported by the radar returns which were progressively closer together
during the final 30 seconds of radar contact. The returns support a conclusion that the
aireraft was diving at high speed and at a progressively steeper angle. The speed of the
aireraft and the short radius of the 90° 1aft deviation in its ground track Indicates that the
alreralt could not have made either a steady coordinated turn or a turn resulting from &
loss of control from its low speed buffet boundary to arrive at the location of the last
radar return at 1204129, Therefore, the Safety Board concludes that the weight of
avidence indicates that the alreraft made a high speed descent from FL 431,

The Safety Board's evaluation of the staccato sound disclosed a heavy beat
frequency of 18 to 19 Hz, Extensive tests by the aireraft manufacturer also showed that
ground vibrations of the ailerons at their natural frequendy produced a frequency
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of 19 Hz when recorded through the radio in the cockpit, Ths vibrations produced by
ailervn buffet could be felt throughout the entire alrcraft, Recording of the stickshaker
with or without the use of the aircraft radio as a medium, produced essentially the same
frequencies, but the shaker vibration cannot be felt throughout the alrcraft. Therefore,
the Safety Board concludes that the staccato sound probably was associated with alleron
buffeting at high Mach numbers and that this buffeting was tranemitted through the
airframe and through the open radio transmitter which resulted In the recorded frequency
of 18 to 19 Hz, rether than the natural frequency of 11 He.

Becsuse the flighterew was not alerted to the possibility of encountering clear
air turbuience in the weather briefing, the altitude hold mode of the autopilot was
probably engaged when the aireraft penetrated the turbulence nesr the Covia
Intersection., According to the AFM, the flightcrew should have had this feature
diseng?ged during penetration of known turbulence to prevent the pousibllity o’ a taistrim
condition,

In a sudden upset, a pilot would reactively grab the control wheel in an
attempt to maintaln control of the aireraft. Under these circumstances, it would have
been easy for the copilot to inadvertently key the microphone. Further, with the copllot
holding the control wheel, the turbulence could have caused the force sensor to disconnect
the eltitude and heading hold functions of the sutopilot, or he could have easily
disengaged the piteh trim function with 8 to 8 pounds of force applied to the control
column, Either type of disengagement would not have been readily apparent to the
flighterew because there are no associated artifical werenings, As a result, the copllot
could have been confronted with a misteim condition and a need to exert a significant
amount of pull force to maintain level flight because of the possible nosedown trim the
autopilot may have used to counteract the Increased airspeed caused by the turbulence.
The necessary pull force would have continued to Increase with an increase In speed
because of the "Mach Tuck" tendency. Additionally, since the wheel master button was
Inside the copilot's left hand grip, opposite the microphone switch, It i3 probable that he
could have accidentally disengaged the autopilot and yaw damper. Tha absence of thede
critical {teams under these conditions would have significantly contributed to the copllot's
difficulty in controlling the alreraft,

The lack of the Mach overspeed warning sound on the ATC tape probably
indicates that the warning horn was disabled because of the cut-out switeh., Not until
20.4 seconds after the burst of statie s there recorded evidence that the flighterew tcok
action to correct the overspeed condition whea the pilot gave the command to use the
spoilers. However, his statement was made 12 seconds after the aircraft had already
reached 0.81M,. Considering the computed rate of the aireraft's speed Increase, the
alreraft proba&ly had substantially exceeded M before the spoilers wera extended.
Consequently, extension of the spollers wowld lum? further aggravated the situation by
significantly increasing the pull force necded to restore the aircraft to level flight,

The stick puller should have functioned once the overspeed occurred.
However, since it exerts a relatively light force of 18 pounds against the control column,
its operation could have been easily overcome and could huve gone unrecognized by the
fiizhierew, particularly if the copilot had ebruptly pushed forward on the control wheel in
response to any pitchup caused by the turbulence. The lack of en ovorspeed warning
system would have contributed to such a reaction and to the fiighterew's failure to
recognize that the stick puller was functioning.




‘ It is not known whether the crew was aware thet the cut-out switch was on.
Aocording to the company, the pilot was aware of the switch installation, and {ts position
befcre the flight could have besn determined by fcllowing the preflight checklist,
Thevufore, since It would not have boen eany to inadvertently move the switch to the ON
position, because of its positicn undernesth the instzument panel, it is believed that the
orew should have besn aware of the position of the switeh, Nevertheless, the turbulence
encouter was sudden and unexpected, and the Mach warning would have been emential in
almho crew to the overspoed condition before the overspeed limit was substantially
ex 1 ] ’

Since the alrcraft's reactions would have appeared very similar fn either a
turbulence encounter or a control malfunction occurrence, the upset could have been
perceived as a control malfunctica. The pllot's statement at 1204:23.8, (appendix E) "pull
the circult breaker,” supports this possibllity, It is believed that the pilot was referring to
the AFC/8S cireuit breaker which must be pulled to insure that all piteh trim opecation Is
stopped-- a prescrilved emergency procedure. Thia pesaible Ine.courate perception of the
sudden upset aleo could heve delayasd tha crew's corract responss to the upset.

The coplict was military trained with experience in turbojet fighter and atiack
mission sireraft and would have been accustomed to abrupt control movements and hixh
"g" mansuvers. Coansequently, sincs he lacked experience in the Learjet, the copllot may
heve been more aggressive in his response to the upset and to a nosedown high speed
deperturs, As indicated in the FAA's SCR report ané Getes l.earjet Service Letter 48, if
an overspeed condition oascurs, aileron "buzz" would be the first indication of encvuntering
a ligh speed Mach buffet condition, The letter further states, "Pulling "g's" in that

regime of flight increases the sileron activity, so one must not pull abeuptly on the
elovator control to slow the airplane but must apply a steady force of the magnitude
necemsary to produce as much "g" force as possible without losing roll control." During
certification flight tests, this recovery "g" force was limited to 1.5 g's. The allerons in

the Learj:. are sensitive to buffeting at speeds beyond M_ _ and increased "g" louds.
Therefors, it is concolvable that the copllot could have il essed the onset end the
intensity of Mach buffet by exerting more than 1.5 g's on tha alrcraft. Consequently, his
attempts to recover the aireraft by pulling on the control wheel probably resulted in a loss
of roll control. The Safety Board concludes that the copilot's comment, "Can't get it
up...lts in o spin," indicates that he was attempting to pull on the control wheel to recover
the atreraft but that it was In an uncoordinated roll manuever from which a recovery may
not have heen possible,

Action by the pilot to deploy the spollers could have been a natural reaction to
an overspeod since he had been trained initially to use such & procedure in the Learfet
Model 24, and the early Model 24 AFMs specified the use of spoilers in an overspeed
situation. However, the procedures for the Model 25D/F APM do not provide for the use
of gpollers in this situation, but require the reduction of thrust, leveling of the wings, ard
a slight positive "g" recovery,

The ability of one flighterew to recover from the turbulence upset and the
failure of another flightorew to recover may be due to differences in the severity of the
turbulence encountered; differences, such as the rigging of the flight controls, between
the two alrceraflt; or to the attentivenese of the flighterews and their perception of the
upset. The pllot of N31J made an immediate thrust reduction, did not disengage thrs
autcpllot or yaw damper, and did not Jdeploy the spoilers. [t is belleved that the primary
rearons for the aceident flightcrew's fallure to recover were the lack of a timely thrust
reduction, an insdvertent disengagemant of the autogilot and yaw damp«e, and an fnabllity
to counteract the significant ncsedown plich forces vaused by deployment of the spoilers,
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Purther, it is our opinion that the Inconsistencies regarding the use of spoliers in tealning
for en o.arspeed condition may have been responsible for the different rmsponse to the
upset.

More emphasis should be placed in training on turbulence upset procedures,
Since this of training may not be practical in the alraraft, it could be effectivaly
accomplished {n & simulator. The training should inatill in a Learjet flighterew a greater
appreciation for how quickly the aircraft can exceed its operating envelope, and how
quickly they must respond correctly to insure a successful recovery. It should also toach a
crew how to recognize and avoid sitvations viiilch may lead to a Joms of control.

"The Safety Board recognizes that in a high altitude environmer:t a pilot might
make only a small reduction In thrust because of its affest on esbin pressurization.
However, considering the marginal controllability characteristics of the aircraft at spoeds
beyond M . and the m:glnal *g" limits ellowed for recovery, a pilot is confronted with a
very eritiG] situation

thrust must be reduced immediately to recover the afreraft.

The Safely Board investigated thr s accidents in which the overspeed mmlg
horn was heard before the loss of control occurred, (See appendix F.) In at least two
the accidentn, and possibly the third, the spoilers were used in sn unsuccessful attempt to
decelerate the aircraft, In all three accidents, deployment of the spoilers probably would
have aggravated the situations and prevented recovery of the aircraft.

The Safety Board is aware of the FAA's efforts in response to our previous
recommendations to review the certificstion of the aireraft and of its recent lssus of
Alrvocthiness Directive 81-18-08 to carrect some of the high altitude, high speed control
deficiencies. We are also aware of the SCR teain's recommendation that tha spoiler
system be redesigned to reduce the nosedown pitching moment so that deployment of thz
spoilers at vV, /M, ~ Will not require more than 50 pounds of control force to counter,
Barlier this yo¥r, M recommendation was considercd resolved with the required pitch
axis modifications and the changes ‘n the AFM and training procedures. However, the
Safety Board belleves that changes In the AFM and training procedures will not
necossarily remedy this potential problem as evidenced by the events in this accident,
Currently, the spoiler em i3 used primarily as a speed brake and not necessarily a
spoller, Also, the aircraft's emergency descent performance is dependent upon the use of
the spoiler as a drag device. It is apparent that a thorough retraining exerclise must be
ccnducted to insure that pilots do not use tra epcilers at an i{nappropriate time. In
response to a Safely Board recommendation, the FAA stated that it had established a
team to "review the adequacy and effectiveness of Learjet crew teaining. 10/ As of this
date, we have not recelved any information about its progress. Therefore, we encourage

the FAA to take immediate action to expedite its review of training to resolve this
potential problem,

3. CONCLUBIONS

Pindings

1.  The pllots were certificated and qualified for the flight.

2. There was no evidence of physical impalrment or incapacitation of the
pilots.

107 FAA Tetter dated Septomber 25, 1940 (see appencix 1.)
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The alrcraft was certificated and maintained according to approved
procedures,

There were n thunderstorms in the immediate vicinity of the accident.

Although nu severe clear air turbulence was forecast, there was
moderate to severe clear air turbuience in the area where the alrcrsft
sbruptly departod (ts flight level.

Tha elrcraft was at a concervative cruise speed when it encountered
moderate to severe ¢’ ~ar air turbuler ve which required immediate pllot
gotion to meintain cont. Jt of the aircrat®.

The copliot, who was flying the alrere’., may have initlated abrupt
control movements during the turbulence encounter in an attempt to
control the eircraft,

The copliot may have accidentslly disengsged the sutopilot and yaw
damper which would have significantly hampered recovery, or a partial
disengagement could have occurred which also could have adversely
affected recovery.

The elrplane excecded its high speed Mach buffet toundary and its M,
limitations.

The lack of an overspeed warning probably delayed the flightcrew's
response to correct an overspeed condition,

There was no conclusive evidence of a failure or malfunction of the
alrcraft's systems, Howover, unauthorized instalistion of the overspeed
warning horn cut-out switch rendered the aircraft unairworthy.

The increasel speed and attempts oy the flighterew to regaln control of
the aireraft by deploying tha spollers, failing to retrim, and pulling on
the control wheel with excassive force resulted in the loss of pitch and
roll conteol from which a recovery was not possible.

The marginal controllability characteristics of the alreraft at and beyond
M o contributed to the flightcrew's difficulty in executing a recovery,
afi®the extension of the spollers probably prevented a successful
recovery.

The Inconsistencies in the AFMs and in training probebly contridbuted to
the flightcrew's use of the ineorrect procedure for recovery from an
overspeed condition,

32 Probable Cause

The National Transportetion Safety Board determines that the probable cause
of this accident was an unexpected encounter with moderate to severe clear elr
turbulence, the flightcrew's improper responss to the encountsr, and the aircraft's
merginal controllability characteristics when flown at and beyond the boundary of its high
alti.ude spoed envelope, all of which resulted in the alrcraft exceeding its Mach limits and
a progressive 1oes of control from which recovery was not possible. Coniributing to the
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accident was the disconnection of the Mach ovarepeed warning horn with an unauthorized
cut-out switch which resulted in the absence of an overspeed warning that probably
delayed the crew's response to the turbulencs entounter, and the inconsistencles In

aircraft flight manuals and flighterew training programs regarding the use of spoilers to
regain control.

4. RECOMMENDATIONS

As a result of this investigation, the Salety Board issued the following
recommendation to the National Ocuanie and Atmospheric Administration:

Define the relationship between clear alr turbulence and upper
fronts as analyzed by soundings and develop forecasting techniques
to utllize the information to improve clear alr turbulence
forecasts. (Class I, Priority Action) (A-81-103)

BY THE NATIONAL TRANSPOE.TATION SAFETY BOARD

/s/ JAMES B. KING
Chalrman

/s/ BLWOOD T. DRIVER
Vice Chalrman

/8/ PATRICIA A. GOLDMAN
Wember

/s/ G.H.PATRICK BURSLRY
Member

FRANCIS H. McADAMS, Member, did not perticipate.

September 15, 1981
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§. APPENDEIXES
APPENIIX A
INVESTIGATION AND HEARIXG

1, Investigstion

The Sefety Board was notified of the accident abeut 1600 on May 19, 1980, and
invesiigators were dispatched to St. Petersburg, Florida, ané Jacksonvi e, Florida, to
conduct an investigation,

Psrties to the investigation were the Pedersnl Aviation Administraticn, Gates
Lesrjet Corporation, and Northeast Jet Company.

2 Public Hearing
No publie hearing was held, and no depositions were taken.
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APPENDIX B
CREW INFORMATION
Pilot James T, Cheek

Pilot Cheak, 59, held Airline Transport Pilot (ATP) Certificate No. 245834,

viith an airersft multiengine land rating and type ratings in the Lockheed Jet Star L-1329,

the Desault Falcon DA~20, end the Gate Learjet Models 23, 24, and 15. He &liso held o

certificate, issued on Januery 17, 1976, for commerclal privileges in single engine land sea

airolanes and rotorcraft-helicopters. He had held a flight instructor certificate, which

:xﬁred on Dezember 31, 1079, for single and multiengine alrcraft and rotorcraft-
elicopters,

Pilot Cheek held a first-class medical certificate, issued February 11, 1980,
with the limitation that he shall possess correcting eye glasses for near vision while
exercisirg the privileges of the airman certificate, His application 'or this medical
certificate showed that his uncotrected near vision in both eyes was 20/100, corrected to
20,10, His uncorrected distant vision was 20/20.

Pilot Cheek had been employed as a captain by Northeast Jet on October 8,
1978. He reported on his application that he had 14,810 hours of flight time, of which
11,700 hours were in multtengine aireraft. He also reported a total multiengine charter
time of 1,750 hours in the Loarjet and 390 hours In the Falcon. On & tesume attached to
his employmen!. application, he reported 6,869 hours of turbojet pllot-in-command time,
of which 5,808 hours were in the Learjet, His total flight time reported by the company
a3 of May 19, 1980, was 15,740 hours, of which 6,062 hours were In the Learjet.

According to the company's records pilot Cheek had flown 185 hours in the 89
Jays preceding the accident Between Apeil 22 and May 17, 1980, he had flown 41 hours --
13 hours in N12SNE from May § to May 8 and 23 hours in N911MG, the company's other
Learjet 25D, Sixteen hours were flown (n N811MG between May 14 and May 17, He did
not fly on May 18,

Pilot Cheel’s last proficlency check was a 8-month IFR flight vn April 1, 1884,
conducted by the chief pliot.

Pilot Cheek had obtalned his ATP certificate January 16, 1863. He had
obtained type ratings In the Learjet 23 and 24 on August 16, 1966, after having
accumulated a total of 568.9 hours in the Learjet. He had obtained a Learjet 25 rating on
July 8, 1988. He had completed a pilot recurrent training course in the Learjet models
24D/E/F end 25B/C/D/F with Flight Safety International, Wichita, Kansas, between July
31, 1976, and August 4, 1978, The courss included 18 hours of ground instruction and 14
hours of simulator insiruction. He recelved 8 hours of Initial ground tralning Ocetober 4,
1978, and 16 hours of recurrent training on August 24, 1979, with Northeast Jeot.

Copilot Francis J, Donnelly

Copilot Dcnnelly, 32, held ATP Certificate No. 1840270 with aireraft
multiengine, Instrument, and helieopter ratings and type ratings in the Cessna 500
Citation and Bikorsky S-38. He also held a certiricate, issued on FPebruary 3, 1880, for
commercial privileges in single engine land aircraft and rotoreraft-halicopters, 'Chis
certificate was issued on Pebruary 2, 1980. He held a first class medical certificate
ftsued Decomber 7, 1979, with no limitations.
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Copilot Donnelly had beer employed by Northeast Jat on Apeil 11, 1980. One
resume, attached to his employment application he reported 4,051 hours of flight time, of
which 2,830 hcurs were in single and multiengine turbojet sireraft. His total flight time
rmjfg tw compeny as of May 19, 1980, wes 4,118 hours of which 83 hours were In
t jet,

Actording to company records, copilot Donnelly had flown 85 hours in the
90 days preceoding the sceidant. Between April 19 and May 13, 1980, he had flown 80.8
hours -- $3.1 hours in N125NR and 27.8 hours in N611MQ, On April 21, 1980, he received
an annual proficiency/qualitication chesk of 0.8 hour duration from an PAA Principal

Operations Inspector

At the time of the accl.isnt, copliot Donnelly was & Major and a Naval Aviator
in the Urited fitates Merine Corpe. He hed been serving as Executive Officor of Marine
Alrcraft Group 49, Naval Air Statlon, Willow Grove, Pennsylvania, He had been scheduled
to be released from active duty July 1, 1980, and had obtained a May 1 release date. He
entered laval Plight School November 7, 1966, and flew bot) airplanes and helicopters
while on active duty, The major portion of his flight expecience was obtained flying
helicopters (Beeing CH-48, 755 hours) In Vietnam and in the following turbojet ai
1,250 hours in North American T-2's (instructor piiot); 800 hours in Douglus A-4's; 76 hours
in Hawker-Sikiley AV-8; 350 hours In Douglas DC-9B. He elsy accumulated 101 hours in a

reciprocating twin engiine airplane,

Copllot Donnelly had obtained his commercial pilot certificate through a
military competence examination on April 17, 1968, at which time he had been fssued the
following ratings: alrplane single engine lend, rotoreraft-helicopter, and instrument
including helicopter. On January 21, 1970, he had obtalned an aireraft multlengine land
raiing, Umited tc centerline thrust, and on Febeuary 15, 1980, he had obtained his ATP
certificate anci & standard multiengine land rating with a type rating in the Cessna 500
Citation. He had 8.5 hours In the Citation &t the time of his flight check.

Betwean April 14 and April 18, copilot Donnelly obtained 40 hours of Learjet

25 ground schaol from Executive Jet Aviation, Inc., Columbus, Ohio. He also received §
ng flight safety items on March 19, and 8 hours of an

Indootrination eourse on Mareh 20 from Northeast Jet. He flew a 1.1-hour training flight
on April 19 and a 1.2-howr training flight on April 20 before his 0.8-hour check flight the
following day. He subsequently received 22 hours of Instruction while on various charter
::1 t;:rry flights and accumulated a total of 27.2 hours of pilot in command time in the

arjet.
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APPENDIX C
AIRCRAFT INFORMATION

PAA certification of the Learjet 35D was approved May 20, 1976, under 14
CFR Part 25, effective February 1, 1965, with the addition of Special Conditions.

Gates Learjot 15D, N11SNE, serial number 25-271, was issued an airworthiness
certificate on Pobruary 12, 1979, It was certificated for flight up to 51,000 feet, The
srcraft was equipped with the manufacturer's Ceontury I and Soft-Flite performance
improvement modifications, It was also equipped with two General Rleetric CJ810-8A
turbojet engines, an FCS-110 standard autopllot with a GLC 8231-2 indicator, end a
Collins FD-108 primary light director.

The Century 01 modification was designed to improve the slow spead
petformance of the alrcraft and to permit operation within shorter fleld lengths. It
involved increasing the radius of the wing leading edge forward of the 8 percent choed
station. The new contour was kept constent from ths wing root to the wing tip, in
contrast to the original leading edge, and contained & change In chamber and an increase
In thickness from abou' midspan outward to the tip. This change in the shape of the
leading edge lowered toe stall speed of the wing by several knots. A strake was added to
the juneture of the wing tip and the tip tank to improve the effectiveness of the aileron,
particularly at high angies of attack. In the cockplit, the angle of attack indicators wore
re:lised with colored segments reflecting safe, caution (shaker), and danger (pusher) flight
regimes,

The "Softflite” modification, which became effective in July 1979, was
developed to further improve the alrcraft's stall characteristics. The asrodynamie
Improvements included full chord wing fences, stall strips, and an extenslon of the gap
seals at the leading edge of the ailerons to further contral airflow between the upper and
lower surfaces of the wing In the vieinity of the allerons, In addition, the improvement
required reamoval of the vortex generators on top of the wing in front of the ailerons and
replacement with boundary layer energizers (small ridge devices installed at right angles
to the airflow to energize the boundary layer flow In ordér to delay the onset of
compressibility).

The alrcraft had been flown slightly over 1,200 howrs at the time of the
gccident,

'The engine seclal numbers were:
Position Serfal No,

Lelt OR-E211-1004.
Right OE-211-079A




1204:30.3 - .1 SECONDS OF STATIC

1204:27.0 — RDO - 7 “WE'RE GONNA™

1304:20.6 ~ RDO -3 ~{PULL THE CIRCUIT BREAKER)™
1204:22.8 - RDO -2 “OH JESUS (CHRIST)”

1204:20.9 — 9 SECONDS OF STATIC

1204-73.3 — RDO - 2 “CANT GET IT UP. IT'S I A SPIN™,
" RDO-? “(VIOLENT SPINNING), (AN 21"

1304:29 ¥ 3 — 1.6 SECONDS OF STATIC

1204:21 0.7 = RDO - 1 "PLLLAUT QUT/OFF AN THE SPOILERS)”
1204:17 4:00.1 ~ 1.3 SECONDS OF 18 M2 STACCATO SOUND

T204:10 <03:58.9 ~ 1 TECOND OF 18 HIZ STACCATO SOUND

T203:58 '1203:88.7 — .7 SECONDS OF 18 HZ STACCATO SOUND

LASY ALTITUDE RETURN, 42,.300" 1203:49 — LAST ALTITUDE RETURN, MIAMI RADAR, 42,800

CROSSCIYY RAZAR - 1203:46 :

IRCRAFY BEGAN OESCENT EROM 42,10 FEET IN THIS AREA
LAST ALTITUDE AETURN, 42,800 P A NTER ET IN THIS L 1208 —
ST ALTITU 12000 \, /7 _(TIME OF LAST 43.105 ALTi5 UD€ RETURN 1-1203:25, CROSS CITY —1203:36, JAX ~1200:29)

13U3:40.1 - 9 SECONDS OF STAT
ALL RADAR AVERAGE 203:41 o oS *

RDO~—1 VOICE IDENTIFIED AS CAFTAIN
RDO~-2 YOICE IOENTTFIED AS FIRSY OFSICER
() QUESTIONABLE TEXT

# NON PERTINGNT WORL

AOVERL ANA0UD [I'TUVEOU
G XiaNgdav

ALL PADAR AVERAGE 1203:

A .
«c_r!ca

—
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APPENDIX B

NT3D EXPANDED TRANSCRIPT OF AN ARTC CENTER TAPE R20 POSITION
RERL 79/12 TRACK 27B, MAY 29, 1980

LEGEND

Cockpit area mierophone voice or sound source
Radlo transmission from accident alreraft
Volece identified as Captain
Volce identified as First Officer
Voice unidentified
Unintelligible word
Nonpertinent word
Break in continuity
Questionable text
()] Editorie} insertion

AIR-GROUND COMMUNICATIONS

TIME &
SOURCE CONTENT

1201:42
RDO-1 Jacksonville Center Lear one two five november echo with you four
three oh

1201:48
CTR Lear one two five november echo Jax Center roger flight level four
three zero

{{(Intercom))

((Intercom))

{(Intercom))

Republie four ninety six, contact Atlanta Center one three two point
eight five

Faur ninety six roger, good dey

Good day ((intercorn))

NASA nine sixty two Jax




TIME &
SOURCE

NASA
CTR

NASA
CTR
NASA

1203:40.1
RDO

1203:56.7
RDO

1203:58.9
RDO

1204:00.1
RDO

1204:00.7
RDO-1

1204:03.3
RDO

1204:13.3
RDO
RDO-2
RDO-2
RDO-?

1204:20.9
RDO

APPENDIX E

CONTENT
Yeah Jax NASA nine ah six two Is at fcur three zero

Roger, it's gonna be necessary to move yut efther to forty five or,
ah, forty one, what's your preference?

((Intercom))
Let me try to get up to forty five if 1 might
NASA nine sixty two roger, maintain flight level four five zero

Nine six two to four five zero
((Short burst of static starts and continues until 1203:41,0))

((Initial sound of stacatto beats on radio approximately 18 He, continues
until 1203:57.4))

((Second sound of stacatto beats on radio approximately 18 Hz, continues
until 1203:59.9))

{('Third sound of stacatto beats on radio approximately 18 Hz, continuing
until 1204:01.4 and including a voice saying))

(Pull/put [out/oft/up]| the spoilers)

((The word "stalls" was heard by one person, most heard the word "spoilers"))
((Burst of static, no particular structure involved, continues until 1204:04.8))

((Sound similar to cockpit backgrcund noise followed by the voice of
the copllot saying))

Can't get It wp
It's in a spin
(Violent spinning) (ah #)

((Sound of statie, continues until 1204:21.8))




APPENDIX E
TIME &
SOURCE

1204:22.6
RDO-2

1204:23.8
RDO-]

1204:27.0
RDO-?

1204:30.3
RDO

CONTENT
Ch Jesus (Christ)

(Pull off the elrcuit breaker) ((or))
(Pull off the breaker) ((or))

(Puil off the *) ((or)

(Pull the # engine)

We're gonna ((conversation ends at 1204:27.8))

{(Sound of statie, continues until 1204:30.4))
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APPENDIX F
LEARJET ACCIDENT AND INCIDENT HISTORY

Some recent incldents and accidents Involving Learjet aircraft are discussed
hercin to present the background and the development of the corrective actions which
have been taken vefore and after the Northeast Jet accident. The relevance of these
accidents, incldents, and corrective actions to the Northeast Jet accident is discussed in
the analysis of this report.

On August 31, 1974, a Colorado Flying Academy Learjet 258, serial No. 151,
crashed near Briggsdale, Colorado. The airplane departed Denver at 1331 m.d.t. on a
training flight en route to Cheyenne, Wyoming, with two passengers aboard. The last
radio contact with the flight was at 13368 when the aircraft was at 17,400 feet. The sky
was clear with about 40 miles visibillty.

The Safety Board retrieved information from the aireraft's cockpit voice
recorder (CVR), Apparently, the Instructor pilot, in the right seat, decided to introduce a
runaway trim emergenay to the student pilot who was on his fourth lesson for his type
rating. The runaway trim maneuver followed an unusual attitude. About 1348139, it is
believed the Instructor stated "runaway trim" and the student stated 2 seconds later,
nokay turn it off." Three seconds later, the student stated "the. .. spoilers" and
4 seconds later, the instructor stated, "spollers can't do that." Three seconds later, at
1348:50, the landing gear and the overspeed warning horns sounded; the overspeed horn
warning continued to the end of tho recording at 1349115, At 13483586, 1t is believed the
Instructor stated, "can't plek up . .. pull.” A witness estimated that the alreraft was in a
45° dive angle, The alrcraft struck the ground in a wings level, 20° to 40° nosedown
attitude,

The instructor held ratings in tre Learjet Models 23, 74, and 25. He had
9,323 hours of flight time. His total Learjet flight time was not known. He had flowr the
Leacjet 130 hours in the past 90 days and had sccumulated 161 hours in the
Learjet Mcdel 25. The student's flizht experience was not known,

Examination of the wreckage disclosed that the landing gear, wing flaps, and
spollers were retracted at the time of ground impact, The horizontal stabillzer jackserew
was found in the full nosedovin position.

On October 20, 1978, a Kelco Aircraft Company Learjet 25, serial No. 019,
crasied 1.5 miles southeast of Viekery, Ohio. The sircraft departed the
Cleveisnd-Hopkins Airpert at 1019 ed.t. with a pilot, copllot, and an FAA Operations
Inspeatee on board for the purpose of glving the copllot an mairtaxi® flight check, The
filcht check was to consist of some "high work"™ maneuvers, such ao slow flight, stalls
(approach to shaker), steep turns, possible simulated emergencles, such as a runaway pitch
trim, an engine fire, and an emergency descent; and "low work,"” such as landings,
go-arounds, and simulated engine out maneuvers, The flight elimbed to 16,500 feet and,
at 1027, the crew advised the Cleveland ARTCC that they would be operating in the area
of the Sandusky VOR. About 8 minutes into the flight, at 1032:49, a sound similar to a
keyed tnlerophone was received by the ARTCC, followed by five statements of, "Pull up”"
in rapld sequence; then a final, but louder, "Pull it out" was recelved at 1023:20, It was
determined that the altitude alert had sounded at 1032:32, and 4 seconds later, the
overspeed warning horn had sounded. Witnesses reported observing the aircraft in about a
80° dive angle and they stated thay did not sea any smoke, fire, or pleces of the alrcraft
- separate before ground impaect,
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Both piiots held a type rating in the Learjet. The pllot had 150 hours and the
copilot had 230 hours In the Learjet.

Examination of the wreckage revealed that the wing flaps and the spoilers
were retracted at impact. The podtion of the landing gear could not be confirmed. The
hoclzental stabilizer trim actuator was positioned to a minus 2,69° This position equated
to a cruise speed of 276 KIAS, at the estimated gross welght end c.g. of the accident
aireraft. It was also determined that the afreraft accelerated to 306 KIAS(V_)insto 7
seconds, As a part of the Safety Board's May 1979 Study of Selected P} tormance
Characteristics of Modified Learjet Aircraft,” flight tests showed it would have required a
negative "g" maneuver to achieve such acceleration. Simulated nosedown runaway trim
conditions could not duplicate this condition. It was noted In flight tests that,
n..extension of the spoilers is not a viable procedure to nrevent acceleration in a
nosedovn trim runaway condition, Extension of the spoilers at V_ _ with full nosedown
trim required an elevator force estimated at 120 to 140 pounds td"Raintain level flight.
At 250 knots, the elevator force was measured at 98 pounds with full nosedown trim and
spollers extended.”

The Investigation of these accidents prompted research related to the
following key areas:

(1) Runsway pitch trim training techniques;
(2) The use of spoilers in a high speed recovery;
(3) The flightcrew's background and qualifications; and

(4) The filght contre! system--pitch serve clutch assemblies,
sutopilot/automatie flight control system, stall warning system, and the
effectiveness of the control cables, allerons and stabilizer/elevator
system at high speeds,

On March 2, 1979, the pilot of a Learjet Model 24B, serlal No. 209, operatad
by the Syntek Corporation, reported a longitudinal control problem while en route from
Greensboro, North Carolina, to Nashville, Tennessee, at FL 350. The pilot stated that the
stickshaker came on four times and he responded by turning the two stall warning
switches off one at a time. Each time he turned them back on, the airerseft would
abruptly piteh nosedown, and the assceiated stall warning switch cir~uit breakers would
pop. By deactivating the stall werning system, he was able to isolate the problem.
However, in spite f his action, he had difficulty with piteh contro) during the 'anding tut
was able to make a safe landing following four attempts at Greensboro. The pllot made a
10° flap landing at a higher than normal alrspeed and used the stabillzer trim for plteh
control,

The longitudinsl control problem was traced to the pitch axis servo drive unit
(electromagnetic cluteh). The cluteh contains ferrous powder which normally coagulates
ot packs into & solid mass when a magnetic field is introduced electrically by signals from
the autopilot or stall warning stickshaker/stickpusher system. The energized clutch then
transmits torque to the elevator control system In the appropriate direction. The powder
norm: iy decoagulates and the clutch rotates freely when electrical power iy removed.

Examination of the electromagnetic clutch of the Syntek alrcraft revealed
that the ferrous powder was packed without the presence ¢f electrical power. Such a
condition could produce a nosadown pitching moment with noemal operation of the
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antopllot which would require as much as 80 pounds of pull force on the control column to
counter. Bven without electrical power, the jammed cluteh would affect the breakout
foice and the force sradient of the longitudinal control system before the elevater could
be moved. Cates Learjet porsonnel theorized that moisture contamination causea the
ferrous powider to pack wnd jam the ecluteh, During previcus overhauls, Gates Learjet
pecoonnel hive found various degrees of moisture contamination.

The Safety Board examined the cluteh In its metallurgical laboratory and
found no foreign substances in the ferroun powder. However, some of the particles of the
powder continued to pack into small hard lumps. The reeson for this peculiarity was no:
datermined, but it was belleved that some undotermined property In the materlal was
causing the clutch to jam without tha presence of a magnetio field,

Although the Safety Board noted that Gates lLetrjet had discontinued use of
the electromagnetie clutech which was meanufastured by Jet Electronies (part
No. 2380068), in new alrcraft, 220 Learjets were equipped with the clutch unit at that
time, and it was a mandatory ltem {for flight. The clutch unit was the aame type installed
in the Keleco Alrcraft Learjet. The Greonsboro, North Carolina, incident prompted
concern that magnetic clutches may have baen a factor in the Vickery, Ohlo, accident,
As d result of the incident and accidents and in view of the potential catastrophic results
of control difficulties caused by jemmed elactromagnetic clutches, the Safety Board
issued safety recommendations A-79~21 tiwough -23 to the FAA on Aprll 18, 1979, (See
appendix H.)

In it investigation of the Yickery, Ohio, accident, the Safety Board identified

only two servo clutches which were the primary yaw units, These servo cluteh units were
corroded but the source of the ccerosion could not be identified. Of the remelning eight
servo clutch units installed in the aircraft, six exhibited no evidence of packing, onc was
destroyed, end the other was not located. Therefore, the ccndition of the pitch axis
eleatromagnetie cluteh units could not be determined.

As a result of the Syntek Corporation incldent Investigation, several actions
were taken by the FAA and the Gates Learjet Corporation to correct the magnetic clutch
problem., A temporary AFM suplement was issued prescribing specific emergency
procedurcd to follow in the event of a piteh sxis malfunction. Coples of the Safety
Board's recommendations were widely distributed and two operations bulletins daseribing
the problem were issued to all FAA field offices. In its response of July 16, 1879, to the
Safely Board's recommendations, the FAA stated that it believed It was not necessary to
restrict the operations of Learjets equipped with the electromagnatic clutches because of
the temporary AFM change. However, these procedures only proved to be Interim
measures with respect Lo the cluteh servo unit problem,

Between 0330 and 0400, on October 3, 1860, 8 National Jet Industries Learjet
25, serlal No, 010, experienced an upset while in cruise flight et FL 450 over Butler,
Missouri, The crew was on an alr taxi cargo flight from Columbus, Ohio, to Pueble,
Colorado. With the autopilot and altitude hold engaged. the aircraft smoothly but
suddenly pitched up, and It gained more than 300 feot before the copilot pushed the
primary teim switch to the nasedown position which disengaged the autopllot; the alrcralt
continued to deviate in a noseup attitude, Stall buffet wus encountered and the left
engine flamed out, Both pllots pushed full forward on the eontrol column and the copilot
gelected secondary trim and also turned off the stall warning switches in an attempt to
lower the nose, but to no avail. About 37,000 fest, the right enyine flamed out, The
afrcraft began to respond to control movements about 32,000 feet, and the engines wers
restarted between 24,000 and 28,000 feet. The crew diverted to Wichits, Kansas, where
they landed succesfully,
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The Safety Board's meteorological exemination of tho weather conditions
existing in the area of the flight disclosed the existence of an upper front with wind
shears greater than 10 knots per 1,000 feet. The Safety Board belioves that this condition
provided the potential for gravity waves 11/ and/or tutbulence at the aircraft's flight
level. The: wave action or turbulence would have existed in a shallow layer, probably less
than 1,000 fest thick. Based on the crew's statements of the incident, it was considered
possible that the alreraft encountercd the veetical component of a gruvity wave,

Inspection of the aireraft by the FAA and the Gales Learjet Corporation
disclosed that although the possibility of packed ferrous powder in the aircraft's electro-
magnetic clutch could have caused the control ¢ifficulty in the incident, the possibility
could not be verified during ground tests of the sa~vo unit, but the lack of success in a
ground test verifization is not unusual. It was noted that the amount of powder and the
amount of lubricant were not in accordance with specifications. Subsequent flight tests
and analysis of the findings caused engineers to cor:clude that the control difficulty could
have bean cause by a packed pitch axis electromagnetin clutch,

At the conclusion of the investigation, the FAA Iissued Emergency
hy ~80-22-10 (see appendix G) on October 23, 1980, which required deactivation of the
pitch function in the FC-110 autopilot AFCS or AFC/SS until the alectromagnetic
clutches had been replaced with ths improved, in-production d.c. torquer clutches (motor
drivern) along with certain other changes. The d.c. torquer clutchas have continuously
been instelled since the model 258, serial no. 067. Other changes required by the AD
involved inspention of the autopilot trim coupler cirewdt board to assure that proper
transistors were Installed, and incorporation of a piteh trim monitor preflight test switeh
slong with appropriate changes to the AFM, Upon sccomplishment of these itams, the
autopilot piteh axis funotion could be restored. Operators were given until Apeil 1, 1681,
to meke the changes.

In regard to the transistors in the trim coupler board in the autopilot computer
of the National Jet Industries Learjet, tests for faults were negative, The transistors
installed were Delco germanium which are believed to be more resistant to thermal
runaway failures than the gerinanlium transistors built by other manrufacturers. Such &
failure could cause a disturbance In the pitch axis of the alreraft, According to the
manufacturar, this situation would normally be preceded by spurious autopilot disconnects
becausa the trim monitor would s2nse an incorreot electrical phase relationship between
stabilizer and elevator trim positions. In other words, the trim coupler would have
disconnected the autopilot If an unwanted trim moiion of the stabilizer oscurred. The
control force required to maintain the desired flight attitude at the time of a disconnect
under this condition might range anywhere beiween 10 and 80 pounds. However, a pilot
would still retain eievator control, but it could be limited depending on the amount of
stabllizer mistrim present at the time of the disconneot. Therefore, a pilot may receive
some kind of warning of a potential significant disturbance in the autopilot before control
difficulty would become substantial., In sn attempt to peevent this type of failure from
recurring, the FAA ordered compliasice with the eppropriate Jet Blectronies Service
Bulletins SB 4-2020-30, -32, -33, or -34, which are a part of Gates Learjet's aireraflt
modification kit, AMK 80-168, mentioned in the airworthiness directive.

e R, R i adia Mt ol ki

On Apeil 13, 1980, Thurderbird Alrways, Inc., Learjet 250, serial No, 196, wes
on & return filight from Vernal, Utah, to Houston, Texas, at FL 410, after having
completod en air texi cargo flight. About 1716 e.8.t, the Albuquerque, Hew Mexico,
ARTCC heard the sounds of a keyed microphone and a Mach overspeed warning horn with

11/ Atmospheric gravity waves are a disturbance in which bouyancy (or reduced gravity)
acts as the restoring force on percels of sle displaced from iiydrostatic equilibelum.
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a lot of background noise, It was apparont that the flight was in difficulty, and that the

ot attemptod to identify himsalf and asked for & lower sltituds, hut did not make any
urther discernable transmissions. The alrcraft ontered what was belisvedt to be a steep,
high spoed descent and impacted § miles west of Cor'on, T'exas,

Invertigation of this accident disclosed a relatively high probability of clear
alr turbulened in the area at the altitude the sircraflt was transiting. It was determined
that at ths tiine of impact, the landing gear ond flaps were retracted, the spollers were
extended, and thu stabllizer actuator jackacrew wes in the full nosedown position. The
alreraft was equippad with d.c. torquer clutches, rather than electromagnetic clutches in
the mtopilot system, The alreraft's autopilot computer wes equipped with the non-Deleo
geemanium transiators, The transistors were destroyed and tests for the possibility of
their failing cowld not be perfarmed, As a result of this ponsible type of failure, this
eccident, and the National Jot Industries incident, the trim monitor test feature was
incorporated Into the antopilot system as required by AD 80-22-10, which was later
mpersided by AD-80-28-03,

In response to a Safety Board lotter requesting flight test data for the
nosedown trim runaway condition, Gates Learjot reported in a letter dated Dacember 15,
1980:

The enclosed data was recorded. .. on 8 Model 25B (with the FAA
aboard) on Pebruary 27, 1875, Stabilizer load flight test data is not
availabie. Note that the runaway was stoppaed after thres seconds;
not allowed to run to the stop. In the one case at 300 KIAS, the
trim was eun o the stop and required an 85 pound pull to hold the
airspeed. There is no Model 235B flight test data availedle to
directly correlats tho comp:ter scenario of running the trim to tne
stop with a three second delay in any action by the pilot. in ihe
flight test wheil the trim was run to the stop, the test pilot did
have his hands on the wheel,

As a result of these accidents and incioents, the Safety Board issued
recommencdations A-80-53 through 55 to the FAA on June 27, 198¢. (See appendix H.)

In its responss dated Septomber 23, 1980, the PAA stated that with regard to
recommendation A-80-53, part of an evaluation had already been esccomplished in
conjunction with the Salfety Board's February 1979 "Study of Selected Performance
Characteristics of Modilied Lesarjet Alreraft,” The FAA stated that a separate
investigation was initiatad on June 17, 1980, to sccomplish & certification roview of the
Lesarjet. In addition, they stated that their Office of Flight Operations had established a
sepca:‘tie lte}am to "review the adequany and effectiveness of Learjet crew training." (See
appendix {,

On December 7, 1980, the flightcrew of Learjet 23, sarial No. 054, operated Ly
wontinental Oll Company, oxperienced a simultaneous NMameout of both engines at about
49,000 feet while the alrcrsft was climbing to PL 430 northesst of Childress, Texas. The
egines were ale started passing through 1.,000 feet, and a precautionary landing was
made at Childress. Rxterslyo examinaticn and testing of the CJ810-8 engines by General
Eleotrlc disclosed that the flameouts were cawsed by reduced engine stall margin due to
oxcessive blade tip clearance and excesiive compressor oase runout., As a rosult of its
investigation of this incldent, the Safety Board Issued recommendation A-81-68 to the
FAA on June 29, 1081, (Sse appendix H.)
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AIRWORTHIN XSS DIRRCTIVES

GATES LEARJET
Alrworthiness Directive
Letier
Volune 1 & 11

80-19-11 GATES LEARJET: Letter d{ssued September 9, 1980,
Applies to” the Tfollowing models and serial number airplanes,
unless noted:

MODELS SERIAL NUMBERS
23-003 through 23-099
24, 24p 24-100 through 24=-180
2B, 2LB-A 24-181 through 24-217
: 24-219 through 24-229
2uC, 24D, 24D-A 2u-218, 24-230 through 24-328
24E, 24F, 24F-A 24-329 and subsequent
25, 25A 25-003 through 25-060
258, 25¢C 25-061, 25-067 through 25-201,
’ 25-204, 25-205
25D, 25°F 25-206 and subsequent
28, 29 28-001 and subsequent,
29-001 and subsequent
35, 36, 3S5A, 36A 35-001 and subsequent,
36-001 and subsaquent

COMPLIANCE: Required as indicated, wunless previously
accomplishad.

A) Before  further flight, insert the followirng
information in the FAA Approved Pirplane Flight Manuval and
operate the airplune in accordance with these insertions:

1. in Section, 1, LIMITATIONS, adjacent to ATRSPLED
LIMITS,: MAXIMUM OPERATINI SPEED VMNO/MMO:
a. Delate any procedures relative to exceeding VMO
or MMO.
b, Add the following limjtation:

WARNING: Do not extend the spoilers, or operate with
the spoilers deployed, at speeds above VNO/MNO due to
the significant nose down pitching moment associated
with spoiler deployment,

2. In Section 1, LIMITATIONS, add a new limitation:
TRIM SYSTEHNS .

. a, To assure proper trim sy “ms operation, the
BEFORE  STARTING FENGINES wrim  syst..m checks must be
successfully completsd befcoxe each flight,

* WARNING: Fajlure to conduct a cormplete pitch trim
preflight chack prior to each flight increases the probability
of an undetected system fallure. An additiornal single failure
in the trim system could result in a runaway. 1In certain
critical flight conditions an unrestrained runaway could
result in high speeds, severe buffet, wing roll off, loads in
excess of structural limit and extremely high forces necessary
for recovery.
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b. Pitch trim syeten runaway trxaining that actually
{nvolves rxunning the trim in flight to simulate malfunctaons
is prohibited.
3. In Section 1, LIMITATIONS, adjacent tqQ STALL.
RARNING SYSTEM, add the following: _
Cn Models 23, 2u, 23A, 24b, 2u4B-A, 24D, 28D=-A, 25,
2hA, 258, and 25C with unmodified wings, and thc sarne models
with Howard/Raisbeck Mark 11 wings:
WARNING: Do not intentionally fly the airptane
slower than initial stall warning (shaker) nnset.
b, In Section 1, LIMITATIONS, i1djacent to YAW DANPER:’
a. Delete any references to disengaging the yaw
damper befcre landing, or landing with the yaw damper angaged.
b. Add the following yaw damper requirements:

On landing, the following yaw damper disengage
procodures shall apply:

(1)  The airplane shall be configured for landing
at least 500 ft. AGL for normal landing:

(2) The yaw darner shall be dissangaged during the
landing flare.

CAUTION: 1I1f landings are attempted 4n turbulent
air conditions with the yaw damper OFF, the airplane may
exhibit undesirchble lateral-directionsl (Dutch~-Roll)
characteristics. 1*os2 characteristics are improved as the

wing/tip fuel is consumed. The pilot shail observe the NOTE
rejiative to turbulence contained in the JEFORE LANDING section
of Section I1 of the Airplane Flight NManual and increase
ajrspeed as required,
5. In Section 1II, HORMAL OPERATION  PROCEDURES,
adjacent to BEFORE STARTING ENGINF3 Procedures:
a. Delete current preflight procedures on all trim

systems,
b. Add the following new trim systen preflight
checks:

NOTE: come early Model 23, 24 airplares
incorporate a cutoff button that interrupts pitch, roll and
yaw axes.

(1) Pitch Trim Selector Switch -~ EMER {(or SEC).

(2) - Operate LMEKRGENCY (oxr SEC) pitch trip switch
NOSE UP and NOSE DOWN and check for stabilizer movement.
Stabilizer movement will be approximately one-half of the rate
of primary trim,

(3) Tither Control Wvheel Trim Switch - Operate
NOSE UP and NOSE SOWN., Trim motion shail not occur.

(4) DPitch Trim Selector Switch ~ OFF.

{5) Actuate pilot's and copilot's Control Wheel
Trim, and Trim Arming Switches {if applicsble! and pedeital
EHERQENCY (ox SEC) Pitch Trim Bwitch. Trim potion shall not
occur',

(6) Pitch Trim Selector Switch - NORM (or PRX)

{7) EMERGENCY (or SEC) Piteh Trim Switch
Operate NOSE UP and NOSE DOWN, Trim motion shall not nccur.

NOTE: Omn all Model 2) airplanes and Vlodel 24
(serial Number 24- 100 through 20-169) airplanes, except for
those incorperating Accessory Kit AAK70-3, trim motion will
occur,
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(8) Pilot'e Control Wheel Trim Switch - Without
dapresaing arming button (if applicable), move switch to LwD,
D, NKOSE UP, and ROSE DOWN; trim motion shall not ovpur.
Depress arming button (if applicable): trim motion shall. not
ocdur,’ Then depress asrming button ({f applicable) ard*move
ewitch to LWD, RWD, NOSE UP and NOSE DOWN; trim motion shall
occury,

(9 Repeat Step (8) for Copilot’'s Control Wheel
Trim Switch. .

(10) Trim by positioning Copilot's Control Wheel
Teim Switch in one direction: then trim in opposite direction
using the Pilot's Contvol Hheel Trim &witch. Pilot's «rim
shall  ovarride ' the Copilot's trim. Raneat for all lateral
and pitch txim positions.

(11) Pilot's Control Wheel Trim Switch -~ NOSE UP.
While trimming, depress Control Wwherl Master Switch (if
applicable) or Cutoff Button (if applicable); trim motion
shall stop when the Control Wheel Master Switch 4s held.
Repeat*® procedure for NOSE DN condition; trim motion shall
stop. Repeat procedure for 1WD § RWD lateral trim on
airplanes equipped with Cutoff Button, (The procedures in
this paragraph are not appiicable to Model 25, S.N. 25-003
through 25~205 and Model 24, S§.N. 24-170 threcugh 24-328,

except trose airplanes nodified by AAK?6-4A).

{12) Ropaat Step (11) wusing copilot's Control
Wheel Trim Switch, and Control UWheel Master Seitch (if
applicable), or Cutoff Button (if applicable).

(13) YAW TRIM Switch = Operate each  half
separately (if installed):; trim motion shall not occur.

{14) YARW TRIM Switch = Operate both halves
sinultanecusly; trim motion shall occur. On aircraf: with
Cutoff Button, check thit the Cutoff Button stops the trim,

(1S) 'frim ~ Set all axes for takeoff.

6. In Section 111, EMERGERCY PROCCDURES, add a rew
PITCH UPSET (NOSE-UP or NOSE~-DOVWN) Emergency Procedure:

A nose-up pitch axis malfunction or nosze-up <Hitch
trim system runawvay c2a . result in extrermely high
pitch attitudes, heavy airframe Dbuffet, and
require control forces in excess of 75 pounis for
recovery.,
A nose~-down pitch axis malfunction, nose-down
pitch trim system runaway, or nose-down overspeed
can result in extremely high airspeeds and require
control forces in excess of ‘75 pounds for
recovery. WARNING: Do not extend spoilers on any
nose-down pitch upset ut any speed due to
significant nase-down pitching moment assocjiated
with spoiler deplioyment.

NOTE: Contro) pressures may be heavy. Copilot

assistance is recomrended with this procedure,

IMMENDIATELY S

a. Attitude Control - As required to maintain -
aircrxaft control.
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WARNING: Do not axtend spoilers on any

nose-down pitch upset at any speed due to

significant nose-down pitching moment associated

with spoiler deploymant.

NOTE: Control pressures may be heavy. Copilot

assistance is recommended with this procedure.

IMMEDIATELY:

&, Attitude Control - As required to maintain
ajircraft control,

- If in nose-up attitude. roll into bank ~x
maintain existing bank until the aircraft nose passes through
the horizon.

- If in nose-down attitude, 1level the wings
before pulling the none up.

b. Thrust levers - As required. (If in nose-down
attitude, immediately reduce thrust levers to IDLE position.)

c. Control Wheel Master Switch or Cutoff Button -
Depreess and hold until step g. is accomplished.

d. PITCH TRIM Selector Switch - OFF.

@. STALL WARNING Switchas - OFF.

WARNING On any speed excursions beyond MMO, the

elevator control must be smoothly and steadily

applied to prevent encountering excessive aileron

activity and airframe buffet. Beyond .85 M1, a

1.5 g pull-up may be sufficient to excite aileron

activity and thy g level must be limited to that

required to maintain lateral control,

AFTER AIRCRAFT CONTROL IS REGAINED:

f. Spo.lers - Check retracted.

g. Autoplilot's Pitch Circuit Breaker =~ Pull,

h. I1f control force continues, select other trim
system and retrim the aircraft.

i, Isolate malfunctioning system by switching
systems ON one at a time, Pause between activating each
system to determine the defective system,

7. 1In 3ection IV, PERFORMANCE DATA, adjacent to the
appropriate takeoff charts, add the following:

Increase all Char% V1, VR and V2 gpeeds by:

a. Model 23, 24, 24A, 24B, 24B-A, 24D, 24D-A, 25,
25A, 25B, 25C, with unmodified wings, plus 5 KNOTS 1Indicated
Airaspeed.

bo MOdel 23' 2“. 2““; 2“8' 2"8"&, 2"0' 2“D"A' 25‘
25A, 25B, 25C, with Howard/Raisbeck Mark II wings, plus 5

KNOTS Indicated Airspeed. (Increase applies to FPLAP 10 and

PﬁAPt fo chaxts, and is not applicable to PLAP 10 OVERSPEED
chart,

8. 1In Section 1V, PERFORMANCE DATA, adjacent to each
TAKEOFF DISTAMCE CHART, add the following:
Increase all chart takeoff distances by:
a. "0d.1 23' 2“; 2“&; 2“5' 2“3'&3 2°D' an-A; 25'
a5A, 25B, 25C, with unmodified wings, plus 10%.
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wright is above 14,500 lbs. For takecff weights above 14,000
l1bs. and below 14,500 lbs., reduce the weight to 14,000 1bs.
Takeoff weight reduction not applicable to FLAP 10 OVERSPEED.
10, 1In Section 1V, PERFORMANCE DATA, adjacent, to
LANDING AFPROACH SPEEDS chart, add:- the following: —_—
Increase all chart Lending Approach Speeds. by:
a. Model 23, 24, 24A, with unmodified wings, plus
8 KNOTS, Indicated Airspesed,

. b, Model 23, 24, 24a with ECR 1736 (CJ610-6
engines and increased gross weight), and Model 24B, 2yB-},
24D, 24p-A, with unmodified wings, plus & KNOTS Indicated
Airspeed,

| c. Model 25, 25A, with unmodified wings, plus 3
KNOTE Indicated Airspeed. '
‘. d. Model 25, 25A, with unmodified wings with ECR
936 (AAK 70-5), plus 5 KNOTS Indicated Airspeed,
. e. Model 25B, 25C, with unmodified wings, plus §
KNOTS Indicated Airspeed.

R ) f. "od.l 23; 2“. 2“&; 2“3' ZUB-A. Z“D: 2"0“5; 25'
25A, 25B, 25C, with MNoward/Raisbeck Mark II wings, plus 5
KNOTS Indicated Airspeed.

11. In Section IV, PERFORMANCE DATA, adjacent to each
LANDING DISTANCE CHART, add the following: Increase all chart
landing distances by:

a, Model 23, 24 and 2ta, with unmodified wings,
plus 10%.

b. Model 23, 24, 24A with ECR 736 (CJ610-6
engines and increased gross weight) and Model 2UB, 24B-A, 24D,
2iD-A, with unmodified wings, plus 5%.

¢. Model 25, 25A, with unmodified wings, plus 4%,

d. Model 25, 25A, with unmodified wings with ECR
936, (MAAK?0-5) plus 7X%.

e. Model 2B, 25C, with unmodified wings, plus
7%.

fo MOdal 23. 2"‘ 2"A’ 2“8; 2“B‘A; 2“0' 2“D“A' 25’

25A, 25B, 25C, with Howard/Raisbeck Mark 11 wings, plus 7%.
12. In Section IV, PERFORMANCE DATA, adjacent to the

LARDING WEIGHT LIMITS CHART, add the following:

Reduce the Limiting Weight-Brake Enexgy landing
weights as follows:
) a. Mode. 3, 24, 24A, with unmodified wings, 800
bs.

b. Model 23, 24, 24A, with ECR 736 _(CJ610-6
engines and increased gross weight), and Model 24B, 2uB-a,
24D; 2uD~A with unrodified wings, 400 1lbs,

. c. Model 25, 25A, with unmodified wings, 300 1lbs.
. d. Model 25, 25A, with unmodified wings with ECR
936 (AAK70-5), $00 lbs.
1b e. Model 25B, 25C, with unmodified wings, 500
B.

f. Model 23, 24, 2uA, 24B, 2uB-A, 24D, 2up-r, 25,

25A, 25B, 25C, with Howard/Raisheck Mark I1I wings, $00 1bs.
NOTE In order to comply with the requirements of
paragraph A of this Aixworthiness Directive, this AD, or a
duplicate thereof, may ba used as a temporary amendment to the
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Alrplane Flight Mcnual and carried in the aircraft as part of
the Airplane Flight Manual until replaced by the identical
Yevisions to the Airplane Flight Manual provided by the
manufacturer and approved by the FAA., The temporary Airplane
Flight Manual Changes required by paragraph A} of this' XD ma
be accomplished by' the holder of at least a private pilo
certificate issued under Part 61 of the Federal Aviation
Regulations on any airplane owned or operated by that person
who must make the prescribed entry in the Airplane Maintenance
Records indicating compliance with paragraph A) of this-AD.

B} Except for the roll axis of the FC-200 autopilot
installed on Model 35, 35A, 36 and 36A airplanes, within the
next 75 flight hours, conduct the following inspections te
assure capability of manually overriding the Automatic Flight
Control Systens:

1. Energize the airplane electrical system by
applying 28 VDC electrical power.
2., Roll Axis
a.” On alrplanes equipped with FC-110 autopilot,
remove the electrical power from the FC-110 Autopilot
Computer., Open the computer and identify the Roll Calibration
Board. On the Roll Calibration Board, temporarily install, in
parallel with Ri18 (32 ohm) resistor, a 39 ohm, one watt
resistor, Restore the electrical power and engage the
Autopilot with the control wheel centered and verify that the
roll slip clutch breakaway occurs by rotating the control
wheel briskly (45 degrees per second) in poth directinns., 1If
slippage {8 not verified, remove the capstan and adjust to
proper torque per the appropriate Gates Learjet Service
Manual. Return Autopilot Computer to original configuration
and accomplish a functional check of the autopilot,
3. Yaw Axis
a.” Lffective on all models:
(1) Che-2k and adjust the yaw capstan slip clutch
torque (primary and secondary where applicable) in accordance
with the appropriate Gates lLearjet Service Manual,

4., Pitch Axis
a.” EIfective on Models 2uD, 2uD-A, 2&E, 2uF, 24F-A;,
25B, 25C, 25D, 25F, 28, 29, 35, 35A, 36 and 36A airplanes and
airplanes incorporating Gates Learjet Kits AAK71-12 or AMV80-3
(torquers):

(1) wWith the Autopilot disengaged, turn on both
stall warning switches and move the contrql wheel forward and
aft at a rapid rate (one second - stop to stop). Note the
drag associated with control movement. Turn off the stall
warning switches and repeat the rapid fore and aft movement.
Nots the decrease in drag, which is an indication that the
electric disconnect c-lutch functions properly by disconnecting
the drag ol the pitch servo (torquer) from the control system,

b. Effective on Models 23, 24, 2uB, 2uB-A, 2u4C, 25
and 25A airplanes excopt airplanes incorporating Gates Learjet
Kits AAK?71-12 or AMK80-3:

(1) Check and adjust the pitch capstan slip
clutch for proper torque in accordance with the appropriate
Gates Learjet Service Manual.
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C) ©On airplane Models 35, 35A, 36 and 36A, within the
next 150 flight hours conduct the following inspection of the
FC-200 autopilot roll axis to assure capability of manujlly
overriding that axis of Automatic Flight Control Systems: ,

' 1. Energize the airplane electrical aystem* by
applying 28 VDC electrital power.

2. Check and adjust the roll capstan slip clutch for
proper torque in accordance with the appropriate Gates Learjet
Service Manual.

D) Submit a written report of any c.t of tolerance of
roll, yaw, or pitch axis capstan slip torque to the Federal
Aviation Administration, Aircraft Certification Program, PFoom
238, Terminal Buliding 2299, Mid-Continent Aixport, Wichita,
Kansas 67209, (Reporting approved by the 0ffice of 'Managenent
ang.Budget Order OH3 No. O04-RO174,)

E) To assure proper operation of the 5tall Warning
Accblerometer Unit, Yarform, witnain the next 25 flight hours,
inspection of the Stall Warning Accelerometer in accordance
with appropriate Gates Learjet Service Bulletin 8B 23, 24, 25-
301A, §&B 28, 29-27-3A, or §B 35, 36-27-12A. Submic a written
report on any djscrepancy discovered during this inspection to
Federal Aviation Administration, Aircrxaft Certification
Program, Room 238, Terminal Building 2299, Mid-Continent
Alrport, Wichita, Kansas 67209. (Reporting approved by Office
of Menagemont and Budget Order OMB No. 0u4=R0OV74.)

NOTE: The owner/opzrator is responsible for
submitting reports required by this AD.

F} Airplanes may be flown in accordance with FAR 21,197
to a location where alterations and inspections required by
this direct.ve can be accomplished.

be aG) Agybquﬁvaéggtfmegzod of compliance with this AD n.st
pproved by the e rereft Certificatd
Ceritral Region. ' : on Program, FaA,
aupazhis Em:igengg Airvworthiness Directive (AD) letter
sedes e ergency AD letter dated August 4,
80-16-06, oi this same subject. 3ne + 1980, AD

This airworthiness directive baco
receipt. mes effective upon

FOR FURTHER JRFORMATION CONTACT:

Larry Maljr, Aidrcraft Certification Program, Systems and

Equipment Section. Federal Aviation Administration, Room 238,

Terminal Building 2299, Mid-Continent Airport, wi .
67209, telephone (316) 942-4281. port, Wichita, Kansas
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GATES LEAR'ET
Ajrworthiness Directive
Final Copy of Letter
Volumes I & 11

s LA

80-26-02 GATES LEARJET: Amendment 39-4015, Applies to 23,
24, 25, 78 and 29 series airplanes certificated in all
categories.

COMPLIANCE: Required as indicated, unless previously
accomplished in accordance with AD 80-22-10,

35 Before further flight:

1. Deactivates the pitch Zfunction of the FC-110
Automatic Flight Control Eystem (AFCS) or AaAuvtometic Flight
Control Stability System (AFC/SS), as 4indicated below, by
pulling the AFCE Pitch DC Circuit Breaker to the ofs position,
banding it to prevent use of this function and chocking to

t or

assure this function 4is the only deactivated circu
control:

.F L

- .
M

SERIES SERIAL NUMBERS LOCATION

23 003 thru 014 Pilot’s Switch Panel
-~ 015 thru 099 Pilot's Sub Panal

24 100 thru 139 Pilot's Sub Punel
(except 131, 132 ¢ 134)
131, 132 ¢ 1354 Pilot's circuit breaker panel
140 thru 229 Auvtopilot computer rack
(under pilot's seat)
230 and up Pilot's nircuit breaker panel

003 thru 069 Autopilot computer rack
(except 032) {undexr pilot's seat)

032 Pilot's Sub Panel

070 and wup Pilot's circuit breaker panel

28 001 and up Pilot's circuit kreaker panel
29 001 and up Pilot's circuit breaker panel

2. Install a locallz fabricated placard on or neax

the autopilot control he2d in clear view of the crew, using
letters at least 3/32 inch high, which reads:

AUTOPILOT PITCH AXIS INOPERATIVE

OBSERVE APPROPRIATE AFM AIRSPELD LIMITATIONS
FOR INOPERATIVE AUTOP.L'OT

and oparate the airplane in accordance with this placard.

3. 1Insert in the appropriate section of the existing
Airplane Flight Manual (AFM) the FAA approved temporary
Airplane Flight Manual Change dated Octoler 22, 1980,
pertaining to emergency procedures for pitch axie¢ ifunction.
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| B) On or before April 1, 1981, accomplish all of the
following at a Gates Leariet authorized service center holding
appropriate FAA repair station ratings (see attached list):

1. Visually inspect the elevator control system to
assure that Pitch Axis Servo (D.C. lorquer), P/N €600163~( )
is installed.

a) If installed, modify the airplane by
intorporating autopilot pitch ¢trim monitor test switch in
actordance with Gates Learjet Airplane Modification Kit AMK
80~16B, Change 2.

b) Xf not installed, modify the airplane by
replacing the pitch servo actuator and capstan and
incorporating autopilot pitch ¢trim mnonitor test switech in
accordance with Gates lLearjet Airplane Modification Kits AMK
B0-3, Change 4, and AMK 80-16B, Change 2; respectively.

2, 1Insert in the appropriate sections of the existing
Airplane Flight Manual (AFM) the FAA approved temporary
Airplane Flight Manual ~hanges dated October 22, 1980, for
autopilot trim monitor.

C) When paragraph B of this AD has been accomplished, the
requirements of paragraphs A)1. ardl 2. of this AD are no
longer applicable.

D) Airplanes may be flown in accordance with FAR 21,197
to a location where the reqguireinents of this AD can be
accomplished provided the autopilot is not operative during
that flight.

) Any equivalent method of compliance with this AD must
be approved by the Chief, Rircraft Certification Program, FAA,
Central Region, Room 238, T:vminal Building No. 2299, Mid-
Continent Airport, Wichita, Kansas 57.209.

This AD supersedes AD 80-22-10,

This amendment bacomes effective on Januvary 15, 1981, to
all persons except those to whom 4t has already been made
effective by an airmail letter from the FAA dated December 11,
1980, and is identified as AD 80-26-02,

FOR FURTHER INFORMATION CONTACT:

Larry Malir, ACE-213, Aiccraft Certification Program, FAA,
Room 238, Terminal Building No. 2299, Mid-Continent Airport,
Wichita, Kansas 67209; telephone (316} 942-4281.,
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EMERGENCY AIRWORTHINESS DIRECTIVE

DEPARTMENY OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

L . ! §

PLWHY BTANDLRGS NATIONAL FIfLD OFP
0 001 1NOB2 ' “
ORLAHOMA SITY, OXLANOMAE 23188

Decembear 11, 1980

Our records indicate you are thz owner of one or more Gatee
Loarjet 23, 24, 25, 28 and 29 series airplanes, An emergenc
Afrworthiness Directive (AD) letter, AD 80-22-10, ate
October 23, 1980, wvas mailed by the FAA to registered owners
N of the aforemantioned Gates Learjet series airplanes. The AD
) e required, r-ior to further flight, deactivation of the FC~110

1 autopilot pitch axis &and compelled the crew to observe
appropriate Airplane Flight Manual (AFM) limitations for an
inoperative autopilot and emergency procedures for pitch axis
4 ma.function. The AD further required on or before January 1,
: : 1981, modification of ¢the airplane by requiring {n
-4 replacement of the existing pitch axis servo and capstan with
a D.C. torquer, (2) inSﬁection of the autopilot <¢rim coupler
; board to assure that the proper transistors are installed and
, (3) incorporation of a trim monitor preflight test switch.
: Upon accomplishnent of these three reguiraments, end &ean
addition to the AFM describing the function and use of the
trim monitor, the autopilot pitch axis may be reactivated.
Inmediate adoptich and effectiveness of AD 80-22-10 was
necessary to reduce the hazard created by a possible pitch
axis malfunction which, if not detected, could result in a
hazardous flight attitude,

Pt E A e b B B &

Subsequent tc the issuance of AD 80-22-10, the manufacturer
revised Airplane Modification Xits AMK 60-3 and AMK 8v-16,
AMK 80-3 yxeferred to in paragraph B)i.b) of the AD hes becn
revised to include Change 4, This change {incorporates a
revised Jet Electronics and chhnolog{. Inc, (J.E.T.) Service
Bulletin, a Parts Required List clarification, and footnotes
to the kit instructions. AMK £0-16 referenced in paragraph
B)1.a) and b) of the AD has been reidentified as AMK 80-163,
Change «. Revision B added a relay assembly to the trim
preflight test circuitry and Change 2 specified an operational
chr* of the Autopilot Pitch Trim System plus parts 1list
ch.t 28, The temporary Airplane Flight HManual referenced in
paragraph B)2 of the AD hears the date of October 21, 1980,
This date is incorrect. It should relflect the date of October
22, 1980, Numerous operators and other interested persons
have objucted to the compliance daste of January 1, 1981,
xeferenced in paraqragh P) of the AD. The basis for these
objections is the insufficiency of time and work facilitles
for the nine service centers listed in the AD to accomplish
the ro?uirad modificaticns., The FAA has investigated the
situation and has veritied the accuracy of these objections.
Consequentiy. the compliance time is boing extended to April
1, 1981, Concurrently, six additional service centers are

EMERGENCY AIRWORTHINESS DIRECTIVE
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being added that are authorized to accomplish the
modiZications. This action will prevent an undue hardship
which would be caused if opsrators are forcoed ¢to terminate
cperations because of service centor workload and will not
adversely compromise the nafe operation of ummcdified
airplanes.

Bince the condition describsd herein is likely to sexist ox
develop in other ajrcraft of the same type design, an
emergency AD Is being issued, suparseding AD 20-22-10. This
new AD will rofterate the substance of AD 80-22-10 and, at the
same time, incorporate the changes mentiioned herein. The
superseding AD will not reguire vrepetition of those
requirements previously accomplished by AD 80-22-10,

Pursuant to the authority of the Federal Aviation Act of 1988,
as amended, delegated to me by the Administrator, the
following Afrworthiness Directive (AD) is effective
immediately on receipt of this letter and reads as follows:

80-26-02 GATES LEARJET: Letter {gsued December 11, 1980,
Applies to 23, 2U, 25, 28 and 29 series airplanes certificated
in all categories.

COMPLIANCE: Required as i{ndicated, unless previously
accomplished in accordance with AD 80-22-~10,

A) Before further flight:

1. Deactivate the pitch function of the FC-110
Automatic Flight Control System (AFCS) or Automatic Flight
Control Stability System (AFC/SS), as indicated below, by
pulling the AF( »itch DC Circuit Breaker to the off position,
banding it to prevent use of this function and checking to
alsurelthis function 4{s the only deactivated circuit or
controls

SERIES SERIAL NUMBERS LOCATION

23 003 thru Ot4 Pilot's Switch Panel
015 thru 099 Pilot's Budb Panel

24 100 thru 1239 Pilot's Budb Panel
(except 131, 132 ¢ 134)
134, 132 ¢ 134 Pilot's circuit breaker panel
140 thru 229 Autopilot computer rack
(under pilot's seat)
230 and up Pilot'a circuit breaker panel

003 thru 069 Autopilot computer rack
(except 032) (under pilot's reat)

032 Pilot's Sub Panel
070 and up Pilot's circuit breaker panel

001 and up Pilot's circuit breaker pansl

001 and up Pilot'n circuit breaker panel

i o 8 AP e gl A RS Wi
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2. Install a loc311¥ fabricated placard on or near
the autcpilot control head in clear view of the crew, uaning
Jatters at least 3/32 inch high, which reads:

AUTOPILOT PITCH AXIS INOPERATIVE

OBSERVE APPROPRIATE ArM AIRSPEED LIMITATIONS
FOR INOPERATIVE AUTOPILOT

and operate the airplane in accordance with this placard.

3. Insort in the appropriate section of the existing
Airplane Flight Manual (AFM) the FAA approved temporary
Airplane Flight Manual Change dated October 22, 1980,
pertaining to emergency procedures for pitch axis malfunction.

B) On or before April 1, 1981, accomplish all of the
following at a Gates Learjet authorized service center holding
appropriate FAA rogair station ratings (see attachzd list):

1. Visually inspect the elavator controcl system to
casure that Pitch Axis Servo (D.C. Torquer), P/N 6600163~ )
is installed.

a) If installed, modify the airplane by
incorporating autopilot pitch ¢trim monitor test switch in
sccordance with Gates Learjet Airplane Modification Rit AMK
80-16B, Change 2.

b) If not 4dnstalled, modify <the airplane by
replacing the pitch gservo actuator and capstaa and
incorporating autopilot pitch ¢trim monitor test switch in
accordance with Gates Learjet Airplane Modification Kits AaMK
80-3, Change 4, and AMK 80-16B, Change 2, respectively.

2. Inserc in the appropriate sections of the existing
Alrplane Flight Manuval (AFM) the FAA approved temporary
Airplane Flight Manual changes dated October 22, 1980, for
autopilot trim monitor,

C) Wwhen paragraph B of this AD has been accomplished, the
requirements of paragraphs A)1. and 2, of this AD are no
longer applicable.

D) Afrplanes may be flown in accordance with FAR 21,197
to a location where the requirements of this AD can be
accomplished provided the autopilot is not operative during
that flight.

E) Any eguivalent meithnd of zompliance with this AD must
be approved by the Chief, Aircraft Certification Program, FAA,
Central Region, Room 238, Terminal Bullding No., 2289, Mid-
Continent Airport, Wichita, Xansas 67209,

This emergency AD supaersedes AD 80-22-10 and is effective
upon recoipt.

POR FURTHER INFORMATION CONTACT:

Larry Malir, Adrcraft Certification Program, syatems and
Equipment Section, Federal Aviation Administration; Room 238,
Terminal Building 2299, Mid-Continent Afrport, Wichita, Kansas
67209;: Telephone (316) 942-u281,
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GATES LEARJET
Airworthiness Directive
Volume | & 1}

81-16~-08 GATES LEARJET: Amendment 39-4184, Applies to the
following “HMOdELE ~— &nd serial number airplanes certificated in
&ny category:

MODELS SERIAL NUMBERS LEARJET AFM DESIGNATION

¢4E, 24F 350, 352, 353, 354, 24-350, 2u4-352, 24-353,
356, and subsequent 24~-354, 24~356 and subsequent

25D, 25F 206 thxu 336 25-206 thru 25-336, 25-338 thru
338 thru Iy 25-341

COMPLIANCE: Required as indicated, unless previously
accomplished.

To assure that the crew is provided with limitations for
the safe operation of the airplane and to reduce the
possibility of an unsafe condition resulting from a system's
malfunction, accomplish the following:

A) Before further flight, insext the following

information in the FAA Approved Airplane Flight Manual and
operate the airplane in accordance with these limitations:

_ 1. In Saction 1, LIMITATIONS, adjacent to MAXIMUM
OPERATING ALTITU.E:

a. Jelete any procedures relative to maximum
operation altitudes of 51,000 feet.
b. Add the following limitation for Model 25D/F:
Aircraft 25-230 and subseguent:
"The maximum operating altitude 4s 45,000 feet.
This is the highest altitude for which acceptable f£light
characteristics and systems operation have been demonstrated.”
¢. Add the following limitation for Model 24E:
Aircraft 24-350, 24-352 and subsequent, except 2U-
355;
"Tha maxi.ium operating altitude is 45,000 feet.
This 1s the highest altitude for which acceptable flight
characteristics and systems operation have been demonstrated.”
d. Add the tollowing limitation for Modeol 24)F:

Aircraft 24-350 and subsequent when CJ610-8A
engines are installed:

"The maximum operating altitude 4s 45,000 feet.

This 1is the highest altitude for which acceptable flight
characteristics and systems operation have been demonstrated."
B) In order to comply with the requirements of paragraph

A) of ¢this Airworthiness Directive, this AD, or a duplicate
thereof, may be used as a temporary amendment to the Afrplane
Flight Manual and carried in the aircraft as part of the
Airplane Flight Manual until replaced by revisions to the
Airplane Flight Manual provided by the manufacturer and
approved by the FAA, The Airplane FPFlight Manual changes
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required by paragraph A) of this AD may be accomplished by the
holder of at least a private pilut certjficate issued under
Fart ¢1 of the Federal Aviation Regulations on any airplane
owned or operated by that person who must make the prescribed
entr{ in the Alrplane Maintenance Records indicating
compliance with paragraph A) of this AD.

<) Prior to accomplishing the modification required by
paragraph D) of this AD, contact the FAA office noted in
paragraph F) if any modification or alteration has been
performed on the affected airplane for further instruction
realative to the conpatibility of the modification of this AD.

D) On or before February 28, 1982, accomplish the
following at an FAA certificated maintenance repair agency
utilizing qualified technicians who must have recent accessory
overhaul experience performing the overhaul test of the Gates
Learjet Horizontal Stabilizer Trim Actuator with the necessary
shop equipment (Attachment I hereto) as referenced in Learjet
Repair Manual Number 1711-%, or the equivalent equipment, in
accprdance with modification, insgspection and installation
instruction of the following Learjat Modification Kits, AMK
81-7, Chanye 1, AMK 81-83 and AMK 80-13, Change 3.

1. Modify Learjet Model 25D and 25F flight control
systems, stall warning system and control wheel in accordance
with Gates l.earjet Airplane Modification Kits AMK 81~7, Change
1, AMK 81--8 and AMK 80-13, Charnge 3, respectively.

2, 1Insert in the appropriate sections of the existing
Alrplane Flight Manual (AFM) the PAA-agproved tenporary
Alrplane Flight Manual Change dated June 8, 1981, pertaining
to procedures required as a result of fthe modification of
flight control system in accordance with Afrplane Modification
Kit AMK 81-7, Change 1,

E) Airplanes may be flown in accordance with FAR 21,197
to a location whese modifications required by this AD can be
accomplishod,

F) Any eguivalen*. method of compliance with this AD must
be approved by the Chief, Alrcraft Certification Program, FAA,
Central Region, Room 238, Terminal Building No. 2299, Mid-
Continent Adirport, Wichita, Kansas 67209,

This zmendment baccmes effective on July 31, 1981,

FOR FURTHER INFORMAT-ON CONTACT:

Larry Malir, ACE-213, Aircraft (lertification Program, FAA,
Room 238, Terminal Buildiig No. 2299, Mid-Continent Airport,
Wichita, Kansas 67209; telephone (7516} 942-4281,
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AD B1-16-08
ATTACHMENT I

The stabilizer actuator test stand (P/N S8T-00463) is used to
functionally test the stabilizer actuator after overhaul. The
physical structure of the test astand must be capable of
withstanding a minimum load of 2500 ibs. without any bLending
or deformation.,

the stabilizer actuator {s vertically mount:ed on the test
stand with one end stationary and the other end movable
through a hydraulic actuator. The test stand consists of the
following components:

a. Hydraulic Actuator - The hydraulic actuator is capable
of applying a regylated load of 0 to 2500 lbs. on the
stabilizer actudtor during the entire extend or
retract cycles,

Hydraulic Pressure Regulator ~ The pressure regulator
is used to select hydraulic pressures applied to the
stabilizer actuator during the functional test,

Hydraulic Pressure Gauge - The hydraulic pressure
gauge is used to monitor hydraulic pressure applied to
the stabilizer actuator. The gauge muat be certified
at least monthly.

Digital Position Readout - The digital sition
readouv indicator is used to menitor the travel of the
stabilizer ac'.aator, Signals to tho indicator are
picked up from a rigid mounted 1linear potentiometer
and movable wiper attached to the hydraulic actuator.
The digital readout is accurate to 1/1000th of an
inch,

Linear Scale - A linear scale, graduated in 100th of
an inch, is permanently mounted on cthe test atand to
verify the digital readout. A tool of known length is
used to verify the linear scale and digital readout
before the stabilizer actuator functional test is
performed, The tool length must be certi’'ed at least
yearly.

Lapse Timer - A lapse timer is coupled to the control
switches and the stabilize, actuator to monitor travel

time during the extend and retract cycles. The lapse

timer must measure seconds and be accurate to 1/100th
of a second,
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Trim Controller - The trim controller is used to
simulate two-speed input to the stabilizer actuator

gr;gagy motor. The trim controller part numbar is EM
no “Vv

Pre-Selact Timer - The pre-select timer is wused ¢to

check stabillizer actuator travel vs. time, voltage and
amperage inputs in accordance with the functional
tast.

Power Supply - The power supply is variable througn 0-
30 volts CC and 0-~30 amperes DC.

DC Voltmeter - The DC voltmeter must be capable of
measuring 0-30 volts DC and must be certified at least
Xearly. The voltmetsr is used to monitor the vcltage

nputs to the stabilizer actuator in accordance with
the functional test.

NC Ammeter =~ The DC ammeter muat he capable of
rmeasuring 0~30 amperes DC and must be certified at
least yearly. The ammeter is wused to monitor the
amperes inputs to the stabilizer actuator in
accordance with the functional test,

Millivolt Meter - The millivolt meter 1is wugsed to
monitor the stabilizer actuator linear potentiometer
for a smooth and steady signal output. The metor 1{is
0-50 volts graduated in 100 mv increments.

Switches - Necessary switches installed to operate the
stabilizer actuatox primary and secondary motors to
extend or retract.

A digital or Simpson 260 meter, not a part of the test
i

stan is used to verify the resistance of the
stabilizer actuator linear potentiometer. The digital
or Simpson 260 meter nust be certified at least every
90 working days.

AD 81-16-08
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NT85 SAFETY RRCOMMENDATIONS

NATIONAL TRANSI-ORTATION SAFETY BOARD
WASHINGTON, D.C.

April 18, 1979
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Forwarded to:

Hsngriblo Langhorae K. Bond

ministrator ,

Federal Aviation Administration SAFETY RECOMMENDATION(S)
Washington, D.C. 20591

Susesssseverdreaasare s

The Nationa} Transportation Safety Board hac recently
investigated an incident which caused concern sbout the
continued safe operation of certain Learjet sircraft,

The pilot of a Lesrjet Model 24B, N14BC, reported
longlitudinal control problems on March 9, 1979, while en
route from Greensboro, North Carolina, to Nashville, Terrnessee.
While cruisiog at altitude. the sircraft sbruptly pitched
nosedown. The filot rogained control and deactivated the
sircraft's stall varning system and sutomatic flight control
system. After the sivcraft was configured for Jending,
during an instrument nﬁproach to Nashville, it became Jongi-
tudinallz unstable. The pilot, who was unable to control
the pitching oscillation, aborted the approach. As airepesd
vas Increased, the sircraft becsme controlladble. The pilot
declared an emergency and returned to Greensboro where
s0tter westher existed. Similar problems were encountered
wvhile lttenstlni to Jand at Greensdoro. Three approaches
wore sborted hefore the sfrcraft was landed. The fourth
spproach was conducted without flaps, st a higher-than-
normsl afrspeed, sud with stabilizer trim for pitch control.

Postflight exemination of the aivcraft disclosed »
resistancs to motion of the longitudinel control system
which vas traced to the pitch axis servo drive unit. The
unit was replaced and the aircraft was test flown without
the control pr blexms,
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The Nationsl Trensportation Safety Board took custody
of the mslfunctioning servo drive unit, and it was examined
at the Gates Lesrjet plant in Wichita, Kensas. This unit
consists of an slectric motor which runs coatinuousl{ in one
direction when either the automstic pilot or the stall
warning stickpusher system is energized. The output shaft
of the motor drives a Ralr of electromagnetic friction drive
c¢lutches. These clutches rotate in opposite directions and
thelr output shafts are connected to s comron output, which
fn turn drives the slevator control surface. The clutches
contain ferrous povder, Normally, this ferrous powder
cosgulates into & solid mass only when s magnetic fleld is
introduced olectricallg by inputs from the autopilot or
stall w:rnin! stickpusher system. The clutch, which is
energized, will transait torque to the elevator control
system in the nsproprlute direction., The powder normslly
decosgulates and the clutch rotates freely when electrical
power is removed,

Examination of the servo drive unit removed from N143BC
revenled that tho ferrous powder in the clutca which trens-
mitted motion in the elevator trailing edge down direction
was solid, althcugh there was no electrical input., With the
aircraft's autopilot or stall wurnint sgsten activated, this
condition would produce a nosedown pltching moment which
could require #s much as 80 pounds force on the control
wheel to ccuntar. With pover removed from the ssrvo motor,
the jemmed clutch would still sffect the breakout force and
force gradient of the longitudinal control systex.

The other clutch of the servo was examined and it was
free to rotate.

Gates Learjet personnel theorized thst the powder
coagulated £nd csused the clutch to jam becsuse of mofsture
contamination. Reportedly, varicus degrees of yvoisture
contsmination snd clutch engsgement have been found on other
servos that have been overhauled at Gates Learjet in the
past.

The ferrous material of both clutches of the servo was
later ¢exanined st the Safely Board's metallurgical lsbore-
tories; no foreign sudbstance was found., The material in
both clutches was determined to be of the same approximste
chesical composition. Howeser, some of the particles of the
ferrous powder from the jammed clutch continued to coagulste
into srall hard lumps. The reason for this is unknown and
indicates that some undetermined progerty of the ferrous
clutch material is causing the clutch to jam without the
magnetic field. .
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The Safety Board was informed by the operator that the
same aircraft experienced & lateral control problem on
March 29, 1979. This time the afleron servo drive unit,
identicel to the pitch servo, was found to have s defective
clutch. This unit has not yet been disassesbled for detailed
examination.

The Safety Bosrd is sware that Cates Learjet hss dis-
continued the use of this JET Electronic's part No, 2380066
in new aircrsft. However, we have been informed that there
tre spproximately 220 Lesrjet sircraft equipped with these
servo drive units in operstion. Furthermore, the pitch
servo drive unit is & msndatory item for flight sirce it §s
sn fntegral part of the stall wsrninf stick Eusher system
which was required by the certification of the aircraft.

Two recent fatal sccidents {nvolved loss of control of
Learjet model 25 aircraft which were eguipped with the same
type of servo drive unfts. These accidents are still under
investigation, Additionally, a review of our accident files
indicates to us that 10 other accidents since 1964 involving
Learjet afrcraft, which we believe were equipped with these
servo drive units, may have been caused by control problens.
However, the lack of postaccident evidence precluded identi-
fication of such a problea. Our investigation into this
matter s continuing,

In view of the Eotential cntastrorhic results n¥ control
y

diff,culties caused apmed servo drive unit clutches, the
Safety Board is extremely concerned and believes expeditod
action is justified. Therefore, the Nationsl Transportatien
Safety Board recommends that the Federal Aviation Adsinisiration:

Initiste a progran immediately to expedite the
determination of cause for the clutch malfunctior
in JET Electionic ;art No. 2380066, servo drive
unit, devise s means to detect potentisl problens,
and define corrective action. (Class I--Urgent
Action) (A-79-21)

If defining and laplementlug the corrective action
described sbove will require prolonged effort,
restrict the operation of sll Learjet sircrasft
equipped with this servo drive unit. (Clsss 1--
Urgent Action) (A-79-22)

WAL, o v s S 3 o
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Issue immedistely an Ogertt!ons Alert Bulletin to
FAA inspectors and not fK operators of Learjet
sircraft equipped with this type of servo drive
unit to sdvise the gllott of Lthese aivcraft of the
possible coatrol difficulties which csn be en-
countered as a result of clutch as)lfunction,
(Class I--Urgent Action) (A-79-23)

Deteraine whether other model afrcraft use the

samé sorvo drive unit clutches and take afproprlate
sction to advise the operstors of those aircraft

2{ ;2ozg;toatial problem. (Class I--Usgent Action)

KING, Chsirman, DRIVER, Vice Ch:airman, McADAMS, and
HOGUE, Members, concurred in the above recomnendations,

,,1bh Cheirsan
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C.

1 SSUED: June 27, 1980

.--..---t.--..----.q-.l---.-.-.--q‘.--.t.

fForwarded to:

l;\!gnoin;ble Langorne M, Bond
ministrator
Federal Avistion Administeation SAFETY RECOMMENDAT1OK(s)

Washington, D.C. 20891 A-80-53 through -85

n..-------h-..---..---....---u-----.---..

On May 8, 1960, a Learjet model 23 alreraft crashed while attempting a night
landing on runway 33 at Byrd Field, Richmond, virginla, The skies were ciear, visibility
was 10 mi, and the wind was calm. Although the Learjet was slightly high on the
approach. i. descended noemally In a landing attitude. But befoce touching down, the
alrcraft yawed and rolled, and first the right wingtip fuel tank and then the left tiptank
strucic the runway. Therealter, the nose of ihe aireraft pitched up, the engine thrust
increased, tie aircreft rolled to the right, and it crashed In a nearly Inverted attitude. A
fire erupted after impact, and both pilots, the only persons sboard, were kiied, The
aireruft had been manufactured in 1964, Availadle oplional slow-flight modifications
installed on many Learjets had not been Installed on this aircraft,

During the past 1 years, the Safetly Foard has investigated several Learjet accidents
in which the aircraft while on the landing approach exhibited similer roll and yaw
maneuvers followed by a loss of control and a crash. The other Learjets involved were
models 24, and 28 aircraft, with the Century Il and Raisbeck slow-{light modifications.
Tne investigation revealed that in each landing accident, the aireraft apparentlv was
flown, as specified, with the vaw damper disengaged, although the allitude at which the
yaw damper was disengzged could not be verified, The accident records incicate that
turbulence, crosswinds, wing feing, pllot technique, or other condiziont had disturbed the
alrcraft's equilibeium during a flare or go-around maneuver and that erratle roll and vaw
maneuvers and a loss of aircraft control ensued. Suteequent flight tests indicated that an
Inctease in engine theust during an attempt to recover the alrcraft may cause roll
oscillations to become more pronouncecd and may reduce the likelihood of recovery.

In February 1979, the Natlonal Transpoctation Safely Board, the Federal Aviation
Administration, the Gates Learjet Corporation, the National Aeronauties and Space
Administration, and other iInterested parties participated in a "Study of Selected
Perfc.mance Characteristics of M ~dified Learjet Afrcraft.” The objectives of the study
were to examine the operation of the stall warning system, to determine the most
probable effect of small amounts of ice on stall ¢..aracteristics, and to study the low-
speed handling quaiities of the modified alreraft in a ianding configuration. The study
found some limitations in the effectiveness of the anti-lee system and polential problems
with premature (ce-Induced stalls,
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Although lecing conditions and turbulence were not evident In the Richmond
aceldent, the Influences of turbulenca and ground effect may have been significant
factors in some of the Learjet accidents, Since the accident history of the afrcraft
indicates that the flight behavior may be unpredictable under certain conditions and loss
of coutrol mey occur unexpected]g, the Safety Board Is concerned that the 1979 study
may not have {dentified all of the factors which can 1ead to erratic roling of the Learjet
in the landing phase. We also believe that the reasons for the ensuing lons of control have
not yet been fully explored,

B b e i R A

The Safety Board Is elso investigating three Learjet accldents which have involved
loss of control at high altitude and which taerminatec In high-speed descents into the
ground. One alrcraft was on a training flight at 17,0600 ft, and another aircraft wis
cruising en route at 41,000 ft. Both s'zceaft departed from lavel flight and entered steep
descents from which the crews did not recover. The descents apparently were usexpected
and occurred without warning. In the training accident, we believe that the pllols nay
have been practicing an emergency procedure for runaway stablilizer trim when the
aircraft became uncontrollatle, In the third accident, which occurred on May 19, 1980, a
Learjet crashed into the Gulf of Mexico following an unplanned depurture and higii-speed
descent from the aircraft's cruise altitude of 43,000 ft. The preliminary investigation of
this accident disclosed that a cutout switch had been "ystalled which eould be used to
silence the Mach overspeed warning horn, Similar horn warning cutout switeh instaila-
tions were found In other Learjet aircraft during Inspections required following the May
19, 1980, aceldent,

in the high altitude loss of control situations, the possibilities under consideration
are that a mealfunction in the ftight control system, turbulence, aerodynamic characteris-
ties, or flighterew actlion could lead to an upset and further loss of control. Accident
records Indicate that once high speeds and steep descents have been established, complete
loss of control may result and recovery may be impossible,

For the foregoing reasons, we belleve that the the flight characteristics of the
Learfet alrcraft in both the low-speed landing environment and the high-speed, high-
altitude crulse environment should be thoroughly examined to gain a better understanding
of the aerodynamic factors as2cclated with thesa aceidents. “¥ithout this Information, we
believe that measures to assure safe fiight cannot be developed,

In addition, th Board is aware that Gates Learjet Service issucd News Letter 48
dated May 1980 peitaining to procedures to be [ollowed it the aircraft inadvertently
exceeds V_ /M ., These procedures specify that the spoilers sliould not be e: tended i a
plteh axis TartR&tion o a tunaway trIm situation is epparent. The reason staled is that
the nosedown pitch change that the spoilers produce may aggravale a nosedown piteh
problem. The Board is concerred that this information is not included in the airerafl
flight manual and that operators may not be aware of the conscquences of spoiler
estension In these situations, Furthermore, the procecures for slowing the alecraft {ram
excess speed, as specified i the newsletter, intlude the extension of the landing gear, It
fs thy Prard's understunding that this procedire has not been evalualed during &ctual
flight conditions. The Board belleves that {t would be appropriste for the FAA to
evaluate these procedures and If they are deemed to be effectlive they should be
Incorporated immediately in the aircraft flight mancal,
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Accordingly, the Natioral Transpoctation Safety Board recommends that the Federal
Aviation Administration:

Convene a Multiple Expert Opinion Team to eveluate the flight characteristics
and handing qualities of Series 20 Learje! aircraft, with and withou! slow
fi‘ght modification, at both lovs- and high-spe«d extremes of the operational
flight envelope under the most critical condit ons ¢l welght and balance {end
other variable faclors) and to establish the i cceptability of the control and
(alrspeed margins of the alreraft at these extrzmes, {Class I, Urgent Action)
A-80-59)

Advise a})) Learjet op rators of the circumstances of recent accidents and
emphasize the prudence of rigld adherence to the specified operational lim'ts
wnd recotamended operational procedures, {Class I, Urgent Action) (A-80-54)

Evaluste information contained in the Gates 1 earjet Service News Letter 49
dated NMay 1¢80 pertaining to procedurces to be fcoliowed if the aireraft

inadvertently exceeds V /M and, based on this evalyation, require appro-
priate revi<ions to the RirefATt flight mansal, (Clsss }, Urgent Action)
{A-80-55)

KING, Chairman, DRIVER, Vice Chalrman, McADAMS and BURSLEY, Menbers,
concurred in these recommendations. GOLODMAN, Member, did nojperticipate.

amer B.
Chairma
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NATIONAL TRANSPORTATION SAFETY BOARD
: WASHINGION, D.C.
ISSUED: June 29, 1981
Forwarded to: T
g f Honoeable J. Lynn Helms
" Administrator
F Federal Aviation Administration SAFETY RECOMMENDATION{S)
Washington, D. C. 20581
On December 7, 1980, bath engines of a Continental Oil Company iear
Model 25 flamed out at about 40,000 feet while the aircraft was climbirg to
4 43,000 teet rocthwest of Childress, Texas. An emergency descent was made through

heavy rein, turbulence, a-*d lightning, during which airstart altempts were not
successful, However, after passing through 25,000 feet, the engines were restarted
and the alreraft made a precavtionary landing at Childress, No one was {njured, and
the ajroraft was not dameged,

An investigation into the cause of the flameosuts vias conducted by the Safety
Board ~ith the assistance and cooperation of the Federal Aviation Administration's
N~w England Region Engineering and Mar.sfacturing Branch and the Gerneral Eieatric
Co., the engiue manufacturer.

R Extensive testing and a teardown examination of the General Eleetric CJ610-6
engines delermined that the flameouts were caused by reduced -ngire stall margin

] due to excessive compressor blade tip clesrance and excyisfve compressor case
runout. Althcugh both engines had been overhauled shorily before the incident, no
evidence was found (> ccafirm that the problem could have ociginated at cverhaul,
The manufacturer could not explain the cause of the case runoul and tin rub that led
to increesed clearances.

' A review of the secvice history between 1376 and 1880 of General Electrie
. CJ810-€ engine-cquipped Lear aircraft revealed at least 30 other instances of engine
el flameout at altitude, although the December 7, 1980, Incldent was the only reported
R Instance of the loss of both engines. Sixteen of the reported flameouts were
© g attributed to excessive compressor clearances, Nearly al) of the flameouts occuired
al altitudes near or sbove 40,000 feet. Some other aircreft are cquipped with
" Cu810-6 engines, but those airoraft are generally operated st lower eititudes than
e the Lear sircraft. The service history of those alreraft has been reviewed ard only
Coig two incidents of flameout wete reported during the same period

3274

e

da ity R ranamnitabine i SR o e A3 3 N B Ay e - o
7 N : o . - - ¥ - R : janitdaderail St a bt dole FELAUE




APPENDIX H

The Safety Board s aware that the engine and airerafl manifacturers are
conducting & lest end research program to develop a solution to the losr of engine stall
margin. However, we are concezrned that until a method is develcnad ‘o recovering or
preventing reductica of stall margin, the potential for an accident ¢xists. Because the
engine maintenancy and overhaul manuals provide a method for determining loss of stall
margin, the Safety Board believes it should be used periodically to check engines for
decreased stall margin and that appropriate operating resirictions should be applied to
those engines so lientified.

The manufacturer has proposed a one-time altitude stall and acceleration check to
identify engines. for which a stall margin recovery fix would be necessary. However, thote
ergines which pass this check may later develop a reduced altitude stall margin, For this
reason, the Safely Board believes the check should be required periodically to ldentify
engines which might be susceptible to altitude flameout.

Thercfore, the National Transportation Safety Board recommends that the Federal
Aviation Administration:

Issue an Alrworthiness Directive to: (1) require, at appropriete periodic
intervals, the performance of the altitude acceleration and stall check
procedure defined in the CJ610-8 overhaul manual on Lear aircraft with
General Electric CJ610-8 engines installed; and {2)resteiet the
maximum operating altitude of those engines shown by the (esl
procadure 10 have a reduced altitude stall mergin until the manufacturer
has developed a satisfactory methed for recovering stall margin and {1 s
incorporated in those engires. (Class Ii, Priority Action) (A-81-68)

KING, Chateman, DRIVER, Vice Chalrman, McADAMS, GOLDMAW, and BURSLEY,
Members, concurred In this recommendation.
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FAA RESPONSE LETTER

DEPARTMENT OF TRANSPORTATION
FIDERAL AVIATION ADMINISTRATION

Bepteaber 23, 1980

The Honoredle James B, i!n;

Chefrman, Netfonel Traosportation oerce ¢e
Safety Board T Apamistaston

300 Independenca Avenae

Vsshingtor, D.C, 205%4

Dear Mr., Chairsen:

This scknowledgas recwipt of NTSH Sufety Recowneadstiors A-8C-5%3
through 55, deltvered by the Board on Friday, June 27, 1980, at

5:40 p.m,, after close of offfcial business. These recommendatious
vere dssed on the Moard's investfgetions of rceidents involving
Serfes 20 Lear ot aircraft in the lov-speed lsniing configuraticon and
higt-speed, high-altitude cruise envivonaert.

The Federal Aviation Admintetration (FAA) fs evare of the facts cited
by the Board in its Jure 27 transmittal letter and has sggreasively
pursued corrective actfons relative to these problems. A review of the
accident dets pertaining o these atriveft vas {nitiated fazediately
following the May & accident at Mictaced. Ou June 9, 1980, the Safety
Anslysfe Division, Office of Aviatfon Safety subuftted an analyets of
Leatjet accidents and Service Difficulty Reports to the Alr
Transpostation Division, Office ¢f Flight Operatioas. The anslysis
fuclieic? o need for reevaluaticrn of Learjet systess and subsystexs
concerning stick pusher 2nd shster, cutopilot pitch and roll, elevato ,
efleron and throttie cables.

The analysis detersined that afrcraft cuntrol wvas involved in
spproxnimately 30 percent of the 49 accidents used in the analysis.
Alrcreft coatrol involved overshoot, undershoot, runway slfgnzent, and
flying speed; but pilot fifght-bhour experience 4id not appear to b a
fector, Based upon the anslyais and the inforvation presently
availadle through the s:cldent favestigstion, we “ave initfated actions
vhich &ddrese the subjict of the recommendaticns as follows.

A-80-33. Conveue & Yultiple Expert Opinicn Team to evaluate the flight
characteriatice «ad wndliag qualit{es of Sertes 20 learjet atrcraft,
vith and without slew f1light modffication, at both low- and high-spced
extrenes of the operational flight envelope under the most critfcal
cooditions of weig'it snd balance {und other variadble factors) aad to
establish the accrptadility of the control and sirspeed marging of the
efircraft at these extremes.

Sfomaznt. This recommendation has alresdy heen encospassed in an
earlier lavesrigation involving sll Learj.te, fncluding the Series 0.
This {nvestisation vas 4 followup to the February 1979 "Study of
Seiected Performance Characterfistice of Modtffed Lear Jet Afrcraft” .
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which the NTSB, TAA, Learjet Corporation, Natfcna) Aeronsutics and
Spesce AMeinistratioc, and other interested parties psrticipsted. As a
result of the fevestigation, Alrworthiness Directive (AD) 79-12-05 vas
fesued (copy enclosed). Also, & separste fnvestigation wes fnitinted
by the FAA on Jure 17, 1930, to accoaplish a certification review which
vill also include other areas not epecificelly sddressed in the %card's
recomvendstions., Although this review is still in fts 1.1tisl scages,
prelinicary fnformation developed 28 a result of joint FAA snd Cates
Leatrjet Corporation flight evalustfons has evidenced characteristics at
the linits of their cperating eavelope which in coabinstion with
preseatly sgproved operating procedures could adversely affect pafety
of flight, Ia lfght of the foregoing, oan August 1, the FAA Central
Region (ssued by afrastl Yetter sn emergency 2irvorthiness directive
(copy enclosed) to Learjet atrcraft owners. Since our investigation
aod ceviev {8 inconplete, we will make our findings available to the
Board when ve complete our research.

A-B80-34. AMvise al] Lasrjet operstore of the rixcumstances of racent
accidents and eaphasfze the pruder:e of rigid adhereace to the
specitied operatioznl lf{aits and recommended operational procedures,

lomnent. lamedistely upoa receipt of NISB Safety Recomendeticn
A-80-54, a notice, which fccluded the Board's entire tranesission (copy
enclosed), wes sent to all Lesrjet operators. In adéitfon, & CENOT wir
telegraphed to all FAA Ceneral Aviation District Offfces {CADO's},
Flight Stendards District Offices (FSDO's) and Alr Carrier District
Offices (ACDO's), directing that all Learjet Part 9!, 121, and 135
operators be contacted to verify that the operators received the notice
scd vere fully tvare of the contents 2f NTSB Safety Recozmendation
A-80-34,

A-80~53. Eveluate fnformetion contained fn the Gates Lear et Service
Newa Letter 49 dated May 1980 pertaining to procedures to be followed
£F the sirccaft 10ad ertently exceeds Vg /M., and, dased on

this evaluation, requl ‘s sppropriate revisions to the aircraft flight
savual.

Comment, This recomvendation is focluded in FAA's fnvestigation
described sbove 1n our cowments reletive to NTSS Safety Recommendatiorn
A-80~33. Also, FAA's Offfce of Flight Opersticns has estsblished &
Separate tesn to reviev the adequacy sod effectiveness of Learjet crev
trainieg.

In addition to these actions which sre being taken In direct reeponse
to NTS3 Safety Recommeadstions A-80-33 through 55, & GENAT (copy
enclosed) vas aleo diatzibuted on May 22, 1980, to sll GADO's, FSDO's
and A(DO's. Thie GLNOT regqueisted the fmazediate Inspection of sll
Learjet aircraft for fnetellation of mreh varning cut-cut svitches. 1o
date we have poted seven instances of alrcraft vith unapproved cut-out
owitch {nstellations, and these all have now beea removed,
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Finally, co June 2, 1980, & speciel desue of CGeneral Avistion
Alrworthiness Alerte wes pudlished (copy enclosed). This alart
addressed the subject of unapproved alterations of speed varaing
nysfi-s fn both air catrfer ard gensral aviation atvcraft,

We vill continue to keep the Board “.nforsed of our [indings as the
favestigation progre.ses.

Sincerely,

Administrator

4 Inclosures

o CPRCMENT FRINTING LEF] ¢




