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The National Transportation Safety Board determines that the probable cause of this
accident was a malfunction of either the elevator control system or the elevator trim
system, which resuited in an sairplane pitch control problem. The reaction of the
flightcrew to correct the pitch control problem overstressed the left elevator control rod,
which resulted in asymmetrical elevator deflection and overstress failure of the
horizontal stabilizer attachment structure. The Safety Board was not able to determine
the precise problem with the pitch eentrol system.
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NATIONAL TRANSPORTATIONSAFETY BOARD
WASHINGTON, D.C. 20594

AIRCRAFT ACCIDENT REPORT
Adopted:s June 24, 1986

PROVINCETOWN-BOSTON AIRLINES PLIGHT 1039
EMBRAER BANDEIRANTE, EMB-110P1, N96PB

JACKSONVILLE, FLORIDA
DECEMBER 6,1984

SYNOPSIS

Provincetown-Boston Airlines Flight 1539, an Embraer Bandeirante, was
cleared from the Jacksonville International Airport, Jacksonville, Florida, to Tampa,
Florida, at 1805 eastern standerd time on December 6, 1985, I visual flight conditions.
There were 11passengers and 2 crewmembers aboard the scheduled domestic passenger
flight operating under 14 CFR 135. At 1812, flight 1039 was cleared for takeoff, and, at
1813, while over the departure end of the runway and climbing, the crew acknowledged a
frequency change. Thirty seconds later, about 1814, the airplane was Seen in a steep
descent near the extended centerline of the runway.

Flight 1039 struck the ground 7,800 feet beyond the departure end of runway

31 and 85 feet to the northeast (right) of the extended runway centerline in an inverted

nose down attitude, after which it caught fire and burned. The airplane was demolished,

and all 13 persons aboard were killed. Before ground impact, the horizontal stabilizer,

including bulkhead No. 36, had separated from the fuselage. Both elevators and elevator

?ilpsh the tail cone assembly, and the aft portion of the ventral fin also had separsted in
ight.

The National Transportation Safety Board determines that the probable cause
of this accident was a malfunction of either tte elevator control system or the elevator
trim system, which resulted in an airplane niteh control problem. The reaction of the
flighterew to correct the pitch control problem overstressed the left elevator control rod,
which resulted I asymmetrical elevator deflection and overstress failure of the
horizontal stabilizer attachment structure. The Safety Board was not able to determine

the precise problem with the pitch control system.
1. FACTUAL INFORMATION

u History of the Flight

On December 6, 1984, N96PB, an Empresa Brasileria de Aeronautica S/A
(Embraer) Bandeirante (EMB-110P1) airplane was scheduled for four round trip domestic
passenger flights between Tampa and Jacksonville, Florida, operating under 14 CFR 135.
N96PB operated as Provincetown-Boston Airlines (PBA) Flight 1054 to cacksonville and as
PBA Flight 1639 to Tampa. One flightcrew operated two morning round trip flights, and a
second flighterew was scheduled to operate two afternoon round trip flights. The captain
of the morning flights stated that he performed his predawn aircraft inspection in a well
1t ramp at Tampa and that he specifically examined the tail area for loose parts. The
morning flightcrew did not report any mechanical problems before turning over the
airplane to the afternoon crew.
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Witnesses reported that-the pilot «f the afternoon flight conducted a preflight
inspection of the airplane, speeifically under the wing and in the tail area before
departing Tampa on the first leg of the scheduled afternocon flights at 1640 eastern
standard time 1/, 15 minutes late; N98PB arrived in Jacksonville at 1750. Neither ground
crew, at Tampa or at Jacksonville, reported any incidents of contact between N96PB and
any ground equipment or of any jet blast from taxing aircraft.

At 1805, N96PB, as PBA 1039, was cleared ™. ..to Tampa as filed maintain
niner thousand squawk 3276 ..." At 1808, the airplane taxied from the gate at
Jacksonville International Airport, Jacksonville, Florida. Eleven pessengers and two
crewmembers were aboard.

At 1812, PBA 1039 was instructed to " ..turn left heading two three zero
cleared for takeoff runway three one’ The captain acknowledged the clearance and
flight 1039 began its takeoff- The flightcrew was switched to departure control frequency
at 1813, at which time it was over the departure end of runway 31 and, according to
witnesses, was still climbing. The zaptain responded to the frequency chinge by stating,
"ok, so long." Thirty seconds later, tne airplane Was seen in a steep descent near the
extended centerline of runway 3l. The airplane crashed about 1814, during darknes:> at
30°29' north latitude and 81° 41" west longitude.

The flightcrew of another EMB~110P1, which was on final approach to the
airport, saw PBA 1039 &s it departed. The flightcrew said that it was nearly dark, end
that they identified the airplane as an EMB-110P1 by its lights. The first officer noted
". .. aslightly excessive rate of climb, and it was enough so to make me think in my mind
that it was possibly a small jet. .. Both the captain and the first officer saw the
airplane descending straight down. The local controller ai Jacksonville air traffic control
(ATC) tower, a certificated private pilut, said that the airplane slowly lost altitude while
still in a normal climb attitude when it was approximately 3/4 mile beyond the departure
end of the runway and, after 6 to 8 seconds, he saw it veer to the right and descend at a
steep angle.

1.2 Injuries to Persons
Injuries Crew Passengers Others Total
Fatal 2 11 ] 13
Serious 0 0 0 0
Minor/none 0 _0 0 0
Total 2 11 0 13
1.3 Damage to Airplane

The airplane was demolished by impact forces and postcrash fire.

1.4 Other Damage

There was no other damage to property.

1/ All times herein are eastern standard, based on the 24-hour clock.
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Witnesses reported that-the pilot £ the afternoon flight conducted a preflight
inspection of the airplane, specifically under the wing and in the tail area before
departing Tampa on the fist leg of the scheduled afternoon flights at 1640 eastern
standard time 1/, 15minutes late; N8SPB arrived in Jacksonville at 1750. Neither ground
crew, at Tampa or at Jacksonville, reported any incidents of contact between N96PB and
any ground equipment or of any jet blast from taxing aircraft.

At 1805, N96PB, as PBA 1039, was cleared " ..to Tampa as filed maintain
niner thousand squawk 3276 .,." At 1808, the airplane taxied from the gate at
Jacksonville International Airport, Jacksonville, Florida. Eleven pessengers and two
crewmembers were aboard.

At 1812, PBA 1039 was instructed to ". .. turn left heading two three zero
cleared for takeoff runway three one’ The captain acknowledged the clearance and
flight 1039 began its takeoff. The flightcrew was switched to departure control frequency
at 1813, at which time it was over the departure end of runway 31 and, according to
witnesses, was still ¢limbing., The ~aptain responded to the frequency ehange by stating,
"ok, so long.”" Thirty seconds later, the airplane was seen in a steep descent near the
extended centerline of rmsawey 31. The airplane crashed about 1814, during darknes: at
30°29' north latitude and 81° 41' west longitude.

The flightcrew of another EMB-110P1, which was on final approach to the
airport, saw PBA 1039 as it departed. The flightcrew said that it was nearly dark, snd
that they identified the airplane as an EMB-110P1 by its lights. The first officer noted
", .. a slightly excessive rate of climb, and it was enough so to make me think in my mind
that it was possibly a small jet. .. Both the captain and the first officer saw the
airplane descending straight down. The local controller ai Jacksonville air traffic control
(ATC) tower, a certificated private pilot, said that the airplane slowly lost altitude while
still in a normal climb attitude when it was approximately 3/4 mile beyond the departure
end of the runway and, after 6 to 8 seconds, he saw it veer to the right and descend at a
steep angle.

1.2 Injuries 10 Persons
Injuries Crew Passengers Others Total
Fatel 2 11 . 0 13
Serious 0 0 0 0
Minor/none 0 0 0 0
Total 2 11 0 13
L3 Damage to Airplane
The airplane was ¢emolished by impact forces and postcrash fire.
u Other Damage

There was no other damage to property.

1/ An times herein are eastern standard, based on the 24-hour clock.




15 Personnel Information

The fight crew were currently certificated to conduct the flight. (See
appendix B)

1.6 Airplane Information

N9G6PB, an Embraer Bandeirante (EMB-110P1), serial number (S/N) 110365,
was owned and operated by Provincetown-Boston Airlines. The EMB-~110P1 airplane is a
light, twin engine turboprop airplane with a maximum seating capacity of 21, including 19
passengers and 2 pilots. The airplane was designed, manufactured, and certificated to
Federal Aviation Administration (FAA) airworthiness standards by Emoraer of San Jose
dos Campos, Brazil. The airplane's gross weight and center of gravity {e.g.) were within
prescribed limits for takeoff at 11,482 pounds and 14.75 percent mean aerodynamic chord
(MAC), respectively. (See appendix C.)

Two Pratt and Whitney Aircraft of Canada, Ltd.,, Model PT6A~34 turboprap
engines, 8/N PC-E56913 (left) and S/N PC-E56698 (right), were installed; each engine was
equipped with a Hartzell propeller, Model HC-B3TN-3C/T1017-88-8R, S/N BU-11553 (left)
and S/X BU-10761 (right).

The Brazilian government's certification of the airplane was porformed by
Centro Technico Aeronautica (CTA) under the terms of a bilateral agreement be:ween the
United States and Brazil. The FAA validated the C'TA certification which included a
preliminary type certification meeting with CTA and Embraer officiais i 1976 and a
2-week review of CTA certification data in Brazil in August 1978 by FAA specialists.
The airplane was initially certified to 14 CPR 23 standards on August 18, 1948. Ia
October 1980, the airplane was certified to Special Federal Aviation Regulations (SFAR)
41 standards, which permitted an increase in maximum takeoff gross weight from 12,500
1o 13,007 pounds.

1.7 Meteorologieal Information

The following surface weather conditions were observed at the Jacksonville
International Airport immediately before and after the accident:

Surface aviation, 1748: sky—clear, visibility—7 miles, temperature —
47° P, dewpoint—36° F; wind—290' at 10 kts, gusting to 17 Kkts;
altimeter--30.13 Hg.

Local, 1819: sky-clear; visibility—7 miles; temperature—48° P;
dewpoint—36' F; wind--310° at 8 kts, gusting to 16 kts; altimeter--36.15
Hg; remarks--aircraft mishap.

A high pressure area centered over eastern Oklahoma, combined with a deep
1ow pressure system located off the Maine coast, created a tight pressure gradient over
t?\e gastern United States. Conditions over southern Georgia and northern Florida were
characterized by clear skies and moderate west-northwest to northwest winds and cool
temperatures The area weather forecast included flight precautions for turbulence. No
SIGMETS, 2/ convective SIGMETS, or AIRMETS 3/ were valid for the Jacksonville area at

2/ Signifieant meteorological information.
3/ Airman's meteorological information.
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the time of the accident. Vertical windshear, computed from the 1800 winds aloft at
Wayeross, Georgia, 78 miles northwest (3199 of Jacksonville, was 18.0 knots per 1,000
feet between 144 feat above mean sea level {(m.s.l.) 4/ and 1,146 feet m.s.l. At 1805, a
pilot In the Jacksonville area reported smooth flight below 3,500 feet m.s.l. There were
no reports of windshear or turbulence at Jacksonville airport for several hours before the
accident.

B Aids 1o Navigsation
Not applicabie.

1.9 Communications

There were no known communieatiors difficulties.

10 Aerodrome Informatior;

Jacksonville International Airport i located 9 miles north of Jacksonville,
Florida. It is certificated 1nder 14 CFR 130. There are two nonparallel, noninterseeting
runways designated as 7/z3 and 13/31 and oriented magnetically 6747/254° and 134°%/314°.
Runway 31, the depacrure runway for the accident, is 7,700 feet long by 159 feet wide
and has a groove", asphalt surface. The airport elevation is 30 feet. An air traffic control
tower operated bv the FAA is in continuous operation on discrete aircraft frequencies for
tower, ground, «learance delivery, and apiroach/departure. A low level windshear alert
system (LLWAS: is installed at the facility.

m Fligat Recorders

Cockpit voice recorders and flight data recorders were not installed and were
not required.

1.12 Wreckage and Impact Information

1.12.1 Wreckage DNescription

N@6PB struck the ground 7,800 feet beyond the departure end of runway 31
and 85 feet to the northeast (right) of the extended runway centerline in an inverted nose
down atlitude, after which {t caught fire and burned. Before ground impact, the
horizontal stabilizer had separated from the fuselage. The horizontal stabilizer was
located 6,712 feet beyond the threshold of runway 13 and about 1,100 feet before the
main impact area. Both elevators and elevator tips, the tail cone assembly, and the eft
portion of the ventral fin also had separated in flight and were located along the
flightpath between the horizontal stabilizer and the main wreckage. The airplane came to
rest on a magnetic heading of 041° (See appendix D.)

112 Fuselage and Wings

The upper fuselage structure, from the main cabin door aft to the baggage
door, was subjected to intense fire which consumed a major portion of the cockpit and
center fuselage structure. The area between the baggage door and bulkhead No. 33 (the
forward attachm:nt point of the horizontsl stabilizer) exhibited severe and extensive
impact damage with moderate fire damage.

4/ All altitudes app=aring herein are m.s.l. unless otherwise stated.
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The bottom fuselage, from about the main easbin door into the forward area of
the cockpit, exhibited little or no fire damage. In the area of bulkhead No. 33, the left
side of the fuselage exhibited sn imprint of the forward Inbcard end of the left horizontal
stabilizer and the right side of the fuselage was punctured and scraped down tO the
ventral fin. The nose gear assembly was extended slightly and the two forward nose gear
doors were open partially. Examination of the nose and maln gear actuators revealed that
the landing gears were in the up position at impsaet.

The vertical stabilizer remained attached to the fuselage at bulkheads Nos. 29
and 33 by means of fittings bolted to the front and rear spars. The rudder assembly was
attached to the vertical stabilizer. Both surfaces were cradhed in the forwaré-to-aft
direction. The rudder trim tab was attached to the rudder ard was positioned about 86° to
the right of neutral. There was NO sepa~ation between the trim tsb actuator in the
vertical stabilizer and the rudder trim tab; the control rod was bent to the tight.

A major portion of the left wing, the left aileron, the left wing flap, and the
left engire nacelle lower structure were asonsumed by fIFE. The right wing and right
aileron were not damaged by fire. The right flap wes attached and severely damaged by
impaet, and the inboard ed wes burned. Both £ were in the retracted position.

1.12.3 Separstion of Horizontal Stebilizer

The entire horizontal stebilizer, except the elevators, was in one piece. There
were no significant dents or tears slong the lesding edge or on the upper or lower
surfaces.

The horizontal stabilizer is attached to the fuselage at fuselage buikheads
Nos. 33 and 6. (See figure 1.) The forward attachment for the horizontal stabitizer
aosists of two forward clevis type fittiion the stabilizer front spar which are obolted to
the mating male lugs (ears) of a machined fitting on the aft side of fuselage bulkheaé
No. 3. The rear sttachment for the horizontal stabilizer uses four links tO connee: and
vertically offset two clevis type fittings on the aft side of the stabilizer type fittings on
fuselage bulkhead No. 36.

The forward attachment fitting of the horizontal stabilizer on N38PB failed at
bulkhead No. 33 when the male lugs of the attachment fitting fractured first in shear and
then in tensile overstress (see figures 24, 2B, 3A, 3B, and 4.) The separated male lugs
remained bolted to the clevises on the stabilizer. The tail cone, including bulkhead
No. 36, and the ventral fin als0 separated with the stabilizer. The stabilizer rear
attachment structure was deformed, but it continued to cornect the stabilizer rear spar
and the fuselage bulkhead No. 36 fittings.

The stabilizer forward attachment fitting on the aft side of bulkhead No. 33
was deformed with the upper right corner pullec aft and down, tearin%:he bulkhead web
and separating the structural attachments an the forward side of the bulkhead. The left
side of the forward attachment fitting remained flushed and attached to the structure
forward of the bulkhead, with many fastenersstill intact. The deformation indicate:: that
the male lugs an the attachment fitting fractured from overstress forces as the horizontal
stabilizer moved aft and twisted ciockwise (looking forward) relative t0 the fusel.ge.

The examination of the bulkhead No 33 structure disclosed fretting around
some rivet holes in ehannels which transmit the loads from the upper right corner <f the
forward attachment fitting into the fusslage structure forward of the bulkheasd. The
buikhead web break contained a small preexisting fatigue crack, 5/16 inch log.
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Figure 1.~Bandeirante EVM.B~110P1 stabilizer /fuselage supports.




Figure 2A.—View of bulkhead No. 33, *ooking forward.
L & R show separation of male elevis ears
from horizontal stablizer forward attachement fitting

Figure 28.—Forward attachment fitting removed from bulkhead No. 33.
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Figure 3A.—Left and right ears of forward attachment fitting
which remained attached to horizental stabilizer. o

Figure 3B.—View from right side showing twist in forward attachment fitting. ‘




Figure 4.—Rear attachment of horizontal siabilizer
at bulkhead No. 36 shows deformation of attachment links.

1.12.4 Seperation of Flevators and Blevator Tips

The left and right elevators ere not connected to each other except through
the flight control system. Each elevator is attached to the horizontel stabilizer at the
hinge lire by two hinges, one outboard and one sbout midspan. Each elevator is deflected
by a control rod which moves en actuating arm connected to the inboard end of the
elevator torque tloe. A single, mechanically operated trim tab is on the trailing edge of
the left elevator only.

Bt the left and right elevators had separated from the horizontal stabilizer
as a result of fractures in the hinge brackets All dof the fraetures were typical of
overstress separations, except for e small fatigue crack in the right elevator cutboard
hinge bracket. The examination of the right elevator outboard hinge bracket diselosed
that it previously had been removed end replaced.

Both the left and the right elevator actuating arms were attached securely to
their respective torque tubes. The portions of both arms that included the up travel stop
were broken from the main body of the arms by tension overstress. Heavy contact marks
were found on the inboard surfaces where the actuating arms mate with the stebilizer
bearing. The main body of the left actuating arm was relatively straight and urdeformed.
Both the hinge attachment boit and the main bedy of the right actuating arm were bent
notably with the arm body also displaying a twist reiative to its length. When the
actuating arm marks were mated to the stabilizer deformation, with the attachment bolt
installed within the bearing of the stabilizer, the right torque tube was in
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& position &s thovgh it had overrotated past the up-stop position by abour 90° and the left
torc2e tube was in g rotationsl position just pest the up stop position when the
deformeation occurred. In both eases, when the deformeations were matehed, there was an
indicstion that the torgue tubes had skewed so thet the outboard ends had moved wward,

Both elevator tips had separsted from the inbosard sections, the fracrures
having occurred slong s plane whiceh included the outbosrd hinge. A 2-foot 5-ineh porticn
of .z 1l uLl Jevator upper outboeard skin had peeled from the elevetor but hed remained
attaened to the right elevator tip. There was compression buckling on the upper suzfaces
of both elevators. 7.1 the left elevetor, the fracture occurred along & line gbout 70 inches
from the leading edge inboard end. On the right elevator, the fracture occurred along twe
Ares, one sbout 40 inches end one ebout 88 inches from the leading edoe inboard end.

Mass balsnes weights were instslled at the inboard and outhosrd loestions on
both the left and right elevators. All of the weights were acecinted for and all appesred
1o have been fastened securely. The presence of weights which d&ffered in color from
those originally instalied 2t the time of manufacture indicsted that the elevator had been
rebezisnced since maenufacture. The sairplane’s maintenance records showed thet the
elevators were balanced on August 27, 1983, in complisnee with AD 83-13-18, which
became effective on August 9, 1383, and required complisnce within 30 days. The balgnes
weight mass distribution wes not in tote! accord with the manufscturers Strieh
Repair Menual effective at the time of the accident. The toal of the belance weights on
both the left and right elevators were beicw permissable msximums. However, the
weights on the outboard staticn of the right elevator exceeded the 7,838 gram limit for
installetion at that position by atnut 323 grams.

1.12.5 Elevator Control Svstem

The elevator control system of the ENMB-116PI sirplene is redundant and
consists of the captain’s and first officer’s contro! eolumns, which sre interconnected, and
independent belicrank-cable—pulley systems on each side of the airplene. {See figure 5.}
The movement of either control column will transmit motien through both ceble systems
to two &ft belleranks mounted on the forward face of fuselage buikhead No. 33. These aft
belleranks aiso zre int:reonnected and they transmit motion through the left end sight
eievator control rods respectively to the elevator actusting erms which rotate the
elevators sbout their stebilizer hinges. The left and right elevator actuating erms ere not
interconnected.

As a result of the erash, the captain's control eolumn was found detached from
the coekpit floor mourting and no elevator control interconnect components were
attached to the column. XNo scoring or impact marks were chserved on the eontrol eolumn
attachment surfaces at the points where it contacted the forward and aft travel stcos.
The first officer’s control column was found connected to the cockpit flcor mounting. It
m: wved freely from the aft travel stop to the forward travei stop. Both travel stops were
sired in place, and there was no evidence of impeet with the column. The forward
elevator control rod wes found attsched at its correct iocetion between the first officer's
controi ecolumn and the elevator bellerank. One ¢ontirol eclumn-to-bellerank esbie hed
not separated from the turnbuckle, and the safety clip wes still in piace. However, the
other cont~ol column-to~bellerank cable appeared to have been eut sbout 3 feet from the
forward bellerank. The control rod between the captain's and the first officer's elevator
belleranks was severad about 3 inches from the first officer's bellerank. Both sontrol
columns were bent aft end downwerd ebout 12 inches beiow the voke gttachment Solt.
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Aii of the elevator con—2 cables between the cockpit controls and the aft
belleranks forward of bulkhead %<, 23 were found. There was no evidenes that the cables

had separated before the accident.

The flight control eables were reexaminea in detail at the PBA maintenance
facilities n Naples, Florida, on October 13, 1885. About 30 feet of elevator cable, which
were attached to the control column bellcranks, showew NO evidence of excessive wear,
rubbing, or scrape marks About 90 feet of cable from the aileron or rudder control
systems also were examined and showed no evidence of excessive wear, rubbing, or scrape

When the horizontal stabil zer OR N96PB separated from the fuselage, both the
left and right elevator contralrods were deformed and had separated in Xine with bulkhead
No. 34 {11 inches aft of the aft belleranks.} {See figures6A and 6B.) The forward portion
of each rod remained attached to itz respective fuselage mounted bellcrank. The
remaining 32 1/2 inches of the aft portion of the right elevator control rod remained
attazhed to the right elevator actuating arm after the separation. However, only 21 1/2
inches of the left elevator control rod was stiit attached to the left elevator actuating
am. The left elevator control ro i wes fractured in two places; the aft fracture which
oceurred near the midpoint of tne rod, was a compression buekiing failure. The S~ineh
section of the left control rod between the two fractures was not recovered. There was
an impact mark on the aft side of an upper channel at fuselage bulkhead Na 35 which
matched the shape of the fracture surface on the aft portion of the left control rod. (Se=
figures 6A and 6B.}

The pitch trim in Se EMB-110 is effected by deflection of the single trim tab
on the trailing edge of the left elevator. The elevator trim tab deflection is accomplished
either mechaniealty, by rotating a trim wheel located an the pilot's side of the center
pedestal (see figure 7), or elecirically, by activating switches on either of the control
wheels. Both methods effect a linear movement of a threaded cable through a coaxial
housing, which in tum extends or retracts the trim tab linear ectustor red through a gear
type mechanism. The deflection of the trim tab relative to the elevator surface is
directly related to the position of the linear actuator rod. (See figure 8.)

L‘a i v A
L v e e ‘Mﬁ:
Rf—"f-‘mé - st m*g_‘i e qorm
kG Rf

“..“."‘Jﬂ“"""’"-"‘" o g o

Figure 8A.—Left and right elevator control rods showing
symmetrical fractures 11 inches aft of aft bellcranks.
Note missing sectionsof left elevator control rod.
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Figure 6B.—View of fracture on aft portion of left elevator control rod and
matching impact mark on aft side of upper channel at bulkhead Mo. 35.
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Figure 7.~Trim tao controls.
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The elevator trim tab was attached to the elevator. Although the piano type
hinge wire was deformed, measurements of the hinge and hinge wire indicated that there
was no excessive free play. The trim tab actuator housing remained attached to the left
elevator spar. The actuator rod was fractured between «he actuator and the rod end
which remained attached to the trim tab bellcrank. The overstress bending fracture and
deformation of the actuating rod matched the damage on the elevator rear spar structure
through which the rod passes. The matching damage indicated that the actuator rod was
fully extended when it struck the rear spar. The fully extended position. of the trum tab
actuating rod corresponded to a trim tab trailing edge up deflection (fu11 airplane nose
down trim).

The elevator trim control wheel on the cockpit pedestal, its associated cable
drive gearing, and the threaded cable in the pedestal were exposed to severe heat. The
threaded cable was fused to the drive gearing by molter, metal. The cable runout 5/ was
measured and found to eeorrespond to e full airplane nose down trim position.

The elevator pitch trim adapter unit cover and connectors were scorched
externally. ,™en the cover was removed, it was noted that several electronic components
were damaged irom heat. The trim relay printed eireuit board was scorched and the
ecomponents mounted on the board were heat damagec. The three relays, which routed
signals fram the trim switches to the trim servo, were oo severely damaged for testing.

The piteh trim servo was not complete and the direetional control electronics
subassembly was found detached from the servo mount. The servo eluteh and gear
assembly appeared to be undamaged. When about 20 volts de was applied to the clutch
coil, the clutch essembly engaged; when the power was removed, the clutch disengaged.
The servo cluteh was removed from the servo assembly and the torque was measured and
found to be within the specified range. When 28 volts de was applied to the servo
directional control relays, both relays engaged; when the power was removed, both relayvs
disengaged.

1.12.6 Engines and Propeliers

Both engines were heavily damaged by the post-impact fire. The left engine
was resting on its upper cowl on top of the burned remains of the left wing. The power
section had separated frem the remainder of the engine. The right engine, which
appeared to be undamaged, was found adjacent to and separated from its naceiie near the
~ight wing structure. No penetrations were observed in the engine cases Or the exhsaust
duet of the right engine. Both exhaust ducts were moderately bent and twisted. Both
compressor Inlet screens were free of debris, Beth lower engine cowls were separated
from their firewalis and were located adjacent to their respective engines. All cowls
were extremely distorted. The engine mounting structures had not separeted in flight.

The following items in both engines were undamaged: first and second stage
sun and planet gears, the ring gears, the ring gear earriers, and the propeller Oil transfer
sieeves. Both propeller shafts were torsionally sheared at the thin wall area adjacent to
the second stage carrier splnes. There was no evidence of any inflight turbine blade
failures in either engine. Ai. sF the centrifugal compressor impeller and vane tips, the
adjacent interstage spacers, the impeller vane profiles, and the impeller housings were
rotationally rubbed. The impeller vane profiles had contacted the impeller housings so

4/ Cable runout is the cable which accommodatesthe full linear range of cable travel at
the pedestal drive gear.
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that the entire length of the impeller vanes was rubbed from the inboard vane tips through
the outboard vane tips. None of the anti-friction bearings installed in either engine
displayed any obvious distress or lack of lubrication. The mounts for both engines were
fractured in numerous places. All of the fractures were typical of overstress separation
with no evidence of fatigue or progressive faitures.

The operating components of the fuel control LIS, the fuel pumps, and the
overspeed and propeller governors installed on both engines sustained no visible impact
damage. Some of the components installed on the left engine were fire damaged.

Both propellers remained attached to their respective engine reduction
gearboxes. Al three blades from the left propeller were attached to the hub and were
nearly complete. One of the blades of the right propeller had separated from ths hub but
subsequently was recovered. The pilot tube was compressively elongated, indic«ting that
the blade had separated from high side forces. The cutboard 1-inch tip of the recovered
blade was missing. The other blades of the right propeller remained attached te¢: the hub
Both had separated about 18 inches outboard of the hub. The outboard section of one &f
these blades was not recovered. An 18 inch section was missing, some of which may have
melted. All of the blades of the right propeller were damaged by heat and the ends were
covered with molten aluminum. The end of the blade, the outer part of which was not
recoveredH was bent in the heat damaged area as though it had melted and sagged of its
owr Weight.

113 Medial and Pathologieal Information

The flightcrew and passengers died from traumatic injuries. Post-mortem fire
injuries of varying degrees were noted in all cases. The toxicological tests for the captain
were negative for alcohol, cocaine, carbon monoxide, and acidic, basic and neutral drugs.
The toxicological tests for the first officer were negative for ethyl alcohol and carbon
moncxide. The first ofiicer's toxicological samples were not tested for cocaine, acidic,
basie, and neutral drugs.

1.14 Fire

_ The aircraft was subjected to extreme post-impact fire. There was no
evidence of pre-impact fire.

115 Survival Aspects

This accident was not survivable due to severe impact forces which exceeded
human tolerance.

116 Tests and Research

1.16.1 Failure Analysis of the Horizontal Stabilizer and Attachment Structure

Following extensive metallurgical examination of the horizontal stabilizer and
its attachment structure from N$6PB, the Safety Board contracted an independent
consultant to perform structural load and flutter analysis of the horizontal stabilizer.
EMB-110P1 engineering design data were acquired from the manufacturer. Following a
review of the data, the Safety Board determined that the manufacturer had made design
"Loadcaleulations in accordance with regulatory standards.
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Aerodynamic loads or the horizontal stabilizer were calculated based on a
typical EMB-110P1 takeoff and climb profile for the atmospheric conditions that existed
at the time of the accident and for the weight and c.g. of N96PB. Also, loads were
calculated for 50-foot-per-second gust conditions at maximum cruise speed to determine
whether the horizontal stabilizer attachment structure may have been damaged during the
flights that prsceded the accident flight.

The calculated aerodynamic loads were applied to a finite element
mathematical model of the horizontal stabilizer forward attachment fitting and
caleulations were made of the effects of these loads considering the failures of various
fasteners that secure the fitting to bulkhead No. 33 and tO the fuselage structure forward
of bulkhead No. 33. Based on these calculations, the ultimate load carrying capacity of
the attachment fitting with about one-third of its fasteners in the upper right corners of
tha fitting missing substantially exceeded the aerodynamic loads transferred to the fitting
during a normal takeoff and climb. Also, the load carrying capacity of the fitting with all
fasteners intact substantially exceeded the load transferred to the fitting during an
ent cunter with a 50-foot-per-second gust at maximum cruise speed.

The flutter analysis of the horizontal stabilizer took into consideration a
partial loss of stiffness in the attachment of the stabilizer to bulkhead No. 33 because of
failures of fasteners in the attachment fitting and a possible ioss of elevator rotational
restraint from either a hinge separation or a broken elevator control rod.

A finite element mathematical model of the horizontal stabilizer WS
developed from engineerin, data and the stiffness of various connections was calculated
from engineering data. Five natural frequencies for the model were calculated which
compared favorably to the frequencies identified from engineering data. The computer
analysis of the model indicated that a flutter problem did not develop in the speed range
investigated (50 to 200 knots) with a broken elevator control, a separated elevetor hinge,
or reguced stiffness in the bulkhead No. 33 attachment structure. The independent
consultant concluded that the horizontal stabilizer on N86PB did not separate from the
airplane beezuse of a dynamic flutter problem.

1.16.2 Tests Conducted by the Manufacturer

The manufacturer performed static load tests to verify the structural
capabilities of the EMB-110P1 horizontal tail and the rear fuselsge assemblies. An
EMB-116P: fuselage structure from bulkhead No. 26 rearward was mounted on a test
stand and static ioads were applied to represent a design-critical flight condition; that of
a negative gust at the specified design cruising speed with unsymmetrical flight conditions
for roll and yaw.

1.16.2.1 Determination of Statie Strength, Stiffness, and Frequeneizs of
Horizontal Tail and Rear Fuselage with Bulkhead No. 33 Damage

Static loads equai to 60 percent, 100 pereent, and 150 percent of the defined
load condition were first applied to a completely sound structure. Three configurations
with progressively more severe failures of the bulkhead No. 33 structure were similarily
tested. The most severe condition consisted of the removal of 10 fasteners from the
structure on the Jorward side of bulkhead No. 33 which distributes the locads from the
upper right corner of the horizontal stabilizer forwarc¢ attachment fitting into the
fuselage monocoque structure, and a 3-inch eraek {saweut) N the bulkhead web.
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There were no failures or permanent deformativns to the structure when the
ultimate design load was statically applied to the horizontal tail and rear fuselage for any
of the configurations tested, including that wherein fasteners were removed and the crack
introduced in the bulkhead web.

The displacement of the structure was measured at 24 locations on the
horizontal tail and rear fuselage test fixture as loads were applied to determine changes
in stiffness and natural frequency for the different failure configurations of the bulkhead
No. 33 attachment structure. The measurements showed ar: insignificant change in the
torsional stiffness as a result of the removal of rivets and the introduction of a sawcut at
bulkhead No. 33.

1.16.2.2  Static Tests for Speeial Conditions at Horizontal Stabilizer Attachment

The manufacturer performed additional static load rests to determine the
effects of three special loading conditions on the EMB-1IOPI horizontal tail and rear
fuselage structure from bulkhead 26 rearward. The first loading condition simulated an
abrupt, unchecked positive maneuver with asymmetry at the design maneuvering speed.
Rivets were removed from the structure on the forward side of bulkhead No. 33, and a
12-ineh sawcut was made in the bulkhead web at the upper right comer of the horizontal
stabilizer forward attachment fitting. When the limit load condition wes applied, there
was no further damage.

The second loading condition simulated an asymmetrical air load which would
result from asymmetrical deflectio of the elevators, a condition possible onty if a control
system fails. The Loading conditic - for this test was limited to 26 percent of “he load
which would occur with full antisymmetric deflection of the elevators at the design
maneuvering speed of 169 knots. For this test, the sawcut in the upper right corner of the
bulkhead No. 33 structure was repaired, fasteners were removed from the structure
forward of the upper left corner of the bulkhead, and a 5/16~inech crack was made in the
bulkhead web. Additionally five hi-lok fasteners were removed where the center of the
horizontal stabilizer forward attachment fitting attaches to the structure on the forward
side of bulkhead No. 33. When loads were applied, there was no' further failures or
permanent deformations during the test.

The third, and most severe, loading condition was the full asymmetric load
corresponding to full antisymmetrie deflection of the elevators at the design maneuvering
speed. The faiiures at the bulkhead No. 33 attachment were limited to the damage at the
upper left corner as described for the second test with the five ¢.nater located hi-lok
fasteners reinstalled. A downward load was applied to the left side, and an upward load
was appiied to the right side of the horizontal stabilizer.

A complete failure of the stabilizer attachments occurred when the load
reached 59.6 percent of the full intended asymmetric load defined above. The load at
which failure occurred corresponds to the load which would result from full antisymmetric
deflection of the elevators at 141 kots. Lesser elevator deflections combined with
higher airspeed could also produce this critical asymmetric load.

The horizontal stabilizer attachment failed when the forward attachment
fitting deformed and the male lugs fractured in overstress. The failed fitting was so
nearly identical to the fitting from N96PB that no distinctions could be made between the
two.
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1.16.2,3  Vibration Levels Due to Propeller Unbalance

The manufaeturer performed a ground test to determine the vibration levels
experienced in the EMB-118P1 horizontal stabilizer structure as a result of an unbalsnced
Propeller on the right engine. An entire EMB-110P1 airplane was suspended by elastic
slings around the wings and fuselage. The spinner section was removed from the right
propeller and was replaced by a solid metallic rotating disk which was driven by an
electric motor. The imbalance was introduced by drilling various size holes in the disk.
There was no attempt to simulate the effects of aerodynamic loads.

To measure vibration levels and calculate stresses, 200 accelerometers were
mounted on the airplane4 wings, fuselage, and empennage structure. Data were obtained
for two propeller speeds, one of which corresponded to a propeller blade resonant
frequency. In these tests, the vibration levels of the horizontal stabilizer increased with
higher levels of propeller imbalance; the highest vibration levels on the horizontal
stabilizer occurred at 100 percent of maximum propeller speed; the highest vibration
levels on the elevator and elevator trim tab cecurred at 9 pereent oF maximum propeller
speed; and the elevator tips and trim tab experienced the highest vibration level of the
horizontal stabilizer.

The manufacturer's acceleration data calculstions showed that internal
stresses caused by propeller imbalance increased with increasing propeller speed, that the
elements around the outboard elevator hinges presented the greatest internal stresses, and
that the internal stress levels were greater on the left side of the horizontal stabilizer.

An engineer from the manufacturer, who interpreted the propeller imbsalance
vibration data during the Safety Board's public hearing, stated that significant variations
of stress on the elevator would begin to occur with a missing portion of propeller blade 14
inches long. He further stated that this level of imbalance would produce damage to
engine mounts.

1.16.2.4. Flight Test Load Measurements for Horizontal Stabilizer

In response to recommendations of the CTA and FAA Special Certification
Review Team, Embraer conducted flight tests -« June 1985 to measure the aerodynamic
loads on the horizontal stabilizer of an EMB-110P1 airplane for comparison with loads
calculated for design. The horizontal stabilizer of the test airplane was instrumented
with strain gages to measure shear forces end bending moments at apF_ropria_te locations,
and measurements were recorded during rectilinear steady climbing flight with figps and
landing gear retracted at speeds between $3 and 150 KIAS. The airplane4 weight was
about 11,570 ponds and its c.g. was at 14.5 percent MAC. The shear forces and bending
moments calculated were small in all flight regimes in comparison to design values.

The manufacturer conducted additional flight tests with the strain gages
attached to determine the influence of vibratory loads on fatigue of the horizontal
stabilizer. Various flight test profiies were flown, including posttakesft climb, maximum
cruise, maneuvering at 25 G, induced buffet at altitude, stsll buffer at low altitude, gnd
approach 10 landing. The manufacturer stated that the analyses of the results indicated
that the stress levels frem vibratory loads in normal flight regimes are well below the
fatigue limits of the materials used in the horizontal stabilizer and that even severe
vibratory conditions from buffet and stail produced stress loads below the fatigue strength
of the materials at 100 million cycles.
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1.16.3 Elevator_Control Rog Breaking Porce Conducted by th: Manufacturer and the
Naticnal Bureau dF Stanchrds

Two tests were conducted by the manufacturer to verify the compression
strength of the aluminum elevator control rod. A compression load was applied to &
complete control rod simulated to the ones on N96PB through the rod end bearings. The
load was increased until compression buekling occurred. In the first test, the rod faiied at
? _Iload of 466 pourds. In the second test, the rod withstood a load of 507 pounds before
ailure.

A third aluminum control rod wes tested by the National Bureau of Standards.
Again, a compression load was applied through the rod end bearings. Compression
buekling occurred at a load of 488 pounds. In all cases, the failures occurred at the

midpoint of the rod and they were similar to the aft fracture of the left control red on
N96PB.

117 Other Information

1.17.1 Eleetrie Elevator Ri m System

An electric trim system is an option in the EMB-110P1 and P2.  Electrical
setivation of the Bendix Corporation elevator trim system, which was installed i~ PBA's
EMB-110P1 airplanes at tne time of the accident, is accomplished by a reversible d.c.
electric motor which drives the trim tab actuating threaded cable in either direction. An
electric clutch is installed in series between the electric motor and the cable drive
mechanism. Runaway protection is provided by @ mechanical separation of the electrical
switches which activate the motor = and the clutch. A split spring loaded to & neutral
toggle switch is installed on both the captain's and che first oificer's control wheels so
that either pilot can operate the electric trim by depressing both halves of the split
switch with a single motion of the thumb. The electric circuit is such that the motor
switch closes a circuit to apply 28V é.c. to the motor. The polarity, and thus the direction
of operation, depend upon whether the toggle is pushed forward or pulled aft. The clutch
switch opens a 28V d.e. circuit if it is moved in either direction. If the motor switch is
operated separately, the motor will operate and the clutch will remain disengaged so that
the torque p-ovided by the motor is not transmitted to the trim cable. Conversely, if the
cluteh switeh: is operated independently, the clutch will engage, but the motor will not
onarate.

A warning feature, incorporated into the trim system, provides an aural signal
when -ither a motor or clutch switch is activated independently. The trim system circuit
design is such that the switch on the captain's control wheel has priority over the switch
on the first officer's control wheel. Further protection against a trim runaway is provided
by the mechanical design of the clutch, that is, the amount of torque which the clutch ea:.
transmit is limited so that a pilot can stop or override an electrical trim runaway *-y
grasping and exerting about 5 pounds of force to stop rotation of the mechanical trim
wheel located on the left side of the center pedestal between the two pilots.

The airplane manufacturer examined the electrical circuit of the trim system
to identify potential failures which would result in an uncommarded change in the
elevator trim. The identified failures, which would result in tle application of 28V d.c. to
the elockwise or counterclockwise motor operating circuit and the removal of 28V d.c.
from the clutch circuit, were a simultaneous failure of both sections of the captain's
control wheel mounted trim switch and a broken connection of the 28V d.c. wire from
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terminal “E” of the captain‘s trim ewitch and shorting of the broken off wire to terminal
“A” or terminal "D* of the switch. {See figure 9.) This same failure of the first officer's
control wheel mounted trim switch also would produce an uncommanded operation of the
trim system; however, the operation of the system would be interrupted by any trim
selection at the eaptsain's switch. One of PBA's EMB-110P1 captains testified that he did
not remember receiving any training for a runaway trim emergency. He did not know the
location of the trim circuit breaker.

Safety Board investigators reviewed FAA’s service difficulty reports and found
no documented occurrences »f uncommanded operation of the electrical trim system
caused by a switch failure or 2 broken wire. There have been several occasions wherein
one or both talves of a split trim switch has failed to return to the neutral position after
the thumb was removed following normal operation of the system. In the known cases,
the captain or first office? could stop the trim runaway by moving the switch back to
neutral with a thumb.

1.17.2 Manufacturer's Analysis of Pilot Wheel Foree to Produee Compression Failure
o Left Elevator control Rod

The EMB-110P1 =levator control system is designed so that a pull force
exerted on the eaptain's or first officer’s control wheel to deflect the elevator trailing
edge upward against an eerodynamic load (and correspondingly pitch the airplane nose up)
results in a compression load on the elevator control rods. 1he magnitude of the
compression load on the left elevator control rod at a given instant from the application
by a pilot of a pull force is a function of the factors which define the aerodynamic load on
the left elevator; specifically, airspeed, trim tab deflection, and elevator deflection.
These factors also can be expressed in terms of the acceleration (load factor) which is
produced normal to the airplane longitudinal axis in the resulting pitching maneuver.

In response to a Safety Board request, the airplane manufacturer analyzed the
envelope of conditions--pilot force, airspeed, and normal load factor--that will result in a
466-pound compression load in the left elevator control rod. The assumptions for the
analysis were that the weight and e.g. location were as they existed during the accident
and that the elevator trim tab was fully deflected with the trailing edge upward. The full
trailing edge up trim tab would result in the highest compression loading of the left
elevator control rod for a given pitch-up maneuver. The plot of pilot force versus
airspeed shows the pilot force and normal load factor which would be required at a given
airspeed to produce a 466-pound destructive compression load in the left elevator control
rod. (See figure 10.)

The analysis ‘showsthat s pull force of about 430 pounds would be required a?
170 knots to produce a 466-pound ccmpression ioad in the left elevator control rod and
that this pull force would produce a 3 g normal acceleration pitch up maneuver. As
airspeed is increased, both the control column pull force required to produce the
466-pound controi rod load and the normal acceleration achievable are reduced. --At
200 knots, the pilot force needed to produce a 486-pound compression load in the left
control rod is about 340 pounds and a normal acceleration slightly higher than 1.5 g will be
achieved with that puil ©

1173 Maximal Static Foree Exerted on an Aircraft control Stick by Seated Males

The Human Engineering Guide to Equipment Design sporsored by the Joint
Army-Navy-Air Force Steering Committee has published the inforrnstion shown on
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figure 11. The design criteria for limit eontrol forces specified for compliance with .
Federal Aviation Reguiations Part 23.397(b) for an airplane weighing 13,000 pounds is 238
pounds for an elevator control wheel.

1.17.4 Service History of EMB-110P1 and P2

At the time of the accident involving X98PB, there were about 450 EMB-
110-P1 and P2 airplanes in operation throughout the world, including about 120 in the
United States with more than 2,500,000 hours of flight time recorded. During its
approximate 11-year service history preceding the crash of N96PB, EMB-110P1 and P2
airplanes had been involved in 11 accidents and 83 reported incidents. One accident and
six incidents involved elevator control problems: one of which involved a disconnected
elevator centrol rod, four of which involved either a disconnected or fractured elevator
trim tab control rod, and two of which involved a broken trim tab control rod and a broken
elevator control rod. None of the accidents or incidents resulted in damage to the
horizontal stabilizer attachment structure, although one incidert involved damage to an
elevator and its outboard hinge.

The service history of the EMB-110P1 and P2 airplanes included problems of
vibration in the empennage from propeller slipstream effects. The vibration problems
resulted in fastener distress and fatigue cracking in the bulkhead No. 33 structure. In
March 1983, the manufacturer issued a service bulletin reeummending inspections and
modificatiors of the bulkhead No. 33 area structure to assure the integrity of the
horizontal stabilizer attachment structure. An airworthiness directive {(AD) was issued bv
the FAA which required operators to implement the provisions of the service bulletin as
of July 27, 1983. (See appendix E) ‘

The maintenance records for N96PB indicated that the airplane was last
inspected on September 20, 1984; the inspection complied with AD 82-27-09 and no
defects were found. After the accident involving N96PB, the FAA issued an emergency
AD that required further inspections of the horizontat stabilizer attachment structure.
The Safety Board reviewed the AD and as a result, on January 8, 1985, issued Safety
Recommendation A-85-1, which recommended that the FAA:

Issue an eirworthiness directive (AD) to recuire that before further
commercial operation in the United States, the horizontal
stabilizer attachment of EMB-110P1 and -110P2 model airplanes
not previously modified in accordance with AD-83-14-09,
Amendment 39-4527, paragraph (d) or {(e), be inspected using an
improved inspection procedure to enhance detection of joose or
sheared rivets, particularly where bulkhead No. 33 transmits the
loads from the stabilizer forward attachment to the fuselage
monocoque structure. The inspection procedure should require
removal of controls as needed for access to riveted joints and
applicativn of external loads to detect relative movement between
structaral members. The AD should require that deficiencies
detected during' inspection be reported to the FAA and that they phe

%Iqrrhetcted in accordance with an approved procedure before further
ight.

1985. The results of these inspections were reported to the FAA, and thev indigcated that

e s U e g e e L Ak W

some airplanes had damage in the bulkhead No. 33 structuré more severe than the
precrash damage to N96PB.

The FAA agreed with Safety Recommendation A-85-1 and issued another AD in January ‘
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The FAA has issued other ADs for the EMB-110P1 flight control system,
ineluding one requiring inspections Of bearings in the terminals of the flight control rods
and trirs tab control rods. In 1982, the FAA issued AD-82-27-09, which required
inspeetion of the primary flight control eabdles to detect frayed and broken wires in the
cables; the AD was effective January 10, 1883. From the effective date of AD 82-27-08
through May 28, 1928, there have been 13 serviee difficulty reports (SDRs) of frayed or
worn stainiess steei elevator control cables and 17 SDRs of frayed or worn carbon steel
elevator control cables. The kst report was dated February 1, 1985. The maintenance
records for N96PB indicated that the four aft control cables of the elevator eontrol
system were replaced with ecarbon steel control cables on February 2, 1983, and that its
primary flight control cables were last inspected on October 8, 1984; no defects were
found.

In September 1981, the manufacturer issued SB 116-27-056 which provided for
the interconnection of the elevator actuating arms and the replacement of the aluminum
elevator control rods with steel control rods. The interconneetion of the elevators was to
reduce control column vibration caused by vibrations in the horizontal stabilizer. NS6PB
was not modified in accordance with the SB and the modification was not required. On
January 27, 1985, the CTA issued an AD that required Brazilian operators to replace the
aluminum eievator control rods with steel control rods. This was due to corrosion found
in an aluminum rod that resulted in its fracture during ground operation. In August 1985,
the FAA issued AD 85-17-04 requiring the steel controi rods and in September 1985, the
FAA issued AD 85-18-51requiriyg disconnection of the Bendix Corporation elzetrie trim
SKstems installed in EMB-110P1 and P2 models. In August 1985, the FAA issued an NPRM
that would require the modification of ali EMB-116P1 and P2 airplanes In the United
States for the installation of dual trim tab actuating rods in the elevator trim system. As
a result of subsequent changes in Embraer's Service Bulletin, an AD has not yet been
issued.

1.17.5 Special Certification

As a result of the accident involving N96PB, the CTA and FAA initiated a
certification review of the EMB-110P1 and P2 airplane at the manufacturer's facilities in
Brazil in Dezember 1984 to determine whether any airworthiness regulatory requirements
had been misinterpreted, omitted, or ovarlooked during the original certification. The
review included design loads, static strength, flutter and divergence, service histery,
maintenance and inspection requirements, and material eontrol. Particular emphasis was
placed on requirements related tc the empennage structure.

The speecial certification review team determined that the EMB-110P1 had
been certificated properly to U.S. standards during its original certification process, but
that further tests and analyses were warranted because of the service history of vibration
problems in the empenr:ge. The review team's major recommendations included: (1) a
complete flight strain survey of the empennage to determine the significant vibratory
ioaags and their possible effect on fatigue of the structure, (2) a complementary flutter
analysis of significart flutter modes to include a 27 Hz mode on the horizontal stabilizer
that was not considered in the original analysis, end (3) the incorporation of a fail safe
elevator trim tab design, such as the dual trim tab actuating rod design offered by
Embraer in SB110-27~068.

In response to the recommendations of the service team, the manufacturer
conducted flight tests of the EMB-110P1 to measure flight loads and vibration
Also, a ecomplementary flutter analysis was completed for the empennage for 18 vibration
medes measured during ground vibration tests, including the 27 Hz mode. Parametric
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studies were performed to account for variations in stiffness, inertia, and aerodynamic
loads. The analysis coneluded that a flutter problem did not exist in the empennage
except at speeds above 340 KIAS.

1.17.6 PBB’s EMB-110P1 Takeoff Profile

PBA's Director of Plight Starndards provided the Safety Board with a takeoff
profile for the EMB-110P1, which has been In effect since the airline’s recertification.

Before takeoff the appropriate V speeds and the minimum required torque area
are determined in accordance with the Pilot’s Operating Handbook {POFj, In compliance
with the provisions of Special Federal Aviation Regulation {SFAR) 41, the takeoff flap
configuration is 6°

Takeoff power is applied smoothly and the airplane is accelerated. At Vi (the
Safety Board determined that Vi for the accident flight was 96 hots) the airplane is
rotated to an attitude which allows it to become airborne at V2. (The Safety Board
determined that V2 for the accident flight was 104 knots.) Gear retraction is initiated
within IE seconds after liftoff. After clearing 50 feet, the airspeed is allowed to increase
to 130 knots.

Takeoff power is maintained until the airplane reaches 500 feet ag.l., or
aireling minimums (470 feet a.g.l. for runway 31 at Jacksonville) whichever is higher.
Power than is reduced in accordance with the POH. Climb power is maintained until the
airplane reaches cruising altitude and a climb speed of 140 knots IS maintained.

1.17.7 PBA’s Training for Runaway Trim

PBA's Director of Flight Standards, who was new to the airline at the time of
the accident, was unable to determine the manner in which PBA's training addressed
runaway trim before the accident involving N86PB. The POH addresses emergency
procedures in the event of an undesired pitch trim command, which are: (1) if the manuel
trim wheel is still rotating, stop it ang hold it or cverpower it, (2} pull the slevator trim
circuit breaker (Iocated in the lower forward position on the left side cf the ecckpit;, and
(3) use manual trim as required.

The Director of Flight Standards said that the emergency procedures were
probably the subject of a elassroom discussion.

2. ANALYSEB
21 The Accident

The investigation of the accident clearly disclosed that, during the
posttakeoff elimb, the s2irplane's elevator tips, elevators, and horizontal stabilizer hag
separated causing the airplane to enter uncontrolled flight and to crash. Consequently,
the investigation end analysis concentrated substantially on determining the sequence of
and the reasons for the structural separations. The following hypotheses were considered:
structural overload imposed by turbulence; structural failureas the result of pre-existing
structural weakness; the onset of a destructive aerodynamic phenomenon as tﬁe result of
pre-existing damege; the onset of destructive vibration produced by the imbalance of g
damaged propeller; and the application of excessive aerodynamic lcads as a result of one
or more flight control system malfunctions.
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Two witnesses to the accident observed PBA 1039 accelerate normally on its
takeo’® roll, lift off normally, and reach about 600 feet above ground level {a.g.l.) near
the departure end of the runway. One of the witnesses observed a slightly excessive climb
rate and so stated immediately after the accident and subsequently at the publie hearing.
The other witness noted a normal climb attitude. The recorded radio communications
with the control tower revealed a routine acknowledgment of the controller’s request to
contact departure control. The first separation of airplane structure occurred 25 to 30
seconds later and about 6,000 feet beyond the departure end of runway 31. The witnesses
did not see any separations before or during the airplane's descent to the ground because
of darkness.

The accident was nonsurvivable because the top of the fuselage collapsed
downward to the Seat pans with a measured 56 percent reduction in cockpit and cabin
volume. This resulted in massive blunt trauma injuries to the occupants that precluded
the possibility of survival,

2.2 Flightcrew

The captain and first officer were properly certificated by the FAA to conduct
the flight. The Safety Board concluded that the first officer probably was in controi of
the airplane during the takeoff because the captain made the radio communications. Both
pilots were experienced; the captain had approximately 10,000 total flying hours with
ratings in several twin engine transport category airplanes, and the first officer had
approximately 3,000 total flying hours. Both had sufficient fiying time in the EMB-110 to
have been very familiar with the airplane's flight characteristics. There was no evidence
that either pilot had any adverse medical or psychological conditions that might have
affected their performance.

2.3 Airplane

The airplane was certificated, equipped, maintained, and iocaded in accordance
with existing FAA regulations an¢ company procedures. There was no evidence in the
airplane's records to sugges? that the flightcrew or company maintenance personnel were
aware of any airplane discrepancies before the accident flight which could lead to loss of
control or structural failure.

2.4 Engines and Propellers

Both engines, both propellers, and the various powerplant accessorics were
operating normally until impact. This conclusion is supported by the presence of
rotational contact marks and torsional-type impact damage to both engines. Also, both
fuel supplies and both fuel metering systems eontained fuel and were capable of supplying
and metering fuel to the two separate engines. Consequently, the engines were
eliminated as a causal fsetor in the accident.

2.5 Weather

The surface weather observations bofore «nd after the accident noted surface
winds of 8 to 16 knots with gusts to about 17 knots. Although the area weather forecast
inciuded flight precautions for turbulence, there were no indications from wezther
observations ar from witness statements of turbulence sufficient to have affected the
structural soundness of the airplane at the time of the accident. Turbulence near the
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ground was probably no greater than moderate. Further, there was no evidence that the
airplane had encountered significant turbulence during the previous flight Therefore, the
Safety Board econcludes that weather was not a factor in this accident.

2.6 Preexisting Condition of Airplane Structure

The investigation determined that before takeoff thew was no damage %o
either the stabilizer or to the elevator components sufficient to suggest a preflight
collision between the airplane and another vehicle, such as a fuel truck or baggage ecart.
Further, those persons who observed and serviced the airplane during its Jacksonville tum
around did not see any vehicle come in contact with the airplane. No baggage cart was
used. Therefore, the Safety Board concludes that the airplane was not subjected to
external loads of sufficient magnitude to produce a deformation or failure of the
stahbillizer attachment structure during a preflight collision, such as contact with a ground
vehicle.

The Safety Board determined that the fractures of the male Iugs of the
forward attachment fitting at bulkheas No. 33 caused the horizontal stabilizer assembly
to separate from the fuselage. The deformation and fractures of the attachment fitting
indicate that the male lugs fractured first in shear and then in tensile overstress as the
horizontal stabilizer moved aft and twisted clockwise (looking forward) relating to the
fuselage. Because the loads on the forward attachment fitting are carried into the
fuselage monocoque structure by rivets and channels at bulkhead No. 33, and because
there was evidence of preexisting damage in this area, the effects of such preexisting
damage on the load carrying capability of this structure were analyzed in depth.

The fretting around some of the fastener holes in the channels which transmit
the loads from the upper right corner of the forward attachment fitting into the fuselage
forward of buikhead No. 33 indicated that some fasteners had been loose before the final
structural failure. Looseness in these attachments would have resulted in a transfer of
increased stabilizer loads into the bulkhead No. 33 web. The small preexisting fatigue
crack (5/18-inch iong) in the bulkhead web supported the contention that loose or sheared
rivets had Seen present before 'he eccident and that the web had been exposed to excess
stress.

The susceptibility of the EMB-110P1 and P2 models to fastener distress and
web fatigue cracking in ihe bulkhead No. 33 structure was known before the accident.
The knowledge had prompted the manufacturer to issue a service bulletin which described
an inspection program to detect lcose fasteners and web fatigue cracks. The service
bulletin giso described an alternative modification to correct the loose fasteners and a
procedure to repair the web cracks. The manufacturers service bulletin was mandated by
en FAA airworthiness directive effective July 27, 1983. According to PBA maintenance
records, N96PB had been inspected for loose fasteners and bulkhead No. 33 web cracks in
September 1984, and no defects were noted. If loose fasteners and a web crack of any
length had been detected, a modification to structure would have been required; however,
a 53/186-inch crack with no loose fasteners would have been acceptable without a repair to
the web. The Safety Board could not determine whether the loose fasteners developed
after the September 1984 inspection, or whether the visual inspection methods were
inadequate to detect fastener looseness.  However, following the accident, other
EMB-110P1 and P2 airplanes were reinspected using more positive inspection methods,
and some airplanes were found to have similar and even more severe damage In the
bulkhead No. 33 attachment structure than the damage believed io have existed on
Ng6PB. Therefore, the condition of the stabilizer forward attachment structure of N98PB
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before the accident flight was not unique to that airplane. The Safety Board's concern
that loose fasteners in the stabilizer load distribution path could have directly or
indirectly contributed to the ultimate structurai failure of the forward attachment fitting
prompted extensive analyses and tests.

2.7 Struchural and Aeroelastic Consideration

Two potentially eritical effects of pre-existing damage were analyzed: first,
the extent to which the static load carrying ability of the structure was reduced and
second, the extent to which structural stiffness was reduced thereby affecting the
airplane‘s aeroelastic and vibratory characteristics. The analyses showed that the normal
loading on the horizontal stabilizer during a takeoff climb, under the conditions which
existed at the time of the accident, would be very small compared to the ultimate
structural capacity of the stabilizer forward attachment at bulkhead No 33. Ample
strength remained even when all of the fasteners which may have been loose wers totally
removed. This anai_tical finding was confiimed during an sctual load test. In the test, a
static load equivalent to the maximum stabilizer air load which eould be encountered
within the airplane’s design flight envelope was applied to a stabilizer forward attachment
fitting and a test replica of the bulkhead No. 33 structure. The load was applied In a
normal symmetrical distribution spanwise across the stabilizer. The tests disclosed that
the structure could carry this maximum load without deformation of the forward
attachment fitting with ali of the fasteners removed iIn the uoper right corner of the
fitting and with a 3-inch crack {saw e¢ut} in the bulkhead web. ks zonditinn simulated
was more severe than that which existed on N96PB. Based on the results of the analyses
and tests, the Safety Board concludes that the stabilizer forward attachment structure
was fully capable of carrying the ultimate design loads, even with the loose or sheared
rivets and a 3/16-inch fatigue crack in the bulkhead No. 33 web.

In the evaluation of the effects of damage on the structural stiffness, the
consultants' analysis considered all possible conditions which may have adversely affected
the airplane's susceptibility to aerodynamic flutter.  Aerodynamic flutter is a
phenomenon wherein airstream energy causes deformation of the structure or relative
deflections between aerodynamic surfaces which, in turn, excites an oscillation in the
aerodynamic surfaces and internal structure. The aerodymamice flutter ean be rapidly
divergent and can cause forces in primary airplane strueture which exceed the maximum
design load in a relatively few oscillations. The airspeed av which flutter will occur
depends upon the stiffness of the structure and other factors, such as mass distribution.
“h~ aeroelastic properties of an airplane are considered during design and certification to
... extent necessary to assure that aerodynamic flutter cannot occur within the airspeed
range of the airplane. However, eerodynamic flutter can occur at lower airspeeds if
stiffness is reduced by leoseness in the structure, or if there is excessive free play in the
attachment of aerodynamic control surfaces. There was no evidence of excessive free
play in the elevator trim tab-to—elavator hinge, in the elevator-to-stabilizer hinge, or in
the longitudinal flight cantrol system. However, the Safety Board's examination of the
right elevator outboard hinge bracket revealed that this bracket had been removed and
replaced during previous maintenance and that the bracket contained a small fatigue
crack. The sequence and cause of the overstress failure of the brackst was not apparent.

The Safety Board alse considered the spanwise distribution of the bslsnece
weights in the elevators of the accident airplane, which was not in total accord with the
manufacturer’s Structural Repair Manual or with AD 83-15-10, as that spanwise
distribution could have affected the structural integrity and the flutter characteristics of
the eairplane. However, the manufacturer indicated to the Safety Board that the weight
distribution of the accident airplane would not have a significant effect on its elevator
structure.
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The consultant’s analysis of flutter characteristics of the empennage
considered a reduction in stiffness attributable to loose rivets at bulkhead No. 33, a
completely separated elevator hinge, the actual balance weight distribution of N96PB, and
a broken elevator control rod. The analysis showed that the airplane would not have
encountered an aerodynamic flutter condition in the speed range between 50 and 280
hots. Therefore, the Safety Board concludes that the struetural failure Was not caused
by a divergent aerodynamic flutter.

Although analyses end tests showed that the existence of loose or sheared
fasteners in the bulkhead NO. 33 structure of N96PB did not affect the ability of the
structure to withstand applied static loads ar the airplane's aeroelastic characteristics,
the Safety Board remains concerned that this condition on other EMB-110P1 and P2
airplanes could lead to progressive fatigue and premature structure failure. The safety
Board believes that the FAA should require the horizontal stabilizer attachment structure
of EMB-110P1 and P2 airplanesbe modified to preclude such damage in accordance with a
procedure set forth by the manufacturer. The Safety Board agrees that the tests showed
that the stabilizer forward attachment structure at bulkhead No. 33 would carry ultimate
stabilizer loads even though weakened@ by cracks and the removal of fasteners in the
bulkhead web. Nevertheless, the Safety Board is concerned that the tests were not
sufficient *o show conclusively whether the resulting ehange in load distribution would
affect the fatigue life of the redundant load path.

28 Vibratory Load Considerations

The missing part of one blade of the right propeller prompted concern that the
blade might have been damaged before or during takeoff and that a resultant imbalance
might have caused structural failure of the horizontal stabilizer. The damage to the other
blades of the right propeller and to the blades of the left propeller were not typical of
damage whieh would be expected from a takecff ground strike. Further, the end of that
portion of the blade on the right propeller which remained attached to the hub had melted
and sagged under its own weight during exposure to the postcrash fire. Therefore, the
Safety Board believes that the missing portion of the blade was consumed in the ground
fire. Moreover, the manufacturer's tests in which the horizontal stabilizer and elevator
structures were instrumented to measure the vibration loads caused by propeller
imbalance disclosed that high loads sufficient to damage the elevators, could be produced
only with a 14-inch or longer length of one propeller blade missing. However, the
manufacturer stated that a propeller imbalance of this magnitude also would cause
destruction of the engine mounting structure. All fractures and deformations of the
engine attachment structure on N96PB were typical of damage produced by the extreme
forcesgenerated during ground impact and not those that would have been generated by a
damaged propeller.  Consequently, the Safety Board concludes that there were no
destructive vibratory Inads imposed on the horizontal stabilizer structure attributable to
propeller imbalance.

2.9 Abnormal Stabilizer i0ading Caused by Flight Control Malfunetions

A significant investigative finding resulted from the tests conducted by the
manufacturer when abnormal asymmetrical loads were statically applied to the horizontal
stabilizer. Upon application of locads approximati those air loads produced with full
antisymmetric elevator deflections at 140 knots (or with lesser elevator deflections at
higher speed), the stabilizer forward attachment fitting and the bulkhead No. 33 structure
on the test fixture deformed and fractured in a manner nearly identical to the
deformation and fractures evident on N96PB. The test provided strong evidence that the
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separation of the horizontal stabilizer of N98PB at the stabilizer forward attachraent
fitting could have been caused by an abnormal asymmetrical air load on the stabilizer.
An asymmetrical air load of this magnitude will occur only with antisymmetric elevator
deflection, a circumstance which can only follow some other failure ar maifunction of the
airplane's elevator control system. Therefore, the Board believes the test showed that a
failure of the control system preceded the structural separation of the stabilizer.

2.10 Left Control Rod Fracture

Although the left and right elevator actuating arms were not interconnected
on N96PB, the two elevators are connected by the aft bellcranks which transmit control
system motion to the forward end of the left and right elevator control rods.
Consequently, differential deflection of the left and right elevators requires failure or an
aft bellcrank, za elevator control rod, or an elevator actuating arm. There W& no
evidence of failure of either of the aft bellcranks or either of the elevator actuating
arms. However, both elevator control rods were fractured.

Based on its examination of the fractures and the relative position of adjaceat
fuselage structure, the Safety Board concludes that the symmetrically located fractures
of the left and right elevator control rods (11 inches aft of the aft bellcrank attachments)
occurred when a channel section at fuselage bulkhead No. 34 sliced the rods as the leading
edge of the horizontal stabilizer moved downward and aft during its separation from the
fuselage. There were no other fractures in the right control rod indicating that the red
was intact until the stabilizer separated. A similar conclusion regarding the left control
rod could not be made because that control rod was fractured in two places with a 9-inch
intervening section missing.

The aft failure of the left control rod was typical of compression buckling and
was initially attributed to jmpact forces applied when the rod struck the ground and was
forced into the earth. However, after determining that differential elevator deflection
could explain the horizontal stabilizer forward attachment Separation, the left control rod
fracture and the fuselage structure were examined more closely for evidence that the left
elevator control rod fractured during flight. The examinetion disclosed that two facts
supported an in-flight fracture: (1) the compression buckling fracture occurred at or very
near to the exact midpoint of the control rod (a failure which would be typical of a
control system compression induced fracture); and (2) there was an impact mark on the
aft side of en upper channel at fuseI%cf;e bulkhead No. 35 which matched the shape of the
fracture surface of the aft position of the left control rod. This impact mark indicated
that the rod fractured end the aft portion of the rod had struck the channel before the
elevator separated from the stabilizer. Consequently, the Safety Roard concludes that
the left elevator control rod failed sz a result of compression overstress during flight;
that this failure, in conjunction with abnormal trim tab deflection, permitred differential
deflection of the left and right elevators; and thet the resultant as)mmetrieal loads
caused the horizontal stabilizer separation.

21 Caontrd System Overload

A load is applied to the elevator control rods whenever a pilot applies a force
to either of the control columns to maneuver the airplane in pitch. The load epplied under
normal conditions is reacted to by the aerodynamic loads on the elevators which are
dependent upon the elevator deflection, elevator trim tab position, and airspeed.
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During steady state fliht, the position of the left elevator trim tab is adjusted
to produce an aerodynamic load on the left elevator which balances the aerodynamic lkced
on the right elevator. Consequently, in the steady state neutrally trimmed condition, the
loading of the left and right elevator control rods will be nearly equal and opposite, ie.,
one WIll be in compression and the other in tension, SO that the resuitant load at the
interconnected aft bellcranks will require little or no compensating force at the eaptain's
or first officer's control eolumns. In an untrimmed flight eondition or during a pitching
maneuver the force exerted on the eontrol eolumn by the captain or first officer will bias
the tension or compression loads in both the left and right control rods similarly; however,
the effective loads on each elevator control rod can remain unequal because of the
influence of the trim tab on the left elevator.

The control system is designed so that a pull force on the captain's or first
officer's control column commands an sirplane nose up pitching maneuver {trailing edge
up elevator deflection) which will result in eompression loading of the elevator control
rods. Similarly, the pilot pull-force necesssry to counter the elevator aerodynamic load
associated with airplane nose down trim (elevator trim tab deflected trailing edge up) will
result in compression loading of the left elevator control rod only. Consequently, the
combination of a commanded airplane nose up pitching maneuver with an airplane nose
down trim tab deflection will result in compression forces in both elevator control rods,
with the greater force in the left rod.

The manufacturer's analysis of left elevator control rod loads showed that a
compression load ofabout 466 pounds, the load which produced a failure during test by the
manufacturer, can be generated only when the trim tab is fully deflected to the trailing
edge up position, the airspeed is about 170 knots, and an abnormally high pull force is
exerted on their control columns. A control column pull force of about 430 pounds would
be required at 27& knots, and this foree would normally result in an ebrupt airplane nose
up pitching maneuver to a normal acceleration force of about 3g. As the airspeed is
increased, the control column pull force necessary to overload the left elevator control
rod is reduced, as is the maximum normal acceleration that can be achieved in a pull up
maneuver before a control rod fails. If the airspeed reaches 206G knots or higher, the left
elevator control rod would fail with a control column pull force of about 300 pounds and
the maximum normal acceleration which could be achieved would be about 15 g. Under
all conceivable circumstances, the control column pull force required to cause a
compression failure of the left elevator controi rod would exceed the maximum two-hand
pull force of about 200 pounds that can be applied by one male pilot of average strength.
Therefore, the Safety Boarc concludes that beth pilots were pulling or their respective
control columns when the left elevator control rod failed.

212 Elevator Trim

The mechanical damage to the elevator trim tab actuator rod and the molten
metal fused position of the trim system threaded cable on the cockpit pedestal trim wheel
were both consistent with a full trailing edge up deflection of the elevator trim tab. The
design of the mechanism is such that the position of the cable would no: have changed
during the structural separation of tho horizontal stabilizer or during the subsequent
impact unless commanded by one of the pilots. Because of the difficult control situation
which must have existed during and after stabilizer separation, it is improbable that
either pilot commanded a trim change. Therefore, the Safety Board concludes that the
airplane's elevator trim tab was fully deflected in tie trailing edge up position before the
structural failure of the stabilizer occurred. Further, the Safety Boara concludes that
this trim teb position was & key factor in the sequence of events of the accident.
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2B Sequence_of Events Leading to Stabilizer Separation

The evidence that the elevator trim tab was deflected to its fuil trailing edge
up position (airplane nose down trim), the left elevator control rod was fractured from
eompression loading during flight, and the horizontal stablllzer_ structural attachments
were overstressed and separated by asymmetric aerodynamic alr loads is all consistent
with and supportive of a definitive failure sequence. The aerodynamic loads on the left
elevator as the elevator trim tab deflected upward required reactive forces in the control
s%/stem to prevent the airplane from pitching nose cban The safety Board cannot 2ssess
the extent to which pilot forces on the control column, or other forces acting in the
elevator flight eontrol System, prevented the airplane from pitehing down as the trim tab
was Initially deflected upward. However, one explanation of the observed damage is that,
at some instant during the posttakeoff climb, the airplane pitched suddenly nose down and
that both pilots reactad to correct that maneuver with abrupt and high pull forces on their
respective control columns. Thii action produced a compression load in the left elevator
control rod which exceeded the design strength of the rod and caused it to fracture. With
the restraint of the left control rod removed, the left elevator instantaneously reacted to
the aerodynamic load sroduced by the fully deflected trim tab and moved rapidly traililrl\g
edge down. Simultar. sously, the fracture of the left control rod caused the high P
forces on the pilot coatrol column to transfer fully to the intact right elevator control
rod, which rapidly forced the right elevator to move trailing edge up. Thz combiration of
airspeed, which could have reached at last 170 knots during the initial airplane pitch
down maneuver, and differential elevaetor deflection produced high asymmetrical
aerodynamic loads on the horizontal stabilizer, which exceeded the strength of the
stabilizer forward attachment structure. As a result, the horizontal stabilizer separated
from the airplane in a clockwise twisting motion as viewed from the aft looking forward.
The Safety Board believes that the elevator tips separated from the elevators and the
elevators separated the stabilizer during or immediately after the horizontal stabilizer
attachment separated because of the high inertial and aerodynamic loads imposed on the
stabilizer assembly in the separation process.

Although a logical sequence of failure following the deflection of the elevator
trim tab has been established, the event that caused the elevator trim tab on N96PB to
deflect to its full trailing edge up position could not be conclusively established.
However, the Safety Board considered the possible explanations for events which may
have caused the trim tab deflection and narrowed the possibilities to two: (Da
malfunction in the trim system itself, which may have caused a runaway trim; and (2) a
malfunction in the airplane's primary elevator control system, which may have prompted
the pilot to intentionally command full airplane nose down trim.

214 Runaway Trim Theory

The electrical switches on the captain's and fist officer's control wheels and
the associated electrical wiring for the elevator trim tab were destroyed by the posterash
fire. Also, the circuitry in the trim adapter box was damaged. Therefore, the pre-crash
condition of these components and their possible effect on, the functions of the electrical
trim system could not be determined.

The service history of the EMB-110P1 and P2 trim system showed no previot:
occurrences of an electrical trim runaway caused by a circuit defect but showed that
there have been multiple occurrences wherein one or both halves of a split trim
have stuck (failed to return to neutral) followinga trim application. In the known cases of

]
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a stuck trim switch, the pilot was able to move the switeh back to neutral with his thumb.
Consequently, the elevator trim system in the model has not posed any significant
problems to the airplane or its pilots

The failure mode analysis of the electrical circuit diselosed one coneceivable -
way in which the trim could run to a full nose down position without a pilot command and
possibly without aural warning. The failure would oecur if a specificwire {28V d.e. motor -
power) separated at its terminal on either of the pilot's control wheel swilches aad
shorted (touched) the adjacent terminal for the nose down trim selection wire. . This

particular anomaly would close the motor eireuit and open the clutch eireuit. I sucha - . @

fatlure occurred, an opposite selection of the split switch to the nose up trim posrtian
would mzve no effect. However, if the failure occurred on the f i1 1 officer's control
wheel, iz captain could reverse the runaway by selecting opposite (airplane nose yg) trim
with his switch. If the failure occurred on the switch on the captain's wheel, the runaway
could only be stopped by pulling the system circuit breaker or turning off the 28V d.c.
main power, or, temporarily, by grasping the pedestal-mounted trim wheel. Only five
pounds of force on the wheel are required to stop actuation of the trum system. If no
action is taken, the left elevator trim tab will take about 30 seconds to travel from an
approximately neutral trim position to the full trailing edge up position.

At 1813:14, when flight 1039 was over the departure end of runway 31, the
captain said, "ok so long," in response to a frequency change. At 1813:44, just 30 seconds
later, an unidentified voice said, ™ . .(unintelligible) . « «like PBA went down off end of
runway.”  While the captain's last communication, did not indicate that there was an
emergency in progress, the first officer (the flying pilot) may have already been
experiencing and responding to increasing control pressures on the control column. It
seems most likely that in the event of a control problem, the f 1 1 officer would alert the
captain as soon as he became aware of an emergency, and a few seconds would hive
passed before recognition of 'the problem took place. If conversation Wes necessary to
diagnose the problem, request assistance, and provide Instructions to overcome the
condition, then several more seconds may have passed. . However, there is no way to
determine the precise recognition and response time of the T 1 1 officer. Because there
were no further communications from the captain, he probably became aware of the
control problem shortly after his Legt communication and was then too busy assisting the
first officer to make any further transmissions. Since only 30 seconds elapsed between
the last communication from the captain and the crash, the trim must have already been
In motion toward the nose down position, either from deliberate pilot input or from a
runaway trim. The approved emergency procedure for a runaway tm condition was to
overpower the manual trim wheel and to pull the elevator trim cireuit breaker. Unless
this procedure had been taught and practiced as an emergency procedure, finding the
circuit breaker may have caused further delay during which time the trmm would continue
to- move. However, before the circuit breaker is pulled, either pilot could stop the
runaway trim ‘temporarily by grasping the pedestal mounted trim wheel, sinee only %
pounds Of force on the wheel are required to stop actuation of the trim system.

The Safety Board believes that a runaway trim resulting from either a stuck
switeh or a short f the 28V d.c.motor power Wire to the adjacent nose down &im motor
terminal at the pilot's control wheel switch may have occurred. Investigators could not
determine the emphasis given to a runaway trim emergency I PBA's training [3QQdMN
Since this type of emergency is difficult to demonstrate during flight, the required -
training probably was limited to a classroom discussion of the procedures in the Pilots* -
Operating Handbook. Testimony of one PBA EMB-110P1 pilot indicated that he did not
remember receiving any training for a runaway trim emergency and he did not know the
location of the circuit breaker. ABD, the flightcrew of N96PB probably had never
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experienced an actual electrical runaway trim and the emergeney probably had not been
demonstrated in an EMB-11¢P: airplane. The Safety Board considered this in its analysis
of the accident.

During the takeoff and initial climb, the first officer, who was the flying pilot,
probably would have exerted a slight pull force on the control column for rotation and 1ift
off and then relaxed the force to establish the desired climb attitude and airspeed. It is
probable, especially during relative darkness, that the first officer would have been
scanning his instruments as hLe attempted to establish his climb. It would be normal for
him to fine tune the trim setting using his control wheel ‘eetrie trim switch to relieve
the control force as the climb attitude was established, since .»is left hand would be on the
throttle quadrant and the manual trim wheel is on the left side . © the center pedestal. |f
his switch had stuck, the Safety Board believes that it would take :ttle time to note the
progressively inercasing pull force needed to maintain the target sttitude and airspeed
and that, without thinking, he would select nose up trim with the control wheel switch to
stop the nose down trim runaway. However, if the runaway was the result of an electrical
defect in the captain's econtr>! wheei switch, the onset of the runaway may not have been
immediately apparent to the. f.rst officer. If the captain observed any mcvement of the
trim wheel, he probably v ould think it was the result of deliberate input by the first
officer. Tre time needec for the first officer to recognize the necessity to increase the
control column pull fore : would have depended upon his attentiveness to the instruments
or to his visual references. The Safety Board believes tihat the first officer would have
recognized the onset of a problem. before the airplane deviated significantly from the
desired climb attitude. However, he initially may have been confused when a nose up trim
selection on his control wheel switch failed to relieve the nose down tandency of the
airplane. It is logical to assume the pilot flying the airplane would have asked the other
pilot for assistance to diagnose the problem, to pull tha trim circuit breake;, to help with
control wheel forces, or to grasp the mechanical trim wheel and stop its motion. The
Safety Board is not confident that the procedure of grasping the trim wheel was taught to
the piiots, or that they would react immediately to do so. If the trim runaway was not
stopped, the control column force required to keep the airplane in a normal 140-knot
posttakeoff climb would have increased with full trim tab deflection to about 180 pounds.
Although heavy and unusual, this force could have been exerted by an average male pilot
using both hands on the control wheel. if the airplane was allowed to pitch nose down, the
force required to maintain level flight would have increased rspidly as the airplane
accelerated. The distraction of looking for the circuit breaker or the trim wheel may
have been sufficient for this to occur. Under such eonditions, it is logical t. assume that
a pilot would have reduced engine power to prevent continued acceleration. However, If
the pilot did not take that ection, the control forces require3 to maintain ievel flight
would have increased beyond the capability of one pilot.

To accept ruraway trim as the initiating event in this accident, it must be
presumed that the pilot flying the airplane permitted it to pitch down gnd to accelerate
until both pilots were aware that an emergency pull up with maximum econtrol eolumn
forces was necessary. Even if the pilots had not been trained for a runaway trim
emergency, the Safety Board believes that the only action required to prevent resultant
loss of control is basic airmanship and the recognition of gn out-of-trim condition would
be immediate, since the pilot would sense the behvior control forces. However, the
diagonosis of the problem and the corrective action would take time to resolve, espeecially
if the pilot had not been trained to grab the trim wheel and pull the cireuit breaker. A
natural reaction weuid be to exert control forces and to reduce power as needed to
maintain level flight without permitting the airspeed to increase significantly.
Consequently, although the Safety Board cannot exclude the possibility that the full
ai plane nose down elevator trim was caused by an electrical defect in the piiot's control
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wheel trim switch, we believe that a flightcrew with the experience of the accident
flightcrew probably should have been able to overcome such a condition without losing
control of the airplane to the extent that a high positive load factor maneuver would be
needed for recovery. However, the lack of training for such an ececurrence would have
permitted the situation to get out of control. Therefore, the Safety Board believes that
hands on training for a runaway trim emergency should be given in the airplane as a part
of cockpit orientation. The Board recognizes the difficulties involved in in-flight
simulation of a runaway trim condition.

The Safety soard believes that a flightcrew that has received training for a
rungway trim emergency, which includes e simulator demonstration of the control forces
required to prevent the airplane from accelerating out of control and the actions required
to stop the runaway, would be likely to react more quickly to the emergency tlas. an
untrained crew. Therefore, the Safety Board supports the efforts of the Regioral Airline
Association to promote the development and use of training devices acceptable to the
FAA for the class of airplanes used in its operations.

25 Seized Or Jammed Control System Theory

The other possible explanation for the accident airplane's full nose down
elevator trim tab deflection is that the pilot flying the N88PEB intentionally commanded
the nose down trim In an attempt to correct or compensate for an elevator control system
mealfunction. The first officer of a landing airplane who observed flight 1039 takeoff
stated that he believed the flight's initial climb rate was slightly excessive {er an
EMB-~110P1. This observation is contrary to the climb rate which would be expected in
the case of a nose down trim runawsay and leads to a postulation that the pilot of N96PB
encountered some difficulty in lowering the airplane’s pitch attitude after takeoff.

If the elevator control system on N36PB had jammed or seized during or after
the takeoff rotation with the elevators in a nose up pitch attitude, the difficulty in
lowering the nose of the airplane to a normal climb attitude would have become more
apparent as the airspeed increased. A pilot's reflexive action to correct an excessive
nose-up pitch attitude would have been to exert e.push force on the control eclumn and to
command airplane nose down trim. The trailing edge up deflection of the elevator trim
tab (nose down trim) would normally produce an sirload to deflect the elevator trailing
edge down and to pitch the airplane nose down. However, if the control system had
remained seized or jammed and the elevator position had remained fixed, the elevator
trim tab deflection would have produced en effect opposite to that desired, ang the nose
of the airplane would have continued to rise, prompting the pilot{s} to push even more
forcefully on the control column. Under such cireumstances, if the combined forces
within the control system produced by the elevator trim tab zirioads, acting as a moment
at the elevator hinge, and by the push foree on the control column, haed reached e
threshold sufficient to relieve the control system seizure or jam, the suddeniy freed
elevators, would have moved trailing edge down, and the airplane would have pitched
abruptly nose down. A pilot's normal and reflexive action to s . abrupt nose down pitch
change at low altitude would be to rapidly reverse the control column forces ané pull back
on the control yoke. Consequently, it is possible that the sudéden pull forces exerted
the pilot(s} would have been suffiCient to have failed the left elevator control rod. It is
also possible that the pilots' g1 forces might have caused the control system to seize or
jam egain, so that ths available pitching moment was limited to the extent that the
airplanes descending flightpath could not be correctea. The pilots might then have pulied
back on the control yoke to their maximum eapebility in an attempt to prevent impact
with the ground. If the seizure or jam was agein relieved, destructive dynamic forees
would have been imposed on the left elevator control rod.
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There Was no tangible evidence from the examinetion of the wreckage of &
seized or jammec control system, nor have there been any known occurrences of such
problems in the ExB-~110P1 and P2 service history. However, there have been some SDRs
in which stainless steel elevator cables have become worn where they pass through
fairlead blocks near the midsection of the forward-to-aft cable run, an event which ¢an
lead to seizure of a easle within a fairlead block. The identification of this problem
prompted the manufacturer to issue a service bulletin that recommended the replacemant
of stainless steel elevator control cables with harder carbon steel cables, which are more
resistent to wear. The aft cables were replaced on NS6PB in February 1983, and the
cables were inspected in October 1984, with no defects noted. Notwithstanding these
maintenance actions, it is possible that a wotn cable seized within a fairlead block during
the takeoff rotation, particularly since problems have been rzported with the ecarbon steel
cables. Also. a control system jam could have been caused by a foreign object interfering
with a cable pulley or by a control column, or by a seized right elevator hinge bearing.
Any of these conditions could have resulted in an elevator control system seizure or jam
which couid have been relieved ordy by high controi system forces or by a inomentary
reversal of the force applied te the control yoke.

In summary, the Safety Board believes that a control system seizure or jam,
followed hy the foregoing sequence of events would explain this accident and probably is
more easily understooa than a runaway trim occurrence, because the pilots should have
been able to control a runaway trim by applying the required pull force on the control
wheel o prevent loss of control even though they right not have been abie to
immediately diagnose the nature of the emergency. Further, it is not likely that the
pilots could have taken actions to prevent the accident if the control system had seized or
Jammed. Thre inability of the Safety Board to &z2termine conclusively the initial event
which resulted ir the fu.: trailing edge up deflection of the elevetor trim tab precluded
the Board from eit’~g either runway trim or e jammed control &s causal. Consequently,
identifiestior. of factors which could have Seen significant to the accident cause or
contributing cause was no* possible. For example, if the initial event was an electrical
trim runawsay, the Safety Board would focus greater attention on flightcrew performance
and orerator pilot training; and i: the initial event was & seized or jammed conirol
system, the accident may have occurred with fiiwless pilot performance. In the latter
case, the Safety Boar6 would focus more attertion on the airplane design, the operator's
maintenence and inspection program, and/or the FAA's surveillance of those programs,
even though the Safety Board's investigation diZ not find significant tangible evidence of
deficiencies in any of the areas.

216 Review of FAA Certification

An in-flight structure! failure of any zirpiane in the absence of circumstances
to explain an obvicus overstress condition aiwavs prompts concern about the zirplane's
original design and certificstion criteria. In this case, the partinular aress oOf interest
include tine design load criteria, eerodynamic flutter characteristics, elevator control
system strength, and elevator trim system runaway protection. The Safety Board
reviewed the certification procedures ana concluded that the FAA's original U.S.
certification of the EVMB-110 was procedurallv proper and in accordance with the
provision for the certification of a product that is manufactured in a foreign country. The
Special Certification Review initiated by tne FAA end the CTA {ollowirgz the accident
provided further assurance that the original certification of the airplane was
accomplished in acecrdance With applicable regulations.
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The Special Certification Review team evaluated the design load criteria and
the aerodynamic flutter characteristic3 of the airplane and found only minor discrepancies
in the analytical and test data used initially to show compliance with the FARs. The
Safety Board coneludes that the discrepancies were not relevant to the cause of this
accident.  Neither the design criteria nor the certification requirements included #
srructural design load consideration for antisymmetric aerodynamic loading of the
horizontal stabilizer. The Safety Board agrees that because it is not possible to achieve
such a loading condition absent other failures which could render the airplane
uncontrollable, an antisymmetric loading condition is not a reasonable design
consideration.

In their evaluation of flutter characteristics, the speecial certification review
team noted that the airplane, although in complisnee with the U.8. certifieation basis
specified in the appropriate section of the FAR's effective in September 1969 and during
original certification, was not in eompliance with a recent amendment to the FAR which
requires that the airplane be shows to be free from flutter following the failure of a trim
tab actuating rod. The service history of the EMB-110P1 and P2 revealed one accident
and five incidents wherein an etevator trim tab actuating rod had failed or become
disconnected and the free tab had caused excessive vibration of the agirpiane. In this
accident, the evidence is conclusive that the elevator trim tab actuatirig rod was intact,
connected, and not a factor in the structural failure. Further, there was no free play in
the tab hinge.

The Special Certificstion Review Report did not specificallv address the
certification of the airplane as it related to control system strength or t. trim system
runaway protection. The Safety Board is concerned since tine accident that a failure of a
primary part of the airplane3 ight control system could be achieved by a pilot-applied
load, notwithstanding that the load was applied by two pilots, both pulling at near
maximum strength on their control wheels. Although the total load resulting from the
efforts of poth pilots far exceeds the reacting aerodynamic loads achievable within the
ai-plane's flight envelope, suck a load might be required to overcome a jammed flight
control condition. The TAR addressing flight control system strength has remained
unchanged since the certification of the EMB-110P1 and P2 and specifies that the fight
control system strength be designed to withstand the maximum effort of the piiot applied
to the system; this maximum effort is defined as a 238-pound force applied to the
(elevator; control wheel. The strength of the EMB-110P1 and P2 flight control systera,
including the elevator control rods far exceeded this requirement. In further
consideration of the design strength of the syst~ms, the load applied to the &* bell crank
is normally divided between the left and right elevator control rods, each of which is
capable of withstanding the maximum control system force which can be applied by one
pilot. Furthermore, the left and right elevator control rods are considered to be
redtindant because 2n in-flight failure of either rod will result in free elevator only on the
side of the failure. The airplane can then be controlled in pitch by the remaining
elevator. The fallacy of the redundancy consideration, however, is the effect of a highly
deflected elevetor trim i.b on a free elevstor which, as demonstrated in thiis accident,
can cause antisymmetric aerodynamic loading of the stabilizer. The Safety Board
seknowledges that the EMB~110P1 and P2 flight control system design strength complied
with the certification standards. Further, the conditions of this aceident were unique in
that the elevator trim tab was fully deflected, and the pilots were applying maximum
force to achieve a desperate maneuver. However, the Board believes that the elevator
control system should be of sufficient strength to withstand the maximum applied efforts
of both pilots.
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I September 1981, the manufacturer introduced a modification to the
EMB-110P1 and P2 models to interconnect the right and left elevators at the elevator
torque tuba arms to reduce horizontal stabilizer and control column vibration. With the
elevators interconnected, the failure of either elevator control rod would result in more
critical loading of the remaining elevator control rod. Consequently, to preserve the
redundancy of the control system, the modification required replacement of the original
aluminum control rods with stronger control rods made from steel tubing. The
modification wes not considered a safety issue and was thus not mandated by either the
CTA or the FAA.

Since this accident, both the CTA and the FAA have required operators to
install the higher strength elevator control rods in EMP-110P1 and P2 airplanes. This
modification, with or without the elevator torque tube arm interconnect, will prevent
antisymmetric elevstor deflection as it occurred during this accident. However, tne
S=feiv Board cannot positively conclude that the presence of higher strength control rods
v.wld hsve prevented an accident if the pilot experienced an elevator control system jam.

The regulation addressing trim systems also has remained unchanged since the
U.S. certification of the EMB-110P1 and P2, and, as it relates to runaway protection,
specifies that *“proper precautions must be taken to prevent inadvertent, improper, or
abrupt trim tab operation." The Safety Board has reviewed the design of the elevator
trim system in the accident airplane. The only failure--& shorting of the 28V d.c. wire to
a trim motor operating terminal in the pilots control wbeel mounted trim switch which
could result in the simultaneous operation of the trim motor and engagement of the trim
motor ciutch is a remote possibility. Should this occur, the control forces will
progressively increase as the tab moves to full deflection during a period of about
30 seconds. During this period, the pilot would be expected to act to remove electrical
power from the system. Based on the remote possibility of inadvertent operation, and the
several means by which the pilot can cope with such an emergency, the Safety Board
concludes that the elevator trim system conformed to the certification criteria.

217 Flight Data and Cockpit \Voice Recorders

The Safety Board believes that the facts and circumstances of this accident
further illustrate the need for a requirement that flight data recorders (FDR) and cockpit
voice recorders (CVR) be installed in multiengine, turbine-powered, fixed-wing airplanes.
Recorded flight parameters and CVR conversation would have provided significant clues
regarding the cause of this accidect and permitted more timely and positive identification
of the remedial action needed tc¢ prevent recurrence. Although the Safety Board is
encouraged the FAAs notice of proposed rule making (NPRM) concerning the
installation CVRs on multi-engine, turbine-powered, fixed-wing aircraft operating
under 14 CFR 135, it is concerned that a final rule has yet to be issued and urges the FAA
to expediteits |mplementat|on

On October 1, 1981, Sky Train Air, Inc, Gates Learjet 24, N44CJ, made an
unexpected decent from its eruising altitude of fllght level (FL) 450 (45 000 feet) No
radio transmissions were received from the flighterew just before and during the
uncontrolled descent. The aircraft crashed near Felt, Oklahoma, and disintegrated on
ground impact, fatally injuring the three company pilots onboard, The degree of aireraft
destruction and the leek of cockpit voice recorder (CVR) and flight data reccrder (FDR)
information prevented the Safety Board from determining precisely the circumstances of
the accident. 6/ In a letter to the FAA, dated August 31, 1982, the Safety Board stated:

8/ Aircraft Accident Report—"Sky Train Air, Inc, Ga*ss Learjet 24, Felt, Oklahoma,
October 1,1981" (NTSB/AAR-82/4).
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The safety of the flying publie and the prevention of accidents
through knowledge of the causes oF previous accidents is a major
ceneern of aircraft manufacturers, aircraft users, the FAA, and
the Safety Beard. The Safety Board's determination of probable
cause in a number of accidents involving mutiengine,
turbine-powered aircraft that were not equipped with flight
recorders since they were not subject to the requirements of
14 CFR i21.343 {FDR) or 14 CFR 121.359, 135.151, and 127.127
{CVR} has been severely hampered Dy the lack of FDR and CVR
information. Our experience In air carrier accident investigation
has proven that these devices a-e exceptionally valuable tools in
identifying operational and mechanical problems, weather- and
turbulence-induced occurrences, and other subtle human influences
that can contribute to an accident. In the past 10years, one or
both of the recorders has provided investigators with the necessary
clues to piece together the circumstances of the accident in
virtually all cases. The availability of recorder information has
clearly enhanced the aviation community's ability to improve flying
safety and to prevent accidents.

* * *

Between 1971 and 1980 ... there were 180 fatal general aviation
accidents in the U.S. involving mutiengine, turbine-powered
aircraft. In 88 percent of these, the aircraft was destroyed, and in
53 percent of those destroyed the aircraft suffered fire after
impact. W maintain that wnhe condition of the wreckage in these
cases coupled with the lack of cockpit voice recorder and flight
data recorder information has prevented the Safet; 2-_-4 irom
fully and accurately assessing all of the factors associated with
these accidents. Although thie S=fety Board assigned a probable
eause for most of these, the body of the NTSB accident reports
explains the degree of uncertainty associated with each, and the
necessity far recorders.

As a result of its investigation, the Safety Board recommended that the FAA:

. Require that all multiengine, tuibine-powered, fixed-wing aircraft

certificated to carry six or more passengers manufactured on or
after a specified date, in any type of operation not currently
reguired by 14 CFR i21.343, 122.359, and 135.151 to have a
cockpit voice recorder and/or a €light data recorder, be prewired
to accept a "general aviation™ cockpit voice recorder (if also
certificated for two-pilot operation) with at least one channel for
voice communications transmitted from or received ir the aircraft
by radio, and ~ne channel for suaio signals from a cockpit area
miersohone, and & "general aviation™ flight data recorder to record
sufficient data parameters to determine the information in Table |
(see appendix F) as a funetion of time. (A-82-101)

Require that "general aviation™ cockpit voice recorders (on aircraft
certificated for two-pilot operation) and flight data recorders be
installed when they become commercially available as standard
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equipment in gl multiengine, turbire~powered fixed-wing aircraft
and rotorcraft certificated to esrry six or more bassengers
manufactured on or after a specified date, In any type of operation
not currently required by 14 CFR 121.343, 121.3%, 13%.151, and
127.127 to have a cockpit voice recorder and/or a flight data
recorder. (A-82-109)

Require that "general aviation' cockpit voice recorders be installed
as soon as thay sre commercislly avajlable in all multiengine,
turbine-powered aircraft (both girplanes and rotorcraft), which are
currently in service, which are certificated to carry six or more
passengers and which are required by their certificate to k&ve two
pilots, in any type of operation not currently required by
14 CFR 121.359, 135.151, and 127.127 to have a cockpit voice
recorder. The cockpit voice recorders should have at least one
channel reserved for voice communications fransmitted from or
received in the aircrafi by radio, and one channel reserved for
audio signals from a cockpit area microphone. {A-82-110)

Require that general aviation" flight data recorders be installed &s
soo". as they are commer=ially available in all multiengine, turbojet
airplanes which are currently in service, which are certificated to
carry six or more passengers in any type of operation not currently
required by 14CFR 121.343 to have a flight data recorder.
Require recording of sufficient parameters to determine the
follewing informatior. as a function of time (see Table | (see
appendix F) for ranges, accurac.es, ete.):

altitude

indicate6 airspeed

magnetic heading

radio transmitter keying

pitch attitude

roll attitude

vertical acceleration

longitudinal acceleration

stabilizer trim position

or pitch control position.

(A-82-111)

The current requirement, under 14 CFR Part 135 specifies that all turbojet
airplanes certificated to carry 10 or more passengers must be equipped with a CVR A
Notice of Proposed Rule Makii (NPRM), which has not 1yet been implemented ty the
FAA, would amplify the 14 CFR Part 135 requirement for a CVR to include newly
manufactured multi-engine turbine-powered airplanes {date 2 years after the effective
date of the amendment) certified to carry six or more passengers and requiring two or
more pilots by certificbtion or operating rules. The NPRM fails to address the pre-wiring
for CVR and FDR of all newly menufactured multi-engine turbine-powered airpianes
certified to carry six passengers or more, would not require the installation of FDRs
(when commercially available) on newly manufactured multi-engine turbine-powered
airplanes certified to carry six passengers or more, would not require that multi-engine
turbine-powered airplanes certified to carry siz passengers ar more nNOW in service be
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retrofitted with CVRs, and would not require that turbojet airplanes certified to carry six
passengers or more now N service be retrofitted with FDRS. Consequently, the Safety
Board has classified Safety Recommendations A-82-10? and A-82-109 through -111 as
"Open—Unacceptable Action.”” However, the Safety Board believes that the matter of
flight parameters has been neglected and needs to be addressed. Therefore, the Board
reiterates Safety Recommendations A-82-107 and A-82-100 through —111.

3 CONCLUSIONS
3.1 Findings

1. The airplane's elevator tips, elevators, and horizontal stabilizer
separated in flight.

2  Trhe flight appeared to have been normal up to an altitude of about
600 feet a.g.1. and near the end of the runway when the captain routine!;
acknowledged an instruction to contact departure control.

3. The first separation occurred about 6,000 feet beyond the end of the
runway and about 25 to 3¢ seconds efter the time the airplane passed the
end of the runway.

4.  The accident was considered to be nonsurvivable tecause the impact
forces exceeded the limitations of human tolerance and the decreased
cabin volume was insufficient to support human life.

5.  The flight crewmembers were properly certificated.

G No medical or psychological conditions were found which might have
adversely affected the flighterew's performance.

7. Both engines were operating normally until impact.
a8 The propellers were intact and undamaged until impact.

9. Al fractures ard deformations of the right engine mounts resulted from
impact.

10. The engine mounts were not subjected to any centrifugally induced
vibration forces.

11,  There was no evidence of any turbulence or windshear et the time of the
accident.

12.  There was no evidence of any significant turbulence on the previous
flight.

13.  There was no damage to the structure which might suggest a pre-flight
collision with another vehicle.

14.  The stabilizer forward attachment structure was fully capable of
carrying its ultimate design loads.
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The structural failure was not caused by a divergent aerodynamie
flutter.

The separation of the horizontal stabilizer was caused >y an abnormal
asymmetrical air load on the stabilizer.

Structural failure was ; ~eceded by some other failure or mailunction of
the airplane's elevator ecrtro? system.

The aft fracture of the left elevator eontrsl roc was é.-e to compiession
buckling at or near the midpoint.

The aft fracture of the left elevator control rod occurred before the
elevator separated from the stabilizer.

The elevator control rod failed in compression buckling with an applied
load of about 456 pounds.

The elevator control rod would fracture at its midpoint when the load is
applied through the rod end bearings, as it would be applied in the normal
flight through pilot input.

A combination of commanded aircraft nose up oiteh attitude and nose
down trim tab deflection results in compression forces in both the left
and the right control rods, with the force in the left rod being the
greatest.

The control column pull force required to cause a compression failure of
the left elevator control rod would approach or exeesd the maximum
two-hand pull force of about 200 pounds, which ear be spplied by one
male pilot of average strength.

The trim tab actuator indicated full trailing edge up trim tab deflection
(airplane nose down).

The separation of the elevator tips from the elevators and the elevators
from the stabilize: occurred during or immediately after the horizontal
stabilizer attachment failed and as a result of inertial and aerodynamic
loads which were imposed on the stabilizer and elevator assembly during
its separation from the fuselage.

The left elevator trim tab requires about 30 seconds to travel from an
epproximately neutral takeoff trim position to the full trailing edge up
position.

A runaway trim condition can be controlled Dy about 5 pounds of
pressure on the-trim wheel, by pulling the trim system circuit breaker,
and by pilot puil force, the magnitude of which increases with airspeed.

Arn uncommanded nose down trim with no aural warning might oceur if a
motor power wire should touch the adjacent terminal for the nose down
trim selection wire.
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29. A stuck trim switch could result in failure to retum to neutral and, in
known cases, could be neutralized with the thumb.

30.  There are known instances of service difficulties with frayed stainiess
steel and carbon steel elevator cables which could lead to the jamming
of the cables within a fairlead block near the midsection of the cable
run.

3L It was not possible to determine the initial event which resulted in the
full trailing edge up deflection of the elevator trim tab.

32.  The wing trailing edge flaps and the landing gear were in the retracted
position at impact.

33. The EMB-110P1 airplane had been properly certificated in accordance
with the provisions for the certification of a product that is
manufactured in a foreign country.

3. The installation of a stronger steel elevator control rod in place of the
aluminum elevator control rod which was installed in the accident
airplane would have prevented rod failure and consequent differential
elevator deflection but might not have prevented an accident if the pilot
experienced an elevator control system jam.

35.  The elevator trim system conformed to certification criteria.

36. The installation of an FDR and CVR would have provided signifieznt
clues regarding the cause of this accident and remedied acticn needed to
prevent recurrence.

3.2 probable Cause

The National Transportation Safety Board determines that the probable cause
of this accident was a malfunction of either the elevator control system or the elevator
trim system, which resulted in an airplane piteh control problem. The reaction of the
flightcrew to correct the pitch control problem overstressed the left elevator control rod,
which resulted in asymmetrical elevator defiection and overstress failure of the
horizontal stabilizer attachment structure. The Safety Yoard was not abie to determine
the precise problem with the siteh control system.

4. RECOMMENDATIONS

On January &, 1985, the National Transportation Safety Board recommended
that the FAA

issue an airworthiness directive (AD) to require that before further
commercial operation in the Uaited States, the horizontal
stabilizer attachment of EMB-110P1 and -110P2 model airplanes
not previously modified in accordance with AD 83-14-09,
Amendment 39-4527, paragraph (d) or {e), be inspected using an
improved inspection procedure to enhance detection of loose or
sheared rivets, particularly where bulkhead 33 transmits the ioads
from the stabilizer forward attachment to the fyselage monocoque
strueture.  The inspection procedure should require removal of
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controls as needed fop access to riveted joints and application of
external loads to detect relative movement between struetural
members., The AD should require that deficiencies detected during
inspection be reported to the FAA and that they be corrected in
accordance with an approved procedure before further flight.
(A-85-01)

Revise sirworthiness directive (AD) 83-14-09 to require within a
st zeified period that the horizontal stabilizer attachment structure
of EMB-110P1 and ~110P2 model airplanes be modified in a manner
similar to that described in Amendment 39-4527, paragraph {d) or
(e), which requires the repair of any cracks in the web of
bulkhead 33 and the replacement of the original "C" channels with
redesigned channels an6 modified rivet patterns. Review the crack
repair procedures of the AD for adequecy, and require modification
of the procedures to eliminate "ucking® of rivets at locations
difficult to access and other procedures likely to damage existing
structure. (A-85-02)

Conduct a directed safety investigation of EMB-110P1 and =110P2
model airplanes that have been modified in accordance with the
provisions of AD 53-14-09 (Amendment 39-4327, paragraph {(d@) or
(e)), to determine whether any structural damage has been inflicted
in the area where the horizontal stabilizer attaches to bulkhead 33
and take the corrective action indicated by the results of the
directed safety investigation. (A-85-03)

Notify appropriate foreign civil aviation authorities and/or foreign
operators of EMB-110P1 and -110P2 model airplanes of the
circumstances of the Provincetown-Boston Airlines accident of
December 6, 1984, and of the actions recommended to U.S.
operators. (A-85-04)

In response to Safety Recommendation A-85-01 the FAA issued Emergency
Airworthiness Directive 85-01-51 on Jsnuary 10, 1985, which required a comprehensive
inspection of the EMB-110P1 and 110PZ model airplanes addressed in the above
recommendations. As a result, the Safety Board classified Safety Recommendation A-85-
0las "Closed—Acceptable Alternate Action.™

In regard to Safety Recommendation A-85-02, the FAA indicated that
structural testing by Embraer had eliminated the need for modifications to the horizontal
stabilizer attachment structure. The Safety Board agrees that the tests showed that thie
stabilizer forward attachment structure at bulkhead 33 would carry ultimate stabilizer
loads even though weakened by cracks and the removal of fasteners in the bulkhead web.
Nevertheless, the Safety Board is concerned that the tests were not sufficient to show
conclusively whether the resulting change in load distribution would affect the fatigue life
of the redundant load path. In view of FAA's intent not (o comply with this
recommendation, it has been classified as "Closesi—Unaceeptable Action."

Safety Recommendation A-8503 was classified as '"Closed—Acceptable
Alternate Action,” due to the fact that the discrepancies created by accomplishing the
modification in accordance with paragraphs {d@) and (e) of AD 83-?4-09, which wes issued
August 9, 1882. were limited to a single operator; no discrepancies were noted by FAA
inspectors; and all Embraer operators were apprised of the possibility of iaflicting damage
while modifying the area between bulkheads Nos. 32 and 33.
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Safety Recommendation A-85-04 also was classified as ""Closed —Acceptable
Alternate Action,” based on the FAA% action of telephoning the complete text of the
Safety Board's recommendation to the CTA as an alternate to a direct notification to
foreign civil aviation authorities.

AD 85-17-04 regarding the inspection and replacement of elevator control rod
tubes was issued August 30, 1985, and AD 85-18-51 regarding the deactivation of the
Bendix electric trim switches and autopilots was issued September 12, 1985, following the
public hearing conducted by the Safety Board on August 6-8, 1985. (See appendix E.)

Alzo, the Safety Board reiterates the following recommendations to the
Federal Aviation Administration:

Require that all multiengine, turbine-powered, fixed-wing aircraft
certificated to carry six or more passengers manufactured on or
after a specified date, in any type of operation not currently
required by 14 CFR 121.343, 122.5%%, and 135.151 to have a
cockpit voice recorder and/or a flight data recorder, be prewired
to accept a "general aviation™ cockpit voice recorder {if aiso
certificated for two-pilot operation) with at least one channel for
voice communications transmitted from or received in the aircraft
by radio, and one channel for audio signals from a coekpit area
microphone, and E "'general aviation' flight data recorder to record
sufficient data parameters to determine the information In Table |
(see appendix F) as a function of time. (A-82-107)

Require that "general aviation" cockpit voice recorders (on aircraft
certificated for two-pilot operation) and flight data recorders be
installed when they become commercially available as standard
equipment in ail multiengine, turbine-powered fixed-wing aircraft
and rotorcraft certificated to carry six or mersz passengers
manufactured on or after a specified date, in any type of operation
not currently required by 14 CPR 121.343, 121.359, 135.151, and
127.127 to have a cockpit voice recorder and/or a flight data
recorder, {2-82-109)

Require that "general aviation" cockpit voice recorders be installed
as soon as they are commercially available in all multiengine,
turbine-powered aircraft (both airplanes and rotorcraft), which are
eurrently In service, Which are certificated to carry Six @ more
passengers and which ere required by their certificate to have two
pilots, in any type of operation not currently required by
14 CFR 121.359, 135.151, and 127.127 to have e cockpit voice
recorder. ‘The cockpit voice recorders should have at least one
channel reserved for voice communications transmitted from or
received in the aircraft by radio, and one channel reserved for
audio signals from a cockpit area microphone. (A-82-110)

Require that ""general aviation" flight data recorders be installed as
soon as they are commercially a-ailable in all multiengine, turbojet
airplanies which are currently in service, Whidh are certificated to
carry Six or more pessengers N any type of cperation not currently
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required by 14 CFR 121.343 to have e flight data recordes.
Require recording of sufficient parameters to determine the
following Information as e function of time (see Table | (see
appendix F) for ranges, accuracies, ete.):

altitude

indicated airspeed

magnetic heading

radio transmitter keying

pitch attitude

roll attitude

vertical acceleration

longitudinal acceleration

stabilizer trim position

or pitch control position.

(A-82-111)

BY THE NATIONAL TRANSPORTATIONSAFETY BOARD

June 24, 1986

/s/  PATRICIA A. GOLDMAN
Acting Chairman

/s/ JIM BURNETT
Member

/s/  JOHN K. LAUBER
Member

/s{  JOSEPH T. NALL
Memiber
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5. APPENDIXES
APPENDIX 4
INVESTIGATION AND HEARING
1. Investigation

The National Transportation Safety Board was notified of the aceident at
about 1850 on December 6, 1984, ear “mmediately dispatched an investigative 'eam to the
scene. Investigative groups were cablished for operations/aiv traffic control, survival

factors, structures, powerplants, systems, maintenanee records, performance, metallurgy,
end structural loads evaluation.

Parties to the investigation were the Federzl Aviation Administration;
Provincetown—%ston Airlines, Inc., Embraer Aircraft Corporation, Pratt and Whitney
Engine Company; Hartzell Propellers; and the Jacksonville, Florida, Port Authority.

2 Bublic Bearing
A 3-day public hearing was nheld at Marco Island, Florida, beginning on

August 6, 1985.  Parties represented at the hearing were the Federal Aviation
Administration, Provincetcwn-Boston Airlines, Inc., and Embraer Aircraft Corporation.
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APPENDIX B
PERSONNEL INFORMATION

Thomas Michael Ashby

Captain Thomas Michael Ashby, 34, was hired by PBA on February 16, 1974.
He held airline transport pilot certificate No. 1985515 with airplane multiengine land,
DC-3, EMB~118, M-202, M-404, and YS-11 ratings and a commercial certificate with
airplane and single engine land ratings. At the time of the accident, he had flown about
10,000 hours with about 400 hours m the EMB~110P1. Cgptain Ashby was issued e first
class medical certificate on June 5, 1984, with no limitations. He received a type rating
in the EMB-110P1 on October 4, 1983. His last proficiency check in the BMB»J.POPl was
on December 1, 1984. At the time of the accident, he had accumulated approximately
10,000 hours of flying time with approximately 400 hours in the EMB-~110.

Louis Ricardo Fernandez

First Officer Louis Ricardo Fernandez, 25, was hired by PBA on July 11, 1984.
He held airline transport piint certificate No. 261371891 with airpiane and multiengine
land ratings and a commercial pilot certificate with airplane, single engine land and sea
ratings. At the time of the accident, he had flown about 3,000 hours with abort 500 hours
in the EMB-110. First Officer Fernandez was issued a first class medical certificate on
June 27, 1984, with the limitation that the "holder shall have available for use corrective
lenses for distant vision while exercising the privileges of his airman's certificate.”” He
received his initial trainii in the EMB~110P1 on July 20, 1984. His last proficiency check
In the EMB-110P1 was completed on December 4, 1584, In N96PB. At the time of the
accident, he had accumulated approximately 3,000 hours of flying time with
approximately 580 hours in the EMB-110.




APPENDIX C
AIRCRAFT INFORMATION

N96PB, S/N 110365, was purchased by PBA from the manufacturer n October
1981 and had been operated continuously by PBA. The aircraft had flown a total of
5,662.4 hours and 7,858 cyeles on December 5, 1984, the day before the accident, PBA
maintained the aircraft under a continuous airworthiness inspection program.

The basic program consisted of five numbered inspections and five letter
checks. Letter checks consisted of a visual examination or check of the appliances, the
aircraft, «nd its components and systems insofar as is practicable without disassembly.
Numbered inspections consisted of a thorough examination of the appliances, thz aireraft,
and its components and systems with disassembly as necessary. Numbered inspections |
through V were performed as follows: | at the fist 100 hours and every 1,000 hours
thereafter, I at the first 300 hours and every 1,000 hours thereafter, oI at the first 500
hours and every 1,000 hours thereafter, IV at the first 700 hours and every 1,000 hours
thereafter, and V at the fiit 900 hours and every 1,000 hours thereafter. Letter checks
were performed as follows: A check at 50 hours, B check in conjunction with A check at
200 hours, C check at 1,000 hours, D check at 3,000 hours, and E check at 6,000 hours.
The last inspection of the airesaft was completed on November 6, 1984, and consisted of
letter checks A and B. The total time on the aircraft as of that date was 5,639.2 hours.
The aircraft records indicated #at the aircraft had been maintained in accordance with
PBA procedures and with Federal Aviation Regulations.
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WRECKAGE DIAGRAM
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" not more than 500 hours time-in-service is accumulated, at vhich- time replace al:

AIﬂHENIﬂECE

Amwom-munss DIRECTNBS
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| 83-14-09 EMBRAER: Amendment 39-4692. Applies to Nodels IMB-T10PT and EMB-110P2 & )

(S/K° 110001 through 110386, 110388 through 110397, 110399 through 110401, -11040§ - -
through 110408, 110410 throuqh 18512, 110414 110415 - and '1‘104215_-.airplaz§_‘es" '
certificated in any: category. ' T
Compliance: ' Required ‘as ifdicated, unless already accompli:hed. : o .
Tc preclude structursl failure of the herizontal stabilizer front attachnent and'
fusclaqe bulkhead 33, accomplish the folloving: _ T
aY “WwWithin the next 50 hours time-in-service aftet the etfactive aate of ‘this -~
AD, and thereafter at intervals not to exceed 500 hours timc-in-servxcc oxcept a5
provxded in paragraph b} of this AD, visually inspect: : BN
1Y  The rivets fMSZO&?OAD4} that attach the “C“ channelsa(!/! 4A—1419~’_;ﬁ_
05/06/07/08) to the upper and lower flanges of the "U" shaped machined parts (F/F SRR

4A-1411-07-16/17} for looseness (see rzgure 2, EMBRAER SerV1ce Bullﬂtxn ((SB}} NG,
110-53-019, hereinafter referred to as the SB). P L

2) The rivets (MS20470AD3) that attach the fuselaqe skin to the. “C”
channels described in paragraph all} above an? the twve Jover: ad)acéht channels for ;
looseness (see Figure 3 of the SB). - -~ i R

3) 7The web or flange areas of btulkhead 33 - adiacent to the horxzontu‘; IR
stabilizer front fittings, at each side of the fuselage tgr cracks (see: Pzgure 2 IR

~ Section C-C of the SBl.

By If loose rivets are found durzng any :nspectzon rcqggred by paragraph a)
above, in either the upper or lower "C" channel attachments, repeat the inspection
in paragraph a} of the AD at intervals not to exceed 125 hours time-in-service unt

five -rivets (MS20470AD4) in the flange having the 100:9 rivets with Hi-Loc¢k rivets - .
HL-22-77-5-4 or AN3-5A bolts. If loose rivets are found during any iaspectiern ...
regquired by paragraph a}2) above, in both the upper and lover "C" channels, prior tc .
further flight replace the rivets. " The detailed rivet replacement 1s shown in
Figure 3 of the $B. Accomplish the repetitive inspections of those flanges in whicr - - -
rivets have been replaced at intervals not to exceed 500 hours time-in-service until o
the "C" channel attachments are reinforced in accordance with the procedures shov; :
in Figure 4 of the SB.
c} If cracks are found during any inspection rcqulred by paragraph a3y of trls

AD, iCCDEPilSh the feollowing: .

1)  If cracks are less than 3 inches, repeat the repetitive visual o
inspections at intervals not to exceed 125 hours time-in-serVice‘nntzl not more thar ..
1000 hours time-in-service is accumulated, at wvhich time repair bulkhead 33 ir
accordance with Figure 5 of the 8B, reintorce the "C" channel attachments ang
replace the rivets of the horizontal stabilizez front attachment structure Cin
accordance with Figure 4 of the SB if not previously accompllshed. 1f possitle,
stop drill the crack ends. R

2} 1If cracks are 3 inches or longer, prior to further (fliight, repair
bulkhead 33 wveb in accordance with Figure 5 of the SB, reinforce the "C* channel
attachrents, and replace the rivets of the horizontal stabilizer front attachmen:
structure in accordance with Figure 4 of the SB.

3 If the horizontal stablilizer forvard attachment fitting (P/K 110*14 1=
07-29) rides on the corner of the reinforcing plate (P/N 4A-1415-09), remove excess

- material fror the upper inboard corner of the reinforcing plate (P/¥ 4A~1429-093 to 1:_j“"

provide for a proper fit.

ORIGINAL s
RECEIVED BY F\TP
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¢} 1t no cracks are found in the bulkhead 33 web during any inspection require6
by paragraph a3y ofF this AD, tne repetitive inspections of that paragraph are no
jong2r required when the "¢" channel attacanents are refnforced and the rivets of
the horizontal stabilizer front attachment are replaced In accordance with the
procedures shown on Figure 4 of the sz,

=) The repetitive inspections required sy paragraphs &) and ¢) of this AD are
no longer required when the bulkhead 33 veb is repzired in accordance with Figure 3
of the s2 and the "¢ channel- attachments are reinforced and the horizontal
stabiiizer front attachment rivets are gepisced In accordance vith Figure ¢ of the
SB.

tY The intervals between the repetitive inspections required by this AD may be
adjusted up 10 10 percent of tre specified interval to :llev accomplishing these
inspections concurrent vith other scheduled maintenance of tnhe airplane.

g) Aircraft may be flown in accordance vith raz 21.197 to « location where this
(apy can be accomplished.

n) an equivalent metnod of compliance vith this AD may be used if apprevesd by
the wznz9er, Atlanta Aircraft certification Office, ACE-115A, 1075 Inner Loop Road,
College Park, Georgia 30337; telephonz (404) 763-7428.

This amendment becomes effective suiy 27, 1983

83-19-10 EMBRAER: Amendment 39-4699. Applies to wodels EMB-310P1  and E¥B-110%Z

(s/8 110001 through 110384, 110388 through 1i93%7, 110399 through 110401, 110404
througr 110408, 110410 through 110412, 110414 and 1104211 airplanes certificzted 1ir
any category.

Compliznce: Required as indicated, unless already accomplished.

To preclude Tflutter froc occurring in any control surface, accomplish the
following:

al Wwithin the next 30 days after the effective date of this AD, check the
elevators Tor static balance in accordance with the procedures shewn in Iterm 1.11g
of the emarazr structural =zepzir Wanual, T.0.-1¢85-3 and T.0.-1C85A-3, 1f ar
unbalanced condition 1is found, prior to further flignt, rebalance the elevator :r
accordance vitn the procedures shovn in Item 1.119 of the EMBRAER Structural zepair
Manual, 71.0.-1¢%%-3 and T.0.-1¢95a-3, but replace Figure 1-24 vith Figure 1 of thr:is
D, Do ro. exceed the mass balance weight values of Table 1-6A of this AD.

&y  Within the next 60 days after the effective date of this AD, check the
ailerons and rudder for static balance In accordance vith the procedures snhown in
rter .t 18 of the zvaracx Syructural Repalr Manual T.0.-3C95-3 and T.¢.-1095A-3,
;¢ an unbalanced condition is found, prior to further flight, rebalance the zilercns
at rudder :.:r accordance w:tn the procedures shovn in Item 1.119 of the EMBRAEE
Structural repa:r Manual, 7.0,-1¢%5-3 and 1.0.-1¢954-3, out replace Figure i-24 vty
rigure 1 OF this &>, Do not exceed the mass balance v=ignt values of Tables :-&:
and i-62, respectively, of tn1s AD.

¢y When <¢necxing the balance of the control surfaces:r accordance vith
paragraphs z) and v) of this any;

1} Renove the surface fror the airplane, complete, finished zns paintez
static discharge wicxs installed, trir tab activating rod instz)jes, trir tab
activating teleflex cable (case Oof the left elevator) installed and attached as
the =z:irplane. In this case, the eievater tria tab tei2fi2x cable nust be attacned
to the bellcrank by the clamp crly,

¢y Aircraft nay be tiown 1n accordance Vith FAR 21,197 to @ location where th:os
{AD)} can be accomplishes.

¢} An equivalent method Of compliance with this AD, if used, must be approves
by ;he wanager, Atianta Aircraft Certification Office, ace-115a, 1075 inner Loop
Road, College Park, ssergia 30337.

Tnis amendment becomes efizctive august 9, 1983.
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EMBRAER
Airworthiness Directive
Final Copy of Telegram

Revision
Volume ]

84-24-53 R1 EMBRAER: Amendment 39-4375. Applies to Models
EMB-11CP1 and E¥B-116P2 airplanes certificated in any category.

_ Compliance: Required within the next ten 7110} hours
time-in-service, unless previously accomplishe€ within the last
£ifry (50) hours time-in-service. ]

To preclude possible structural failure of the empennage
asseably, accomplish the following:

(a) Unless _ the structural creinforcements and rivet
replacements specified in paragraphs (a3 and (e) et AD 83-14-09
(Anendment 39-4692) have already been_accomplished, repeat the
inspections of the horizontal Stabilizer ggzent attachment and
fuselage bulkhead 33 area in accordance with paragraph (a) ef
AD 83-14-09. i

(b} 1f loose rivets or cracks of my length are feound
during the inspections required by paragraph (aj, prior to
further flight, replace the rivets 1n accordance vith paragraph
{b) of AD 83-14-09 and repair the cracks in bccordance with
paragraph (e} E2) of AD 83-14-09 notwithstanding the three inch
crack critetia of that paragraph. i

(¢} visually inspect the folloving components for loose
attachments, excessive wear, ee-rosion, cracks and structural
deformation:

) _ 1) Forward horizontal _ stabilizer  _attachment,
including tke fuszlage and stabilizer attach fittings and
attachment hardware.

{2) Aft horizontal stabilizer attachment, includin
the fuselage and stabilizer attach fittings, attach liakr an
all attachment hardware.

) _{3)_ All elevator Bo stabilizer hinge Tfittings,
including all bearings/bushings and attachment hardware.

_{4) Security of elevator oars balance weight
assemblies.

(5) Left and™right elevator Bellcrank assexmblies and
attachment hardware.

(6} Left and right elevator torque tube assemblies and
all attachment hardware. _ i

{7) Elevator trim &b binges. i

{(8) Elevator trim tab actuator, bearings, pusk rod .
assembly and all attachment hardware.

{¢y Elevator trim tab £ree play, measured at the
trailing edge, should not exceeéd airplane maintenance manual
limits,

(d8) Prier to further flight, correct any unsatisfactory
conditions found az e gesult OF the inspections required by
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85-01-51  ENBRAER: Amendment 3s-5004. Applies t0 Models
EMB-110P1 “and EMB-1180P2 (all serial numbers) airplanes
certificated in any category.

_ Compliance: Require within the next 18 hours
time-in-service after the effective date Of this AD unless
either previously accomplished within the psst $C hours
gémizlgg—serwce or modified per paragraphs &) and @) of AD

To preclude possible structural failure of the empennage
assembly, accomplish the followngjg: _ ]

(1)° Remove elevator preload springs from creoss brace in
empennage . ) ]

{2) Remove the eress brace in the empennage that contains
the elevator preload springs (rivets will have to be @rilied
out) .

{3} Gain access to the affected area through the
inspection panel forward of buikhead 34, releasing the eievater
and rudder contrel cables if necessary for geed access,

{4) Position a person 1IN the empennage and inspcct for
loose, cocked or sheared rivets and signs OF fretting it. the
areas indicated on Figure 2, Page 17 of EMBRAER Service
Bulletin No. 110-53-019, Change 2, dated April 13, 1484, using
mirror, light, and .010=-insh fTeeler gauge. aAttempt to insert
feeler Qgauge between machined *u* channel and reinforcement
ribs to determine if gap exists.

{5} The perscn stationed In the empennage should piace his
finger up against the machined ®g* channel resting on
reinforcement ribs left and right sides (p/8 4a-141%-07 L/RH,
P/¥ 4a-1418-08, P/N 4A~-1413-05 L/H, and P/N 4A-1419-06) (see
above service bulletinl. while “"the horizontal stabilizer 1s
deflected as _indicated in (6) belw. _ o

{6) Position a person at a horizontal stabilizer tip end
atterpt to deflect the stabilizer tip up and down appro-imately
3 inches, but _no more than 3 inches. The person stationed
inside the tail should try to detect any relative movement
betweer structural xembers. Any movement requires removing .all
rivets attaching machined ®"u® channel and zeplacing them as
specified In ap 83-14-09. _

{7y Prior to further flight, Correct any discrepancies
found, reassemble and inspect assembly per ap 83-24-09.

(8) Report completion Of inspection and any snsatisfactory
conditions within 24 hours to the FAA, Airframe Brarc , Atlanta
Aircraft Certification Officer Telephone (404) 763-7407.
Inciude in sSuch reports the type «nd location Of discrepancies,
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85-17-04 EMPRESA BRASILEIRA DE AERONAUTICA S.A. (EMBRAER):
Amendment 3$-5126. Applies (O Models EMB-110P1 and ENMB-110F2
{all serial numbers) airplanes certificated in any catego-cy
which kave aluxminum elevator control ro¢ tubes installed.

Compliance: Required as inéicated, unless already
accomplished,

To pravert fTailure of ths elevator control red tube,
accomplish the following: i i i

_ {a) Within the next $¢ hours time-—in-service after the

effective date of this AD, wvisually inspect the elevator
contra?l rod tubes, P/ ¢A-500-10-03-01, for evidence OF
corrosion or_ cracks. If corrosion or cracks art found., prior
to further flight replace the control rod tube in accerdance
with ZEmbraer Service Bulletin {s/8) ®o. 110-27-076, Revision
01, dated July 2, 1985. i i i

{e) Within 150 hecurs time-in-service or 30 (thirty)
days, whichever occurs first, after the effective date of this
AD, replace both left and rigkt elevator aiuminum control red
tubes P/N 42-500~10-09-01 with 2teel contrsl roé tubes PIN
110-500-10-00-04-21, Reidentify the elevator control rod
assembly with the new P/8 110-500-10-00-09. i

(c} xirplanes may be flewn iIn accordance with Federzl
Aviation Regulation 21.1537 to a location where the AD may be
accomplished. i i i )

(¢} An equivalent method of compliance vith this AD
may be used if approved by the Hanager, Atlanta Aircraft
Certification Office, FAA. 1075 Inrer Loop Road, College Pazk.
Georgia 30337; Telephone (404) 763-7428. , )

Il persons affected by this directive may obtain copies of
the documents referred to herein upon reguest tc Embraer, Post
Office Box 343 - c¢cEp 12.200 Sao Jose Dos Campos, Sac Paulc,
Brazil, or FAA, Office of Regicnal Counsel, Room 1558, 601 Eust
12th Street, Kansas City, Missouri 6410€.

This amendmert becomes effective on August 30, 13985

FOR FURTHER INFORMATION CONTACT:

nr. Curtis A. Jackson, ACE-120A, Atlanta Alrcraft Certification
office, Central Reglon, Federal Aviation Administratiom, 1075
§g§e§ﬂ§?op Road, Coilege Park, Georgia 390337; Telephone (404)
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785-18-51  EMBRAZR: Teleyram Issued Seprember 132, 1883,
Applies to Exfraer Model EMB-iiOP1 and EMB-110P2 airplanes tall
serial numbers) certificated In any cat-?gory Chat have the
Bendix electric <rim systen installed, .

CompI%%Pce required within the next 19 hours time din
service after receipt Of thio teiegrapniec AP unless already
acscmplighed.

To prevent fallure of the Bendix electriec trim switch
resulting iIa & runavay trim conditionr, accomplish the
folliowing: _

(A} Disconnect the electric peower source te the Bcndix
trim serve by &isconnecting the trim serve plug located iIn the
aft fuselage section, Cap, proiect, and secure the plug.

{(8) Fabricate and install on the instrument panel visible
to both piiotc the following placard using letters of a minimum
of 0.10 inch in height.

“ELECTRIC TRIM SYSTEM INOPERATIVE PER AD T835~1E-51*

(C} Insure that the manual tsim system is operational In
sceordance with the appropriate mainterance manual.

) It & Bendix automatic pilot is 3ins*aliel, Aisconnect
the automatic pilot system from the electric powsr source and
install in £full »iew OD both pilots the folliowing placard using
letters OF a minimum 0.10 dmea in height.

"AUTOPILOT INOPERATIVE PER AD T85~18-51"

{E} _ Alircraft ‘be £lewn 1IN accordance with FAR 21.337 toO
a location where this AD can be accomplished, proviced tbs
circuit Dbreakers £for the electric t¢zrim system, &nd if
applicable, for the aptomatic pilot system are pulled and the
manual trim system is bdperaticnal. ) _

(F} An eguivalent method Of compliance with this b may be
udsd X% approved by 4hs Xatager ©f <dhe Atlsnts Alrcrads
Certification Office, 187% Inner Locop Road, College Park,
Georgies 30331, telephone (404} 763-7628. _

This airwerthiness directive becomes effective upon
receipt.

FOR PURTHER INFORMATION CONTACT:
Mr. Paul Sconyers, Atlanta Aiicraft Certification ©office,

1075 Imner Loop Roazd. Lollege Fark, Georgia 30337, telsphone
{404) 763-7781.
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FLIGET COWIROLS ~ ELTVATOR CONIRDL MODIFICATION IO REDDCE
CONTROL COLLMR VIERATIOR
(E.0. 11C/6072, 6232)

1. PLAXNING INTORMATIOR

1.1 IFYECrIviTy

Airerafr Affected:

MCODEL /B
EME-110K1/P1/P2 “BANDEIRANTE". 110133 thru 11026E, 110370
thru 120373, 119375 and
311037,

In-production effecsivity:

Aireraft medel EME-110K1/P1/P2, S5/X 110369, 110374, 110377 and c=
will have an squivalent wodification factery-incerporated.

1.2 FEASON

Vibration in the comtrol columns has heen Tepstted.

Investigation bas revealed that it i3 csused by borizontal tail
surfaces vibration, which, in turn, is due to propeller slip-strea-.
This modification is {nterded 2o reduce control column vibrazien
intensity, thus enhuncing pilet semfozt. In order toreduce the
costrcl column vibration merc efficiently, it is alsc required to
cozply with §.B. 110~-271-057.

1.3 DESCRIPTIOR

The slavator eontrel medification consists in the installat’on of
an intercomnect tube batwern the elevator sctusting arms, which
Tegeires the 8rilling of holes in them.

To keep sctuating arms paralialise, sshimmade ci calidrated sheet metzl
is instelled with the intarzomnect tube. The shim is fitted duving
the aszecbly.

The control rods are Teplacad with gteel tube comtrolreds, so as 1«
wartant the siructural strength of ons rod ip case the other one

pave 25 4 _Sep_ , 8 $3.50. 110-27-03¢6 3
race U]l e OB
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fails, since both elevators vtemair conmect.? after thre eodificarion.

Therefore, after the interconnection of the elevator actuating ares,
the 018 zods mede of aluminum tubing can no longer be vied.

This Service Bulletin may be {nmccrporated at any time, st operater’s
discrezion.

1.4 APPROVAL

CIA/IFY ~ Certificstion Divisien,

15 MANPOWER REQUIRED

k- ]

3 man~hours, approximately.

1.6 MATERIAL = COST AND AVAILABILITY

The material rTegquired for the sccomplishment of this §.3. will te
availadble from EMBRAFR S0  days after veceipt of orders, st the

, subject to be confirmed on e

¥hen ordering, specify Kir S.B, 110-27-056, comprising:

reference price of US$ 294,81

receipt of orders.

443 DESCRIPIION e
110-500-10~00~03 Interconnest tube C1
110=-500-10~00~D% Shic [3}3
110~ 500-10~00~-04 Elevaror econtrol rod 02
2R3=44 Bolt 62
AX3-6A ol 96
AR3-TA ol 02
Rle=3 Rul 10
ARS60D1D Washsr 08
ANSS0-101 Vasher 10
MS35338-423 Lock wesher D4
M824b65-136 Corter pin (4]
1.7 TOOLING = €0ST AXD AVAILARILITY
Kot appiicsble.
S _20m27-056 TaTE: 23 5. Sep 8. ‘%.
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1.8

1.9

1.10

WEIGFT AND BALANCE

REFERENCES

T.0. 10954~2=5 ":aintenance Manusl = Fiight Comtrols™.

AFFECIID PUBLICATICNS

7.0. 18554-2-5 "Maintenance Manual = Flight Cemezrelr™,
T.0. 1095-4-5 "Illustrated Parts Breakfoum « Flight Cemtrels”.
T.0. IEMEL10P1-4=5 "Illustrated Parzs Breakdown = Flighs Controls’™.

T.0. 1EMBLIOF2~4~5 "Illuscrated Parts Braskdown = Flight Comrrols™.

2. ACCOMPLISEMENT INESTRUCIIONS

The steps below provide gemeral imstructions for the sccomplishment of ghis
bulletin. Detailed instructicns ate prasenied as figure potes.

2.2 Gzin accest to the arez %o be vorked on as per instructions ia
figure 1.

2.2 Replace the elevator control Tods, as per inmstruezions 4n figure 1.

2.3 Install the iptercomnect tube between the clevator actuzting arms,
as pey insivuctions in figure 1.

2.4 Carry cut an eperstiocnal chack-out om the elavater control syster,
23 per instructions in T.0. ICPSA-2-5, ™Maintenance Manual - Fligh:
ControlsY and, if aecessary, rig the syste=.

2.8 Rrstore aircraft o noreal.

2.8 Toter the accopplishoent of this Dulletin inthe spplicabledocumen:.

pave._ 25 4 Sep 8 tne 220-27-056 &

sack- D g O
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FATERIAL
FEV P/R DESCRIPTION Lid P/ Qry  pis®
110-300~10=00-"_  Interconnect tube - 01 2
110-500=10-00=-06  Shie - 01 2
110-500-10-00-04 Elevator centrol red 4A-500-10-09 o2 3
AN3=$A Solt AN3=éA 02 ?
AN3~64 3ol - 06 2
AN3-7A Bolt - 02 2
H14-3 Fut - 06 2
Hli-3 Kuz Hik=3 02 7
AX350D10 Washer AN960-D10 08 1
ANSHD-10L Yoasher - 08 2
AREE0-101 Pasher AXS50=-10L 02 7
MS353386-42 Lock washer M535338=43 04 1
ME2LEES-126 Cotter pin M52466%-136 04 7

DISPOSITION: 2 = Incorporate part besring KEW P/K.
3 & Replace part bearing OLD B/K with part bearing WEW P/X.

7 = Repiace with part besring the ssze P/X,

s1.ae.110-27-0856 oave._25___, Sep , B O.
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©HE

@

Access to Ut eievater ¢entrel rod ends.
Access to the elevator control arms.

replacze elevatorsentzel rod /N 4A-500-10-05 with part P/N 110-500-10=-00-04,
Reug~> Rardware a2d install nev cotter pins, M524655~13%,

When rezovieg o1d control reé, sainsaic divmasisn "A" anchanged, sraasfercing
ittothe newrod, so s tofacilitete systenrigging. Ascertain that dinension
"A" £sthe s&2¢ Onboth rods inordertopreveat the zods £rotheling overicaded,
Dsing the eievator meuttal position locking devi¢e & per T.0. 1C95A-2-5,
seztion III, check thaz left and right elevsters ere &tigned,

Install donding Strap terminal as shows in detail "%,

Position the interconnect tube beswsen the elevator actuating aras,
gaintaining the &1 == dimensien (see derail '"£™)., Coincide the interconnect
tube centerlinewith theelevator sstunting sarm centerline end zzans{er the
55 = irtersonnect tube flange holes to the sctuiting arms.

Should €istarce berween actuating arms prevent the interconnect tude
positioning even i f shim ?/% 110-500-10-00=0%6 is not used, ®ill tube flanges
in order te reduce its length. The zinisue thickness Of esch {nierconnec:
tube flange should be 4 m=.

Tmstall interconnezt tube PA; 118-300+10-00-03 and the shism

PIR OL1C-300- 100005 (if necessarsy) betyeen the actunting arms, #25ishing
them vith ax3-6x belts, Bié-2 muts and AXSE0-10L vwashers (3 p2siviens fer
eath sctusting amm).

$nhiz ?A; 110-500-10-00-06 iS mads Of ¢alibrated shee: metal amé the proper
thickeess to eliminate the 3ap must be oditined during assesdiy, It is
feportant to dezermine the correct thickmess so as te prevent astuating
arms from flexing when the assezxiy is mounted.

Install bonding Scrap ver=zinal On the elevator sctuating arm, attachizg it
tegether With interconnect tube assemkly as shewn in detail “F”,

FIGURE 1 ~ SLEVATOR ACTUATING ARMS INTERCONNECTION AND CONTROL RODE
REPLACEMENT (SHEET 1 OF 3}

s wo._110-27-056 oave_ 25 Bsp . 8
vagr _ D& ., 2% CXANGEWS. == _ . mm  w= g ==
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O tirtes

WASHER ANDSDIZL

UNSTALLS @

THs
PN 116300 100008

ATENGAS IITERCONNELT TUBE
COM ESTA INTERLIGACAD INSTALADA | P/ 110-403-10200%
£ CIMGATORID O LSO DAS WASTES | CINSTALLY
DE COMANDS DO “ROFNDCR O/k
192580 100504 IDE ALD]

WARNING
WHEN THIS X% Z SCONNECTION 15 INS —,7
it

TALLED. ELEVATSR CONTROL RODS | ACTUATING ARM
PN VIDS0010-00-34 (STEEL) MUST $F | :
(2.7 4] T TaIL COME

: FRIRING

- z NOLE 5.5 W1 Dia)
@ POSITIONS)

=

ELEVATCR CONTROL ROD
/N AA L0104 (REMOVE AND DISSARD) l{

FURATY R0 uam:i.:.g @

§ JINSPECT lhi
DOOR

DiMEHSIDNS 14 mom

FIGURE 1 =~ ELEVATIR ACTUATING ARMS INTZRCONNECTION AND CONTROL
RODS REPLACEMENT SHEET 2 0F 3)

paTE: 25  , Sep PRI 3 33w 330-27-05¢ ?.
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WASKER
AN BES-10L

LOCK WwASHER
L <E5 " ]
WASHER
ANSEZDND ™\
A
SOLT
AN 3TA

BONDING FTRAP

WASHER

A MO0
WASHER
AN 050010
WASHER
AN 90100
LOCK HASHER

/ ME 233843
DETAILF @ \'

BOMDING SETWEEN ELEVATOR ACTUATING ARMS 4AND
CONTROL ADOS 0LT
AN 508

FIGURE 1 = ELEVATOR ACTLIATING ARMS INTERCONRECTION AND
CONTROL RODS REPLACEMENT SHEET 3 OF 3}

. 110-27-056 pary: 33 g Sep o 8

{C.
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1. PLANNING INFORMAYION

k%]

1.2

PLIGHT CONTROLS - REPLACEMENT OF THE ELEVATOR conTrROL RODS
(£.0. 110-052702)

EFFECTIVITY

Aireraft affected:

MODEL S/
EME-13D{ ) BANDEIRANTE, 210001 thru 11032. 310324 thru 3103¢31,
11 mogels, 10343. 110345 thru 110350, 110383, 11038¢&,

110356 thru 310358, 110360 thru 118362z,
110364 thru 110366. 1318378, 110376 which
have s¢camplisned neither B 1310.27.058
nor 8 110-56-02.

In-prosuction effectivity:

Aircraft §/8 112323, 110342, 110344, 110353. 1183%2, 110355. 110359.
110363, 110367 thru 110374. 110377 ané ON and s{reeaft trat have
accomplisneg 8,8, 110-27-056 ¢ad/or S.B. 110-55-022 are gireasy equipped
with @ steel tube rod assembly,

REASON

Instances of corrosion have beea detected ¢n the elevatsr control roc
tube, en te adjustadle tnd side,

DESCRIPTION

Part | of this dulletia recommends the wisual inspection for the
evidence ¢f corrosion. eventudlly ¢causing cracks or sweiling, at the
Sips of the etevater control pod tubes.

Embrasr strongly reconmends the accompliedment Of $aspection covered ¢»
Part 1 Of this sulletin, within tht sext 50 eperatiaz hours or 10 gays,

08 , Jan , 85 uu*.._lle_-?ﬁ?:f-‘;_?.éwﬂﬂ
vage-.. 01 ___ ., O



APPENDIX E -63-

{ EMBRAER EMPRESL BRASILEIRA DE AERONAUTICA S7A - S, JOSE DOS CAMPCS - EP

SERVICE BULLETIN

whichever oteurs first. Shoulc ae distrepency be detected, this
inspection must be repesated 21 every 125 operating hours or dne month,
whichaver comes first, until Part Il of this bulletin s sccomplished,
Should any giscrepancy de found, Part 11 of this bulletin wust b2
szcomplished as 2 fimal action.

Access to the work arez 1s gained through the tail tone sctess windows.

Part 11 of this bulietin fnstructs on the replacement of the alluminum
#1loy tubes (which make up the ¢lavater actucting rod assemblifes], with
new steel tubes.

Therefore, on disassembdly, each rod end must be snenected Tor corrasion
to determine whether it 15 reysable or mat.

If check revesls that one of the rod engs cannot be reused, this will
diglate the need for replacing the actusting rod assembdiy.

Part 11 of”this bulletin must be accorplished within the next 500
cca-ating hours or 3 moniths, whichever comes Tirst, of when sny
drscrepeancy is evidenced during the inspections describes in Part 1.

The 22cess to the work area is obtained through the bellcrank inrpection
windows and through the tail cone fairing.

14  APPROVAL
CTA/IFI - Vice-Direglo de Homologag¥o & Fadrdes.
15 MANPOWER
Part 1 : Approximately, 05 man-hour,
Fart 11: Approximately, 10 san-hours.
s34 110-27-07 pamy.. 08, Jem _, @ iz.
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Satt

1&5

1.7

1'8

1.9

MATERIAL

The materizi required for accomplistment of Part 12 of this bulletin
will be available from EMBRAZR on @ acn-charge basts.

BOTE: Sealants PRI&3IG ang PR1221B°172, rivets KS20613-3p20, ang

lockwire MS20595042 50001 be procurstle from the cperator's
{aventaries.

TOOLING

——-n-—-u-

Not appiicable.

WEIGHT AND BALAWCE

Kot affeciad,

REFERENCES

7.0. 1095A-3 - “structural kapair Sanupl®,

1.0, 1€854-2-2 - “raintenance Manual - Ground Menc'ing, Servicing ang
Airframe ¥aintenance®.

T.0. ISEA-2-5 - *raintenance Manuatl - Flight Controis®.

T.00 1EMBIIOP( }-4-5 ~ “Illustrates Perts Breskdowr « Fliight Zontrols®™,

1.30 PUBLITATIONS #FFECTED

e

T0. IEMBII0P{ }ede5 - “INystrated Parts Sreakdown - Flight Controis®.

4 San i 5 ; 25 %5 ....3.!...0..-...2_7:.?16«_',

pany. sz -~ oe N
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2. ACCOMPLISHMENT INSTRUCTIONS

The steps belew provide ypeneral accomp) fshmant {fastructions.
Betifled fnstouctions are given s NOtesS in the figures.

2.1 PARY I: Inspection for corrosion.
211 Bain recess to the teminals through the tetl ccne inspection
windows ,
2,1.2 Taspect Cor corroston, that ey be possidly leading to cracks anc
sveiling to the ends of the rod tubes, sainly In the rivetes

ared, Within o lensth of 50 em.

2.1.3 Shewld any ¥aomaly be found. proceed as per Part 11 of this
bulletin.

2.1, 4 CGtre~vise, restore aircraft to noma),
2.1.% Enter the s¢cempiisment of Part I of this 1letia-fn the
sppticidie dooument

22 PART 11: Repiacesent OF elevator control rod twbes.

2.2.1 Locl. the eteviter in €ts neutral pesition, as 2+ 7,0, 109544248
« *mintenance Knurl - Flight Sentrels®,

2.2.2 Cain access to the worx ares through the elevator Sellcrank
tnspcction (OO and by remcving the tatl cone fairing.

223  Disteanect e elevator bellicrank springs,

so.wb.__ 110-27-076 gats._ 08 _, Jan , 85 14




-71i~ APPENDX E

ooy o P e T T —— T e s
< ENMBRAER EWPRESA BRASILEIRA DE AERONALITICA $/A - 5. JOSE DOS CAMPOS » §°

SERVICE BULLETIN

ROD END NUT
P PR 6E5-028 PN NASLORE !,'gcf;“ RE s
MELSE) REJSBES ..”53%"! 54

- \ -
' W,
1
o EORAGSION INHIZITOR
b 1 PRYAG 7 WASHE%
WrPLY PN 64350180808
TAEUBE]
TUBE
Pin GA-5D0- 1088 O

REMOVE AND DISCARD)
PN 410500 10000001
HNETALL)

r
e —oer” i Y o
! 9
- - . ; t
o= ] iy
N
é i
@ THREADED BUEMING @ RCE SNE
Gt W SR
PR MSICATTALS-ID

REMDVE AND DITLANTY
WS008 WX
ONTTALLY

FIGURE 1 =~ REPLACEMENT OF THI ELEVATOR CONTROL NODS ISHEETIOF Y

He .

10272076 pavg . 028 . Jm , 8

58 a8
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22

NUT

PIN 18D
WASHER

v ANSSO- DL
0LT

PN ANTRA
{REJUSE:

WAL
PIN 1100 1-500- 1081
(CISCONNELT AND RELEE}

\

ACD
$5 &4 5001000
K‘ROE:QVI’. AND DISCARD)

#/4 110.500.10-00-28
WETALLY

FIGURE 1 ~ REPLACEMENT OF THE ELEVATOR CONTROL RODS ISHEET 207 3

B e

vact 07 _ o 0% .

]
}
i
pavy D8 __Jsn 88 - g3 ws 210-27-076 14£
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2.2.4 Remove, rewntk and install the rods as per figure 1.

NOTE: Replace the rods, one gt 2 time, with the two elevators locked, 5¢
&5 to ensure that the new rod lsngth be adjusted By the length of
the existing rod,

2.2.3 Install the springs ef the elevator Selleranks.

2.2.6 Restore aircraft to mommal.

2.2.7 Enter the accomplistment of Part 31 of this bulletin a the

spplicedle gocuments,
c 3. MATERIAL

HEW PIN DESCRIPTION oD P/x o Disp
110-500-10-00-C5 Ro#d 4A-500-10-09 2 471
110-505-10-00-04-01 Tube £A.500-10-06-01 2 572
mS20613-5P20 Rivet M320470-205-20 4 &re
PR1221B 3/2 Seslant - a £
PR143]15 Seatlant - R &
MsS20995C41 Lockwire K520995C41 AR 6/

DISPOSITION: 1 = Reidentify part bearing OLD P/K,
2 = Inzorporate part besring EEW P/N,
4 = Resara OLD #/M.
5 e Distard part bearing OLD P/N.
€ = Rpply xs required,
7 o Replace with part bearing the saze ?/X,

oamg. 08, J=2 _, 8 ge wo. 110-22-076_4E.
'm____‘i_s_‘__P_E__
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¢neck for prezence Of corrosion on gismetes A of the rod end ané OF the
threaded >ushing,

EVPRESS BRASILEIRA DE AERGVAUTICA S/A - £, JOSE DOS CAMPOS . BF

@ Should corroston de found, sand the spot 0.1 wm, ®ixisum.

@ If corrosion persists. replace the assemdly with New P/N 110-500-310-00-08.,

17 corrosion has peen eliminated, replace the tube and install rod end and
threaded dusring, aprlying sealant PRIAIIC 311 over diamerer AL

@ Insenid rivets totally impregnated with sealsnt PRI221B 172, using the
$xisting rivet hetes or geitling new holes fn ¢ posttion relocited to 80
daprees from the formerly existing holes, and apply alodine 10 tre aluminun
Pos end Moles as per 1.0, 3C35R.3 < *Structural Repair Knurl’. Apply seslant

PR12218 172 onto rivet heads and tube ends.

@ Apply zorrssien inhibiting sealant PR14316 a1l over the terminal thread. with
the nut positioned at the end >f the thread.

@ Apply sealant PR1221E 172 ento washer, nut, and termimal,

FIGURE 1 - RESLACLMENT OF THE ELEVATOR CONTROL RODS
(SHEET 1 OF 3)
08, 3, 85 16.

- £ e J

3 WY 11&‘2M’5 DATE:
sare  DE _, @8 CHANCE WO ___==
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YUSELAGE « INSPECTION OF THE FUSELAGE
STRUCTURE NEAR THE HORIZONTAL STARJLIZER FRONT ATTACHMERY
{€.0. 110-081301)

3. PLAXNING INFORMATION

1.1

1.2

i.3

EFFECTIVITY

Riecraft affacted:

MODEL s

EME-110{ } BAKDEIRANTE 1100601 theu 110388, 110288 thro
110387, 110399 thru 130401,
110404 theu 110403, 110410
thry 110412, 110424, 110413
$nd 110421,

In-produccion effectivity:

Aircraft IM3-110{ j BANDEIRANTE S/% 130387, 110282, 110402, 1104C3,
110425, 110413, 110436 thru 110420, 130422 and on have an equfvalent
wmodificition factory-incorporated.

REASON

Investigation on some afreraft has reveiled the slackening of fuselage
riveting near the hordzontal stabilizer front 2ttacheent,

Some afrcraft additionally presented cracks In the wh of dulkhead 32,
Since: the flight hours logged ringed from 1800 to 800D, wo safe limit
tould be established or preventive inspection. Consequently, an urgen:
sction §s required to assure the intagrity of the horfzental stabilizer
structural attachment.

DESCRIPTION

A visual inspection §s strongly recoomended within the mext 50 eperating
hours to check fer the fntegrity of the structure riveting neer the
Rorfzontal stadbilizer front attachment Fitting and for cracks 4n Lhe wet
of bultheas 33, LW 2nd BH sides,

oase __ D1l o 24
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4.0 pan-hours for the modificaiion as per figure 4 (for
boih sides).

7.0 man-hours for the o¢ificesion 25 per Tigures 4 ant
B {for both sides).

5.0 men-hourz, 19 reguired, for removing the stadilizer
feont attachment fitting.

5.0 manehours, 17 required, for Instailation of the
stabilizer frent sttechzent {itting.

£.0 man-kours for zdivstment of the control cables
tension,

1.6 WPATERIAL - COST AND AVAILABILITY

The material reguired for pccomplishsent o this Bulletin will be
a#vailabla from EMBRAER ypor recefpt of orderi, ¢t ro charge,

1.6.1 The Kits 1{sted below shoylg be procuradle from the operator's
fnveatories and 1s applfcadle 10 the modification oF the
horizontal stabilizer front attachment structure riveting (either
LF or RH side 07 the sfrcra?t) as per figure 3.

i DESCRIPTION o
KASIDGT7AD4L-S River &0
NASIC97A0S.7 Rivet &<
RASI097ADS.6 Rivet 33
MS20470AD4-6 Rive 413
ave.__ 29, Yar o33 s AIG=52-019

SHANGE % Dy remem 33 S AP Tt Bl pase: O3 o 24
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BL22-T7-5-4

or

AX3-52

and

ARSE0=-10

and )
H18-3 or KS21042L3

~77-

APPENDIX E

DESCRIPTION o
R-12k Rivet s
o ¢
Bolt 10
and anc
asher 0
and gng
Locknut 10

1.8.3 Kit 02 - Applicadble to the introduction of the reinforcing
channe? {RK side of the 2fircraft} ac -per figure &,

243

110-1411-07-30-04
$10-1411-07-30-08

110-1411-07-30-10

DESCRIPTION o
Reinforeing Channe? b1
Reinforcement between Frame
32 and Bulkhesd 33 o
Refnforcament botwoen Fegme
3Z and Bylihesd 22 o

The octher material requirad and listed below should be available fronm
the operator's inventories,

7]

KAS1097AD4-5
HS20470AD &5
NAS10974D8.7
NAS1DSYADE.E
HS20470AD4-6
MS20470AD5-8
HL22.77-5-4
er

AN3-5A

and

AnS50-10

and

H14-3 or MSZ1042L3

2
Apr

pave:,.. 29 _ 2. AT _ =)
Dusarwe 02 - 13

B

DESCRIPTION QY
Rivet &
Rivet 3E
Rivet 47
Rivet i1
Rivet DE
Kive? 12
di-1ok Rivet 10
ar or
- T3E4 10
and ans
Hasher 10
and and
Lotknut i
ET R L ERSSA T L
onge: 05 8%
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MIRECA PRASILTIRA DE AERONAUTICA S/4 -

SOSE D0S CAM N1

1.5.4 X4t €3 - Applicable to the repair of bulkhead 33 web 3nd 2o the

introduction of the reinforcing chennel (LM gide of the

ircrafe} as per figures & and 5.

%]

$10-1411+07-30-03
110-1411-07-30-07
310-1411-07-30-03
310-1421-07-30-07

110-1411-07-30-08

The other material listed delow should be availabls from the cperater's

{aventories.
PR

KAS1067AD4-5
MS20470AD4-5
NASIDS7ADS-7
RAS1087ADE.E
S 2G4 TOADA=6
ME20470AD3-6
M520470AD4-4
HL22-77-5.4
or

AX2-55

and
ANSED-10
and

H14-3 or MS21042L2

EE N _210-83=0%19
sasy: 05 4 24

DESCRIPTION

Re¢nforcing Channel

Bulkhead 32 Reinforcement
Bulkhead 33 Repair Shoet
Re{nforcement dotwesn Fraoe

32 2nd Bulkhead 32

Reinforcement between Frame

32 and Bulkhesd 33

DESCRIPTION

Rivet
Rivet
Rivet
Rivet
Rivet
Rivet
Rivet
Hi-lok Rivet
or

21t
and
fashor
and
Locknut

DATE: 22 /. k? ) £3

ind

14

45
82
o4
11
06

) ]
&

o4
15
or
i5
nd
35
and

5

S




( ENVIBRAER EVPRESA BaAs:

SERVICE BULLETIN

APPENDIX E

1.6.5 Kit 04 - Applicabla to the repair of bulkhead 33 and to the
introduction of the ref .forcing chinnet {RH side of the
airrafy) as per Tigures 4 and §.

iy

310-34131-07-30-04
110-1413~C7-30-05
110-1413~07-30-05
110-2411.07-30-03

110-1413-97+33-10

DESCRIPTICY an
Reinforcing Channe! a1
Bulkherd 33 Reirnfor-eoent 5}
Bulkhead 23 Ber2ts 3imzs M
Reinforcesent Between Frame

32 ard Bulkhend 32 1<)
Reinforcemen? between Frame

32 and Bylkhese 33 0:

The other aaterial Yisted below should be availadie from the doerator's

fnventories.
20

NASIQS74D4-5
MS20470L04-5
NAS10574D5-7
KAS1057AD5-6
#MS20470AD&-6
MS20470ADS-6
M520470AD4-4
HL22-77-5-4
or

AN3I-845

ang

ANRED-10
and

Hl4-3 or "521032L3

Rivet LS
Rivet 42
Rivet 4
Rivet b3
‘vet 5.3]
Rivet 12
Rivet s
Hi-10k Rivet is
or or
Solt 1z
and ans
Ktsher 15
and anc
Locknut 15
2.0 _lL;_.H_tﬂt_!._.

vooe: 07 ot _ 24
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1.8.2 K4t 05 - Aoplicable to the reinstaliation of the stabilizer front
attechzent fitting az per Tigurs 5.

) 21 DESCRIPTION
E238205-% Bolt
H521042-18 T 3
ANOSD-B16L Wasaer
RASS204-6 82t
¥li-2 Rt
AX550-416 Haghor
HL2Z277%53 Rivet
KL22+77=5-4 Rivat
HoZ2-17=6-6 Rivnt
KL22.77=6-7 Rivet

1.7 TOOLING - CDST AND AVATLABILITY
Mot applicable.

1.8 WEIGHT AND BALANCE
kv HEIGHT CHANGE MOMENT ChANGE
3.1 + 0.024 kgt + 0,135 kofm
3.2 4 D124 kot +1.75 kgfm
3.3 + 0,134 kgt + 1.7 kgfc
S.4 + 0,157 kgt + 2.06 rgfam
b 4 1 + 0,157 kgf + 2.08 k¢f.m
3.6 o alteration ne alteration

NOTC: The {tems presented above refer to the materfal Visted in
paragraph 3 “rateriai®,

19 REFERENLES

T.0. 30952-2-5 “Maintenance Manual « Fligat Jontrels®.

S50 12=33-018
vrom: 08 o 2

oave:__ 28 Max o B3

SNRHERREER |3

Cxangzws:__02 . 3y, ApT , &4
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T.0. 1£95-2 T *Structural Repafr Manual™

1.10 PUBLICATIONS AFFECTED

Not affected,

2. ACCOMPLISHMEXT INSTRUCTIONS

NCTE: The steps below outline the gereral fasteryctioas for the accomplishment
of this Sulletin. Detailed sequence of operations 15 given as notes in
the figures.

2.1 Bein access to the affected arer through the fnspection window on the
tall cone. IY required, relsast the Butopllict servh tont?ol cables and
@. remove the sezts and flcor between Trame 314 and butkhead 16, in order to
release the elevator and rudder sontre! cables.

2.2 Visually check for integrity of strutture riveting Medr the horizontal
stabi{lizer front attachment fitting and for cracks in the wed of
bulkhead 33, at positions shown ia figure 1.

2.3 Check Tigure 1 to meke sure which actfons arc required.

2.4 Restorz the afecraft to nermal.

2.5 Carry cut 8n operational check-out of the alevator and rudder control
systems, as per T.0. 1C95A-2.5 “Maintenance Minual = Flight Controls®.

2.6 Enter the sccomplishment of this bulletin €n the e9Pltcable docyment.

peve._ 29, War , 8 sawe: J10-83-019
eaancs DY . A3 1. AT g B4 .. 'm‘-—-”-—l._.l“_—
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3, BATERIAL
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IRA DE AERON ICA §/A -

3.1 Material applicable to the modification of the horfzontal stabilizer
front attachment gtructure riveting as per figure 3. (Appifcadle to the
LK and RH sides of the afrcraft).

KEW P2

HS20820AD4-6
RASIDS7ADA-5
NAS1087ADS-7
RASI0STADS.S
BL22-771-5-4
or
AN3.5A
and
AN550-10L
and
H14-3 or MSZ1042L3

DESCRIPTION

Rive:
Rivet
Rivet
Rivet
Bi-ick River
or
Bolt
and
Washer
ang
Locknut

oy

os
&0
o4
10
10
or
10
and
- 10
and
- 1C

0D P/

tgiiitl

=
NEENENET I 75

S o
=]

s
N &N M

32 watesfal applicadle to the Introduction of tht refafercing channel (Xt
01 » LH side of the aircraft) 83 per figure 4.

NEW P/N

A——

110-1411-07-30-01
110+1411-07-30-07

110-1411-07-30-08

NAS1097AD4-5
MS20470AD4-5

saoe:_310-33-019
oaoe: 10 o 24

DESCRIPTION oD P/ find pisp

Reinforcing Channel - ol 2

Reinforcement

between Frame 32 and

Sulkhead 33 SA-3419.07 n 35

Reinforsement

Betwean Fraze 32 and

Sulkhead 33 4A=1419-05 0 /5

Rivet - 45 2

Rivet - - 2
o 2 s Mar ., 83
CRNOE W B2 el S AT AL
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NEW PN DESCRIPTION OLD /¥ gy Dist
RAS10G7ADS." Rivet - 04 2
NAS1097AD5-3 Fivet - 1 2
H520470AD45 Rivet - & 2
HSCOATOADS-E Biver - 12 2
10.22:77=5=4 Ki-lok Rivet - 10 2
er or er or
AX3-52 ot - 1 2
and and and ang
A%960-10L Kasher - 10 2
and and and and
HI4=3 or MS21042L32 Locknyt - 10 2

3.3 Material applicedle to the fatroduction of the refnforcing channel (xit¢
52 = RH gige Of the strcraft) as per figure 4.

NEW P/N DESCRIPTION oL o pIse
110-1413-07-30-04 Reinforcing Cranne) - )] 2
110-1411-07-30-0% Refnforcement
Setween Frame X2 and
Bulkheps 33 4A-2419-08 ol 3f5
110+1411-07-30-10 Reinfercement
between Frame 32 and
Bulkheed 22 dA-1415-DE n 3/5
¥5S1087AD4-5 Rivet - 45 2
RS20470AD4.5 Rivet - 38 2
NAS1GSTADS.? Rivet - o4 2
RASIUSTANS.E Rivet - 5 2
mS20470AD4-6 River - 96 2
MS20470AD5.5 Rivet - 12 £
H22-77-5-4 Ri-1ok Rived - 19 2
or or or or
AK3-54 #olt - p 1 2
ang and and and
AXSE0-10L Washer - 10 2
gnd ang and snd
H14-.3 or M521042L3 Locknut - p L4 a
pave: 29 s Moz g B3 8.0 21033019
M—l}.—ﬂ_ﬁ——n
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34 ‘¥aterial appifcable to the repair of bulkhezd 33 web and the
introduction of the reinforcing channel (Kit ©3 - LH side of the
aircraft) as per figures 3 and 4.

ALY P/X DESCRIPTION OLD P/N fr1ad DIsP
110-1411-07-30-01 Reinforcing Channe) - 21 2
110-1411-07-30-02 Bulkhead 33
Reinforcement - [} 2
110-1411-07-30-03 Bulkhead 33
Repair Skeet - g1 2
110-1421.07-30-07 Reinforcenent
between Frame 32
and Bulkhsad 33 44-1419-07 (411 5
110-3411-07-33-08 Reinforcenent
between Frame 32 and
) fulkhead 33 4A-1419-05 )1 3/5
RASI0S7ADS-S Rivet - 45 2
HS20470AD4-5 rivet - 42 2
NiS1097ADS.7 River - ok 2
NASICS7ADS -6 River - 11 2
MSZ0470AD4-5 Rivet - 06 a
MS20370AD5-6 REvet - 12 2
MS20470AD1~-4 Rivet - o4 2
ML 227754 Ki{-lek Rivet - 15 2
or or or or
AN3.5A Bolt - 15 2
and and and and
ARSED-10 Washer - 35 2
and ang and and
M18-3 or KS21042-3 Locknyt - 15 2

3.5 Katerfal applfcable to the repair of bulkhead 33 web and the
fatroduction of the reinforcing channel (Kit O4 - RH side of the
afreraft] as per figures 4 and 5.

5.0, 110-83=018 oate__ 25, wer 83
page: 12 o 26 ounoese:_ 02 . 1y o ApT s B4
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HEW B/X DESCRIPTION &0 X oty pise
120-1411+07-30-04 Reinforzing Channel - 01 4
110-1411-07-30-0% Bulehead 33

Refaforceannt = 1233 2
110-1411-07-30-06 Bulkhead 33

Repair Sheszt - ;m 2
110-1411-07-30-0¢8 Reinforcement

tween Frome 32

and Bulkhead 13 4X-1419-08 a /5
110-1811-07-20-10 Reinforcenent

between Frome 32 and

Bulkhead 33 4A-1415.-D06 01 33
NAS1057AD4-5 Rivet - 45 2
MI20470AD4-3 Rivet - 42 2
KAS1067A08-7 Rivet - o4 a
NAS1CS7ADS-6 Rivet - 11 2
MS20470AD4-6 Rivet - 4 ) 2
ME204704D5.6 Rivet - 2 2

0 E5204704D8 -4 Rivet - s 2
HL22-T7+5~4 Hi-lok Rivet - 15 2
or or er o or
AN3-54 801z - 35 2
and and and and and
AN950-10L Washer - 15 2
and and and and and
H14-3 or MS2104202 focknut - 15 2

3.6 Reinstallation of the horizontal stabilizer front cttachment fitting
(K1t 05), as per figure 5.

NEL PN DESCKIPTION &D P/ oy Dise
NASAE205-9 Bolt RRS5E205-9 0 7
M521042.L58 Nut PS21042-L5 o8 7
AX550-816L Kasher ANS60-533L 6 ?
KASAS204 -6 Bolt RiZE204-4 ot 7
maAvg_ 29 ;. Mar 4, B3 a8 110-53-01%
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4PN DESCRIPTION o e/ o bise
Kld-4 Rut Hl4-4 ot 7
AN560-416 Yasher AN3E0-416 o4 7
ML22-77-5-3 Rivet KL22e77e543 n 7
HL22+77 wSui Rivet HL22e7784 14 7
HL22-72=6~6 Rivet H.2277 66 2 7
0.22-77-6-7 Rivet RLZ2o77abe? 06 7

DISPOSITION: 2 = Install part bearing NEX P/N.

3 @ Replace part bearing OLD P/N with part bearing
KEY P/,

5 = Discard part bearing OLD P/,

7 o Replace with part bearing tht same P/N.

S _110-83-019 oaTe: 2% s av._ s N3
a3k o 3% w82 13 _; ot o $&
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/A.-$ JOSE DOT CAM ¥ id

L

« THERE 15 %0 LOOSE RIVET.
= THERE 15 M0 CRACK IN TRE

WES OF SULEREAD D

= THMERE ART LOOSE AN ETS

ON THE UPPER FLANGE OF REZEAT INSTECT:ON EVERY T T
T2 OPERATING MOURSAFTER | oPEReT
W:u!&u%tmnlk gy THE FINST WSPELTION AS e Tn:i e
WEB OF BULKHEAD 11
= THERE ARE LOOSE RIVETS
SN THE LPER FLANGE SF
m:‘,umt‘buculunn.
- TREAE 1S NODCRACK N THE
WES OF SAXMEAD I3
= TERE 15 40LOOSE RIVET. NEPLAT DRSPECTION EVERY I
= TRERE ARE CRACKC et 125 OPERATING HOURSAFTER OrEmATIN
SQUAL TO OR SHORTER THE PIRST PECTION AS THE Fine”
THAN 75 nem £3 Inchest 4 PIR FIGURE D )
TWE WEL OF BULEHEAD 3,
= THERE ARE LOGEE RIVETS 1
On Tl UPPER FLANGE OF PEAT INSPECTION EVERY
'DIS IACHA: ° m‘L - :;MMTW;G ﬁwm. (1, =1 VY-
~THERE ARE CRACKS §OUAL THE FIRST RGPECTION 25 ’;?:!E "“';‘s':-

TOLORSHORTER THAN
5 owm (] incrmn) N THE
wWES OF SULEHEAD 33,

e e
= THERE A RE LOCSE RIVETS

ON THE LOWER anD UPPER
FLANGE OF NACHINED

SER SIGURE 2

[ -]
= THERE ARE CRACKS SUAL
TOORSHOATER THAN
7% o 12 inces) I THE
WES QF BnK=iad 3).

- THERE ART CRACKS LONSER
THAN 75 men (T ingoan} IN
THE Wil OF SULKNEAD I3,

FIGURE 1« POSSIBLE SITUATIONS FOUND IR THE INSPECTION AND THEIR RELEVAKT ACTION:

saty:... 2% _.1 _S!L__.c._il_n.
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RIPEAT RSPECTION IVERY ]
SEOOPERATING HOURSLFTER
TiE FIRST IKSPECTION AS
PER FIGUAE 2.

OFTION

MODIFY MASHINED CMANNEL
RIVETING TO THE REIN-
FORCEMENT cETWEEN
FRAME 32 AND BULKHMEAD 33
ASPER FISURE ).

REPEATY iNSPECTION EVERY
KOPERATING HOURS AFTER
RVETING MOD:F CATION AS
PERFQURE L

TERMiHATING ACTION:
NTACDUCE REINEORCING
CHANNEL AND MODIFY THE
STRUCTURE RIVETING OF
HORIZONTAL STABILIZER
FAONT ATTASHEMENT AT
PEN FIGURE 4.

OFTION

. TERMINATING ACTION.

WEOATFY SMATHINED SHANRNEL
NVETING 15 Tk REIN-
FORCEHENTS BETWEEN
FRAME 32 AND BULEMEAD 33
AS PIR CIGURE .

]

REFAIR BULKWEAD 33 WES
AS PER FIGURE 3, INTRODUCE
REINFORCING CHAMNNEL
AND MODIFY TKE STAUCTURE
KVETING OF NSHUITONTAL
ETAMILIZER FRONT ATTACH
MENT AS PER FIGURS 4

AEFEAT WLPICTON EWERY
SZBOPERAT NG NOURSAFTER
ROETING MOFICATION AS
PERFIGURE D

TUAMINATING WCTION:

ALFAR BULXMEAD 33 WER
AS PEAFIGLME &, INTRODUCE
REINSOACING CHANNEL AND
WOMEFY TRt STRYCTSRE
RIVETING OF MORIZONTAL
STARILIZER FACHT ATTACH.
MEXT ASPEXR FIGURE 4.

28 w* L10-53-01%
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@ Check this rivet tow for locose zivers.

{2) 1Inspest hatched arvea for eracks.

SMACIVED CHAMMEL.
VPR FLANGE
QA 38910718 ¢ | &
Iwn SAN4110217 m"inga’

usm:oac!us::r DETWETN
s;';vs 37 AND BALKSEAD T
P/ AN-181507 (LN SIDE;

P AORTE (R BIDED SECTION A-A

MACHINED CHANNE L
LOWER FLANGE

P AA 14110706 (LW RBIDE!
BN AA-VE1ISTAT AR BiDE

i1y MACKINED OWANE
> UPPER FLANGE

E wES CF PN ARIRYYDTIE

: PUAXHEAD 3 LK $10F)

; P LA AL TIDTYT
R MATHINED SHANNESL
b -] LOWER FLANGE
PN EAI4118748 ILW $IDE} & A
,.,70 PN 4238118727 (RN, BiDEI ¢ ‘
4 Y ;

REINFORIIMENT BETWEEN
‘F’RAME I AaND BULKHEAT I3
M AR 16 19D5 (LM SIDF ) : B
PINGA 11908 (Ao, 3:0E1  SECTION BB

R 5I0E)

“‘ 5o s gl v
" -“B-_-t—u—n—.
sk S I

p--ﬂ-t—n- [ ol sl
S o-o - —-’00--—.—,

— S r— g— — - - ”
Fo d P L wdma'm ¥ » . * 'E .
L e e N
Pl A ——

<G BOWN LI SI1DE, SECTION &
SYSMETRICAL
£iGURE 2 ~ INSPECTION OF MORIZONTAL XTABILIZER FRONT
ATTACHMEINT STRUCTURE
oave . 2% o Mer o 85 _ n.u‘:.l,__il_..‘?

(= Y] :__u A J'_é."'..._—..
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Replare existing rivets with other Mesirg =ww
specification, or bolts, wishers =@ loZkwwTs. Nums
channal with ft removed from the 3'rgrafz

——— A

@ Replace rivets Toosen with other Daaring Toe e o4 o= —.

£.153 «3633
@ Ream holes to dia B T

6-? -l ma.,.-.;
4.20% 35S
4.813 JIEE
rivets or to dfa @ m - ~ L gre——
4.864 L181

bolts .

FIGURE 3 - HODIFICATION OF SRUCTISE Torsr e .= _

i

STABILIZER ERONT AT AlSsee= ™ Tmar— e

L5 0% 113'53‘019
PYT- N ™ S
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€ EMBRAER (TS T RO ONTTIA A 05 Do A T &

SERVICE BULLETIN

»
X
®
»
&

A CHINED CHANME L
e UPPER FLANGE
ol oy P/N A-5411.07.18 ILIC BIDE}
L S, m—— '_’ P 41411 97 TR ML BIDE)
k-
-
. ) SYSIOL BPECIRICATION

REINTORIEMERT RETWEIN
FRAME 22 AND BULKNEAD X

BA d& 142507 thM. BIDE) BECTION A«a
Pity LA-EIRECE [RH. BiDE)

— NATISITADS-?
H wanie.ranes
o s1097AD64

HLIL-T784 or

) SOREW ANTA S
WASHEM ANIEO-IDL

WASHER AMSID-10
LOCKNLUT Mi%.) or pE21582-13

§ A s v e R A ke e o s —— @

WADSNINED THANNEL

LOWER ELANGE

P AA-1611.5716 (L& BIDE!?
PN GAS11 2T (R SIDE)

REINFQARZEMENT SETWEEN
FRLME J2 AND BULKAEAD 33 SELTION B-3
PN £A41500 (L W $iDE}
PIN 4A- 141806 1M M SIDE)

s ALL RIVETS Srlwm
v THIS AEEA

L

|
FIGURE 3 ~ MODIFICATION OF STRUCTURE RIVETING GF NO*I1ZONTAL STABILIZES
FRONT ATTACHMENT (BEMEETZOF D)
DATE:..__ 29 4+ Mss o 83 g5 _110-33-025
bW, L Ga. - )3 s ADTr. . B& vage:. 1% i 2%
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% EMIBRAER [WP7ia SAASILE 3A DL ALRONAUTICA G/ - 6. S5¢ BOE CARPS B2

SERVICE BULLETIR

@ Larivet this rivet row and remove Titting attaching belts, remove
reinforcenents (made of sheet) %cgether with the machined channel.

@ Unrivet mechined chann2l froa reinforcements (made of sheat). Discard
reinforcenents {made of shest},

@ Round corners af machined channel,

@ Assembly the machined channe! with the new eainforcaments {made of sheot)
and with the refnforcing channel, by uysing rivets desring new
specificetion.

— 4,153 »1635
@ Ream holes to gia P 7

in ) {f using

4.208 L1635
4.813 / .189

rivets or to dia § v in 17 using
‘-esé .151 .

bolts.

@ Reiastall the sssembly previously assembied as pir note @ﬁut%ag ep
with rivets dearing new specificatison and frsiall fitting attaching
28,

@ Replace existing rivets with rivets bearing new
specification,

FIGUAE 4 - INTRODUCTION OF THE REINFORCING CHARNEL AXD
KODIFICATION OF RIVETING OF WORIZONTAL
STABILIZER FRONT ATTACHXENT {SMEET I €F 3)

sawe 110~ 19 BATE: 2% s Mgz g B
Mros. % g 25 Cungyes, 22 _ - 13 o Ave o B4
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( EMBRAER [UPALSA BRLSIEIRL JE AERONAUTICA /A -5 JOSE DOS CAVPOT SF

SERVICE BULLETIN

-

i J MACMINED CHANNI L i

PO Lt BiDE ! @ @!m AA1LT A LM Sipt .
Rm §:DE S 1 ; PR AAEVIDTIT AR K. SiD] |
> )

EYMME TRISAL -
i :
Y
= \ &
V(e
- -
Ex
? LS
LG
M e a—
-] SECTION C~C

Y

2
=
i

:E
o -

/
e
a-a?-‘z‘{' r] o

Py Ay SR

& . .
[6 4 4344 4—¢

J—— »

REINFOAGING CHANNEL
P 1156185107001 (LM, BIDT)

1 U ANQTX-0 RN, BORI S

.

; ol
QOO
-u:. "'?éfmou =D

. é!l PN A ANQTABL W BIDF

g PN 4816150717 R, S1Dx

REINEORCTMENT BETWEEN d X “rarcaTion
ERAME 32 AWD BULKMEAD I B/ Ca-118OB (L. b & a3 warases
PN 1101410072007 (L, JiDE) PN &4 e

RENFIRCING SHANWEL B Wt oA

PN EISI0E7 008 (A BIDE) N 115 14110730011, M, B1E)

PH DI ITIIVOURM. BI0E L pung wETADS Y

~Ef WAS WTADRS
por
MACKINES SHALNEL G WS 24204054

PN GA 18- LN BIDEY “
% -4 reér L-22-T7gd @
P LA 1IQT-1T O SDE W NE ™ ANILA

REINFEORTEMEN A TWEEN ' ) . WAGMER ANGED 10 i
FRAME X2 AN SN EmEAD X3 @ ‘.‘?%:;-;?‘;" 3o
P VIDTAIIRT-00S (0 BIDE! PN SAASIDON I b TR o e e X

P 1IG-10T1G7-RA 10 X BIDE)  PIN EANEIDF Tt SIOEL . “&- nassminves

FIGURE 4 - INTRODULTIOY, OF REIHFORCING CHANNEL AND MODIFICATION OF STRUATUAS
RIVETING OF MORIZONTAL STABILIZER FRONT ATTACHMENT {SMEETZOF 2! i

pave . 28 . Far o B ssae 1l0-33-n
vace-_ 2} w24
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fMPRESS BRASILE (RA OF AERONAUTICA 574

SERVIGE BULLETIN

@ Remove the horizontal stebilfa.r front atitachment fitiing.

Cut out the wed of bulkhead 33, Contour repair shest 35 pe? tut &t in
bulkhead 33 wed,

Position, mark and drill repatr . -eet Snd Buikhead 33 retnforcement as
per holes existing an the horfze tal stadilizer front attacheent.

@ Mark and drill as shown.

®

Eeinstal} the Pltting rewoved in @ {see det2fl C).
17 required, use oversfzed rivets, according to  {nstructions fn
TO. 3£9%.3 *Structural Repeir Mamual®,

@ tse rivats according to symbols.

FIGURE § o REPAIR CF BULKMEAD 23 WEB (SHEET I OF 2)

5595 1Qk§3$k1§ SaTE: 5o ¢ Maw s+ R
PAGE: 22 g0 34 exanst e B2 _
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<€ EMBRAER [R5 sRASLE AR bE A AORAUTICA /4§ 05 5%

SERYICE BULLETIN

SULKMEAD I3 REINFONCEMT AT
A 101410 I02 1L M $: D€
P N ATV ID0E (R 8102,

.‘E

&

PULRMEAD 32 g2
PN 11D ven LY 300
PN VIS 141187 350,

wiw L% o
ASYMMETRIC AX DT

SECTION AA

FIGURE $§ - REPAIR OF BULKMEAD 33 WES (SMELT 207 Q)

oare: 20y Mar . 83




PARAMETERS

Retative fine (from recorder
on prior to takeoff)

Indicated Airspeed
Altltude

Magnetic Heading

Vertical Acceleration

Longétudinal Acceleration
Pitch Attitude

Ru1? Altitude

Stabilizer Trim Position
OR
Pitch Control Pasition

APPENDIX F

TABLE 1

PARAMETER LIST (FIXED WING AIRCRAFT)

RAMGE

8 hro. minirmum
Vso to ¥p (KIAS)

-1,000 ft. to max
cert. alt, of A/C

3600
-39 to +64

£1.09

100% of usable range
4600 or 100% of usable
range, whichever is
graster

Full range

Full range

INSTALLED SYSTEM V/
MINIMUM ACCURACY
{T0_RECOVERED DATA)

$0.125% per hour

+5% or +10 kts., whichever
Ts greater, Resolutfon 2 kis.
below 175 K1AS

+100 10 4700 ft. (see Table 1,
T30 C51-2)

450

$0.29 | n yddition 10 40,39
maxtmum datum error

+0.059 | n addftion to max,
datum error of #0.19

+20

420

£3% unless hl?her accuracy
uniquely required
+3% unless kigher eccuracy
uniquely required

(or 1 per second
where peaks ref.
to 1g are recorded)

SAMPLING
INTERVAL

(PER SECOND)

1
1

1
4

_L s-

2

Y/ When data ?ources are afrcraft instrumenis (except altimeters) of acteptable quality to fly the aircraft,

the record

system) shall contribute no more than half the values in this column.

ng system excluding these sensors (but including all other cheracteristics of the recording
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Enaine Power, Each Engine

Fan or "l Speed or EPR or
Cockpit Indicatlonr Used
for ircraf(t):Rc.rtiﬁcetion

Prop. Speed and Torgw

TABLE 1 (2)

Maximum range

+5%

1 {prop sgeed)

(Sampled Once/Sec as Close 1 {torque
Togetner as Practicabie)
Al tieude Rate 48,000 fpm +10%. Resolution 280 fpm below 1
(need depends on altttude 72,000 ft. indicated
resolution)
hsigle of Attack 2f -200 to +40° or 100% 120 1
(need depends on altitude of usable range
resolution)
Radio Transmitter Keying On/0ff ]
(Discrete)
TE Flags {Discrets OF Each discrete position 1
Analog (U.U“e’loéal’?)

Analog 0-100% range 430 1
LE Flaps (Discrete or Each discrete position '
or Analog) U'D."oﬁ;w’

Analog 0=-100% range 30 1
Thrust Reverser, Each Englne Stowed or full i
(Discrete) reverse
Spqﬂerlsgeecbraka Stowed a out ]
(Discrete
Autopilot Engsged Engaged or ]
(Discrete) Disggggaged
2/ If data from the altitude encoding altimeter (100 ft. resolution) {s used, then either one of these

parameters should also be recorded. 1f, however, ritltude is recorded at a mintmum resolution of 25

feet, than these two parameters can be omitted.

3 XIGNZT. dV

_86_
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