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The National Transportation Safety Board determines that the probable cause of this
accident was a mal.unetion of either the elevator control system or the elevator trim
system, which resulted in an airpiane piteh control problem.
flightorew to corroct the pitch control problem overstressed the left
which resulted

in asymmetrical elevator deflectio
horizontal stabilizer attachmen

the proeise problem with the pi

alevator control rod,
n and overstress faflure of the

t structure. The Safety Board was not able to determine
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20554

AIDCRAFT ACCIDENT REPORT

Adopted: June 24, 1986

PROVINCETOWN-BOSTON AIRLINES FLIGHT 1039
EMBRAER BANDEIRANTE, EMB-110P1, N93PB
JACKBONVILLE, FLORIDA
DECEMBER €, 1984

SYNOPSIS

Provincetown-Boston Alrlines Flight 1039, an Embracr Fandeirante, was
cleared from the Jacksonville International Airport, Jacksonville, Florida, f{o Tampa,
Florida, at 1805 eastern standard time on December 6, 1985, in visual {light conditions.
There were 11 passengers and 2 erewmembers abeard the scheduled domestie passenger i
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 aeknowledged a j
frequency change. Thirty seconds later, about 1814, the a'rplane 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 !mpact, the horizontal stabilizer,

ineluding bulkhead No. 36, had separated from the fuselega. Both elevators and elevator

gps, the tall cone assembly, and the aft porticn of the ventral fin also hed separated in
ight.

ST 3 I A B L Y

M AT A

The National Transportation 3afety Board determines that fhe probable cause
of this accident was a malfunction of elther the elevator control system or the elevator
trim system, which resulted in an airplane pitch control problem. The reaction of the
flignterew to correct the piteh control prablem overstressed the left elevater eontrol rod,
which resulted in asymmetrical elevator deflection and overstress fallure of the
hurizontal stabilizer attachment structure. The Safety Board was not able to determine
the precise problem with the piteh control system,

1. FACTUAL INFORMATION
11 Histoxy of the Viight

On Ilecember 6, 1984, N96PH, an Empcresa Brasileria de Aeronautica S/A
(Embraer) Bandeirante (EMB-110P1) airplane was scheduled for four round trip domestic
passenger flights between Tampa and Jacksonvilie, Florida, operating under 14 CFR 135,
N95PB operated as Provincetown-Boston Alrlinzs (PBA) Flight 1054 to Jacksonville and as
PBA Flight 1039 to Tampa. One flighterew operated two morning round trip flights, and a
second flighterew was sitheduled to operate two afterncon round teip flights, The captain
of the morning flights stated that he performed his predawn aireraft inspection in a well
lit ramp at Tampa &nd that he agpecifically sxamined the tall area for loose parts. The
morning flighterew div not report sny mechanical problams before turning over the
airplane to the aftarncon crew.
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Witnesses reported that-the pilot of the afternoon

inspection of the airplane, specifically under the
departing Tampa on the first le
standard time 1/,

crew, at Tampa or at Jacksonville, re

ported any Incidents of contaet
any ground equipment or of any jet b

last from taxing aircraft.

At 1808, NO96PB, as PBA i
niner thousand squawk 3276 .. .

Jacksonville International Alrport,

039, was cleared
At 1808, the airpla

At 1812, PBA 1039 was Instructed to
cleared for takeoff runway three one."

flight 1039 began its takeoff. The flighterew was Switched to departure eontrol fre
at 1813, at which time it w

1Y was over the departure end of runway 31 and, accorc
witnesses, was still climbing.

The captain responded to the frequency change by stating,
"ok, so long." Thirty seconds later, the wirplane was seen in & steep descent near the
extended centerline of runway 31. The airplane crashed about 1814, during darkness at
30° 29" north latitude and 81° 41°

west longitude.

The flightcrew of another EMB-
airport, saw PBA 1039 as it departed. The
that they identified the airplane as an

" .. aslightly excessive rate of elimb,

110P1, which was on finsal
EMB-110P1 by its lights.

controller at Jacksonville alr
(ATC) tower, a certificated private pilot,

he saw it veer to the right and descend at o
steep angle.
1.2 Injuries to Persons
Infuries Crew Fassengers Otherg Total

Fatal 2 i1 0 13

Serious 0 0 0 0

Minor/none 0 0 0 0

Total 2 11 0 13

13 Damage to lane

The airplane was demolished Ly impac

QOther Damage

There was no other damage to property.

t forces and posterash fire.
1.4

_ff All times herein are eastern standard, based on the 24~hour clock,

fHght conducted a preflight
wing and in the tall ares before
g of the scheduled afternoon flights at 1640 eaastern
15 minutes late; N9ep

« +» to Tampa as filed maintain
ne taxied from the gate at

Jacksonviile, Florida, Eleven passengers and two
crewmembars were aboard,

The captain ecknowledged the clearance and

approach to the
flighterew said that it was nearly dark, and

The first officer notad

and it was enough so to make me think in my mind

that it wag possibly & small jet, . .» Both the captain and the first officer saw the

airplane descending straight down. The local , traffic control

sald that the airplane slowly lost altitude while

still in a normal elimb attitude when it was approximately 3/4 mile beyond the departure
¢nd of the runway and, after 6 to 8 seconds,

e
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1.5 Personnel Information

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

1.8 Airplane Information

N96PB, an Embraer Bandeirante (EMB-110P1), serial number (S/N) 110385,
was owned and operated by Provincetown-Boston Airlines. The EMB-116P1 airplane is a
light, twin engine turboprop airplane with & maximum seating capacity of 21, including 19
passengers and 2 pilots. The airplane wes designed, manufactured, and certificated to
Federal Aviation Administration (FAA) sirworthiness standards by Embraer of San Jose
dos Campos, Brazil. The airplane's gross weight and center of gravity (e.g.) were within
?rescribed limits for takeoff at 11,482 pounds and 14.75 percent mean aerodynamic chord
MAC), respeatively. (See sppendix C.)

Two Pratt and Whithey Aireraft of Canada, Ltd., Mode! PT8A-34 turboprop
engines, S/N PC-E56913 (left) and S/1¢ PC-E56698 (right), were installed; each engine was
equipped with a Hertzell propeller, Model HC-B3TN-3C/T1017-88-8R, S/N BU-11553 (left)
and 8/N BU-10761 {vight).

The Brazilian government's certification of the alrplane was performed by
Centro Tachnico Aeronautica (CTA) under the terms of a bilateral agresment batween the
United States and Brazil. The FAA validated the CTA certificstion which included a
preliminary type certification meeting with CTA and Embraer olficials in 1976 and a
2-week review of CTA certification data in Brazil in August 1978 by FAA specialists,
The airplanc was initially certificd to 14 CFR 23 stendards on August 18, 1978, In
October 1981, the airplane was certified to Special Pederal Aviation Regulations (SFAR)

41 standards, which permitted an incresse in maximum takeoff gross weight from 12,500
to 13,007 pounds.

1.7 E.E‘.__M_tm W.MMWMJM

The followiry aurface weather conditions were observed st the Jacksonville
International Airport immediately before and after the acecident:

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

Local, 1819:  sky—olear; visibility—7 miles; temperature—d46° Fy
dewpoint~-36° ¥; wind--310° at 8 kts, gusting to 16 kts; altimeter~-30.15
Hgs remarks--aircraft mishap.

A high pressure area azenterad over eastern Oklahoma, combined with & deep
low pressure system located off the Maine coast, created a tight pressure gradient over
the eastern United States. Conditions aver southern Georgia and northern Florids were
characterizod by clear skies and modernte west-northwest to northwest winds and eool
temperatures. The aren weather forecast included flight precautions for turbuience. No
SIGMETS, 2/ convective SIGMETS, or AIRMETS 3/ were valid for the Jacksonville area at

27 Significant meteorologieal information.
3/ Airman's metecrologienl information.

ket o AR, B P A R Y TR P 4o e
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the time of the nceident. Vertical windshear, computed from the 1800 winds aloft at
Waycross, Georgia, 78 miles northwest (3199 of Jacksonville, was 18.0 knots per 1,000
feet between 144 feet above mean sea level (m.s.l) 4/ and 1,146 feet m.sl. At 1805, a
pilot in the Jacksonville area reported smonth flight below 3,500 feet m.s.l. There were
no repoirts of windshear or turbulence at Jacksonville airport for several hours before the
accident.

1.8 Aids to Mavigaticn
Not epplicable.

Communieations

There were no known communications difficulties.

1.10 Aerodrome Information

dacksonville International Airport is located 9 miles north of Jacksonville,
Floride. It is certificated under 14 CFR 139, There are two nonparailel, nonintersecting
runways designeted us 7/25 and 13/31 and oriented magnetically 074°/254° and 134°/314°,
Runway 31, the departure runway for the accident, is 7,700 feet long by 150 feet wide
and has a grooved asphalt surfacs. The alrport elevation is 30 feet. An air traffie control
tower operated by the FAA is in continuous operation on discrete aireraft frequencies for
tower, ground, clearance delivery, and approach/departure. A low level windshear alert
system (LLLWAS) is installed at the facility.

.11 Flight Recorders

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

L12 Wreckage and Impact Information

1.12.1 Wreckape Diascription

N86PB struck the ground 7,800 feet beyond the departure snd of runway 31
. 25 feat to the northesst (right) of the extended runway centerline in an inverted nose
“own attitude, after whiel it caught fire and burned, Before ground impaet, the
herlzontal stebilizer 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 srea. Both elevators and elevator tips, the tail aone assembly, and the aft
portion of the ventral fin also had separated in flight and were loeated along the
flightpath between the horizontal stabilizer and the main wreckage. The airplane came to
rest on a mugnetic heading of 041°% (See appendix D.)

1.12,2 FPialogre and Wingy

The upper fuselage structure, fvom the main cabin door aft to the baggage
door, was subjected to intense fire which o wumed a major portion of the cockpit and
center fusulage structure. The area between the baggege door and bulkhead No. 33 (the
forward attathment point of the horizontal stabilizer) exhibited severe and extensive
impact damege with moderate five damage.

4/ All altftudes appearing hereln are m.s.l. unless otherwise stated.
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The bottom fuselage, from about the main cabin duor 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 an imprint of the forward inboard end of the left horizontal
stabilizer and the right side of the fuselage was punctured and scraped down to the
venural fin. The nose gear assembly was extended slightly and the two forward nose gear
doors were open partially. Examination of the nose and main gear actuators revealed that
the landing gears were in the up position at impact.

The vertical stabilizer remsuined attached to the fuseluy« at bulkheads Nos. 29
and 33 by mears of fittings bolted to the front and rear spars. The rudder assembly was
attached to the vertical stabilizer. Both surfaces were crushed i the forward-to-aft
direction. The rudder trim tab was attached to the rudder and was positioned about 90° to
the right of neutral. There was no separation between the trim tab actuator in the
vertical stabilizer and the rudder trim tabs the control rod was bent to the right.

A major portion of the left wing, the left aileron, the left wing flap, and the
left engine nacelle lower structure were consumed by fire. The right wing and right
aileron were not damaged by fire. The right flap was attached and severely damaged by
impaet, and the inboard end was burned. Both flaps were in the ratracted position.

1.12.3 Separation of Horizontal Stabilizer

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

The horizontal stabliizer is attached to the fuselage at fuselage hulkheads
Nos. 33 and 38. (See figure i) The forward attachment for the horizontal stabilizer
consists of two forward clevis type fittings on the stabilizer front spur which are boited to
the mating male lugs (ears) «f a machined fitting on the aft side of fuselage bulkheac
No. 33. The rear attachment for the horizontal stabilizer uses four links to connect and
vertically offset two clevis type fittings on the af{ side of the stabillzer type {ittings on
fuselage bulkhead No. 36.

The forward attachment fitting of the horizontal stabilizer on N96PB 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 also separated with the stabilizer. The stabilizer rear
attachment structure was deformed, but it continued to conneet the stabilizer rear spar
and the fuselage bulkh.ead No. 38 fittings.

The stabilizer forward attachment fitting on the aft side of bulkhead No. 33
was deformed with the upper right corner pulled aft and down, tearing th2 bulkhead web
and separating the structural attachments on 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 fasteners still intact. The deformation indicated that
the male lugs on the attachment fitting fractured from overstress forces as the horizontal
stabilizer moved aft and twisted clockwise (looking forward) relative to the fuselage.

The examination of the bulkhead No. 33 structure disalosed fretting around
some rivet holes ir. channels which transmit the loads from the upper right corner of the
forward attachment fitting into the fuselage structure forward of the bulkliead. The
bulkhead web break contained a small preexisting fatigue crack, 5/16 inch long.
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Figure 2A.--View of bulkhead No. 32, looking forward.
L & R show separation of male clevis ears
irom horizontal stabiizer forward attachemest fitting
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Figure 3A.—Left and right ears of forward attachment fitting
which remained attached to horizontal stabilizer,

! . m;!l.‘;‘ %?il i;l‘i ;l

Figure 3L.--View from right side showing twlst in forward attachment fittlng.




Figure 4 —~Rear atcachment of horizontel stabilizer
at bulkhead No. 36 shows Geformation of attachment links.

1.12.4 Soparation of Elevators and Elevator Tips

The left and right elevators are not connected to each other except through
the flight control system. Each elevator Is attached to the horizontal stabilizer at the
hinge line by two hinges, one outboard and one about midspan. Each elevator is deflected
by a control rod wifch moves an actuating arm connected to the inboard end of the
elevator torque tubu. A single, mechaniecally operated trim tab is on the trailing edge ol
the left elevator snly.

Both the left and right elevators had separated from the horizontial stabilizer
as a result of fractures in the hinge brackets. All of the fractures were typical of
overstress soparations, except for a smetl fatigue crack in the right elevator outboard
hinge bracket. The examination of the right elevator outboard hinge bracket disclosed
that it previously had been removed and replaced.

Both the left and the right elevator actuating arms were attached securely to
their respective toraue tubes. The portions of both arms that included the up travel stop
were broken from the main body of thi arms by tension overstress. Heavy contact marks
were found on the irboard surfaces where the actuating arms mate with the stabilizer
bearing. The main body of the left actuating arm was relatively straight and undeformed.
Both the hinge attachment bolt and the main body of the right actuatiny arm were bent
notably with the arm body also displaying a twist relative to its length, When the
actuating arm marks were mated to the stubilizer deformation, with the sttachment bolt
installed withiii the bearing of the stabilizer, the right torque tube waa in
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a position as though it had overrotated past the up-stop position by about 90° and the left
torque tube was in g rotational position just past the up stop position when the
deformation occurred, In both o880, when the deformations were inatched, there was an
indication that the torque tubes had skewed so that the outboard ends had Moved upward,

Both elevator ti the inboard sections; the fractures
having oceurred i i (board hinge. A 2-foot ¢-inch portion
of the right ‘ in had pesled frem the elevator but had remained
attached to the right olevator tip. There was compression buckling cn the upper surfaces
of both elevators. On the Jeft elevator, the fracture oceurred alorg a Ve about 70 inches
from the leading edge inbrard end, On the right elevator, the fracture veeurred along two
lines, one about 40 inches and one ebout 88 inehes from the leading edga inboard end.

Mass balance welghts were installed at the inboard and outboard locations on
Both the left and right elevators. Al} of the weights were accounted for and all appeared
to have been fastened Securely. The presence of weights which differed in color from
those originally installed at the time of manufactyre indicated that the rlevator had been
rebalanced since manufacture. The airplane’s maintenanee records showed that the
elevators were balanced on August 327, 1983, in compliance with AD 83-15~10, which
became effective on August 9, 1983, ar¢ required sompliance within 30 days. The balance
weight mass distribution wag not in total accord with the manufacturer's Struetura)
Repair Manual effective at the time of the accident. The total of the balsnce welghts on
both the left and right elevators were below perniissable maximums. However, the
weights on the outboard station of the right elevator exceeded the 7,850 gram limit for
Installation «t that position by about 324 grams.

1125 Kievator Control System

The elevator conirol system of the EMB-110Pi airplane is redundant and
consists of the captain's and first officer's aontrol columns, which are interconnected, and
independent bellcrank—eable—puney systems on sach side of the airplane. (See figure 5.)

ystems

on the forward face of fuse 33. These aft

belleranks algo are interconneeted and they transmit motion through the left and right

elevator control rods respectively to the elevator actuating arms which rotate the

elevators about their stabilizer hinges. The loft and right elevator actuating arms ate not
interconnected.

As a result of the crash, the captain's control column was found detachad from
the cockpit floor mounting and no elevatop control interconnect components were
attached to the column. No seoring or impact marks were observed on the econtrol 2olumn
attachment surfaces at the points where ;¢ contacted the forward and aft travel! stops.
The first officer's aontro) solumn was found conneated to the cockpit floor mounting, It
moved freely from the aft travel S op. Both travel stops ware
wired in place, and there tive column. The forward
elevator control rod was fouy baetween the first officer's
control column: and the ele _ mn-to-beilerank eable had
not separated from the tup ' ill in place, However, the
other control ecolumn~te-- _ n out about 3 feet from the
forward bellerank, The control the first officer's elevator
belleranks was severed about 3 | 's bellerank.
columns were bent aft and downw
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All of the elevator control cables between the cockpit controls and the aft
belleranks forward of bulkt.ead No. 33 were found. There was no evidence that the cables
had separated before the secldent.

The flight control cables were reexamined in detall at the PBA maintenance
facilities in Naples, Florida, on October 10, 1885. About 30 feet of elevator cable, whi~h
were attached to the control solumn belleranks, showed no evidence of excassive wear,
rubbing, cr scrape marks. About 90 feot of cable from the alleron or rudder control
systems also were examined and showed no evidence of excessive wesr, rubbing, or serape
imnarks.

When the horizontal stabilizer on N96PB separated from the fuselage, bath the
left and right eievator control rods weps deforined and had separated in Mne with bulkhead
No. 34 (11 inches aft of the aft belleranks.) (See figures 8A and 6B.) The forward portion
of each rod remuined attached to its res | beile The
remaining 32 1/2 inches of the aft portion
attached to the right slevator aetuating arm after the separation. However, only 21 1/2
inches of the left elevator control rod was still attached to the left elevator actuating
arm. The left elevator control rod was fractured in two places; the aft fracture which
occurred near the midpoint of the rod, was a compression buckling failure. The ¢-inch
section of the left cuntrol rod between the two fractures was not recovered. There was
an impact mark on the aft side of an upper channel at fuselage bulkhead No. 35 which
matched the shape of the fracture surface on the aft portion of the left control rod. (See
figures 6A and 6B.)

The piteh trim in the EMB-110 is effected by defleciion of the single trim tab
on the trailirz edge of the left elevator. The elevator trim tab deflection is accomplished
either mechanically, by rotating & trim wheel located on the pilot's side nf the center
pedestal (see figure 7), or electrically, by activating switches on either of the eontro}
wheels. Both methods effeet a linear movement of a threaded cable through a coaxial
hcusing, whieh in turn extends or retracts the trim tab linear actuator rod through a gesr
type mechanism. The deflection of the trim tab relative to the elevator surface is
directly related to the rosition of the linear actuator cod. (See figure 8.)

Figure 8A.,~Left and right elevator control rods showing
symmetrical fractures 11 inches aft of aft belloranks.
Note missing sections of left elevator control rod,




Figure 6B.~—View of fracture on aft portion of left elevator control rod and
matching impaet mark on aft side of upper channel at bulkhead No. 35.
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The elevator trim tab was attached to the elevator. Although the piano type
hinge wire was deformed, maasurements of the hinge and hinge wire indicatec that there
was no excessive free piay. The trim tab actuater housing remained attached to the left
elevator sper. The actuator rod was fractured between the actuator and the rod end
which remained attached to the trim tab bellerank. The overstress bending fracture and
deformation of the actuating rod matched the damage or the elevator rear spar structure
through whichi the rod passes. The matehing damage indlcated that the actuator rod was
1ully extended when it gtruck the reav spar. The fully exterided pasition of the trim tab
actuating )rod corresponded to a trim {ab trailing edge up deflection (tuil eirplane nose
down trim).

The elevstor trim control wheel on the cockpit pedestal, its assoeiated cable
drive gearing, and the threaded cable in the pedestul were exposed to severs heat. The
threaded cable was fuscd to the drive gearing by molten metal. The cable runout 5/ was
measured and found to correspond to « full airplane nose down trim pesition,

The elevator piteh trim adapter unit cover and connectors were scorched
ex*ernally. When the cover was removed, it was noted that saveral electronie components
were damseged from heat. The teim relay printed circuit board was scorched and the
components mounted on the board waere heat damaged. The three relays, which routed
signals from the trim gwitehes to the trim servo, were too severely damaged for testing.

The piteh trim servo wes not complete and the directional control electronies
subussembly was found detached {rom the servo mount. Tae servo cluteh and gear
assembly appeared to be undamaged. When about 20 volts de was applied to the clutech
cofl, the clutch assembly engaged; when the power was removed, the clutch disergaged.
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 engeged; when the power was removed, both relays
disengaged.

1.12.8  Engines and Propellers

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
seation had separated fiom the remeinder of the engine. The right engine, which
appeared to be undamage - was found adjacent to and separated from its nacelle near the
right wing structure. No penefrations were observed in the engine cases or tlin exhaust
duet of the right engine. Both exhaust ducts were moderately bent and twisted. Both
compressor inlet screens were f{ree of debris. Both lower engine cowls weve separated
from thelr firewalls and were located adjacent to their respective engines. All cowls
wore extremely distorted. The engine mounting structures hed not separsted in flight.

The following items in both engines were undamaged: [first and second stoge
sun and planet gears, the ring gears, the 1ing gear carriers, and the propeller oli transfer
sleaves. Both propeller shafls were torsionally sheared at the thin wall area adjacent to
the second stage carrier spiines, There was no evidence of any infiight turbine blade
failures in either ongine. All of the centrifugsl compressur impeller and vane tips, the
adjacent interstagy specers, the impeller vane profiles, and the impeller housings were
rotationally rubbed. The impeller vene profiles had contacted the impeller housings so

§/ Cable runout Is the cable which secommodates the full linear range of cable trawel at
the pedestal drivas gear.
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that the entire length of the impeller vanes wus rubbed from the inboard vane tips through
the outboard vaze tips. None of the anti-{riction bearings installed in eithep engine
displayed any obvious distress or lack of lubrination. 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 failupes.

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

Both propellers remaine attached to their respective engine reduotion
gearioxes. All three blades from the left propeller were attached to the hub and were
neerly complete. One of the blades of the vight propeller had Separated froin the hub but
siibsequently was recovered. The pilot tube was compressively elongitad, indicating thnt
the biade had separated frnm high side forces. The outbourd 1-inch tip of the recovered
blade was missing. The other blades of the right propeiler remained attached to the hub,
Both had separated about 18 inches outboard of the hub, The outboard section of one of
these blades wes 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. Tue end of the blade, the outer part of which was not
recovered, was bent In the heat damaged area as though it had melted and sagged of its
own weight,

1.13 Modical arx! Pathilogieal Information

he captain

rol, basic and neutral drugs.

The toxicologicul tests for the first officer were negative for ethyl aleoho! and earton

monoxide. The first officar's toxicologicel samples were not tested for cocalne, acidie,
basie, and neutral drugs.

1.14 Fire
'The uireraft was subjected to extreme post-impact fire. Thero was no
evidence of pre-impact fire.

118 turvival Aspeots
This accident was not survivable cue to severe impact forces which exceeded
human tolarance.

1.16 Tusts and Rosearch

B e e Bt

WIS1 Eellrs Avuiveis of th Hurisonta) Stabiiser and Astechment Strvetrs

Following extensive metallurgical examination of the horizontal stabilizer and
its attachment structure from N96PB, the Safaty Board contracted an |
ennsultant to
EMB-110P1 enginee
review of the data,
load calculations in
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Aerodynamic loads on the horizontal stabilizer were caleulated based on &
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 N98PB. Also, loads were
caleulated for 50-foot-per-sanond gust econditions st maximum eruise speed to datermine
whether the horizontal stabilizer attachment structure may have been damaged during the
flights (hat preceded the accident flight.

The caleuluted aerodynamic loads ware applied to a finite element
mathematical model of the horizontsl stabilizer forward attachment fitting and
caleuiutions were made of the effects of these louds 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 calculatiors, the ultimate load carrying capacity of
the attachiment fitting with about one-thirc of ita fasteners in the upper rizht corners of
the fitting missing substantially exceeded the aerodynamie loads transferred to the fitiing
during a normal takeoff and climd. Also, the load currying capacily of the fitting with all
fasteners intact substantially exceeded the lcad transferred to the fitting during an
encounter with a 50-foot-per-second gust at maximum cruise speed.

The flutter analysis of the horizontal stabilizer took inte consideration a
partial loss of stiffness in the attachment of the stabilizer to bulkhead N¢. 33 because of
failures of fasteners irn the attachment fitting and a possible loss of elevator rotational
restraint from either a hinge separation or a broken elevator control rod.

A finite element mathematical model of the horizontal stabilizer was
developed from engineering data and the stiffness of various connections was caleulated
from engineering data. Five natural frequenaies for the model were calculated which
compared favorably to the frequencies identified from engineering data, The cumputer
analysis of the model indiocated that a flutter problem did rot develop in the speed range
Investigated (50 1o 200 knots) with a broken elavator control, a separated elevator hinge,
or reduced stiffness in the bulkhesad No. 33 attachment structure. The independent
consultant concluded that the horizontal stabilizer on N98PB did not separate from the
airplane because of a dynamie flutter problem.

L.16.2  Tests Conducted by the Manufactirer

The manufacturer performed static load tests to verily the structural
capabilities of the EMB-110P1 horizontal tail and the rear fuselage assemblies. An
EMB-110P1 fuselage structure from bulkhead No. 26 rearward wag mounted on » test
vtand and static loads were applied to represent a design-critical flight condition; that of
& negative gust at the specified design cr iising speed with unsymmetrieal flight conditions
fue roll and yaw.

1.16.23.1  Determination of Static Strength, Stiff and Frequencies of
Horisantal Tall and Rear Fiselsys with Bukhead Noo 13 Do

Static loads equal to 80 percent, 190 percent, and 150 percent of tha defined
load condition were first applied to a completely sound structure. Threa configurations
with progressively more savere failures of the bulkhead No. 33 structure wers simflarily
tested. The most severe condition consisted of the removal of 10 fasteners from the
structure on the forward side of bulkhead No. 33 which distribites the loads from the
upper right corner of the horizontal stabilizer forward attachment fitting into the
fuselage monocoque structure, and a 3-inch crack (sawout) in the bulkhead web.
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There were no failures op permanent deformations tc the strueture when the
ultimate design load was statically epplied to the horizontal tail and rear fuselaye for any
of the configurations tested, including that wherein fasteners were removed and the crack
introduced in the bulkhead web.

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

1.16.2.2  Static Tests for Speeial Conditions at Horizontal Stabilizer Attachment
e T ““mw-mm‘mm“om

The meanufacturer performed additionsl statie load tests to determine the
effects of three special loading conditions on the EMB-110P1 horizontal tail and rear
fuselage structure from bulkhead 20 rierward. The first loading condition simulated an
abrupt, unchecked positive maneuver wiih Asymmetry at the design maneuvering speed.
Rivets were removed from the structure on the forward side of bulkhead No. 33, and a
12-inch saweut was made in the bulkhead web at the wper right corner of the horizontal
stabihzer forward attachment fitting. When the limit load condition was applied, there
was no further damage.

The second loading condition simulated an asymmetrical air inad which would
resuit from asymmetrical deflection of the elevators, a condition possible only if a control
system fails. The loading condition for this test was limited to 26 porcent of the load
which would oceur with full antisymmetric deflection of the elevators at the design
maneuvering speed of 149 knots. For this test, the saweut in the upper right corner of the
bulkhead No. 23 structure was rapairnd, fasterers were removed from the structure
forward of the upper lef corner of the bulkhead, and a 5/16-inch crack wes made in the
bulkhead web. Additionally five hi-lok fasteners were removed where the center of the
horizontal stabilizer forwunrd 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 lcad
corresponding to full antisyinmetrice deflection of the elevators at the design maneuvering
speed. The failures 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 ceutar loeated hi-lok
fasterers reinstalled. A dowrward lcad was applied to the left side, and an upward load
was applied to the right side of the horizontal stabllizer.

A complete fallure of the stabilizer attachments oeourred when the load
reached 69.8 percent of the full intended asymmetrie load defined above. The load at
which failure occurred corresponds te the load which would result from full antisymmetric
deflection of the eievators ai 141 knots. Lesser elevator de’leotions combined with
higher airspeed aould also aroduce this eritical esymmetrie load.

The horizental stabillier attachment failed when the forward attechment
fitting deformed and the maile luwgs fractured in oversiress. The failed fitting was so
hearly identical to the fitting from N96PB that no distinctions could be made between the
two. '
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1.18.2.3  Vibration Levels Due to Propeller Unbalance

The manufacturer performed a ground test to determine the vibration levels
experienced in the EMB-11CP1 horizontal stabilizer structure as a result of an unbalynced
propeller on the right engine. An entire EMB-110P1 airplane was suspended by elustic
slings around the wings and fuselage. The spinner secticn was removed from the right
propellar end was replaced by a solid metallic rotating disk which was driven by an
slectric motor. The imbalance was introduced by drilling verious size holes ia the disk.
Thare was no attempt to simulate the effects of aerodynamic loads.

To measure vibration levels and calculate stresses, 200 accelerometers were
mounted on the airplane's wings, fuselage, and empc.inage structure. Data were obtained
for two propeller speeds, one of which corresponded to a propeller blade resonant
freguency. In these tests, the vibration levels of the horizental siebilizer increased with
higher levels of propeller imbalance; the highest vibration levels on the horizontal
stabilizer occurred at 100 percent of raaximum propeller speed; the highest vibration
levels on the elevator and elevator trim teb oceurred at 9 percent of maximum propeller
speed; and the elevator tips and trim tab experienced the highest vibraticn level of the
horizontal stabilizer.

The manufacturer's acceleration data caleulations showed that internal
stresses caused by propeller imbalance increased with increasing propeller specd, that the
elements around the outboard 2levator hinges presented the groatest 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 propellor imbalsnce
vibration data during the Safety Board's public hearing, stated that significant variations
of strams on the elevator would begin to occur with a missing portion of propeller blade 14
inches long. He further stated that this level of imbelance would produce damage to
eng/ine 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 in June 1985 to measure the aerodynamic
loads on the horizontal stabilizer of an EMB-110P1 airplane for comparisan with loads
calcuiated for design. The horizontal stabilizer of the test airplane was instrumented
with strain gages to measure shear forces and bending moments at appropriate locations,
and measurements were recorded during rectilineer steady elimbing flight with flaps and
landing gear retracted at speeds between 93 and 150 KiAS. The airplene's weight was
about 11,570 pounds 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 desiga values.

The manufacturer conducted additional flight tests with the strain gages
attached to determine the influence of vibratory loads on fatigue of the horizontal
stebilizer. Various flight test profiles were flown, including posttakeoff climb, maximum
cruise, maneuvering ai 2.5 G, induced buffet at altitude, stall buffet at low altitude, and
approach to landing. The manufacturer stated that the analyses of the results indicated
that the stress levels from vibratoiy loads in normal flight regimes are weil below the
fatigue limits of the materlals used in the horizontal stabilizer and that even severe
vibratory conditions from buffet and st~ produced stress loads below the /atigue utrength
of the materials at 100 million eycles. |
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1,16.3 Elevator Control Rod Broaking foren Conducted by the Manufacturer and the
Mational Bureau of Standards

Two tests were conducted by the manufacturer to verify the compression
strength of the aluminum elevator control rod. A compression load was applied to a
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 falled at
a load of 466 pounds. In the second test, the rod withstood a load of 507 pounds before
failure,

A third aluminum control rod was tested by the National Bureau of Standards.
Again, a compression load was applied through the rod end bearings. Compression
buckling occurred at a load of 488 pounds. In all cases, the failures oceurred at the
m;dpoint of the rod and they were similar to the aft fracture of the left control rod oh
N96PB.

1.17 Other Information

1.17.1 Electric Elevator Tvim Syster

An electric trim system is an option in the EMB-110P1 ang P2, Electrical
activation of the Bendir Corporation elevator trim system, which was installed in PBA's
EMB~110P1 airplanes at the time of the accident, is accomplished by a reversible d.o.
alectric motor which drives the trim tab actuating threaded eable in either direction. An
electrie cluteh is installed in series between the electric motor and the cable drive
mechanism. Runaway protection is provided by a mechanical separation of the electrical
switches which activate the motor and the cluteh. A split spring loaded to a neutral
toggle switch is installed on both the captain's and the fitst officer's control wheels so
that either pilot can operate the electric trim by depressing bot™ halves of the split
switch with a single motion of the thumb. The electrie cireuit is such thet the motor
switch closes u ofreult to apply 28V d.c. to the motor. The polarity, and thus the direction
of operation, depend upon whether the toggle is pushed forward ot pulled aft. The elutch
switch opins a 28V d.e. eircuit if it is moved in either direction. If the motor switeh is
op.erated separately, the motor will operate and the elutch will remain disengaged so that
the torque provided by the motor Is not transmitted to the trim cable. Conversely, if the
cluteh switch is operated independently, the elutch will engage, but the motor will not
operate. ‘

A warning {aature, incorporated into the trim system, provides an aural signal
when either a motor or oluteh switch is activated independently. The trim system circuit
design is sueh that the switeh on the captsin's econtrol wheel has priority over the switeh
on the first officer's control wheel. Fupthor protection against a telm runaway is provided
by the mechanical design of the clutch, that is, tha amount of torque which the cluteh ean
transmit is Bmited so that a pilot can sicp or overrice an electrical trim runaway by
grasping and uxerting about 3 pounds of force to stop rotation of the mechaniesl trim
wheel located on the left side of the center pedestal between the two pilots, .

The airplane manufacturer examined the eleetrical ofrouit of the trim sysiem
to identify potentia! failures whioh would result in en uncommauded charge in the
elevator trim. The identifiad failures, which would result in the application of 28V d.c. to
the clockwise or countercloekwise motor operating circuit and the removal of 28V d.c.
from the cluteh eircult, were a simultaneous failure of both sections of the captain's
control wheel mountad trim switeh and a broken connection of the 28V d.o. wire from




e e R LR

i g B e

"":?:1"'

terminal "E" of the eaptair's trim switch and shorting of the broken off wire to terminal
MAY op terminal "D" of the switch. (See figure 8.) This same failure of the first officer's
control wheel mounted trim switeh also would produce an uncommandad operation of the
{rim system; however, the operation of the system would be interrupted by any trim
selection at the captali's switech. One of PRA's EMB-110P1 captuins testified that he did
not remember receiving any training for a runaway trim emergency. He did not know the
location of the trim eircuit breaker.

Safety Board investigators reviewed FAA's service difficulty reports and found
no documented cccurrences of uncommanded operation of the eleatrical trim system
caused by a switch failure or a broken wire. There have been several ocecasions wherein
one or both halves 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 officer could stop the trim runaway by moving the switch back to
neutral with a thumb.

1.17.2 Manufacturer's Analysis of Pilot Wheel Force to Produec Compression Failure
of Teft Elevator Control Rod

The EMB-110P1 elevator control system is designed so that a pull force
exerted on the captain's or first officer's control wheel to deflect the elevator trailing
edge upward against an aerodynamic load (and correspondingly pitch the airplane nose up)
results in a compression load on the elevator control rods. The magnitude of the
compression load on ‘he left clevator control rod at a glven instant from the application
by a pilot of a pull force is a function of the factors which define the aerodynamie 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 pitehing maneuver.

In res)onse 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
486-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 tub was fully deflectad with the trailing edge upward. The full

tralling edge up trim tab would result in the highest compression loading of the left

elevator control rod for a glven 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

. ajrspeed to produce a 486-pound destructive compression load in the left elevator control

rod. (See figure 10.)

The analysis shows that a pull foree of about 430 pounds would be required at
170 knots to produce a 468-pound compression load in the Jeft elevator contrcl rod and
that this pull force would produce a 3 g normal accesleration pitch up maneuver. As
airspeed is increased, both the control column pull force required to product the
468-pound control rod load and the normal acceleration achievable are reduced. At
200 knots, the pilot force needed to produce o 466-pound compression load in the left
aontrol rod is about 340 pounds and a normal scceleration slightly higher than 1.5 g will be
achieved with that puil force.

1.17.3 Maxit:al Sta'ic Force Exerted on an Aireraft Coitrol Stick by Seated Males

The Human Engineering Guide to Equipment Design sponsored by the Joint
Army-Navy~-Air Force Steering Committee has published the information shown on
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figu.e- 11, ‘The design oriteria for limit control forces specified for compliance with
Federal Aviation Regulations Part 23.397(b) for an airplane welghing 13,000 pouncs is 238
pounds for an elevator control wheel.

1.17.4 Service History of EMB-110P1 and P2
At the time of the aceident invelving N96PB, there were about 450 EMB-

116-PJ). and P2 airplanes in operation throughout the world, including about 120 in the
States with more than 2,500,000 hours of flight tima recorded. During its

approximate 1l-year service history preceding the crash of NY8PH, EMB-110P1 and P2

alrplanes had been involved in 11 accidents and 83 reported incidents., One aceident and

six ineidents involved elevator control prshlems, one of which involved a disconnected

elevator control rod, four of which involved either a disconnected or fractured elevator

trim tab control rod, and two of which involved a bro

elevatcr control rod. Neone of the accidents or

horizontal stabllizer attachment structure,

alevator and its outboard hinge.

The service history of the EMB-110P1 and P2 airplanes included problems of
vibration in the émpennage from propeller slipstream effects. The vibration problens
resulted in {astener distress and fatigue cracking in the bulkhead No. 33 structure. In
March 1983, the manufacturer issued a service bulletin recommending inspections and
modifications of the bulkhead No. 33 area structure to assure the integrity of the
horfzonta} stabilizer attachment structure. An airworthiness directive (AD) was {ssued by
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 N§GPB indicated that the airplane was last
inspected on September 20, 1984; the inspeation complied with AD 82-27-69 and no
defects were found. After the aceident involving N9SPB, the FAA Issued an emergency
AD that required further inspeations of the horizontal stabilizer attachment structure.
The Safety Board reviewed the AD and as a result, on January 8, 1985, lssued Safety
Recommendation A~86-1, which recominended that the FAA:

Issue an airworthiness directive (AD) to require that before further
sommercigl operation in the United States, the horizontal
stabilizer attachment of EMB-110p1 and -110P2 mode! afrplanes
not previously modifiad in accordance with AD-83-14-09,
Amendment 39-4527, paragraph (d) or (e), be inspected using an
improved inspection procadure to enhance detection of loose or
sheared rivets, particularly where bulkhead MNo. 33 transmits the
loads from the stabilizer forward attachment to the fuselage
monotoque structure, The inspection procedure should require
removal of controls as nesded for access to riveted joints and
application of external loads to deteat relative movement between
structural mermbers. AD should require that deficiencies
detected during’ Inspection be reported to the FAA and that they be
;elfc;r;eeted in accordance with an approved procedure before further
light.,

FAA agreed with Safety Recommendation A-~85-1 and fssued another AD in Janusary
19493, The results of these inspections were reported to the PAA, and they indieated that

some alrplanes had damage in the bulkhead No. 33 structure more severe than the
precrash damage to NOBPR3, |
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The PAA has issued other ADs for the EMB-110Pi flight control system,
including one requiring inspections of bearings in the terminals of the flight control rods
and trim tab conteol rods. In 1982, the FAA issued AD-82-27-08, which required
inspection of the primary fligiit control eables to detect frayed and broken wires in the
cablas; the AD was effective January 10, 2983, From the effective date of AD 82-27-09
through May 28, 1986, there have been 13 service diffieulty reports (SDRs) of frayed or
worn stainless steel elevator control cables and i7 SDRs of frayed or warn carbon steel
elevator control cables. The last report was dated February 1, 1985. The maintenance
records for N96PB indicated that the four af’ control eables of the elavator control
system were replaced with carbon steel control cables on February 2, 1983, and that its
?rlmary flight control cables were last inspected on October 8, 1984; no defects were
ound.

In September 1981, the manufacturer issued SB 110-27-056 which provided for
the interconnection of the elevator actuating arims and the replacement of the aluminum
elevator control rods with steel eontrol rods. The Interconnection of the elevators was to
reduce control eolumn vibration caused by vibrations in the horizontal stabilizer, N96PB
was not modified in accordance with the SB and the modifieation was not required. On
January 27, 1988, the CTA issued an AD that required Brazilian operators to replace the
aluminum elevator control rods with steel control rods. This w:8 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 control rods and in September 1985, the
FAA issued AD 85-18-51 requiring disconneetion of the Bendix Corporation electric trim
systems installed in EMP-110P1 and P2 mcdels. In August 1985, the FAA issued an NPRM
that would require the modification of all EMB-110P1 and P2 airplanes in the United
States for the installation of dual teim 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 Review

As a result of the accident involving N86PB, the CTA and FAA initiated a
certification review of the EMB-110P1 and P2 airplane at the manufacturer's facilities in
Brazil in December 1984 to determine whether any airworthiness reguls.tory requirements
had been misinterpreted, omitted, or overlooked during the original certification, The
review Included design loads, statie strength, flutter and divergence, service history,
maintenance and inspeetion requirements, and material control. Particular emphasis was
placed on requirements related to the empennage structure,

The special certification review team determined that the EMB-110P1 had
been certificated properly to U.S. standards during its originel certification process, but
that further tests and analyses were warranted because of the service history of vibration
problems in the empennage. The review team's major recommendations includeds (1) s
complete flight strain survey of the empennage to determine the significant vibratory
loads and their possible effact on fatigue of the structure, (2) a complementary flutter
anelysis of significant flutter modes to include a 27 Hz mode on the horizontal stabilizer
that was not considered in the original analysis, and (3) the incorporation of a fall safe
elevator trim tab design, such as the dusl trim tab actuating red 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 levals,
Also, a complementary flutter analysis was completed for the empennage for 10 vibration
mudes measured during ground vibration tests, including the 27 Hz mode. Pararmetrio
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studies were performed to acoount for variations in stiffness, inertia, and aerodynamic
loads. The analysis concluded that a flutter problem did not exist in the empennage
except at speeds above 340 KIAS. '

1.17.6 PBA's EMB-110P1 Takeoff Profile

PBA's Director of Flight Standards provided the Safety Board with a takeoff
profile for the EMB-110P1, which has been in effect sinee 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 (POL). In compliance
with the provisions of Special Federal Aviation Regulation (SFAR) s, the takeof! fiup
eonfiguration is 0°

Takeoff power is applied smoothly and the airplane is acoeclorated. At V1 (the
Safety Board determined that V1 for the accident flight was 96 knots) thu 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 initlated
within 2 seconds after liftoff. After clearing 50 feer, the airspeed Is allowed to increase
to 130 knots.

Takeoff power is maintained until the airplane reaches 500 feet a.g.., or
elreling 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 ¢limb speed of 140 knots s maintained.

1.11.7 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 menner in which PBA's training addressed
runaway trim before the accident involving N98PB. The POH addresses emergency
procedures in the event of an undesired pitch trim cotimand, which ares (1) if the manual
trim wheel is still rotating, stop it and hold it or overpower it, (2) pull the elevator teim
circuit braaker (1ocated in the lower forward position on the left side of the coekpit), and
(3) use manual trim as required.

The Director of Flight Standerds said that the emergency procedures were
probably the subject of a classrocom discussjon,

2. ANALYSIS
2.1 The Accident

The investigation of the aceident clearly disclosed that, during the
posttakeoft climb, the airpiune's elevator tipy, elevators, and horizontal stabillzer had
separated causing the airplane to enter uncontrolled flight and to crash. Consequently,
the investigation and analysis concentrated substantially on determining the soquence of
and the reasons for the structural separations. The following hypotheses wers considered:
structural overload imposed by turbulence; structural fatlure ag the result ol pre-existing
structural weakness; the onset of a destructive aerodynamic phenomenon es the result of
pre-existing damage; the onset of destructive vibration produced by the imbalance of a
damaged propeller; end the application of excessive aerodynamic loads as a result of one
or more flight control system malfunotions.
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Two witnesses to the accident observed PHA 1039 accelerate norinelly on its
takeoff roll, lift off nermelly, and reach about 600 feet above ground level (a.g.1.) near
the departure end of the runway. One of the witnesses observed a slightly excessive clinb
rate and so stated Immediately after the aceident and subsequently at the public hearing.
The other witness noted & normal climb attitude, The recorded radio communications
with the control tower revealed a routine acknowledgment of the controlier's request to
contact departure control. The first separation of airplane structure oscurred 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 paas with a measured 50 percent reduction in cockpit and eabin
volume. This resulted in massive blunt trauma injuries to the occupants that precluced
the possibility of survival.

2.2 Flightorew

The eaptain and first officer were properly certificated by the 2AA to conduet
the flight. 'The Safety Board concluded that the first officer probably was in control of
the airplane during the takeoff becauss the captain made the radio communieations, Both
pilots 'vere experionced; the eaptain had approximately 10,000 total flying hours with
ratings in several twin engine transport category alrplanes, and the first officer had
approximately 3,000 total flying hours. Both had sufficient flying time in the EMB-110 to
have been very fariliar with the airplane's flight characteristias. There was no evidenoe

that either pilot had any adverse medi ftions that might have

affeated their performance.

2.3 Atrplane

The airplane was certificated, equipped, maintained, and ioaded in aceordance
with existing FAA regulations and company procedures. There was no evidence in the
airplane's records to suggest that the flighterew or company maintenance personnel were
awere of any aisplane discrepancies before the accident flight which could lead to loss of
control or struetural fallure.

2.4 Engines und Propellers

Both engines, both propellers, and the varfous powerplant accassories were
operating normnly until impact.  This conclusion is supported by the presence of
rotational contast marks and torsional-t act damage to both engines. Also, both
fuel supplies and both {uel metering systems contained fuel and wera capeble of supplying
and metering fuel to the two separate enginos, Consequently, the engines were
eliminated as a causal factor in the accldent.

2.5 Weather

The surface weather observsiions before and after the accident noted surtace
winds of 8 to 1.0 knots with gusts to about 17 knots, Although the area weather forscast
included flight preceutions for turbulerce, there were no indleations from weather
observations or from witness staterents of turbulence sufficient tc have affected the
struatural soundness of the airplene at the time of the accident. Turbulence near the
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ground was probably no greater thar moderste. Further, there was n. evidence that the
airplane had encountered significant turbulence during the previous flight. Therefore, the
Safety Board concludes that weather was not a factor in this aceldent.

2.6 Preexisting Condition of Alrplane Structure

The investigation determined that bafore takeoff there was no Gamage to
gither 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 cart.
Further, those persons who observed and serviced the airplane during its Jacksonville turn
around did not see any vehivle come in contact with the airplane. No baggage cart was
used. Therefore, the Safety Board concludes that the airplane weas not subjected to
externsl loads of sufficient megnitude to produce a deformation or follure of the
ste}‘bl»illzer attachment structure during & preflight eollision, such as contact with a ground
vehlalea,

The Saiety Board determined that the fractures of the mele lugs of the
forward attachment fitting at bulkhesd No. 33 ceused the horizontal stabilizer assembly
to saparate from the fuselage. The deformation and fractures of the attachment flitting
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 chawnels at bulkhead No. 33, and because
there was evidence of preexistiyg damage in t4is area, the effects of such preexisting
damage on the lcad carrving capability of this st.ucturs were analyzed in depth.

The fretting around soma of the fastenst holes in the channels which transmit
the loads from the upper right cornar of the forward attachment fitting into the fuselage
forward of bulkhead No. 33 indicated that some fasteners had baen loose before the final
structural failure. Looseness in these attachments would have resulted in a transfer of
increasad stabilizer loads into the bulkhead No. $3 web. The small pre-existing fatigue
eraok (3/18-{nch long) in the bulkhead web supported the contention that loose or sheared
rivets had besn present before the aceident and that the web hud Jeen exposed to excess
stress.

| The susceptibility of the EME-110P1 and P2 models to fastener distress and
web fatigue cracking in the bulkhead No. 33 structure was known before the accident,
The knowledge had prompted the manufacturer to issue a service bulletin which deseribed
an Inspaction program to detect loose fasteners and web fatigue cracks. The serviee
bulletin als» deseribed an alternative modification to correat the loose fastencrs and a
procedure i repair the web oracks. The manufacturers service builetin was mandated by
an FAA airworthiness directive effactive July 27, 1383. Aoccording to PBA maintenance
racords, NOSPB had been inspected for lonse fasteners and bulkhead No. 33 web eracks in
September 1984, and no defects were noted. If lnose fasteners and a web creek of any
length had been detected, a modification to strueture would have been required; however,
a 3/16i-inen orack with no loose fasteners would have been acceptable without a repatr to
the web. The Safety Board could not determine whether the loose fasteners daveloped
nftar the September 1984 inspection, or whether the visual inspection methods were
Inadequate to doteet fastoner looseness, However, following the accident, other
EMI3-110P1 and PY airplanes wera reinspected using more positive inspeetion methods,
and some airplanes were found to have similar and even more severe domage in the
bulkhead No. 33 attachment structure than the damage believed to have existed on
N68PB. Therefors, the condition of the stabilizer forward attachment strueture of N9SPB
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before the accident flight was not unique to that airplane. The Bafety Board's concern
that loose fasteners in the stabilizer load distributien path oould have directly or
indirectly contributed to the ultimate structural fatlure of the forward attachment fitting
prompted extensive analyses and tests.

3.7 Structural and Agroelastic Consideration

Two potentially critical »ffects of pre-existing damage were analyzed:
the extent to which the statie locad carrying abllity of the structure was re
second, the extent to which struetural stiffness was reduced thereby affecting the
airplane's aeroelastic and vibratory characteristies. 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 wher all of the fasteners which may have been loose were
removed. This analytical tinding was contirmed Juring an actual load test.
static load equivalent to the maximum stabilizar air load which eculd b2 encountered
within the alrplane's design {light envelope was applied to a stabilizer forward attachment
fitting end 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 strueture could carry this maximum load without deformation of the forward
attaohiment fitting with all of the fasteners removed in the upper right corner of the
fitting and with a 3-inch arack (saw cut) in the bulkhead web. The condition simulated
was more severe than that which existed on N96PB, Based on the results of the analyses
and {ests, the Safety Board concludes that the stabilizer forward attashment structure
was fully capabie of carrying the ultimate design loads, even with the loose or sheared
rivets and a 5/16-Inch fatigue crack in the bulkhezd No. 33 web.

» In the svaluation of the effects of damage on the structursa! stiffnesy, the
consultants' analysls considerad al} possible conditions which may have adversely affected
the airplane's susceptibility to aerodynamic flutter. Aerodynamic flutter s g
phenomenon wherein airstream energy causes deformation of the struature or relative
deflections between aerodynamic surfaces whieh, in turn, excites an oscillation in the
aerodynamic surfaces and internal structure. The aerodynamie flutter can be rapidly
divergent and ean cause forces in primary airplane structure which exceed the maximum
design load in a velatively few oscillations. The airspeed at which flutter will occour
depends upon the stiffness of the structure and other factors, such as mass distribution.
The aercelastic properties of an airplane are considered during design and certification to
the extent necessary to assure that aerodynamic flutter eannot oceur within the airspeed
range of the airplane. However, aerodynamic flutter can occur at lower airspeeds if
stiffness is reduced by looseness in the structure, or if there is excessive free play in the
attachment of aerodynamie control surfaces. There was no evidence of excessive free
play in the elevator trim tat-to-elevator hinge, In the elevator-to-stabilizer hinge, or in
the longitudinal flight control 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 bracket was not apparent.

The Bafety Board also eonsidered the spanwise distribution of the balance
weights in the elevators of the aceldent aiiplane, which was not in total accord with the
manufacturer's Structural Repalr Manual or with AD 83-16-10, as that spanwise
distribution ¢ould have affected the structural integrity and the flutter charaoteristies of
the airplane. However, the manufacturet indicated to the Safety Board that the waight
distribution of the aceident airplane would not have a significant effeot on its elevator
strueture, '
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The consultant's analysis of flutter characteristics of the empennage
considered a reduction in stiffness attributable to locse rivets at bulkhead No. 3., a
completely separated elevator hinge, the actual balance welght distribution of N96PB, and
a broken elevator control rod. The analysis shcwed that the airplane would not have
encountered an aerodynamic flutter condition in the speed range between 80 and 200
knots. Therefore, the Safety Board concludes that the structural failure was not caused
by a divergent aerodynamic flutter.

Although analys?s and tests showed that the existence of loose or sheared
fasteners in the bulkhead No. 33 structure of !V98PB did not affect the ability of the
structure to withstand applied static loads or the airplane's aeroelastic characteristies,
the Safety Board remains concer-ed that this econdition on other EMB-110P1 and P2
alrplanes could lead to progressive fatigue and premature structure fallure. The Safety
Board belleves that the FAA should require the horizontal stabilizer attachment strueturs
of EMB-110P1 and P2 airplanes be modified to preclude such damage in accordance with o
procedure set forth by the manufacturer. The Safety Board agrees that the tests showed
that the stabillzer forwerd attachment structure at bulkhead No. 33 would earry 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 redundait load path.

2.8 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 faflure of the horizontal stabilizer. The damage to the other
blades of the right propeller and to the blades of the left propeller were ot typleal of

. damage which would be expected from a takeoff ground strike. Further, the end of that

portior 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 posterash 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 v..¢ instrumented to measure the vibration loads caused by propeller
imbalance disclosed that high loads sufficient to damage the elevators, could be produned
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
forces generated 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 loads imposed on the horizontal stabilizer structure attributable to
propeller imbalance.

2.9 Abnormal Stabilizer lcading Caused by Flight Control Malfunrtions

A significant investigetive finding resulted from the tests condueted by the
manufacturer when abnormal asymmetrical loads were statically applied to the horizontal
stabilizer. Upon application of lvads approximating those air loads produced with fuil
antisymmetric elevator deflections at 140 knots {or with lesser elevator deflsetions at
higher speed), the stabilizer forward attachmant fitting and the bulkhead No. 33 strusture
on the test fixture deformed and fractured in a manner nearly identical to the
deformation and fractures evident on N86PE. The test provided strong evidence that the
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separation of the horizontal stabilizer of N96PB at the stabilizer forward attachment
{itting could have been caused by an abnormal asymmetrical air load on the stabilizer.
An asymmetrical gir 1oad of this magnitude will ocenr only with antisymmetric elevator
deflection, a eiroumstance whiek can only follow some other failure or melfunction of the
airplane's elavator eontrol system. Therefore, the Board believes the test showed that a
failure of the contret Bystem proceded the struetursl soparation of the stabilizer,

210 Left Coatrol Rod Fractuve

Although the left and right elavator aetusting arms were not Interconnected
on N96PB, the two elevators are connected by the aft bellerunks 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 of an
aft bellorank, an ¢levator control rod, ¢f an elevator actuating arm.
evidence of failure of either of the aft belieranks or either of the elevafor actuating
arms. However, both elevator control rods were fracturad,

Based on its examination of the fractures and the reiative position of adjacent
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 bellerank attachments)
occurred when a channel section at fuselage bullchead 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 rod
was intact until the stabilizer separated. A similar coneclusion regarding the left control
~od 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 typieal of compression buckling end
was initially attributed to impaet forces applied when the rod struck the ground and was
forced into the earth, However, after determining that differential elevator deflection
could explein the horizontal stabilizer forward attachment separation, the left control rod
fracture and the fuselage structure were examined more closely for svidence that the left
elevator control rod fractured during flight. The examination diselosed that two facty
supported an in-flight fracture: (1) the com ng fracture ocourred at or very
near to the exaet midpoint of the control which would be typical of a
control system compression induced fracture); and (2) there was an impact mark on the
aft side of an upper channel at fuselage bulkhead No. 3§ which matched the shape of the
fracture surface of the aft position of the left control rod. This impact mark indicatad
that the rod fractured and the aft portion of the rod had struck the chunnel before tiwe
elevator separated from the stabilizer, n 1y, the Safety Board eoncludes that
the left elevator control rod failed as a result of compression overstress during
that this failure, in conjunction vith ebnormal trim -
deflection of the left and right elevators; and th
caused the horizontal stabilizer separation.

2.11 Control System Overioad

A load Is applied to the elevator control rods whenever a pilot applies a foree
to either of the control columns to maneuver the: airplane in pitoh, The load applied under
normal conditions is reacted to ‘ ynamic loads on the elevators which are
dependent upon the elevator deflection, elevator trim tab position, aid airspeed,
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During steady state flight, the position of the left elevator trim tab is adjusted
to produce an aerodynamic load on the left elevator which balances the aerodynamic load
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, l.e.,
one will be in compression and the other in tension, so that the resultant load at the
interconnected aft belicranks will require little or no compensating force at the captain's
or first officer's control columns. In an untrimmed flight condition or during a pitching
maneuver the force (xerted on the control column 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 conirol system is designed so that a pull force on the captain's or first

officer's control column commands an airplane nose up pitching inaneuver (trailing edge
up elevator deflection) which will resuit in compression loading of the elevator control
rods, Similarly, the pilot pull-force necossary to counter the elevator aerodynamie load
assoclated with airplane nose down trim (e¢levator 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 piteching 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 anaiysis of left elevator control rod loads showed that a
compression load of about 468 pounds, the load which produced a failure during test by the
inanufacturer, can be generated only when the trim tab is fully deflected to the trailing
edge up position, the airspeed is sbout 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 170 knots, and this force would normally result in an abrupt airplane nose
up pitching maneuver to a normal acceleraiion force of about 3g. As the airspeed is
inereased, the control column pull force necassary to overload the left elevator control
rod Is reduced, as is the maximum normal acceleration that can be achieved in a pull up
raneuver before a control rod feils. If the airspeed reaches 200 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 1.5 g. Under
all conceivable circumstances, the control column pull force required to cause a
compression failure of the left elevator control rod would exceed the maximum two-hand
pull force of about 200 pounds that can be applied by one male pliot of average strength.
Therefore, the Safety Board concludes that bhoth pilots were pulling on their respective
aontrol columns when the left elevator control rod failed.

2.12 Elevator Trim

‘The mechanical dameage 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 & full trailing edge up deflection of the elevator teim tab. The
design of the mechanism is such that the pcsition of the cable would not have c¢hanged
during ¢he struotural separation of the horizontal stabilizer or during the subsequent
impact unless commanded by one of the pilots. Because of the difficult - ontrel situation
which mnust 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 ajevator tria tab was fully deflected in the trailing edge up position before the
structural failure of the stabilizer occurred. PFurther, the Safaty Board conciudes that
this trim tab position was a key factor in the sequence of events of the accldent.
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2.13 cf Fvents Leading to Stabilizer Separation

The evidence that the elevator trim tab was deflected to its full trajling edge
up position (airplane nose down trim), the left elevator control rod was fractured from
compression loading during flight, and the horizontal stabilizer structural attachments
were overstressad and separated by asymmetrie aerodynamic alr loads is all consistent

| | a1 failure sequence. The aerodynamic loads on the left
elevator as the elevator trim tab deflected upward required reaciive forces in the eontrol
system to prevent the airplane from pitehing nose down. The Safety Board eannot assess -
the extent to which pilot forces on the control column, of other forees acting in the
elevator flight control system, prevented the girplane 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 elimiy, the airplane pitched suddenly nose dcwn and
that both pilots reaeted to , ' uver with abrupt and high pull forees on their
respective control columns. This action produced a eompression 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 aerodynamie load produced by the fully deflected trim tab and moved rapidly trailing
edge down. Simultaneously, the fracture of the left control rod caused the high puil
forces on the pilot eontrol eolumn to transfer fully to the Intact right elevator econtro]
rod, which rapidly foraed the right elevator to move trailing edge up. The combination of
airspeed, which could have reached at least 170 knots during the {
down maneuver, and differential elevator deflection produced “high asymmetrical
aerodynamic loads on the horizontal stabilizer, which exceeded the strength of the
stabilizer forward attachmant structure. As a result, the horizontal stabilizer separated
from the airplane in & . C ting motion as viewed from the aft 1ooking forward,

- Although a logical sequence of faflure following the deflection of the elevator
trim tab has been established, the eveat that caused the elevator trim tab on N96PB to
deflect to its full trailing | 5 _ - _ _ ed.

trim system itself, which may have caused a runaway tr.mnj and (2) a

malfunetion in the airplans's primary elevator control system, which may have prompted
the pilot to intontionally command full airplane nose down trim. '

2.14 Rumwax Trim Theory

The electrioal switches on the captain's and first officer's eontrol wheels and

ted electrical wiring for the elevatop trim tab were destroyed by the posterash

. _ cireuitry in the trim adapter box was damaged. Therefora, the pre-~-crash

condition of these components and their possible effect on the funetions of the elgatsinn: .
trim system eould not be determined. : '

: The service history of the EMB-110P1 and P2 trim
oceurrences of an eleetrical trim runaway
there have been multiple occurrences wher
have stuck (failed te return to neutral) following a trim application. In the known cases of
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a stuck trim switeh, 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 cireuit disclosed one conceivable
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 oceur if a specific wire (28V d.c. motor
power) separated at its terminal on either of the pilot's control wheel switches and
shorted (touched) the adjacent terminal for the nose down trim selection wire. This
particular anomaly would close the motor circuit and open the clutch cireuit. If such a
faliure occurred, an opposite selection of the split switeh to the nose up trim position
would have no effect. However, if the failure occurred on the first officer's control
wheel, the captain could roverse the runaway by selecting opposite (airplane nose up) trim
with his switch. If the failure occurred on the switch on the eaptain'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 yrasping thc pedestal-mounted trim wheel. Only five
pounds of force on the wheel are required to stop actuation of the trim 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 runviay 31, the
captain said, "ok so long," in response to a frequency change. At 1813144, just 30 seconds
laier, 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
emergendy 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 eveat of a control problem, the first officer would alert the
captain as soon as he bezame aware of an eniergency, and a few seconds would have
passed before recognition of the problem tock place. If conversation was necessary to
diegnose the problem, request assisiance, and provide instruetions 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 first officer. Because there
were no further communications from the captain, he probably became aware of the
control problem shortly after his last 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 procediire for a runaway trim condition was to
overpower the manual trim wheel and to pull the elevator trim eircuit breaker. Uniess
this procedure had been taught and practiced as an emergency procedure, finding the
cireuit breaker may have caused further delay during which time the trim would continue
to: move. However, before the eircuit breaker is pulled, cither pilot ecould stop the
runawsy trim temporarily by grasping the pedestal mounted trimn wheel, since only 5
pounds of force cn the wheel are required to stop actuation of the trim system.

The Safety Board believes that a runaway trim resulting from either a stuck
switch or a short of the 28V d.c.motor power wire to the adjacent nose down trim motor
terminal at the pilot's control wheel switch may have occurred. Investigators could not
determine the emphasls given to a runaway trim emergeney in PBA's training program.
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-110Pl pilot indicated that he did not
remember rgcelving any training for a runaway trim emergency and he did not know the
location of the cireuit breaker. Also, the flighterew of NOSPB probably had never
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experienced an actual electrical runaway trim and the emergency probably had not been
dernonstrated in an EMB-~118P1 airplane. The Safety Board considered this in its analysis
of the aceldent,

During the takeoff and initial elimb, the first officer, who was the flying pilot,
probably would have exerted a slight pull force on the control eolumn for rotation and 1ift
off and then relaxed the forece to establish the desired climb attitude and airspeed. 1t is
probable, especially during relative darkness, that the first officer would have been
seanning his instruments as he attempted to establish his elimb. It would be normal for
him to fine tune the trim setting using his control whael electric trim switch to relieve
the control force as the elimb attitude was established, sinee his left hand would be on the
throttle quadrant and the manual trim whesl is on the left side of the center pedestal, If
his switch had stuck, the Safety Board believes that it would take little time to note the
progressively ineressing pull force needed to maintain the target attitude and airspeed
and that, without thinking, he would select nos: up trim with the eontrol wheel switeh to
stop the nose down trim runaway. However, if the runaway was the result of an electricsl
defect in the captain's control wheel switeh, the onset of the runaway may not have been
immediately apparent to the first offieer. If the captain observed any movement of the
trim wheel, he probably would think it was the result of deliberate input by the first
officer. The time needed for the first officer to recognize the necessity to increase the
control column pull force would have depended upon his attentiveness to the instruments
or to his visual references. The Safety Board believes that the first officer would have
recognized the onset of a problem before the airplane deviated significantly from the
dasired climb attitude. However, he initially may have been confused when a nose up trim
selection on his eontrol wheel switch falled to relieve the nose down tendency of the
airplane. It is logieal to assume the pilot flying the eirplane would have asked the other
pilot for ussistance to ciagnose the problem, to pull the trim cireuit breaker, to help with
control wheel forees, or to grasp the mechanical trim wheel and stop its motion. The
Safety Bosard is not confident that the procedure of grasping the trim wheel was taught to
the pilots, or that they would react immediately to do so. If the trim runaway was not
stoppud, the control column foree required to keep the airplane in a normal 140-knot
posttakeoff elimb would have increased with full irim tab deflection to about 180 pounds.
Although heevy and unusual, this force could have bean exerted by an average male pilot
using both hands on the control wheel. If the airplane was allowed to piteh nose down, the
force required to maintain level flight woulld have increased rapidly as the airplane
accelerated. The distraction of looking for the ecircuit breaker or the trim wheel may
have been sufficient for this to occur. Under such conditions, it is logical to assume that
a pilot would have reduced engine power 10 prevent continued secceleration. However, If
the pilot did not take that action, the control forces required to maintain level flight
would have increased beyond the capability of one pilot.

To accept runaway trim as the initiating event in this aceident, it must be
presumed that the pilot flying the airplane permitted it to piteh down and to acocelerate
until both pilots were aware that an emergency pull up with maxirmum control column
forces wes necessary. Even if the pilots had not been trained for a runaway treim
emergency, the Safety Board believes that the only asction required to prevent resultant
loss of eontrol is basie airmanship and the recognition of an 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, especially
if the pilot had not been trained to grab the trim wheel and pull the cireult breaker. A
natural reaction would be to czert control forces and to reduce power as needed to
maintain level flight without permitting the airspeed to inecrease significantly.
Consequently, although the Safety Board cannot exclude the possibility that the full
airplons nose down elevator trim was causad by an electrical defect in the pilot's control
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wheel trim switch, we believe that a flighterew with the experience of the accident
flighterew probably should have been able to overcome such a condition without losing
control of the airplane to the extant that a high positive load factor maneuvar would be
needed for recovery. However, the lack of training for such an oceurrence 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 Boird recognizes the difficulties involved in in-flight
simulation of a runawsy trim condition.

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

2.15 Seized Or Jammed Contro! System Theory

The other possible explanation for the accident alrplane's full nose down
elevator trim tab deflection is that the pilot flying the N96PB intentionally commanded
the nose down trim in an attempt to correct or compensaie for an elsvator control system
malfunction. 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 for an
EMB-110P1. This observation is contrary to the climb rate which would be expected in
the case of a nose down trim runaway 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 N98PB 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 alrplane 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 piteh attitude would have baen to exert a push foree on the control eolumn and to
command airplene nose down trim. The trailing edge up deflection of the elevator trim
tab (nose down trim) would normally produce an airload to deflect the elevator trailing
adge down and to piteh the airplane nose down. However, if the control system had
remained seized or !ammed and the elevator position had remained fixed, the elevator
trim tab deflection would have produced an effect opposite to that desired, and 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 ecireumstances, if the combined forces
within the control system produced by the elevator trim tab airloads, scting as a moment
at the elavator hinge, and by the push forece on the control column, ‘ad reached a
threshold sufficlent to relieve the control system seizure or jam, the suddenly 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 an abrupt nose down pitch
change at low altitude would be to rapidly reverse the control column forees and pull baek
on the control yoke. Consequently, it is possible that the sudden pull forees exerted by
the pilot(s) would have been suffisient to have falled the left elevator control rod. It is
also possible that the pilots' pull forces might have caused the control system to seize or
jam again, so that the available pitching moment was limited to the extent that the
afrplane's descending flightpath could not be correeted, The pilots might then have pulled
back on the control yoke to their maximum capability in an attempt to prevent impact
with the ground. If *he seizure or jam was again relieved, destructive dynsmic forces
would have been imposed on the jeft elevator control rod.
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There was no tangible evidence froin the examination of the wreckage of a
seized or jammed control system, nor have there been any known occurrences of such
problems in the EMB-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 can
lead to seizure of a cable within a fairlead block. The identification of this pioblem
prompted the manufacturer to issue a service bulletin that recommended the replacement
of stainless steel elevator control cables with harder carbon steel cables, which are more
resictent to wear. The aft cables were replaced on N96PB in February 1983, and the
cables were inspected In Jctober 1984, with no defects noted. Notwithstanding these
maintenance actions, it is possible that a worn eable seized within a fairlead block during
the tekeoff rotation, particularly since problems have been reported with the carbon steel
cables. Also, & control system jam could have been caused by a foreign object Interfering
with a cable pulisy or by a control colwiun, or by a seized right elevator hirge bearing.
Any of these conditions could have resulted in an alevator control system selzure or jam
which could have been relieved only by high control system foreces or by a momentary
reversal of the foree applied to the control yoke.

In summary, the Safety Board believes that a control system seizure or jam,
followed by the furegoing sequence of events would explain this accident and probably is
more easily understood than a runaway trim occurrence, beceause the pilots should have
been able to control a runaway trim by applying the required pull force on the control
wheel to prevent loss of control even though they might not have been sblie to

immediately diagnose the nature of the emergency. Further, it {8 not lkely that the

pilets could have taken actions to prevent the accident if the control system had seized or
jammed. The inability of the Safety Board to determine conclusively the initial event
which resulted in the full trailing edge up deflection of the elevator trim tab precluded
the Board from citing either runway trim or a jammed control as causal. Consequently,
identification of factors which could have been significant to the accident cause or
contributing cause was not possible. For example, if the initial ever: was an electrieal
trim runawey, the Safety Board would focus greater attention on flightcrew performance
and operator pilot training; and if the initial svent was a seized or janmimed contro}
system, the accident may have occurred with flawless pilot performance. In the latter
case, the Bafety Board would focus more attention on the airplane design, the operator's
maintenance and inspection program, and/or the FAA's surveillance of those: programs,
even though the Safety Board's investigation did not find significant tangible evidence of
deficiencies in any of the areas.

2,16 Review of FAA Certification

An in~flight structural failure of any airplane in the absence of circumstances
to explain an obvious overstress condition always prompts concern about the airplane's
original design and certification criterie. In this case, the particular areas of interest
r«2lude the design load eriterla, acrodynamic flutter characteristies, elevator control
gystem strength, and elevator trim system runaway protection. The Safety Board
roviewed the certification procedures and concluded that the FAA% original U.S.
certification of the EMB-110 was procedurally proper and in accordance with the
provision for the certification of a product that is manufactured in a foreign ecountry. The
Speclal Certification Review initiated by the FAA and the CTA following the aceident
provided further sassurance that the original certification of the airplane was
accomplished in accordance with applicable regulations.
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The Special Certification Review team evaluated the design Ivad criteria and
the aerodynamie flutter characteristics of the airplane and found only minov diserepancies
in the analytical and test data used initially to show compliance with the FARs. The
Safety Boaré concludes that the discropencies were not relevant to the cause of this
accident, Neither the design criteria nor the certification requirements included a
structural design load consideration for antisymmetric asrodynamic loading of the
horizontal stabilizer. The Safely Board agrees that because it is not possible to achleve
such a Jloading condition absent other failures which coul. render the airplane
uncontro'lable, an antisymmetric loading condition is not a reagsonable design
consideration.

In their evaluation of flutter characteristics, the special certification review
team noted that the airplane, although in compliance with the U.S. certification basls
specified in the sppropriate section of the FAR's effective {n September 1989 and during
originsl certification, was not in compliance with a recent amendment to the FAR which
requires that the airplane be shown to be free from flutter following the failure of & trim
tab actuating rod. The service history of the EMB-1101) and P2 rev- Jded one accident
and five incldents wherein an elevator trim tab actuating rod had failed or become
disconnected and the free tab had caused excessive vibration of the airplene. In this
accident, the evidence is conclusive that the elevator trim tab actuating rod was intact,
sonriected, and not a factor in the structural failure. Further, there was no free play in
the tab hinge.

| The Special Certification Review Report did not specifically address the
eortification of the airplane as it related to control system strength or t trim system

runaway protection. The Safety Board Is econcerned since the aceident that a failure of a
primary part of the airplane's flight control system could be achievad by & pilot-applied
load, notwithstanding that the load was applied by two pilots, both pulling at near
rnaximum strength on their control wheels. Although the total load resulting from the
atforts of both pllots far exceeds the rescting aerodynamie loads achievable within the
airplane's flight envelope, such a load might be required to overcome a jernmed flight
control condition. The FAR addressing flight control system strength has remained
unchanged since the certification ¢f the EMB-110P1 and P2 and specifies that the flight
control system strength be designed to withstand the maximum effort of the pllot 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-110F1 and P2 flight contro) system,
including the elevator control rods far exceaded this requirement. In further
consideration of the design strength of the systems, the load applied to the aft bell erank
is normally divided betwenn 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 wontrol rods are considered to be
redundant because an in-flight fallure of either rod will result in free elovator only on the
side of the fallure, The airplane can then be controlled in pitch by the remaining
elevator. The fallaey of the redundancy consideration, however, is the effect of s highly
deflected elevator trim tab on a free elevator whish, as demonstrated in this aceident,
cani cause antisymmetric aerodynamic loading of the stabilizer. The Safety Board
acknowledges that the EMB-110P1 and P2 flight contrcl system design strength complied
with the certification standards. Further, the conditions of this accident 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
c?ntrc;l :sylstem should be of sufficient strength to withstand the maximum applied efforts
of both pilots.
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In September 1981, the manufacturer Introduced a modification to the
EMB-110P! and P2 models to interconnect the right and left elevators at the elevator
torque tube arms to reduce horizontal stabilizer and control eolumn 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 modifieation required replacement of the original
aluminum eontrol rods with strenger control rods made from steel tubing. The
modification was not considerad a safety issue and was thus not mandsted by either the
CTA or the FAA.

Sinee this accident, both the CTA and the FAA have required operators to
irstall the higher strength elevator control rods in EMP-110P1 and P2 airplanes. This
medification, with or without the elevator torque tube arm interconnect, will prevent
antisymmetri. @ "-~*ion as it occurred during this aceident. However, the
Sofety Poard cannu. .. .1y conclude that the presence of higher strength eontrol rods
would have prevented an accident if the pilot experienced an elevator control system jam.

The regulation addrassing trim systems also has remained unchanged since the
U.S. certification of the EMB~110P°1 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 secident airplane. The only failure--a shorting of the 2¢J d.a. wire to
& trim motor operating terminal in the ptlots control wheel mounted trim switech which
could result ir the simultaneous operation of the trim motor and engagement of the tvim
motor clutch is & remote possibility. Should this oeceur, the control forces will
progressively fncrease as the tab moves to full deflection during a period of about
30 seconds. During this pertod, the pilot would be expected to act to remove eleotrical
power from the system. Based on the remotu possibility of inadvertent operation, and the
sevaral means by which the pilot can cope with such an emergency, the Safety Board
conel ides that the elevator trlm systern conformed to the certification eriteria. |

2.17 Flight Data aud Coukpit Voios Recorders

The Safety Board believes that the facts and circumstances of this aceident
further illustrate the need for & requiroment that flighy data recorders (FDR) and cockpit
voice racorders (CVR) be installed in multiengine, turbine-powered, fixed-wing alrplanes.
Recorded flight parameters and CVR conversation would have provided significant clues
regarding the cause of this acoident and permitted more timely and positive identification
of the remedial action needed to prevent recurrence. Although the Safety Board is
encouraged by the FAA's noties of proposed rule making (NPRM) ecneerhing the
installation of CVRs on multi~engine, turbine~-powered, ftixed-wing aireraft operating
under 14 CFR 135, it is concerned that a final rule has yet to be issued and urges tha FAA
to expedite {ts implementation.

On October 1, 1981, Sky Train Air, Inc., Gates Learjet 24, N44CJ, mude an
unexpected decent from its eruising altitude of flight level (FL) 450 (45,000 foet). No
radio transmissions were recelved from the flighterew just before and during the
uncontrolled devcent. The alreraft crashed near Felt, Oklshoma, and disintegrated on
ground impact, fatally injuring the three company pilots onboard. The degree of aircraft
destruction and the lack of sockpit voice reeorder (CVR) and flight data recorder (FDR)
information prevonted the Safety Board from deterrining precisely the oircumstances of
the secident. &/ In a letter to the FAA, dated August 31, 1982, the Safety Board stated:

8/ Alroralt Acclient Report—"Sky Train Air, Ine., Gates Learjet 24, Felt, Oklahoma,
October 1, 1951" (NTSB/AAR-82/4), |
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The safety of the flying public and the prevention of accidents
through knowledge of the causes of previous eceidents is a major
concern of alrcraft manufacturers, aircraft users, the FAA, and
the Safaty Board, The Safety Board's detcrmination of probable
cause in a nrumber of accidents involving multiengine,
turbine-powered aircraft that were not equipped with flight
recorders since they were not subject to the requirements of
14 CFR 121.343 (FDR) or 14 CFR 121.359, 135.151, and 127.127
(CVR) has been severely hampered by the lack of FDR and CVR

- information. Our experience In air carrier aceident investigation
has proven that these devices are exceptionally valuable tools in
Identitying operational and mechanical problems, weather- and
turbulence-induced occurrences, and other subtle human influences
that can contritute to an accident. In the past 10 years, one or
both of the recorders has provided investigators with the necessary
clues to pieee together the circumstances of the aceident in
virtually all cases. Tha aveilability of recorder information has
clearly enhanced the aviation community's ability to improve flying
safety and to prevent accidents.
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* * *

Between 1971 and 1980 ... there were 180 fatal general aviation
accidents In the U.S. involving multiengine, turbine-powered
aircraft. In 83 percent of these, the aircraft was destroyed, and in
83 peraent of those destroyed the aireraft suffered fire after
impaet. We maintain that the condition of the wreckage in these
cases coupled with the lack of cockpit voice recorder and flight
data recorder information has prevented the Safety Board from
fully and acourately assessing all of the factors associated with
these accidents. Althcugh the Safety Board assigned a probable
cause for most of these, the body of the NTSB accident reports

explains the degree of uncertainty associated with each, and the
necassity for recorders.
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As a result of its investigation, the Safety Board recommended that the FAA

Require that all muitiengine, turbine-powered, fixed-wing aireraft
rertificated to carry six or more passengers manufactured on or
after a specified date, in any type of operation not currently
required by 14 CF2 121.343, 122.359, 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 also
certificated for two-pilot operation) with at least one channel for
volce communications transmitted from or re.eived in the aireraft
by radio, and one channel £~ audio signals from a cockpit area
microphone, and a "general aviation® flight data recorder to record
sufficient data parameters to determine the information in Table I
(see appeadix F) as a function of time, (A-82-107)
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Require that "general aviation" cockpit volce recorders (on: reraft
certificated for two-pilot operation) and flight data recoruers be
installed when they become commercially available as standurd
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equipment in all fnultiengine, turbine-powered fixed-wing aireraft
and rotoreraft certificated to earry six or more passengers
manufactures on or after a specified date, in any type of eperation
not currently required by 14 CFR 121.343, 121.359, 135.151, and
127.127 to have a cockpit voice recorder and/or a flight data
recorder. {A-82-108)

Require that "general aviation" gockpit voies recorders be installed
&8 soon as they are commercially avajlable fn all multiengine,
turbine-powered aireraft (both airplanes and rotoreraft), which are

~ currently in service, which are certificated to carry six or mora
passengers and which are required by their certificate to have twy
pilots, in any type of operation not currently required by
14 CFR 121.359, 133.151, and 127.127 to huve a cockpit voice
recorder. The cockpit voiee recorders shoull have at least one
channel reserved for voice communications transmitted from or
received in the alreraft by radio, and one channel reserved for
audio signals from a cockpit area mierophone. (A-82-11 0)

Require that "general aviation® fiight data recorders be installed as
soon as they are com mercially available in all multiengine, turbojet
airplanes which are surrently in serviee, whieh are certificated to
carry six or more passengers in any type of operation not eurrently
required by 14 CFR 121.343 to have & flight data recorder,
Require recording of su '

following Informaticn as

appendix F) for ranges, ac

altitude

indieated airspeed

megnetic heading

radio transmitter keying

piteh attitude

rcll attitude

vertical acceleration

longitudinal aceeleration

stabilizer trim position

or piteh contro] position.

(A-8%~111)

The ecurrent requirement, under 14 CFR Part 135 specifies that all turbojet

ertificated to cary 10 or more passengers must be equipped with a CYR. A
Notice of Proposed Rule Making RM}, which has not yat been implemented by the
FAA, would amplify the 14 CFR Pert 135 requirement for a CVR to include newly
manufactured multi-engino turbine-powered alrplanes (date 2 years after the effeotive
date of the amendment) ocertified to “arry six or more passengers and requiring two or
more pilots by certification or operating rules, The NPRM fails to address the pre-wiring
for CVR and FDR of al newly manufactured multi-engine turbine-powared airplanes
certified to carry six passengers or more, would not require the installation of FDRs
{when commercially available) on newly manufactured multi-engine turbine-powered
alrplanes certified to carry six pessengers or more, would not require that multi-engine
turbine-powered airplanes certified to carry six passengers or more now in service be
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retrofitted with CVRs, and would not require that turbojet airplanes certified to A ry six
passengers or more now in servive be retrofitted with FDRS. Consequently, (ne Safety
Board has classified Safety Recommendations A-82-107 and A-82-109 through -111 as
"Op:an«wUnaceept&bla 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-83-107 and A-82-109 through -111.

3. CONCLUSIONS

3.1 Findings
The airpline's elevator tips, elevators, ang horizontal stabilizar
separated in flight. f
The flight appeared to have been normal up to an altitude of about
800 feet a.g.l. and near the end of the runway when the captain routinely
acknowledged an instruction ta contact departure control.
The first separation ocou *. 4 about 8,000 feet beyond the end of the

runway and about 25 to 30 seconds after the time the airplane pessed the
end of the runway.

The aceident was considered to be nonsurvivable because the impact
forces exceeded the limitations of human tolerance and the decreased
cabin volume was insufficient to support human life.
The flight erewmembers were properly certificated,

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

Both engines were operating normally unti; impaect,
The propellers were intaot and undamaged until impact.

All fractures and deformations of the right engine mounts resulted from
impaot,

The ongine rounts were not subjected to any centrifugally induced
vibration forces.

There was no evidence of any turbulence or windshear at the time of the
aceident,

There wus no evidence of any significant turbulence on the previous

There was no dameage to the structure which might suggest a pre-flight
collision with ancther vehicle,

The stabilizer forward attachment structure was fully ecapable of
carrying its ultimate design loads,
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’t!‘lhe structural fallure was not caused by a divergent serodynamic
utter.

The separation of the horizontal stabilizer was caused by an abnormal
asymmetrical afr load on the stabilizer.

Structural faflure was preceded by some other failure or malfunction of
the airplane's elevator eontrol system.

The aft fracture of the left elevator control rod was due to compression
buckling at or near the midpoint.

The aft fracture of the left elevator control rud oceurred before the
elevator separated from the stahilizer.,

The elevator control rod failed in compression buckling with an appliec
load of about 466 pounds.

The elevator control rod would fracture at its midpoint when the load is
applied through the rod ond bearings, as 11 would be applied in the normal
Jlight through pilot input.

A combination of commanded aircraft nose up pitch attitude and nose
down trim tab deflection results in compression forces in both the left
and the right control rods, with the foree In the left rod being the

greatest.

The control column pull foree required to cause a compression fallure of
the left elevator control rod would approach or exceed the maximum
two~hand pull foree of about 201 bounds, which can be applied by one
male pilot of average strength.

The trim tab actuator Indicated full trailing edge up trim tab deflection
(airplane ncse down).

The separation of the elevator tips from the elevators and the elevators
from the stabilizer oceurred during or immediately after the horizontal
stebilizer attachment failed and as a result of inertial and aerodynamie
loads which were imposed on the stabiiizer and elevator assembly during
1ts separation from the fuselage.

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

position.

A runawey trim condition can be controlled by about 3 pounds of
pressure on the-trim wheel, by pulling the trim system cirouit breaker,
and by pilot pull force, the magnitude of which increases with airspeed.

An uncommanded nose down trim with no aural warning might ocour if a
motor power wire should touch the adjacent terminal for the nose down
trim selection wire. '
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A stuek trim switeh could result in failure to return to neutral and, in
known eases, could be neutralized with the thumb.

There are known instances of service difficulties with frayed stainless
steel and carbon steel elevator cubles which could lend to the jar. .ing
of the cables within a fairlead block noar the midsection ~f the cable
run.

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

The wing trailing edge flaps and the landing gear were In ‘he retracted
position at impaect. '

The EME~110P1 airplane had been properly certificated in ascordance
with the provisions for the certification of a produet that is
manufactured in a foreign country.

The installation of a stronger steel elevator econtrol rod in place of the
aluminum ejevator control rod which was installed in the aceident
airplane would have prevented rod failure and consequent differential
elevator deflection but might not have prevented en aceident i the pilot
experienced an elevator control system jam. | -

The elevator trim system conformed to certification criteria.

The installation of an FDR and CVR would have provided significant
clues regarding the cause of this accident and remediad action needed to
prevent recurrence. ‘

3.2 Probable Catwe

The National Transportation Safety Board determines that the probsble cause
of this accident was a malfunction of either the elevator control system or the elevator
trim system, which resulted in sn airplane pitch control problem. The reaction of the
flighterew to correct the pitch eontrol problem overstressed the left slevator 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 piteh control system.

4. RECOMMENDATIONS

On January 8, 1985, the National Transportation Safety Boerd recommended
that the FAA:

Issue an airworthiness directive (AD) to require 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 38-4527, paragraph (d) or (e), be Inspected using an
improved Inspection procedure to enhance detection of loose or
sheared rivets, particularly where bulkhead 33 iransmits the loads
from the stabilizer forward attachment o the {uselage monocoque
structure. The inspection procedure shouid! require removal of
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aontrols as needed for access to riveted joints and application of

external loads to deteot relative movement between structural

meinbers. The AD should require that deficlencies detected during

inspection be reported to the FAA and that they be corrected in

?xcg;d%n;:e with an approved procedure before further flight.
~85-01

Revise airworthiness directive (AD) 83-14-09 to require within a
specified period that the horizontal stabilizer attachment structure
of EMB-110P1 and -110P2 nodlel rirplanes be modified in & manner
similar to that deseribed in Amendment 38-4527, paragraph (d) or
(e), which requires the repair of any coracks in the web of
~ bulkhead 33 and the replacement of the original "C" channels with
redesigned channels and modified rivet patterns. Review the crack
repair procedures of the AD for adequacy, and require modification
of the procedures to eliminate "bucking” 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 airplenes that have been modifiad in accordance with the
?rovlsions of AD 83-14-09 (Amendment 39-4527, 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 teke the corrective action indicsted by the results of the
directed safety investigation. (A-85-03)

Notify appropriate foreign civil aviation authorities and/or foreign
operators of EMB-110P) end -110P2

cireumstances of the Provincetown-Boston Alrlines 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 January 10, 1985, which required a comprehensive
inspection of the EMB-110P1 and 110P2 model airplanes addressed in the above
recommendations. As a result, the Safoty Board classified Safety Recommendation A~85-
01 as "Closed—Acceptable Alternate Aotion." .

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 the
stabilizer forward attachment struoture 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
conclusively whether the resulting _
of the reduniant load path. In view of FAA's intent not to comply with this
recommeandation, it has been classified as "Closed—Unacceptable Aation."

Safety Pecommendation A-85-03 was classified as "Closad—Acceptable
Alternate Action," due to the fact that the by accomplishing the
modification in acaor . 4-08, which was issued
August ', 1983,
inspecto.s; and all limbraer operators were apprised of the possib
while modifying the area between bulkheads Nos. 32 and 33.
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S8afety Recommendation A-85-04 also was classified ss "Closed~Acceptable
Alternate Action," based on the FAA's action of telephoning the complete text of the
Safety Board's recommendation to the CTA as an alternate to a direct notification to
foreign vivil aviation authorities.

AD 85-17-04 regarding the intpection and replacement of elevator control rod
tubes was fssued August 30, 1985, and AD 85-18-51 regarding the desativaiion of the
Bendix electrie 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.)

Also, the Safety Board reiterntes the following recommendations to the
Federal Aviation Administration:

Require that all multiengine, turbine-powered, fixed-wing aireraft
certificated to carry six or more passengers manufectured on or
after a specified date, in any type of operation not currently
required by 14 CFR 121.343, 122.359, and 135.151 to have a
cockpit voice recorder and/or a flight data recorder, be prewired
to accept a "general aviation" cockpit volce recorder (if also
certificated for two-pilot operation) with st least sne channel for
voice communications transmitted from or received in the aircraft
by radio, and one channel for audio signals from a cockpit srea
microphone, and & ‘‘general aviation" flight data recorder to record
sufficient dats parameters to determine the information in Table I
(s0e appendix F) as a funetion of time. (A-82-107) -

Require that "general aviation" cockpit voice recorders (on aireraft
certificated for two-pilot operation) and flight data recorders be
installed when they become commercially available as standard
equipment in all multiengine, turbine-powered fixed-wing aircraft
and rotorcraft 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, 121.358, 135.151, 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 they are commercially available in all multiengine,
turbine-powered aireraft (both airplanes and rotoreraft), which are
currently in service, which are certificated to carry six or more
passengers and which are required by their certificate to have two
pilots, in any type of operation not currently required by
14 CFR 121.359, 135.161, and 127,127 to have a cockpit voice
recorder. The cockpit voice recorders should have at least one
channel reserved for volce communications transmitted from or
received in the airoraft by radio, and one channel reserved for
audio signal: from & cockpit area microphone., (A-82-110)

Eequire that "general aviation” flight data recorders be installed as
soon as they are commercially available in al). multiengine, turbojet
airplanes which are currently in service, which ure certificated to
oarty six or more passengers in any type of operation not currently
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required by 14 CFR 121.343 to have a flight data recorder.
Require recording of sufficient parameters to determine the
following information as a funetion of time (see Table I ({see
appendix F) for ranges, accuracies, ete,)s

altitude )

indicated airspeed

magnetic heading

radio transmitter keying

piteh attitude

roll attitude

vertical acceleration

longitudinal acceleration

stabilizer trim position

or pitch contro! position.

(A-82-111) | |

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ PATRICIA A. GOLDMAN
Acting Chairman

/s/  JIM BURNETT
Member

/s/ JOHN K. LAUBER
Member

/s/  JOSEPH T. NALL
Member '

June 24, 1986




5. APPENDIXES
APPENDIX A
INVESTIGATION AND HEARING
1. Investigation

The National Transportation Safety Board was notified of the acecident at
about 1850 on December 68, 1984, and immediately dispatched an Investigative team to the
scene. Investigative groups were established for operations/air traffic rontrol, survival
factors, structures, powerplants, systems, maintenance records, performance, metallurgy,
and structural loads evaluation.

Parties to the investigation were the Federal Aviation Adininistration;
Provincetown-Boston Airlines, Inc.; Embraer Aireraft Corporation; Pratt and Whitney
Engine Company; Hartzell Propellers; and the Jacksonville, Florida, Port Authority.

2 Public Hearing

A 3-day public hearing was held at Mareo Island, Florida, beginning on
August 8, 1985. Parties represented at the hearing were the Federul Aviation
Administration, Provincetown-Boston Airlines, Inc., and Embraar Aireraft €orporatinn.
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PERSONYEL INFORMATION

Theinas Mirhael Ashby

Captain Thomas Michael Ashby, 34, was hired by
He heid airiine transport pilot certificate No. 1985515 with
DC-3, EM M-202, M-404, and YS-11 rat
ee .

about 400 hours in the EMB-110P1. Captain Ashby was issued a first
class medical certificate on June 5, 1984, with no limitations. He recelved a type rating
in the EMB-110P1 on October 4, 1983, Hig last proficiency check in the EMB-~110P1 was
on December 1, 1984, At the time of the accident, he had acoumulsied approximataly
10,000 hours of flying time with approximately 400 hours in the EME-110,

Louis Ricardo Fernandez

First Officer Louis Rieardo Fernandez, 25, was hired by PBA on July 11, 1984,
He held airline transport pilot certificate No. 281371R91 with airplane and muitiengine
land ratings and a commercial pilot eertificate ‘
catings. At the time of the accident,
in the EMB-110.
June 27, 1984,
lenses for dist ing § aleman's certificate.” He
received his initial training in the E ; R « His last proficiency cheok
in the EMB-110P1 wag completed on December 4, 1984, in N96PB. At the time of the
accident, he had accumulated approximetely 3,000 hours of flying time with
approximately 500 hours in the EMB-110.
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APPENDIX C
AIRCRAFT INFORMATION

N36PB, 8/N 110365, was purchased by PBA from the manufacturer in October
1981 and had been operated continuously by PBA. The aircraft had flown a total of
5,662.4 hours and 7,858 cycies on December 5, 1884, the day before the accident. FPBA
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
aireraft, and itz components and systems insofar as is practicable without disassembly.
Numbered inspections consisted of a thorough examination of the appliances, the aireraft,
and its components and systems with disassembly as necessary. Numbered inspections I
through V were performed as follows: I at the first 100 hours and every 1,000 hours
thareafter, I at the first 300 hours and every 1,000 hours thereafter, III 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 first 900 hours and every 1,000 hours thereafter. Letter checks
were performed as follows: A check at $0 hours, B check in conjunetion with A check at
200 hours, C chock at 1,000 hours, D check at 3,000 hours, and E check at 6,000 hours.
The last inspeziion of the aireraft was.completed on November 8, 1984, and consisted of
letter checks A and B, The total time cn the aireraft as of that date was 5,639.2 hours.
The aireraft records indicated that the aireraft had been maintained in accordance with
PBA procedures and with Fedec~al Aviation Regulations.
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APPENDIX E

ATRWORTHINESS DIRECTIVES
AND
SERVICE BULLRETINS

83=14-09 EMBRAER: Amendment 35-4682. Applies to MNolele IEMB-110P1 and EMB-!110P2
(§/F 110001 through 110366, 110388 through 110397, 110399 through 1104¢1, 110404
through 110408, 110410 through 110412, 110414, 11041% and 110421} airplanes
certificated in any category,

Compliance: Required’as ihdicated, unless slready acconplished.

To preclude structural fajilure of the horizontal stabilizer front attachment ang
fuselage bulkhead 33, accomplish the folloving:

) "Within the next 50 hours time-in-service after the effective date of this
AD, and the.. fter at intervals not to exceed 500 hours time-in-service, except a:
provided in pu graph b) of this AD, visually inspect:

1) The rivets (MS20470AD4) that attach the *C" channels (P/N AA-1416-

05706/07/08) to the upper and lower flanges of the "U" shaped machined parts (P/N

4A-1411-07-16/17) for looseness (see Figure 2, EMBRAER Service Bulletin ((SB)) No.
110-53-019, hereinafter referred to as the §B).

2) The rivets (MS20470AD3} that attach the fuselage sXxin to the “¢*
channels described in paragraph a}l) above and the two lover adjacent channels for
looseness {(gee Figure 3 of the SB),

3) The web or tlange areas of bulkhead 233 adjacent to the horizonta)
stabilizer front fittings, at each side of the fuselage for cracks (sce Figure 2,
Section C-C of the Sm).

b) 1If loose rivets are found during any inspection required by paragraph a)1)
above, in either the upper or lower "C" channel attachments, repeat the inspections
in paragraph a) of the AD at intervals not to exceed 125 hours time-in-gervice unta1:
not. more than 500 hours time-in-gervice is accumulated, at which time replace al}
five rivets (MS20470AD4) in the flange having the loose rivets with Hi-Lock rivets
HL~22-77-5-4 or AN3-5A bolts. If loose rivets are found during any inspectior
required by paragraph a)2) above, in both the upper and lowver “C" channels, prior tc
further flight replace the rivets. The detasled rivet replacement is shown in
Figure 3 of the SB. Accomplish the repetitive inspections of those flanges in whick
rivels have been replaced at intervals not to exceed 500 hours time-in-service unt il
the "C" channel attachments are reinforced in accordance with the procedures showr.
in Figure 4 of the $B,

¢) If cracks are found during any inspection required by paragraph a)3) of this
AD, accomplich the following:

'Y 1t cracks are less than 3 inches, repeat the repetitive visua:
inspections at intervals not to exceed 145 hours time-in-gervice until not more thar
1000 hours time-in-gservice is accumulated, at which time repair bulkhead 33 ir
accordance with Figure 5 of the S$B, reinforce the "C* channel attachments, anc
replace the rivets of the horizontal stabilizer front attachment structure in
accordance with Figure 4 of the SB if not previously accomplished. 1f possible,
stop drill the crack ends.

2) If cracks are 3 inches or longer, prior to further flight, repair
bulkhead 33 web in accordance with Figure 5 of the SB, reinforce the "C" channe}
attachments, and replace the rivets of the horizontal stabilizer front sttachment
structure in accordance with Figure 4 of the §b.

3) 11 the horizontal stablilizer forvard attachment fitting (P/N 110~1411-
07-29) rides on the corner of the reinforcing plate (P/N 4A-1419-0%), remove excess
materiel from the upper inboard corner of the reinforcing plate (P/N 4A-1419-09), to
provide for a proper fit.
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4) If no cracks are found in the bulkhead 33 veb Quriny any inspaction required
by paragrapt a)3) of this AD, the repetitive inspections of that paragraph are no
longer required vhen the “cv chanhel attachments are reinforced and the rivete of
the horizontal stabilizer front sitachrent are replaced in sccordance with the
procedures shown on Figure 4 o7 the $3.

e) The repetitive inspections required by paragraphs b) and ¢) of this AD are
no  longer required vhen the bulk“ead 13 veb i¢ repaired in accordunce vith Figure 5
of the 5B and the "C" channels attachments are reinforceé and the horizontal
Gtabilizer front attachment rivets are replaced in accordarce with Figure 4 of the
58,

£) The intervals petween the repelitive inspections required by this AD may be
adjusted up to 10 percent of the specified interval to allow acconplishing these
inspections concurrent with other scheduled maintenance of the airplane.

9) Adrcraft nay be flown in accordance vith FAR 21,197 to a location vhere thig
{AD) can be accomplished.

h) An equivalent method of compliance with this AD Ray be used 1! approved by
the Manager, Atlanta Ajrcraft Certification Office, ACE-115A, 1075 inner Loop Road,
Collsge Park, Georgia 30337; telephone (404) 763~7428.

This amendment becomes effective July 27, 1983,

83-15~10 EMBRAER: Amendment 39-4699. Applies to " dels EMB-110P! and EMB-110P2
(§/8 110001  through 110386, 110388 through 110357, 110399 through 110407, 110404
through 110408, 110410 through 110412, 110414 ang 110421) airplanes certificated in
any category.

Compliance: Raquired as indicated, unless already accomplished,

To preclude flutter from occurring in any control surface, accomplish the
following:

4} Within the next 30 days after the effective date of this AD, check the
elevators for static balance in accordance vith the procedures shown in Item 1,118
of the EMBRAER Structural Repair Manual, T.0.~1095-3 and T.0.«3C95A-3, I1f an
unbalanced condition s found, prior to further flight, rebalance the elevator in
accordance with the procedurec shown in Item 1.119 of the EMBRAER Structurs) Repair
Manual, 7,0,-1095-3 and T.0.-IC35A-3, but replace Figure 1-24 vith Figure 1 of this
AD. Do not exceed the mass balance veight values of Table 1-6A of thir AD.

b) Within the next 60 days after the effective date of this AD, check the
ailerons and rudder for static balunce in acccrdance vith the procedures shown in
Item 1.118 of the EMBRAER Structural Repalr Manual, T.0.-I1C95-3 and T.0.-1C9%A-3.
1t an unbalanced condition is found, prior to further flight, rabalance the ailerons
aind rudder in accordance with the procedures ghown in Item 1,119 of the EMBRAER
Structural Repair Hanual, T,0.~1C9%%-3 and T.0,-1C95A~3, but replace Figure 1-24 vith
Figure 1 of this AD. Do not exceed the mass balance veight values of Tables 1-6B
&nd 1-6C, respectively, of this AD.

¢) When checking the balsnce of the control surfaces in accordance with
Peragraphs a) and b) of this AD);

1) Remove the surface from the airpiane, complete, fin‘nhed and painted,
static discharge wicks installed, trim tab activating ro¢ installed, trir tab
dctivaling teleflex cable (case of the left elavator) installed snd attached a8 in
the airplane. In this case the e¢levator trim tab teleflex cuadle must be attached
to the bellcrank by the clamp only.

d) Alrcraft mey be flown in sccordance with FAR 21,197 to & location vhere this
(AD) can be accomplished.

*)} An squivalent method of compliance with this AD, if used, must be approved
by the Manager, Atlants Aircraft Certification office, ACE=115A, 1075 Inner Loop
Road, College Park, Georgias 30337,

This amendment becomes effwctive August 9, 1983,
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EMBRAER
Airworthinesi Directive
Final Copy of Telegram

Revision

Valume 1

$4-28-53 R1 [EMBRAER: Amendment 39-497S, Applies to Models
EMB~110P1 and EMB-TIOP2 airplanes certificated n any category.

Compliance: Required within the next ten (10) hours
time-in-service, unless previousiy accouwplished within the last
ﬂ.f.t¥ (30) hours time~in-servics.

© preclude possible structural failure of the exmpannage
assexbly, accomplish the following:

(a)  Unless the structursl reinforcements and givet
seplacements specified in paragraphs (4) and (e} of AD $3-14-09
(Amendment 39-4692) have already been accomplished, repeat the
inspections of the horizontal stabilizer front attachment and
3::}: : g:;khnd 33 area in accordance with paragraph (a) of

(k) If locse rivets or cracks of any length are found
during the inspections required by paragraph (a}, prior te
further flight, replace the rivets in accordance with paragraph
(b} of AD 83-14-09 and repair the cracks in accordance wich
paragraph (c)(2) of AD 83-14-09 notwithstanding the three iach
crack critefia of that paragraph.

{¢) Visually inspect the following components for loose
sttachments, excessive wear, corrosion, cracks and structural
deformation:

(1) Forward horizontal stabilizer attachment,
including the fuselage and stabilizer attach fittirgs and
sttachment hardware.

(2) Aft horizontal steabilizer attachment, includin
the fuselage and stabilizer attach fittings, attach links an
all attachment hardware. |

(3) All elevator to stabilizer hinge fittings,
including all bearings/bushiigs and attachment hardware.

| i4) Security of elevator wmass balance weight
assemblions.,

(3) Left and™right slevator Bellcrank assemblies and
sttachment hardware.

(6) Left and right elevator torque tube assemblies and
all asttachment hardware.
(7) Elevator trim tab hingas.
{8) Elevator trim tad actuator, bearings, push rod
assendly and all attachment hardware. |
(9) Elevator trim tad free play, measured at the
ﬁ:inm edge, should not axceed airplane maintenance sanual
ts,
(4} Prior to further flight, correct any unsatisfactory
conditions found as a result of the inspections required by
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EMPRESA BRASILEIRA DE AERONAUTICA
Airworthiness Directive
Final Copy of Telegram
Voliume 1

85~01~51  EMBRAZR: Amendment 39-85004, Applics to Models

EMB~110P1 “and EMB-110p2 (al) geria} humbers) asirplanes
certificated in any category.

Required hext 18 hours

: | AD unless

previously ' : ast 50 hours

:imr:ig;urviu and e) of AD

To preclude possible siructural failure of xhe empennage
assembly, accomplish the following: - |

( Remove elevator Preload springs from Cross brace in
empennage. '

~ (2)  Remove the cross brace in the em nnage that contsing
tha’ elevator preload springs (rivets will have to be drilled
out).

(3)  Gain access o tha affected area through the
inspection panel forward of bulkhead 33, releasing the elevator
and rudder control cables it Necessary for good azcess.

(4) Position a person in the omfennago and inspcct for
ioose, cocked or sheared rivets anrd signs of fretting in thre
Areas {ndicated on Figure 2, Page 17 of EMDRAER Service
Bulletin No, 110-53-019, Change 2, &dated April 13, 1984, Using
mirror, light, and «C10«inch feeler gauge. Attempt o insurt
feeler gauge between machined *pyv channel and reinforcement
ribs to determine if qap exists,

(5} The person stationed in the empennage should place his

dqainst the machined &y channel resting on
t ribs left ana right sides 41907 L/H,
=08, P/N 4A~1419-0% L/B, and p/N dA~1419«06) (see
above service bulletin} while ‘the horizontal stabiliger is
deflected as indjcated in (6)
ition a person at a horisontal stabiliser tip and
flect the stabiliser tip up end down lpproximtolg
inches, but no more than 3 inches. The Peraon statione
inside the tai} should try to detect any relative movenmant
between structural members. Any movement requires removing all
rivets sttaching machined *U" channel and replacing them as
Specified in AD §3-14-09,
7 Prior to further flight, correct any dQiscrepancies
found, reassemble and inspect assembl per AD 83-14-09, |
Report completion of «Nspection and any Unsatisfactory
conditions within 24 hours to the TAA, Airframe Brapc | Atlanta
Alrcraftt Certification Office; Telephone (404) 763-9407.
Include {n such reports the type and location of discrepancies,
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EMPRESA BRASILETRA DE AERONAUTICA
Airworthiness Directive
Volune |

8S-17-04 EMPRESA BRASIL RA DE AERONAUTICA S.A. EMBRALR) ¢
Amendment 35-ST2¢." Applies to Models EMB-TIOF] anailﬁitTTﬁik
(al) serisl numbers) airplanes certificated in any category
which have aluminum elevator centrol rod tubes installed.

Compliance: Required as indicated, unless elready
accomplished.

To prevent failure of the elevator control rod tude,
scconplish the following:

(0) Within the next 30 hours time-ir~service after the
effective date of this AD, visually inspsct the elevatoer
control rod tubes, P/N 4A=500=10-09-01, for evidence of
eorrosion or cracks. 1f corrosion or cracks are found, prior
to further flight replace the control rod tube in acoordance
with Embraer Service Bulletin (8/B) Ro., 110-27-076, Revision
01, dated July 2, 1985, |

(b) Within 150 hours time-in-service or 30 (thirty)
Gays, whichever occurs first, after the effective date of t%is
AD, replace both left and rifht elevator aluminum control rod
tubes P/N 4A-500-10-09-01 with steel control rod tubes P/N
110-500-10-00~04-01. Reidentify the elevator control rod
dssembly with the new P/N 110-500-10-00-09,

(¢) Airplanes may be flown in accordance with Federal
Aviation Rtgulation 21.197 to a location where the AD nay be
accomplished.

(d) An egquivalent method of compliance with this AD
nay be used if approved by the Managar, Atlanta Airecraft
Certification Office, FAA, 1075 Inner Loop Road, College Park,
Georgia 30337; Telephone (404) 763-7428. .

All perscns affected by this directive may obtain copies of
the documents referred to herein Upon request to Embrse., Fost
Office Box 343 « CEF 12.200 Sac Jose Dos Campus, Bao Paulc,
Brazi’, or FAA, Office of Regional Counsel, Room 1558, 601 East
12th Street, Xansas City, Missouri 64106.

This amendment becomes sffective on August 30, 19¢5.

PFOR PURTHER INFORMATION CONTACT:
Mr. Curtis A. Jackson, ACE-~120A, Atlanta Aircrafe Certification
Office, Central Region, Federal Aviation Mnuinistration, 1078

gggog‘ggbp Road, College Park, Georgia 30337; Telephone (404)

PTG AT e aanat o e ! ARt ot A Bt ey o Bk et v £ ’
! 4
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EMPRESA BRASILEIRA DE AERONAUTICA (EMBRAER)
Alrworthiness Directive

T85=18~51  EMBRAER: Telegram i{ssued Septenmber 12, 1985,
Applies to Enbraer Model ENB-110P1 and EMB=110P2 airplanes (all
-sezial numbers) certificated in any category that have the
Bendix alectric trim system installed.

Compliance required within the next 10 hours time in
service after receipt of this telegraphic AD unlesz already
usccomplished. | |

To prevent falilure of the Bendix electric trim switeh
;‘ﬁltim in a zunavay trim e¢ondition, accomplish the
cllowing:
| (A) Disconnect the electric power source to the Bendix
trim servo by disconnecting the trim servo plug located in the
aft frselage section. Cap, protect, and secure the plug.

(1) Fabricete and install on the instrument panel visible
to both pilots the following placard using letters of a minimum
of 0.10 inch in height.

*ELECTRIC TRIM SYSTEM INOPERATIVE PER AD T85-18-51°

(C) Insure that the manuval trim system is operaticnal in
accordance with the appropriate maintenance manual.

(D) If a Bendix automatic pilot is installed, disconnect
the automatic pilot system from the electric power source and
install in full view of both gilots the following placard using
letters of a minimum 0.10 inch in height.

"AUTOPILOT INOPERATIVE PER AD T83~-18-51"

(£} Adlrcrafe may be flown in accordance with TAR 21.197 to
& location where this AD can be accomplished, provided the
eircuit breakers for the electric ¢trim sys:em, and {¢
applicable, for the aptomatic pilot systen are pulled and the
manual trim systenm i3 dperational. |
(F) An equivalant method of compliance with this AD may be
used if approved by the NManager of the Atlanta Aircrafte
Certification Oifice, 1075 Inner Loop Road, Collsge Park,
Goor#‘a 30337, telephone (404} 763-7428. .
| H is airvorthiness directive Dbacomes effective upon
geceipt. ' '

FOR PURTHMER INFORMATION COMTACT:

Mr. Paul Sconyers, Atlanta Alrcraft Certification 0ffice,
1‘232’ 1.?‘&;:”!..309 Road, Collage Park, Georgia 30337, telephone
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SERVICE BULLETIN

FLIGET CONTROLS = ELEVATOR CONTROL MODI

SOFTPOL COLUME VISRATION
(£.0. 110/6072, $232)

il
gL
.,
ko
4
X3
2
g

i
g
&
&
;ff
4
%
iy
1
%
¥
&

1. PLANNING IRPORMATION

1.} EFFECTIVITY
Alrerafs Affested:
MODEL s/
EME-11UK1/P1/P2 “BAXDEIMNTE™, 110139 they 110368, 1102
thru 120373, 110375 and
1109%.
In-production eflectivity:

Airerafe model EX3-110K1/71/02, $/% 110369, 110374, 110377 and e=
vill have an equivalent wodificatfon factory-incorporated.

REASOY

Vibration {n the control columus Ras been reportud.

Investigation bas ravaaled that it {» coused by hori sontal tafl
surfsces vibration, vhich, {a turn, {3 dus to propeller slip-stren: .
This modificution is tntended to reduce control column vibration
intensity, thus enhancing pilot comfore. In order to reducs the
contrel column wvibratine more siticiently, it is also required to
comply with 5.D. 116~27+087,

PESCIPTION

The elevator eentrol medificazion tonsists {n the installation of
én {nterconnect tube Detwean the slevator actuating arms, which
Tequires the drilling of holes in thew.

To keep sctvating arms psrallelise, ashin made of ealidbratedsheet pete:
is installed vith the inturconnect tube. The shim §s fitted during
the assambly.

The control rods ere replaced vith szeel tube control rods, so a5 ¢
VeTTant the structural strength of ene rod in case the other one

oare .33, S, W0 30.0%: _310-27-03¢ 3
. ra0E: .0 . o ..
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SERVICE BULLETIN

falls, since both slevators remain connected after the modification,
Therefone, after the interconnection of the slevater sctusiing sin3,
the old rods mede of sluninum tudbing can me longex bs wsed.

This Serviee Dullatin may bs {ncerporated at any time, st oporster’s
discretion,

APPROVAL
CIA/IFY = Certification Division.

HAXPONTS, REQUINED

3 man~heure, approximately.

TERIAL ~ COST AND AVAILABILITY

The matorial required for the sccomplishment of this 5.3, will be
availablie from EMBRAER 90 days after veceipt of orders, at the

refaranie price of U8 204,81 » Subject to be confirned on
recaipt of orders.
When ordaring, specify Xit §.3. 110-27-056, comprising:

11} ESCRIPTION [ 124

110-500-10~00-0%
110=300+10=00-0%
110-500-10-00-04
AR3~ip

ARI~6a

ARI=N,

ué-3

ARS60D:0
ARSLH0=-10L
ME38538-43
MS24665-136

Interconnect tube
Shinw

Elevator control rod
Bolt

Beolt

Bolt

Mt

Vasher

Vashar

Lock vasher
Cotter pin

01
0l

02
02
0é
02

10
08
10
04
05

JOOLING = COST AND AVAILABILITY
fiot applicable.

85.0%:_110-27-086.... pavg:.88 s B0p ., B

woviiod ek b bk AR
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SERVICE BULLETIN

1.8 WEIGHT AND BALANCE

MEYTRENCES
T.0, 1C954~2=5 *Maintessnce Manugl = Fifght Centrols®™.

ATTICTED PUBLICATIONS

T.0. 1C95A-2-5 “Maintenance Manusl = Flight Comtrols®.

T.0. 1C9S=é=3 "Illustrated Parts Breakdown Flight Contrels”.
1.0, IEMBIIOPY«4=8 “I1llustrated Parts Breakdown =~ Flight Contrels",

T.0. 1EMBLIOP2-4~8 "Illustrated Parts Breakdovn = Flight Controls"”.

2. ACCOMPLISHMENT INSTRUCTIONS

The steps below provide general imstructions for the sccomplishnant of this
bulletin. Detafled {nstructions are presenced as figure notes.

2.1 Gain access to the ares to be verked og as per d{nstructions in
figure 1.

Replace the elevator control vods, as per lestruetiens i figure 3.

Install the interconsect tube between the elavator sctuating arms,
&8s par instructioms in figure ).

Carry out an cperstionsal check-out on the elevater eontpel syster,
as per fnscructions dn 7.0, 10985A=2-3, "Maintenance Manual « Tiight
Controls™ and, if necsssary, rig the systes,

Rastore aircraft to mormal,

2.6 Enter the scconplishoent of this bulletin in the spplicabledocument.

sare..23 0 BR8] ..M, JMZ&%&......,{,
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SERVICE BULLETIN

MATERIAL

KEV P/N DESCRIPTION

110-300-10-00~05 Interconmnect tuds
110-500-10-00-06 $hie

110-500-10-00-04 Elevator control red 4A=-300-10-09
AN3=b4 Bolt ARI-4A
AR3I=6A Jolt -

AN 324 Bolt -
Blé~3 Nut -
R1é4=-3 Nut Hli=3
ARS60D1D Vasher ANDEO~D1D
ANS6D-10L Washer -
ANS60-101 Pasher AN9A0-30L
M335336-43 Lock vasher M533338-42
ME24665<13¢ Cottar pin ME24665-136

pIs?P
2
2
3
?
2
2
2
?
?
2
?
7

DISPOSITION: 2 o Incorporate part bearing NEW P/N.
3 = Replace part desring OLD P/X with part bearing WE: P/N,

7 = Replace with part bearing the same F/X.

“": b&nmidm&!}mma'ﬂnﬂﬂg}ﬁﬂw
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SERVICE BULLETIN

TRIS PACE LEFT BLANK INTENTIONALLY

3.8.0: 1) 0=27=-086 ...
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SERVICE BULLETIN

Access to the elevator control rod ends.,

it o Rl e QN A T = et
TR SRR e

Access to the elevator control arms.

Replace elevator control rod P/N 4A=500-10-09 vith part P/N 110=500=10=00-04.
Reuse hardvare and fnstall new cotter pins, MS24665~136.

Whan removing 01d contrel xod, maintaindizension A" unchanged, transferring
it to the nevrod, soas tofacilitate systen rigging. Ascertnic that dmension
“A" $o the same on both reds {zorder topravant the rods frozbeing overloaded.
Using the elevator neutral position locking device as per 7,0, 1095A«2+S,
section IIY, check that Jeft and right elevators are aligrad,

Install bonding strap terzinal as shown {n detail “r".

T IR AT Sk SR YIRS R A SR R e e g 0

Position the interconnect tube batween the elevator sctusting amms,
maintaining the 8} mm dimension (see detail “B™). Coincide the {aterconnect
tube centerlinewith the elevater artusting arm centerline and transfer the
5.5 mo intercunnect tube flange holes to the actusting arms,

Should distance betveen actuating arms prevent the interconnect tube
positioning even if shim P/N 110-500-10=00-06 {s not used, midl tude flanges
in order to reduce its length. The minimum thitkness of each interconnect
tube flange should be & am,

Install interconnect tule P/N 110-500-10=00-05 and the shim

P/R 110-500-10-00-06 (if necessary) between the sctuating arms, attsching
them vith AN3-6A bolts, R14=3 nuts and AN9S0~10L washers () positions for
esch actuating are).

Shim P/N 110-300~10-00-06 is made of calibratad sheet mets) and the proper
thickness to eliminate the gap must be obtained during assemdly, It §»
§mportant to determine the correct thickness so as to prevent sctuating
aras from flexing vhen the assendly s mounted.

Install bonding strap terminel on the elevator actusting ars, stteching {¢
together with interconnect tube assembly as shown in detajl "r",

FIGURE 1 ~ ELEVATOR ACTUATING ARMS INTERCONNECTION AND CONTROL AODS
REPLACEMENT (SHEET Y OF )

""'-.-!l.g.:g.?:gg.‘..“ DA !f.-}j 2.5 ) 81
eaas-. 06 o 08 CHANDEN® . " = e s

ey sty e ‘1."‘_:! oy Do o parp e i

'

f
]
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SERVICE BULLETIN
@)t

ATENGAD

COM E8TA INTERLIGACAC INBTALADA
€ ORRIGATORID © LSO DAS HAJYES
BE COMANDO DO PROFUNDOR DO/N
110900 10-00-%4 IDE AGO!

WARNING

WHEN THIS INTERCONNECTION 18 INS- L.
TALLED, ELEVATOR CONTROL RODS
w‘gmmww« ISTEEL MUST 88

HOLE B3 MM DIAL)
B PORITIONS]

ELEVATOR CONTROL ROD
PN 44 001008 (REMOVE AND DISCARD) L}

PIN 110-000-1900 04 UNST M.&'i

N

OIMENSIONS IN mm

FIGURE 1 = ELEVATOR ACTUATING ARMS INTERCONNECTION AND CONTROL
RODS REPLACEMENT (BNEET20F 8)

28, Sep 8.0.00% A!%.?.QﬁQ..wg .
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18 1230 W X ]

WASMER
AN 980101,

LOCK WASHER
MS 323043

S

80LY
AN 37A

BONDING STRAP

WASHEN
AN MO0 10

WASHER

AN 8800%
WYERCONNSCT Tuse . \ ‘ WAZHER
ASSEMELY : , . 7 AN 9310,

% g LOCK WASHER
ACTUATING, ARM - & Bt

DETALL » %
sonD

ING GiIETWEEN ELEVATOR ACTUATING ARMS aND
CONTAOL RODS

?
'
FIGURE 1 - BLEVATOR ACTUATING ARMS INTERCONNECTION AND

CONTROL MODS REPLACEMENT BHELTIORY)

8090 1020088 oary:. 25, B B
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APPENDIX E

FLIGHT CONTROLS REPLACEMENT OF YuE ELEVATOR CONTROL RODS
(E.0, 110-092702)

1. PLANNING INFORMATION

_ G ot s ot o i -1, 0 .
- T T ol T T R P e BT A g e g T SSORRE i
A e w«aMwmwr;smzsmmwﬁmm R R e e 7 o

.1 EFFECTIVITY

Aircraft affected:

RO L e

MODEL

EMB-310( ) BANDE IRANTE, 110001 they 110322, 110328 they 110341,

811 models, 110343, 110345 thry 110350, 1103823, 110384,
120356 they 1103% » 110360 thry 110362,
110364 they 110366, 110375, 110376 which
have accomplisheg heither 5.8, 110.27.08¢
hor S.8. 110-55-022,

In-production effectivity:

Aircraft $/N 110323, 110342, 110344, 110381, 110382, 110388, 110389,
110363, 110367 thry 110374, 110377 and on nd afreratt that have

Sccomplished $.8. 110.27.088 nd/or $.8. 110-85.022 are slreddy equipped
with 3 stee) tube rod 5sembly,

REASON

Instances of corrosfon have been detected on the tlevator contra) roe
tube, on the adjustable end sice,

DESCRIPTION

Part 1 of this butletin recommends the visyp) inipection for the
evidence of corrosion, eventuslly causing cracks or swelling, at the
tips of che elevator control rod tubes,

Embraer strongly reconmends the ectomplishment of taspection coveres 4n
Part | of this bulletin, within the hext 80 operating Murs or )0 oays,

bave.... 08 . .Jsn. . 8 u.m....L%Q:.R.?:Q.?.é........j {
'N‘ ! Hl‘gluﬂ w1, ugp-ysnuua o
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SERVICE BULLETIN

whichuver occurs first, Should ne discrepancy be detected, this
fnspection must be repeated at every 125 operating hours or one month,
whichever comes first, until Part 1] of this bulletin 1s accomplished,
Should any discrepancy be found, Part 11 of this bulletin must be
dccomplished a3 3 fine) action,

Access to the work ares is gained through the tatl cone access windows.

Part 11 of this bulletin fnstructs on the replacement of the ) luminum
810y tubes (which make up the elevator actuating rod asssembifes), with
new steel tudes,

Therefore, on disassemdly, eech rod end must b inspected for corrosion
to determine whether 1t fs reusadle or not,

If check revedls that one of the rod ends cannnt be reused, thin widy
dictate the need for replactng the acty .18 rO8 assembly,

Part 11 of+this bulletin must b sccompl ¢ eod within the aext 600
opersting hours or 3 months, whichever comes first, or when any
Giscrepancy 18 evidenced during the inspections described fn hart .
The access to the work ares 1s obtafned through the bellcrank taspection

windonws and through the tasl cone fasring.

APPROVAL

CTA/IF1 - Vice-Direg3o de Momologacho e Padrles.

MANPOWER

Fart i : Aoproximately, 0.5 man-hour,
Part 11: Approximately, 10 men-hours.

as.we, 110-27-0%6
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SERVICE BULLETIN

3.6

1.9

MATERIAL

The material required for accomplishmant of Part II of this bulletin
will be avafladle from EMBRAER on & nonecharge dasis.

NOTE: Sealants PRIA3IC and PR1I221D°1/2, ifivets MS20513.8P20, and
Tockwire MS20995CA1 should be procurabic from the operstor's
inventories,

TOOLING

Not applicadle.

NEIGHT AND BALANCE

Not affected,

REFERENCES

T.0. 3C95A-3  « “Structural Repatr Manual®,

To0. JCH5R-2-2 ~ "Maintenance Manua) « Ground Handling, Servicing an¢
Afrframe Maintenance®,

To0o 10654-2-6 - "Maintensnse Manuel « Flipht Controls®,

T.0. JEMBIIO0P( )-4+6 = "Illustrated Parts Braskdown » Flight Controls®.

1.10 PUBLICATIONS AFFECTED

L

T.0. JEMBIIOP( }-4-5 » “IVlustrated Parts Breakdown = Flight Controls®.

4. ﬂ%’iﬁ wdmﬁ Ilﬂ"-l‘:
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SERVICE BULLETIN

2. ACCOMPLISHMENT INSTRUCTIONS

The steps delow provide general accomplishment fnstructions.
Detailed tnstructions are given a3 notes in the figures,

2.1 PART I: Bnspection fur corrosion.

2.1.1 Gain access to the terminals through the tafl cone fnspection
windows.

2.1.2 Inspect tor corrosion, that may be possidly leading to eracks and
swelling to the ends of the rod tubdes, sainly in the rivetes
ared; within a Yength of 80 mm.

Should any shomaly de found, proceed as per Part 11 of this
bulletin,

Otherwise, restore afrcraft to norms).
Enter the accompiishment of Part 1 of this duiletin 4n the
spplicable document.

PART 11: Replocement of elevator control rod tubes,

2,2.1 Lock the elevator in fts nevtra) position, as per 7,0, 3C95A.2.5
» “Maintenance Manua) - Flight Controls®,

2:2.2 Gain access to the work dred through the elevator bellcrank
inspection door and by removing the tali cone fairing.

22,3 Disconnect the elevator bellcrank springs.

so.m__110-27-076 pars....08 . Jan
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@ CORROSION INHIBITOR
P PRYADNG
umw

TUsEk
I"%;zmh b mea RO}
e Vi iaaaaad

/ives

IN ME2040AD-520

;l! MOVE AND DISCARTH
™ ME20613-5P 20

FIGURE 1 - REPLACEMENT CF THE ELEVATOR CONTROL RODS (SHEET 3OF 3)

so e . 210-27-076 pary-... .08 , Jen , 8
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Lol

PAN %14
WASHER

PV ANDIG 104
S0LY

PN ANS4A
ReusL!

vl
P/ 1108150010481
{DISCONNECY AND AELBL}

K00
PN 4A.BDD.1
EMOVE Amlmum
PA 190800 900009
L “nstaLl)
”;t n:ﬂumu
o) “050.6 1000 1008

’M dA V9

mueg“

P ANOA Y

N

PN WA
REURE!

FIGURE 1 ~ REPLACEMENT OF THE ELEVATON CONTAOL AODS ISKEET 207 3
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3.2.4 Remove, rawork and 1n138)) the rods a3 par figure 3.

e AT e e T R R 10 S HTR TR

NOTE: Replace the rods, ons at a Rime, with the two elevators locked, so

85 to ensure that the new rod Tength be adjusted by the length of
the existing rod.

2.2.8 Instal) the springs of the slevator belicranks,

2.2.6 Restore aireraft to normal,

2.2,7 Enter the accomplishment of Part 11 of thiz bullettn in the
pviicedle documerss,

3¢ MATERIAL

NEN PN DESCRIPTION  oub psw

110-800-10-00.09 Rod 4A-500-10-09
110-600+10-00.04 .01 Tube 4A-500-10-09-01
NS20613-5P20 Rivet MS20470-AD8-20
mizaie 172 Sealant -

Mmi14316 Senlant -
M$20995C41 Lockwi re K$20995041

LISPOSITION: 1 » Refdentify part bearing OLD PN,
2 = Incorporate part Basring NEW P/N,
4 = Rework OLD P/N.
5 = Discard part dearing OLD P/X,
6 » Apply as required.
7 = Raplace with part basring the same P/N.

R RERT A ni gt

bavg.. 08, Jen , 88 os.we._110-21-076
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(@ check for presence of corrosion on dismeter A of the rod end and of the
threaded bushing.

@ Should corrosion be found, sand the spot 0.3 wn, maxfeum,
@ It corrosion persists, replace the assembly with New P/N 110-500-30-00-09.

It corrosion has been eliminated, replace the tube and {nstall rod end and
threaded bushing, applying sealant PRIA3IC 31) over diameter A,

@ Install rivets totally impregnated with sealant PRI2218 372, using the
existing rivet holles or drilling new holes 4n a position retocated to 90
degrees from the formerly existing holes, and pply dlodine to the aluminun

rod end holes as per T.0. 1C954-3 « *Structura) Repafr Manual®. Mpply sealant
PR12218 1/2 onto rivet heads and tube ends.

@ Aeply corrosion 1ahibiting sealant PR143IG all over the terminal thresd, with
the nut positioned at the end of the thread,

. @ Apply sealont PR12218 1/2 onto washer, nut, and terminal,

FIGURE 1 - REPLACEMENT OF THE ELEVATOR CONTROL RODS
(SHEET 3 OF 3)

ka.we,  320-27-07¢ CYS T ISP | WP | )
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FUSELAGE « INSPECTION OF THE Fustia
SIRUCTURE NEAR THE NORI2ONTAL STABILIZER FRONT ATTACHMENT
1. PLANNING INFORMATI ON
3.1 EFFECTIVITY

Afreraft affected:

won | i

EMB-110( ) BANDE IRANTZ 210091 they 110386, 110328 thry
: 110397, 110399 they 11040),
110404 they 110438, 110410
‘thry 110412, 110414, 110415
and 110423 .

In=production effactivity: _ _ _
Aircraft EMB-110( ) BANDEIRANTE S/N 110387, 110398, 110402, 310403,

110408, 110413, 110436 thry 110420, 310422 and on have an equivalent
modification fectocy-incorporatod.

REASON

Investigation on some tireraft Mas revesled the slackening of fuselage
riveting near the horfaontal stab{iszer front attachment,

Some afrcraft additionaly presented crpcks

Since the Night hours Togoed ringed from 1 %0, "o safe Vimie
Could be estadlished for preventive fnspection. consoqunnt1y. an yrgent
sction 1s required to &38Ure the integrity of the hdri:onta!kstabi!t:er
structural attachuent, -

DESCRIPTION

A visud) inspection {sg strongly Fecommended within the next 50 operating
hours to check for the integrity of the structurt_rtvettng near the
horfzontal stydfiqzer front attechment fitting end for Cracks fn the wet
of bulkhead 33, Ly nd RH sides,

AT b Mar By 8.0 _310-83-010
onow: Q) o0 34
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SERVICE BULLETIN

4.0 manchours for tr nodification 88 par figure 4 {fer
both sides).

7.0 man<hours for the medificstion as per figures & ane
B (for both stdes),

5.0 man-hi.yrs, 1f required, for removing the stabdilizer
front attachment fitting.

§.0 man-hours, tf required, for installstion of ¢he
stabiifzer front attachment fitting.

4.0 manehours for sdjustment of the control cables
tension,

1.6 MATEBRIAL « COST AND AVAILABILITY

The miterisl required Yor accomplishmant of this Sllatin will be
available from EMBRAER upon recceipt of orders, st no charge.

1.6.1 The Kits Yisted below should be procurable from the operstor's
inventories and 1s appiteable to the modifitetion oy the
horfzontel stabilizer front attachment structure riveting (efther
LH or RK side of the afrcraft) as per figure 3.

7.}

NAS1097AD &5
NAS1097ADS-7
NAS1097ADS«6
MS20470AD4~6

ESCRIPT; Y
, ay

Rivet 40
Rivet (]
Rivet 0é
Rivet 08
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SERWICE BULLETIN

HL 22277 5«4

or

AN3=54

and

ANS60-10

and ,
H14-3 or MS21042L3

DESCRIPTION

#i=1ok Rivet
or
Polt

and

Waghar
and
Locknit

1.6,3 Kit 02 « Appifiable to the fntrotuction of the reinforcing
chanrel (RK sfde of the asrcraft) as per figure 4.

P/N

L

110-1411-07-30-04
116-1411.07-30-09

110-1411-67-30-10

DESCRIPTION 0y

AP

Reinforcing Channel 01
Reinforcement between Frame
32 and Bulkhead 33 0
Re{nforcement between Srame
32 and Bulkhead 33 4}

The other material required and listed delow should be avatlable from

the operator's {nventortes.
2]

NAS1087ADS-5
#5204 70AD&-S
NAS1097AD5.7
NASI097AD5-6
MHS20470AD4-6
MS20470ADS -6
HL.2277=5+4
or

AN3-54A

and

AN960-30

and

H14-3 or KS210420.3

OATE: _z’ J. ’ MI'_.:J-—.IL

[IPIWoe N MRS | NN : ST | Wie

DESCRIPTION aQry

Rivat 4%
Rivat 35
Rivet 04
Rivat 1l
Rivet ot
Rfvst 12
Ri~Tok Rivet 10
or or
jolt 10
and

Basher 10
and

Locknut 10

P
- v
Y T )

BTN T Y Do I, RS, ST g8, LY
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SERVICE BULLETIN

1.6.4 Kit 03 - Appidfcable to the repair of bulkhead 33 webd and to the
introduction of the reinforcing channel (LN side of the
aircraft) as per figures 4 and 8.

MN DESCRIPTION igd
110-1411-07.30.01 ReinTorcing Channe) 01
110-1411-07.30-02 Butkhead 33 Reinforcement 01
110-3411-07-30.03 Buikhead 33 Repair Sheet 1) ]
110-1411-07-30-07 Reinforcement betwsan Frame

32 and Bulkherd 33 01
110+1411-07-30-08 Re{nforcement batween Frame

32 and Bulkhend 33 0l

The other material 1stad oelew should be svailable from the sperator's
faventories.

M DESCRIPTION Qry

NAS1067AD4 -5 Rivet 45
MS20470AD4 -5 Rivet 42
NAS1097ADS-7 Rivet o4
RAS1097ADS 6 Rivet 11
MS204 70AD4 -6 Rivet 06
MS20470ADY -6 Rivet 12
NS20470AD4-4 Rivet 04
HL22+77-8-4 Mi-10k Rivet 15
or or or
AN3-BA Solt 15
and and

ANS60-10 Uasher 38
snd and

H14-3 or KS21042L3 Locknaut 15
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SERVICE BULLETIN

1.6.5 Kit 04 - Anplicable to the repair of bulkhead 33 and to the
1. -pduction of the reinforcing channel (RH side of the
afrcraft) as per figures 4 and §.

P DESCRIPTION QT

1101411073004 Reinforcing Channel 01
110-1411<0730-08 Bulkhead 33 Reinforcenent 1
110-1411-07-30-06 Bulkhesd 33 Repafr Sheet (1)]
110-141107-30-05 Rcinforcement between ¥Frume

32 and Bulkhead 33 01
110-1411-0730-10 Reinforcement between Fiame

32 and Bulkhead 33 )]

The other muteria’ 1isted delow should be avaflable from the operator's
inventories.

PN DESCRIPTION 244

NAS1097AD4.3 Rivet 45
M520470AD45 Rivet 42
NAL1097ADS7 Rivot 04
NAS1097AD5-6 Rivet 11
MS20470AD4 6 Rivet 06
MS20470ADS. § Rivet 12
MS20470AD4-4 Rivet 04
HL22-77-8-4 Hi-lok Rivet 15
or or or
ANI-SA Solt 15
and ond

AN950-10 Hasher 15
2nd and

Kid-3 or MS2104203 Locknut 15

Y PR 1 Y Y | S—
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SERVICE BULLETIN

1.6.6 Kit 05 - Applfcable to the reinstailation of the stabilizes front
sttachment fitting as per figure 5.

" DESCRIPTION

NAS£205.9 Bolt
NS21042-18 Mt
#NDE0-516)L Vasher
NASE204-6 Bolt
K144 (3
AX960-416 Washer
HL22+778.3 Rivet
NL22-77<5-4 Rivet
NL22+77-6+6 Rivet
HL22+77+6-7 Revet

|

RSIZURRREEE

TOOLING - COST AND AVAILABILITY

Net applicadle.

WEIGHT AND BALANCE

(44 WEIGHT CHANGE MOMENT CHANGE

3.1 + 0,024 kgt + 0,135 kgfem
3.2 + 0,134 kpf +1.75 tkgfm
3.3 + 0,134 kof * 1,75 kpfem
3.4 ¢ 0.157 kgf +2.06 kgt.m
3.5 + 0,187 kgt ¢ 2.06 t"..
3.6 no alteration a0 alteration

NOTE: The ftems presented above refer to the saterial listed a
paragraph 3 "Material®,

AEFERENCES
7.0, 1C95A-2.8 *Myintenance Manus! = Flight Controls®.

6800 110-53-019 um.._.zl.__:__lhx_..r_.ll...
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SERVICE BULLETIN

T.0. 1C95-3 « *Structurs) Repair Manual®,

1.10 PUBLICATIONS AFFEE!EQ

Not affected,

%o ACCOMPLISHMENT INSTRUCTIONS

NOTE: The steps below outline the general instructions Tor the sicomplishmens

of this bulletin, Detsiled sequence of operatfons 1s givan as notes in
the figures.

Gain access to the affected area through the tnspection window on the
tefl cone. If required, release the sutopilot servo control cables ang
remove the seats and floor betwsen frame 14 and bulkhead 16, 1n order to
release the elevator and rudder control cables.

Visually check for integrity of structure riveting near the horizonta)
stabilizer front attachment fitting and for cracks tn the wed of
bulkhead 33, at positions shown {n figure 1.

Check figure 1 to make sure which actions are required,

Restore the sircraft to normel,

Carry out an operatfonal checkeout of the elevator and rudder contro)
systems, as per 7.0, 3095A-2.5 *Maintenance Manual - Flight Controls®,

Enter the accomplishment of this dulletin tn the epplicadle document.

bare. 8, Mar , @3 S50 _110-88-019
Cusvorwe:.. 02w, dd s AP B om0 e 26
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SERVICE BULLETIN

3. VATERIAL

3.1 Material applicable to the moditication of the horizontal stabitizer
front attachment structure riveting as per figure 3. (Applfcable to the
LK and RH sides of the afrcrafe),

NEW PN PLSCRIPTION oD P/ | [1ad bise

MS20470AD4 -6 Rivet os
NAS1097AD4.5 Rivat 40
NAS1097ADS-7 Rivet o4
NAS1057AD 68 Rivet 10
ML22477e5-4 Ri=10k Rivet 10
or or or
m3-.5! Bolt 10
ond and and
ANS3D-201 Washer ) [+
and and and
Hid4-3 or 52104213 Locknut 10

3.2 Material applfcible to the fntroduction of the reinforcing channel (X1t
01 - LH side of the afrcraft) as per figure 4,

NEW P/N DESCR!PT!GH 0D P/ ooy pisp
2

110-1411-07-30-01 feinforcing Channel -
310-1411-07-30-07 Reinforcament

between Frime 32 and

Bulkhead 33 dA-1419-07
110-1411-07430-08 Reinforcement

betwesn Frame 32 anc

Bulkhesd 33 47141905
NAS1097AD4 .5 Rivet -
MS20470AD4.5 Rivet -




‘-u;hé"c;jé-«;-“q;g‘ iy oty g
PR B R R SR TSN TR b3 s e s .
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NEW PN DESCRIPTION

NASI09TADS.7 Rivet 04
NAS1I097ADS-6 Rivet 11
MS20470AD4-6 Rivat 06
NS20470AD5~6 Rivet 12
H.2277-5.4 FiTok Rivet 30
or or or
AN3-5A Bolt 10
and and end
ANS50-10L, Washer ‘ 30
and and and
Hid-3 or MS21042.3 Lockaut 10

3.3 Kateria) applicatle to the 1ntroductfon of the reinforcing channe) (Xit
02 = RH side of the streraft) as per figure 4.

NEW P/N DESCRIPYION OLD PN g pise

110-1411407.30.04 Reinforcing Channel - m 2
110-1411-07-30-09 Reinforcemant
between Frame 32 and
Sulkhead 33 4A-1419-08
110-1411-07-30-10 Reinforcement
between Frame 32 and
Bulkhead 33 4A-1419.08
NAS1097AD4-5 Rivet -
MS20470AD¢ -5 Rivet
NAS1097ADS-7 Rivet
NAS10D7ADS .6 Rivet
MS20470AD4-6 Rivet
MS20470AD 5.8 Rivet
L2277 54 Hi=-10k Rivet
or or
AN3-54 Solt
and and
ANSE0-3UL Washer
and ang
H14-3 or M$21042.3 Locknut

VO T RN P
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3.4 Materta) applicadle to the repair of bulkhesd 33 web and the
fntroduction’ of the reinforcing channel (Xic 03 - LH side of the
strcraft) as per figures 3 and 4.

KEW PN ESCRIPTION OLD P/N gry

110-1411+07-30-0] - Refaforcing Channal - o1
110-3411+07430+02 Bulkhead 33
Reinforcement [}
110-34)1-07-30-03 Bulkhead 33
Repair Sheat 01
110-1411-07-30-07 Reinforcement
between Frame 22
and Butkhead 33 4A-1416.07 01
110-1411+07-30.08 Rsin_forcmut
between Frame 32 and
_ ABulkhead 33 42141908 01
NAS1097AD4.5 Rivet - 45
M$20470AD4-8 Rivet 42
NAS1087A08.7 Rivet 04
NASI0STADS -6 fivet 11
M520470AD4-6 Rivet 06
MS20470A05-6 Rivet 12
M320470AD4 -4 Rivet 04
HL22+77-5.4 Hi=lok Rivet 1%
or or or
AN3=SA Boit 15
and and and
ANSE0-10 Nasher 15
and end and
Hl4-3 or M521042.3 tocknut - 15

.

S

S .o N
o N Yy NNNN”“"N}

v £ vo

3.5 Material epplicable to the Fepair of bulkhead 33 web and the
fntroduction of the reinforcing channel (Kit 04 - AW gide of the
sircraft) as per figures 4 and 8,
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SERVICE BULLETIN

NEN AN DESCRIPTION qy

310-14]11<07-30-04 Reinforcing Channe? 01
110-1411-7-30-08 Bulkhead 23

ReSnforcement 0
110-1411-07-30-08 Bulkhead 33

Repadr Shest 01
110-2411-07-30-09 Reinforcement

between Frame 32

and Bulkhesd 1) 4A-1419-08 13
110-1411-07-30-10 Reinforcement

between Frame 32 and

Bulkhead 33 4A-1415-08 1)
NAS10GTAD4.- & Rivet ' 1]
PS20470AD4<5 Rivet , 42
KAS0§7AN5-7 Rivet o4
NAS1097AD8 -6 Rivet 11
M520470AD4-5 Rivet 06
M5 20470ADS-6 Rivet 12
M520470AD4 -4 Rivet 04
HL22+77-5-4 Ki-lok Rivet 15
or or or
AN3-5A dolt b 1
and and and
ANSED-101L Nasher 18
and and
Mid-3 or MS21042L3 Locknut 15

L J
Sy
U

o
N TN NN

3.6 Reinstaliation of the hortzontal stabilizer front sttachment fitting
(Xit 05), as par figure §.

NEW PN DESCRIPTION oD PN

KASA5205~9 Bolt NAS6205.9
M521082.46 Nt MSZ1042408
ANSS0-816L Washer AR950-816L
NASAS204 -6 Bolt KAGE204-6
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NEW P /N DESCRIPTION 0o PN

Kld-4 Nyt Hid4
ANB60-416 Washer AN960-416
HL2247748-3 Rivet MHL22+775-)
KL22-77.5-4 Rivet 22077504
HL22-776-6 Rivet HL22:77-6-6
M.2272787 Rivet HL22-77-67

gxzuge 3

DISPOSITION: 2 » Install part bearing NEW P/N.

3 = Replace part dearing OLD P/N with part bearing
NEW P/N,

§ = Discard part bearing OLD P/X.

7 = Replace with part bearing the same P/N.
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= THERE 13 CORE NivEY,

- YHEME IS RACK IN THE
WEB OF DULKNEAD 32

= YHERE ARE LOOSE AlvET —
ON THE UPPER (LANGS OF | REPEAT INSPLCTION BVEARY VPO mi
MACHINE LNNEL 125 OPERATING NOURSAFTER OPERST .
- g At i NOTRACK WY g PR PIOURE S
WES O BULKNEAD 22 S

= THEUE ARG LOOZE RIVETS
ON THE UFPEA PLANGE OF
M CHINED HANNE L,

- VHERE 1S NO CRACK IN ™E
VIER OF BULKNEAD 33,

. [ty v
THERE "!3 COSE RIvET, REPEAT SSPECTION SVERyY UPON MAL
$QUAL TO OR sHORTER YHE PIRST INSPECTION AS THE FiRg
THAN 75 mn (3 inchon! IN PER PiGuAL 2 HEFiRs
THE WEB OF BULKNEAD 3. \

W—

4900, Yenmaney A A

T-mu: ARE LOOSE mm” P—

ON THE UPPER ELANGE REPEAT SNSPECTION BVERY
YHE MACHINED CHANNEL m';nu'rma HOURSAFTER UPON td',
~THERE ANE CAACKS §QUAL THE FIRST ISPECTION AS SrEAATIL
YO ORSHORTEA TaN PERPIGURE 2 THE PinsY
78 rrwn () inchasl IN THE S
WES OF QULKNEAD 33, '

% 3] ARE LOCSE RIVETS
ON THE LOWEA 4anD UrPER
fLANGE OF MACHINED
CHANNEL,

«THERSE Aﬁ?.co!“ﬂ f0uaL
TO OA SMOATER TWAN
78 mwn (3 inohes) 184 T™E
WES OF dURKNEAD 33.

= THERE ARE CRACKS LOMI!!'
THAN 78 mwn 13 inchee) IN

THE WL8 0% BULKNEAL 3. '
. iy

FIGURE 1~ pOsSIaLE SITUATIONS FOUND IN THE INSFECTION AND THEIR RELEVANT ACTIONS

OArE:... 2% ... Mar._, t ¥]
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358D 1000
3 AFTEN

AODIFY MACHINED CNANNE),
RivETING TO THE REIN-
POACEMENT BETWEIN
PRAME 32 AND BULKHEAD 23
AS PER PIGUAL 3.

]

WODIEY MACHINGD CHANNEL
RIVETING TO Toil: REW
PORCEMENTS DEYWESN
PRAME 32 AND BULXNEAD 33
A '_t_l. SUng L

REPEAT WINSPECTION RVIRY
WOOPERATING HOURSAFTER
THE FIRST INSPECTION A3
PERFMOURE 2

REPLAT INSPRCTION BVERY
BOOPEARATING HMOURS AFTER
RIVETING MODIFICATION AS
MRArGUnRL L

TERMINATING ACTION:

IKTRODUCE REINFONCING
CHANNE L AND MODIFY Tt
STAUCTURE RIVETING OP
HORIZONTAL BTABILILEA
PRAONT ATTACHEMENT A
PER FIGURE 4,

. TERMINATING ACTION:

KEPAIN QULKHEAD 3) WED
AL PER M IGURE K, INTRODUCE
REINFOACING CHRANNEL
ANIMODIEYTHE STAUCTUAL
AVETING OF MORIZONTAL
STADILIZER FAONT ATTACK
MENT AS PER FIGURE A

i gl

e T S PR S T TR

L

REPEAT INSMCTION EVERY
THOPRRATING HOURSASTER
MVETING MODIFICATION AS
PEAFIGUAL L

TERMINATING ACTION:

KPR BULY.HEAD 3 WED
AS LA IGUAL L, INTROOUCE
REINFORCING CHANNEL AND
MODIRY Tul STAUCTURE :
RIATING OF WORMIZONTAL
STARILIZEN CRONT ATTALH.
MENT AS PER PIGURE 4

L:-——-——-u-——-—-n-

e # L1Q=5)=014.
vacs W16 4 24
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@ Cheack this rivet rov for lovse rivers.

@ Inspect hatched area for eracks.

MACH!VED
URPER FLANGE
P/N dA1411.07.

REINFORCEMENT DETWEEN

R u
HM& 4A-14%308 (L si0g1  SECTION A-a

REINFORMCEMENT BETWEEN
ph ke A
PIN 4a141506 (.M, ging)  SECTION 8-B

MACHINED CHANN.
LOWER FLANGE e

PN 4A141197.98 ILW, $I0E)
P dA1C41074) ¢m=»a§l

w— e

ot s T e v -

3y + <
LTI T et vt Apa

L} '
. .C [
. [' et Mgl gy

“. -:- -!: l"l n:t ;.l' . C.I‘ ’ “"
- -
[ Wl TR Y P P e S ‘Al il W
- ,..l“ Aty fhget v ikl i

L

FIGURE 2 - iNSPECTION OF HORIZOHTAL STABILIZEN FRONT
' AYTACKMENT STRJCTURE |

CHANNEL

L |
PR 4A4y 107-"&%‘%

MACHINED CHANNEL
LOWE® FLANGE

PN 4A 14110798 (LN, §IDE)
PN €A 14110717 (R, $1DE

MACHINED CHANNEL
UPE R 6 LANGE
P AA ANV L6
LM, BIOE}
M AL N11.07.1Y
.1 $I1DE}

su.we 110-33~009
saot: Nl a2 ..

.\ i g =
e A AL 1 NI N o TR R K ST T £

e A AT TR

e L A, T e
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Replace existing rivets with other dNarirg e

specificetion, or dolts, washers &3 loknTk. Ry =
channe) with {t removed from the a’rera®s,

@ Replace rivats loosen with other Deartng vae ENPS® 24 ugrememeemm——e

st G +
AR seu kRIS i W .

4.153 <1638

@ Rean holes to dla )

T
4,204 +3838

4.8]) +JER
rivets or to dia § '

4.864 350
bolts.

FIGURE 2 = MODIFICATION OF STRICTINE o i . st
STABILIZER FRONT AT RiTweE ™ fmima— -

- v
- - o 4 T er -

S J10-3019
"ug: --nq‘-m&—-
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l«om&u. side
R BiDOE 18
SYMMETRIGAL

MACHINED CHANNE
UPPER BLANGE .

PIN dAA 1 YIS 1L SIDE)
0% AAtA110Y Y RN llgt

,&ﬁ . .
::m:o;geusn: ”M‘ gg ”\
AME AND SULENEA o
PN A VDDT (LW BIDE) SECTION A~y p

PIN AAA1A08 (R M. $1DE)

ANILA
WASHER ANSRD-10L
WASHER ANDBS-1D
LOCKNUT MYa-3 » WE1042413

REINEQORCEMENT SETWEEN PN QA VANV 8298 (LM, BIDE)
FRAME %7 AND SULKHEAD 33  SECTION B-3 B/ SA-LE19074T (.0 BDE)
ham 44141985 {40, P1DE)
PN AATRIDOE tA.M. RIDE)

(3 ALL RMVETS SHDWN
N TN ARk

FIGURE 3 ~ MODIFICATION OF STRUCTURE RIVETING OF HORIZONTAL STABILIZER
FRONT ATTACHMENT (SHEET 20F 2)

CYS O RTINS .|} S | — en.0e; 11033019
oanoe o 02 e 33 A i e a3 a0 26 .
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Unrivet this rivet row and remove fitting attaching bolts, remove
refaforcements (made of sheet) together with the machined channei.

. R W
- - . b e s gt e i B
et ST e g T 2] o gl i ek s 4 e S SRS Rt e e -

Unrivet machined channe) from reinforcements (made of sheet). Discard
reinforcements (made of sheat).

@ Round corncrs of machined chaanel.

Assembly the machined channe) with the new reinforcements {made of sheet)
and with the reinfurcing channel, by using rivets dbeunring new
apecitication.

4,183 1638
@ dear holes to dia P o

{n ) i1 ustag

4,204. | ,1638

4.8)3 188
rivets or to dia § o

in ) 17 using

4.854 «191

bolts.

Reinstall the assembly praviously assembled as par note @riutina up

with rivets bearing new specification and install fitting attaching
bolts.

Replace existing rivets with rivets bearing new
Specification,

FIGURE 4 - INTRODUCTION OF THE REINFORCING CHANNEL AND
MODIFICATION OF RIVETING OF MORIZONTAL
STABILIZER FRONT ATTACHMENT (SNEET 1 OF 2)

so.w:_L10-32-019 AT e 2y MO D




REINPOAL

PN 110-141007. 3007 L., 21081 PO AALO1L L8
PN 110.141007.30.00 (R3¢ S1D4)

APPENDIX E

MACHINED CHANNEL
SHOWN LN, $1DE @rm 443411909
Re 510F 8
SYNM!TMCAL

— o el ol i~ G

s wm s Bl o W e W WY
"

(o443

5-4»-4-—6-:*:;?-
AY

LY R L Y LXK I}
»

‘--

.

PM AANVGH1E1AT ERLI, S04 ) ;‘é;’:ﬂ':;_x
ALINEORCEMENT 4 TWE BN msxu‘axmww
PRAME 32 AND PULKMEAD 35 , 2 ) . k@%’é&%.a;‘“'“ »
N 190-141107.3008 11 .0, 34D G TS YY) L Ringt .

P 10141102010 ¢

FIGURE 4 - INTRODUCYTION OF R

MENT SETWEEN 1
, PN A0 ¢
FRAME 33 AND BuLkngAD X3 m.n.gal

o SECTION B3

e
2 REINFORCING CRANWEL

PIN VIO VA1 V1300V (LN, §) }
o v aoan ik SBS)

- MACKING D EmannEL
P’I: LML I ETI

O

mlumaf.;n;n, u?{"&.
11004 1137 3001 44,
Oz ﬂatn 10!@0“&.“.

4
MACHINED DHANNE L,

Ro I8 emqa.ve B8 (R b0 |

AT

2P

¥

RIVETING OF NORIZONYAL STARILIZER ¢
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~95- APPENDIX E
€ EMBRAER [FFiT AL IRA b AEAORATTIEASA - 55 L 08 AR

SERVICE BULLETIN

@ Remove the horizontal stabilizer front attachment fitting.
@ Cut out the web of bulkhead 33, Contour repair sheet as per cut out in E
bulkhead 33 web. 3
@ Positfon, mark and drill repair sheat and bulkhoad 33 reinforcement as f;
par holes existing on the horfzontal stadbilizer front attachment.
@ Mark and d211) as showm, 3
@ Refnsti)) the fitting removed tn @ (see detatl C).
If required, use oversized rivets, according to instruciions 1n
T.0. 1C95-3 *Structural Repair Manual®,
Use rivets sccording to symdols. }

FIGURE 5 « REPAIR OF BULKNEAD 33 WED (SHEET ) OF 2)

Sa.we 210330170 . BATE: ol arrans ML et o AN
o ' b ! » I
[} l 4 [



APPENDIX E

( EMBRAER AR D AFRORAUTIA

SERVICE BULLETIN

O DOY TAMPOS . §

Nlonum NT
8L $iDE:

RHEAD
'gt’uo.t; Qb (R BICE,

PN oA

gau

SICTION AA

FIGURE § = REPAIR OF SULKHEAD 33 WIS (SHEET2 07 3)
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APPENDIX F
TABLE 1
PARAMETER | IST (FIXED WING AIRCRAFT)

Relative Time (from record:r
prior to takeof?)

Indicatad Airspeed
Al titude

Magnetic Heading
Yertica! Accslerstion

Long! tudine! Accelerstion

Pitch Attitude
Rol! Altitude

Stlbﬂiu& Trim Position

Pftck tm;;o! Pocsition

RANGE

8 hrs., minimm
Yeo to ¥p (KIAS)

1,500 ¥t. to =sx
cert. alt, of A/C

3607
-3g to 69

+1.09

1003 of useble vange

+60% or 100% of usable
range, whichever is
greater

Fuil range

Fult

LA

INSTALLED SYSTEM 1/
MINIMUM ACCURACY
(TO_RECOVERED DATA)

+0.125% per hour

+5% or +10 kts., whichever
Ts greater. Resgluztion 2 kts.
below 175 KiAS

+100 to +700 Ft. (see Tzble 1,
TS0 C51-23)

+50

+0.2g in addition to +0.55
maximum datum error

+3.05¢ in addition to max.
tum error of +0.1g

+20

—

+20
432 unless sccuracy
uniquely

+33 wiless higher accuracy
yniquely required

1/ When data sources are sfrcraft instruments (except alifmeters} of scceptsble quality o fly the atrcraft,
the recording sysiem excluding these sensors {but %aciuding 211 other characteristics of the recording
system) shall contribute no more than half the values in this columm,
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Enals Engine

Fan or or EPR or
it nmim l!se:!"
for Afrcraft Certification

L

frop. $peed and Yorque
{Sempled Once/Sec as Close
Toyethar as Practicadle)

Atitude Rate 2/
{need depends on altitude
resolution)

e of Attack 2/
(need depends on altitude
resolution)

aadic Transitter Keying
(Ciscrete)

TE Fiaps (Discrete or
Analog)

LE Flaps (Discrets or
ar Analog)

Thrust Reverser, Each Engine

{Discrete)

Spofiler,
(Piscrete

Autopilot Engaged

{Discrete}

2/ T data from the altitude encuding ajtimater {155 ft. resolutfon) s used, then efther one of these

parameters should alse be recerded.

TABLE | {2)

48,000 fpm

~200 to +400 or 160X
of usable range

On/Off
Each discrete position
(U.D.Tloél’l’)

Analog 0-100% range

Each discrete position
w.n.mo.:m

Anzlog 0-100% »ange

Stowed or full
reverse

Stowed or out

£ngaged or
Disengaged

feet, then these two parameters can be omitted.

5%

+10%. Resolutior 25G fpm below
72,000 ft. indicated

+20

If. horaver, altitude is recorded at a sminimam resolution of 25

4 XIANdddV
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