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16.Abstract 

cleared from the Jacksonville Internationai Airport, Jacksmdle, FlMda, to Tampa, Piorida 
Provincetown-Won Airlines FIight 1039, 811 Emher EIandeirante, was 

at 1805 eastern standard time on December 6, 1985, in visual fight conditiom. There were 

under 14 CPR 135. At 1812, flight 1039 was eleared for takeoff, and, at 181.3, while over 
11 pesserrgers and 2 crewmembers aboard the scheduled domestic pessenger flight operating 

the aeparture end of the runway and climbing, the crew acknowledged a ZresVRncJr clumge. 

centerline of the runway. 
Thirty seconds later, about 1814, the was seen in a steep descent near the extended 

Plight 1039 struck the ground 7,800 feet beyond the deparhm end of RuLwajT 
31 and 85 feet to the northeast (right) of the extemkd m w a y  centerline in an inverted mse 
down attitude, after which it caught f i i  and burnod The airplane .naS demolished, and all 

bulkhead No. 36, had separated from the fuselage. kth elevators and elevator tips, th *& 
13 persons aboard were killed. Before ground impact, the horizontal stfhilize?, including 

eone asembly, and the aft portion of the ventral fm aIso had separated in f-t. ' 

17.Key Words 18.Distribution Statenwnt 

structurd failme; ekvator control system; nosedown pitch; docFument is available 
asymmetrical elevator deflection; full trailing edge up trim t O t h e p u b l i C t h r o t l g t r t h e  
tab dendon; -way trim; m m m a n d e d  nose down trim; Natiorlal 
Ioso of con* 2; compression lading; InfWlMtim %I!ViCe, 

Embraer E&mdeumte; in-flight separation; 

sp~+ngm14 v -  2a1s1 
19-Security classification 20.Security Classification 21.m. of Pages 22.Pric.e 

(of rhis remrt) (of this page) 

t '  

i 
. 

UNCLASSIFIED I UNCLASSIFIED I 1 
NTSB Form 1765.2 (Rev. 9/74) 

. .  

. .. 



accident was a malfunction of either the elevator control -.stern or the elevator tr im 
m e  Nationai Transport8tia Safety Bcard determines that tite probable cause of this 

system, which resulted in an airplene pitch control problem. The reaction of the 
flightcrew to correct the pitch control problem overstressed the left elevetor control rod, 

horizontal stabilizer attachment structure. The Safety Board was not able to determine 
which resulted in eqmrnetrical elevator defiwtion and overstress failure of the 

the precise problem with the pitch cmtrol system. 
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NATI0i’JA.L TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C. 20594 

A l E C W  ACCIDENT BEPORT 

Adopt&. June w1986 

PROWCEFOWN-BOSTON dIfcLINBs PLIGHT 1039 
EME3RAER BANDEIBANTB. EMB-IlOP1. N96PB 

JACILSONVILLE,~PLORIDA ’ 
DECEMBER 6,1984 

SYNOPSIS 

Provincetown-Boston Airlines Flight 1539, an Embraer Bandeirante, was 
cleared from the Jacksonville International Airport, Jacksonville, Florida, to Tampa, 

There were 11 passengers and 2 crewmembers aboard the scheduled domestic passenger 
Florida, a t  1805 eastern standmd time on December 6, 1985, in visual flight conditions. 

flight operating under 14 CFR 135. A t  1812, flight 1039 was cleared for takeoff, and, a t  
1813, while over the departure end of the  runway and climbing, the crew acknowledged a 

descent near the extended centerline of the runway. 
frequency change. Thiity seconds later, about 1814, the airplane was Seen in a steep 

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 attitilde, after which it caught fire and burned. The airplane was demolished, 
and all 13 persons aboard were killed. Before ground impact, the horizontal stabilizer, 
including bulkhead No. 36, had separated from the fuselage. Both elevators and elevator 
tips, the tail cone assembly, and the aft portion of the ventral fin also had separeted in 
flight. 

of this accident was a malfunction of either the elevator control system or the elevator 
The National Transportation Safety Board determines that the probable cause 

trim system, which resulted in an akplane r,itch control problem. The reaction of the 
fjghtcrew to correct the pitch control problem overstressed the  left elevator control rod, 

horizontal stabilizer attachment structure. The Safety Board was not able to determine 
which resulted in asymmetrical elevator deflection and overstress failure of the 

the precise problem with the pitch control system. 

1. FACTUAL INPOFWATION 

1.1 Historyofthspligfit 

(Embraer) Eandeirante (EMB-11OP1) airplane was scheduled for four round trip domestic 
On December 6, 1984, NSGPB, an Empresa Brasileria de Aeronautica S/A 

passenger flights between Tampa and Jacksonville, Florida, operating under 14 CFR 135. 
NSSPB operated as Provincetown-Boston Airlines (PBA) Flight 1054 to v’acksonville and as 
PBA Flight 1539 to Tampa. One flightcrew operated two morning round trip flights, and a 
second fllghtcrew was scheduled to operate two afternoon round trip flights. The captain 
of the morning flights stated that he performed his predawn aircraft inspection in a well 
Et ramp a t  Tampa and that he specifically examined the tail area for loose parts. The 
morning flightcrew did not report any mechanical problems before turning over the 
airplane to the afternoon crew. 



-2- 

Witnesses reported that-the pilot cf  the afternoon flight conducted a preflight 
inspection of the airplane, specifi&lly under the wing and in the tail aree before 
departing Tampa on the first leg of the scheduled afternoon flights at 1640 eastern 
standard time 1/, 15 minutes late; N9SPB arrived in Jacksonville at 1750. Neither ground 
crew, at Tampa or a t  Jacksonville, reported any incidents of contact between N96PB and 
any ground equipment or of any jet blast from taxing aircraft. 

niner thousand squawk 3276.. ." At 1808, the airplane taxied from the gate a t  
At 1805, N96PB, as PBA 1039, was cleared ". . . to Tampa as filed maintai3 

Jacksonville International Airport, Jacksonville, Florida. Eleven pessengers and two 
crewmembers were aboard. 

cleared for takeoff runway three one." The captain acknowledged the cleaarance and 
At 1812, PBA 1039 was instructed to ". . . turn left heading two three zero 

flight 1039 began its takeoff- The flightcrew was switched to departwe control frequency 
at 1813, at  which time it was over the departure end of runway 31 and, according to 
wit!IeSSeS, was still climbing. The eaptain respunded to the frequency chnge by stating, 
"ok, so long." Thirty seconds later, tine airplane was seen in a steep descent near the 
extended centerline of rmway 31. The airplane crashed about 1814, during darknes- at 
30° 29' north latit'tde and 81° 41' west longitude. 

airport, saw PBA 1039 as it departed. The flightcrew said that it was nearly dark, end 
The flightcrew of another EMB-11OP1, which was on final approach to the 

that they identified the airplane as an EMB-11OPl by its lights. The first officer noted 

that it was possibly a small  je t .  . ." Both the captain and the fint officer saw the 
". . . a slightly excessive rate of climb, and it was enough so to make me think in my mind 

airplane descending straight down. The local contr0lle;r a i  Jacksonville air traffic control 
( A X )  tower, a certificated private pilut, said that the airp'ae slowly lost altitude while 
still in a normal climb attitude when it was approximately 3/4 mile beyond the departure 

steep argle- 
end of the runway md, after 6 to 8 seconds, he saw it veer to the right end descend at a 

1.2 €fljuries to Persons 

Injuries - Crew Passengers Others Total - 
Fatel 2 
Serious 0 
Minor/none 0 

2 Total 
- 

I1 
0 
0 
11 
- 

. o  13 
0 0 

- 0 0 - 
0 13 

1.; DamagetOAkulane 

The airplane was demolished by impact forces and postcrash fire. 

1.4 0therI)amEg.e 

There was no other damage to property. 

- I /  All times herein are eastern standard, based on the 24-hour clock. 
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inspection of the airplane, specifically under the wing and in the tail area before 
Witnesses reported that-the pilot cf  the afternoon flight conducted a preflight 

departing Tampa on the fist leg of the scheduled afternoon flights a t  1640 eastern 
standard time i/, 15 minutes late; N9SPB arrived in Jacksonville at 1750. Neither ground 

any ground equipment or of any jet blast from taxing aircraft. 
crew, at Tampa or at Jacksonville, reported any incidents of contact between N96PB and 

At 1805, N96PB, as PBA 1039, was cleared ". . . to Tampa as filed maintain 
niner thousand squawk 3276.. ." A t  1808, the airplane taxied from the gate a t  

crewmembers were aboard. Jacksonville International Airport, Jacksonville, Florida. Eleven pessengers and two 

At  1812, PBA 1039 was instructed to ". . e turn left heading two three zero 
cleared for takeoff runway three one." The captain acknowledged the clearance and 

at 1813, at which t ime it was over the departure end of runway 31 and, according to 
flight 1039 wan its takeoff. The flightcrew was switched to depaFtiise control frequency 

witnesses, was stii climbing. The qaptain responded to the frequency d m g e  by stating, 
"ok, so long." Thirty seconds later, the airplane :YBS seen in a steep descent new the 
extended centerline of nP,%vay 31. The airplane crashed about 1814, during darknes at 
30° 29' north Iatihde and 81° 41' west longitude. 

The flightcrew of another EMB-11OP1, which was on final approach to the 
airport, saw PBB 1039 as it departed. The ilighterew said that it was newly dark, snd 
that they identified the airplsne as an EMB-11OPl by its lights. The first officer noted ". . . a slightly excessive rate of climb, and it was enough so to make me think in my mind 

airplane descending straight down. The local controller a i  Jacksonville air traffic control 
that it was possibly a small jet .  . ." Both the captain and the first officer SBW the 

(ATC) tower, a certificated private pilot, said that t3e a i r p k e  slowly lost altitude while 

end of the runway and, after 6 to 8 seconds, he saw it veer to the right and descend at a 
still in a normal climb attitude when it was approximately 3/4 mile beyond the  departure 

steep angle. 

l.2 Injuries to Persons 

Injuries - Crew Passewers Others Total 

Fatel 2 
Serious 0 
Minor/none 0 

Total 
- 
2 

11 
0 
- 
11 
0 

. o  13 
0 0 
0 
0 

0 
13 

- - 
1.s DgmegetoAirpLane 

The airplane was lemolished by impact forces and postcrash fire. 

1.4 OtherDamage 

There was no other damage ti, property. 

- I /  AD times herein are eastern standard, based 011 the 24-hoW clock. 
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Q 1.5 Personoel Igformation 

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

1.6 elam Information 

N96PB, an Embraer Bandeirante (EME-ilOPl), serial number (S/N) 110365, 
was owned and operated by Provincetown-Boston Airlines. The EMB-11OP1 airplane is a 
light, twin engine turboprop airplane with a maximum seating capacity of 21, including 19 
passengers m.d 2 pilots. The airplane was designed, manufactured, and certificated to 

dos Campos, Brazil. The airplane's gross weight and center of gravity kg.) were within 
Federal Aviation Administration (FAA) airworthiness stand&* by Eaoraer of San Jose 

prescribed limits for takeoff at 11,482 pounds and 14.75 percent mean aerodynamic chord 
(MAC), respectively. (See appendix C.) 

Two Pratt and Whitney Aircraft of Canada, Ltd., Model J36A-34 turboprop 
epgines, S/N PC-E56913 (left) and S/N PC-E56698 (right), were installed; each eIlgine was 
equipped with a Hartzell propeller, Model HC-B3TN-3C/TlOl7-88-8R, S/N BU-11553 (left) 
and S/N BU-10761 (right). 

The Brazilian government's certification of the airplane was pxformed by 
Centro Technic0 Aeronautica (CTA) under the terms of a bilateral agreement be:ween the 

preliminary type certification meeting with CTA and Embraer officiais ir: 1976 and a 
Uni ted  States and Brazil. The FAA validated ths CrA certification which included a 

2-week review of CTA certification data in Brazil in August 1978 by FAA specialists. 
The airplane was initially certified to 14 CPR 23 stmdards on August 18, 1948. L? @ October 1980, the airplane was certified to Special Federal Aviation Regulations @FAR) 
41 standards, which permitted an increase in maximum takeoff gross weight from 12,500 
to 13,007 pounds. 

1.7 Meteomrod Information 

International Airport immediately before and after the accident: 
The following surface weather conditions were observed at =he Jacksonv2le 

Surface aviation, 1748: sky-clear, visibility-7 miles, temperature- 
4i'OF, dewpaint-36O F; wind-290' at 10 kts, gusting to 17 kts; 
altimeter--30.13 Kg. 
Looai, 1819: sky-clear; visibility-7 miles; temperature-46" P; 
dewpoint-36' F; wind-310° at 8 kts, gusting to 16 kts; altimeter--30.15 
Hg; remarks--aircraft mishap. 

IGW pressure system located off the Maine coast, created a tight pressure gradient over 
A high presswe area centered over eastern Oklahoma, combined with a deep 

the eastern United States. Conditions over southern Georgia and northern Florida were 
characterized by cleer skies and moderate west-northwest to northwest win& and cool 
temperatures The area weather forecast inclued flight precautions for turbulence. No 
SIGMETS, - 2/ convective SIGMETS, or AIRME'TS - 3/ were vahd fo. the Jecksonville area at 

- 2/ Significant meteorological information. 
- 3/ Airman's meteorological information. 



the time of the accident. Vertical windshear, computed from the  1800 winds aloft a t  
Waycross, Georgia, 78 miles northwest (3199 of Jacksonville, was 18.0 knots per 1,000 e 
pilot in the Jacksowille area reported smooth flightbelow 3,500 feet m.s.1. There were 
feet between 144 feat above mean sea level (m.s.1.) 41 and 1,146 feet ms.1. At  1805, a 

no reports of windshear or twbaence at Jacksonville airport for several hours before the 
accident. 

1.8 Aids to Navigation 

Not applicabie. 

1.9 commrnnicatiom 

There were no known communicatior; difficulties. 

1.10 Aemkorne Informatis 
Jacksonville Interrational Airport is located 9 miles north of Jacksonville, 

Florida. It is certificated vnder 14 CFR 139. There are two nonparallel, nonintersecting 
runways designated as 7\23 and 13/31 and oriented magnetically 074-/254° and 134O/314O. 
Runway 31, the deprsrure runway for the accident, is 7,700 feet long by 159 feet wide 
md has a groove", asphalt surface. The airport elevation is 30 feet. An air traffic control 
tower ope.rated b:; the FAA is in continuous operation on discrete aircraft frequencies for 
tower, ground, c*learance delivery, and appmach/departure. A low level windshear alert 
system (LLWAS:) is installed a t  the facility. 

1.11 B a t  &xordefs 

Coe'@,t voice recorders and flight data :emrders were not installed and were 
not required. 

1.12 YQPieckage an? bnpact Information 

1.12..1 WredrBgerNsCription 
I 

N96PB struck the ground 7,800 f e e t  beyond the departure end of runway 31 
and 85 feet to thc northeast (right) of the extended runway centerline in an inverted nose 
down at'.itude, after which :t caught fire and burned. Before grbund impact, the 
horizontal stabilizer had separated from the fuselage. The horizontal stabilizer was 
locatc3 6,712 f e e t  beyond the threshold of runway 13 and about 1,100 feet before the 
main impact area. Both elevators and elevator tips, the tail cone assembly, and the eft 
portion of the ventral fin also had separated in flight and were located along the 
Eightpath between the horizontal stabilizer and the rnah wreckage. The airplane came to 
rest on a magnetic heading of 0419 (See appendix D.) 

1.12.2 FW&?gt?andWings 

door, was subjected to intense fire which cozumed a major portion of the cocQit and 
The upper fuselage structure, from the main cabin door aft to the baggage 

center fuselage structure. The area between the baggage door and bulkheac! No. 33 (the 

impact damage with moderate fire damage. 
forward attachmznt point of the horizontpl stabilizer) exhibited severe and extensive 

- 4/ All altitudes a6Fsaring herein me m.s.1. unless otherwise stated. 
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TSe bottom fuselage, from about the main cabii door into the forward area of 

side of the fuselage exhibited qn imprint of the forward inboard end of the left horizontal 
the cockpi?, exhibited little or no fire darmge. in the area of bullchead No. 33, the left 

stabiier ad the right side of the fuselage was p w t u r e d  &ad seraped down to the 
ventral fin The nose gear assembly was extended slipfitly end the two fornard nose gear 

the landing gears were in the up position at impsct. 
doors were opern partially. Examinetion of the nose and main gear actuators revealed that 

The vertical stabilizer remained attached to the fuselage at b&%eads Kas. 29 
and 33 by means of fittings bolted to the front and rem spars. The rudder assembly was 
attached to the vertical stabiier. Bot22 surfaces were crashed in the forwer+tdt 
direction. The rudder trim tab was attached to the rudder and was pcsitioned about 90° to 

verttcal stabilizer and the rudder t r i m  the control rod was k n t  to the tight. 
the right of neutral. There was no sepa--ation betweec the trim t& actuator in the 

9 major portion of the left wing, the left aileron, the left wing flap, and the 
left engine- aacelle lower structure were consumed by fire. Tixe right wing and right 
aileron were not damaged by fire. The right flap was artached and severely &imaged by 
inpact, and the inboard end wes burned. Soth we?e in && retmcted *ition. 

1.12.3 sewration of EIaizoatal st8mker 

were no significmt dents or tears along the leading edge or on the upper or lower 
The entire horizontal stabi iz~ ,  except the elevators, was in one piece. There 

surfaces. 

NE 33 and 36. (See figure 1.) .fie forward attachment for the horizontal stabiizes 
The horizontal s tabuer is attached to the fuselage at fusewe bt&ha& 

consists of two forward clevis type f i t t i i  on the stabiizer front spar which are bolted to 
the mating male lugs (ears) of a machined fitting on the aft si& of fuselage bulkhsad 

vertically offset two clevis type fittings on the aft side of the stabilizer type fittings on 
No. 33. The rear sttachment for the horizontal stabilizer uses €GW links to COM~C; and 

fuselage bulkhead No. 36. 

bllIkhead No. 33 when the male Pugs of t'le attachment fittkm fractured first i? shear and 
The forward attachment fitting of the horizontal stabilizer on N96PB failed at 

then in tens3e overstress (See figures 2.4, 2B, 3A, 3B, and 4.) The separated Eale lugs 
remained bolted to the clevises on the Stebilizei. The tail cone, including bulkhead 

attachment structure was  deformed, but it continued to come& the stabilizer rear spar 
No. 36, and the ventral fin also sepa-at& with the stabiszer. The stabilizer pear 

and the fuselage bulkhead No. 36 fittings. 

was deformed with the upper right corner pulled aft &ad down, tearing :he bulkhead web 
The stabifizer forward attachment fitting on the aft side of buR!!ead No. 33 

and separating the structura: attachments on the forward side of the bulkhead. The left 
side of the forward attachment fitting remained flushed am3 attached to the structure 
forward of the bulkhead, with rnany fasteners still intaet. The deformation indicate:: that 
the male lugs on the attachment fitting fractured from overstress forces as the horizontal 
stabiiizer aoved aft and twisted ciockwise (looking f x w a d  relative to the Iusel=ge. 

Tke examination of the bulkhead No. 33 structure discPased fretti= &-mrtd 
some rivet holes in charnels which transmit the loads from the upper right corner r,f the 

buikheed web break contained a sm& preexisting fatigue crack, 5/16 inch Iong. 



Wbilizer/Fuselage Supports 
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Figure 1.-Bandeirante EMB-1lOPl stabilizer/fuselage Supports. 
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Figure 2A.-View of bulkhead No. 33, %xking forwmd. 
L EC R show separation of male devs ears 

from horizontat steblizer forward attachement fitting 

Figure 25.-Forrard at?echment fitting removed from bulkheed No. 33. 



.- 

F i g g e  3A.--Left and right eaps of forwerd ettachn,ent fitting 
which remained attached to horizoatai stabilizer. 

Figme 3B.-View from right side showing twist in forward attachment fitting. 



-9- 

at buW%ead No. 36 shows deformation of ettechment links 
E$yre 4.-Rear attachment of horizoEtal spabier  

1-12.4 S e p a r a t i o n O f ~ ~ a n d E f e V a t o r ~  

The left and + i t  elevatom ere not connected to each other except +hugh 
the flight cont-o! system. Each elevator is attached to the zlorizontat s t a b i i  at the 
hinge line by two hinges, one outboard and one about midspa?. Each elevator is deflected 
by a control rod which moves 8n actuating arm coh-tected to the inboard end of the 
elevator torque tube. A single, mechanicelly operated M m  tab B on the trailirrg edge of 
the left elevator only. 

Bot!! the left and right elevators had sepai-ated from the horizontal stabilizer 
RS a result of fractures in the hinge brackets X 1  of *k fractrt?es were typical of 

hinge bracket. The examination of the right elevator outbosrd m e  bracket CriscfQSed 
overstmss separations, except for e small fatigue crack in the right elevator outbcard 

that it previously had been removed end replaced. 

their respective torque tub. The portions of both arms that included the up travel stop 
Both the Ieft and the right elevator actuating arms were attached securely to 

were broken from the main body of the arms by tersion overstress. Heavy contact narks 

bearing. The main bo3y of the left actuating arm was relatively straight and undeformed. 
were found on the inboard surfaces wfrere the actuating arms mate with W i z e r  

notably with tbe arm body aEw displaying a twist reiative to its hgtt~. When &be 
Both *,e hinge attachment bolt and the main body of the right actuating arm were bent 

8 ~ l s t a ~ ~ e d  within the bearing of %e stabilizer, * rimt torque tube was in 
actuating arm narks were mated 60 the stabilizer deformation, with the attachment bolt 
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Mi of the elevator con-1 cables between the cockpit controls and the aft 
bellcranks forward of bulkhead Kc- 31 were found. There was no evidenee that the cables 
had separated before the accident. 

The flight control abks v;ere reemmined in detail at the PBA maintenance 
facilities in Naples, FIorida, on October 13, 1985. About 30 feet of elevator cable, which 
were attached to the control column bellcranks, show& no evidence of excessive wear, 
rubaing, ar scrape m a r k s  About 90 feet of cable from the aileron or rudder control 
systems also were examimd and showed no evidence of excessive wear, rubbing, or scrape 
marks. 

When the horizontal stab2:l;er OR N96i'B separated from the fuselage, both the 
left and right elevator contra1 rods were deformed and had separated in line with buikhead 

of each rod remained attached to its respective fuselage mounted bellcrank. The 
No. 34 111 inches aft of the aft bellcranks.! {See figures 6A and 6B.) The forward portion 

remaining 32 1/2 inches of the aft portion of the right elevator control rod remained 
atteched to the right elevator actuating arn after the separation. However, only 21 1/2 
inches of the left elevator control rod w a s  stiLl attached to the left elevator actuating 
arm. Tne left elevator control ro9 WE fractured in two plaees; tlne aft fracture which 

section of the left control red between the two fractures was not recovered. There was 
occurred ne&r the midpoint of tne rod, was a compression buckiing faiiure. The g-inch 

an impact mark on the aft side of an upper channel at fuselage bulkhead No. 35 which 
matched the shape of the fracture =face on the aft portion of the left control rod. &e 
figures 6A and 6B.: 

on the trailing edge of the left elevator. The elevator ;rim tab deflectim is accomplished 
The pitch trim in She EMB-110 is effected by deflection of the single trim tab 

either mechanically, by r o t a t i  a trim wheel located on the pilot's side of the center 
pedestal ( see  figure 71, or electrically, by activating switches on either of the control 
wheels. Both methods effect a linear movement of a threa6ed cable through a coaxial 
housing, which in turn extends or retracts the trim tab linear ectuatw rcd through a gear 
type mechanism. The deflection of the t r im tab relative to the elevatw surface is 
directly related to the position of the linear actuator rod. (See figure 8.) 

Figure GA.--k:t and right elevator mrtrol rods showing 
symmetrical fractures 11 inches aft of aft bellcranks. 

Note missing sections of left elevator control rod. 
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Figure GB.-View of fracture on aft portion of left elevator control rod and 
matching impact msrk on aft side of upper channel at bulkhead No. 35. 

Figure 7.-Trim tao controIs. 
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The elevator trim tab was attached to the elevator. Although the piano type 
hmge wire was deformed, measurements of the h w e  and hi!Ee wire indicated that there 

elevator spar. The actuator rod was fractured between !:he actuator and the rod end 
was  no excessive free play. The trim tab actuator housing remained attached to the left 

which remained attached to the trim tab bellcrank. The owerstre= bending fracture and 
deformation of the actuating rod matched the damage on the elevator rear spar structure 
thFoqh which the rod passes. The matching damage indicated that the actuator rod was 
f&y extended when it struck the rear spar. The fully extended position. of the trim tab 

dowq trim). 
actuating rod corresponded to a trim tab trailing edge up deflection (fa airplane nose 

The elevator trim control wheel on the cockpit psdestaf, its associated cable 
drive gearing, and the threaded cable in the pedestal were exposed to severe heat. The 
tnresded cable was fused to the drive gearing by rnoIten metal. The cable runout 5,’ was 
measured and found to corre.spotld to e full  airplane nme down trim pcsition. 

The elevator pitch trim adapter lmit cover and connectors were scorched 

were damaged :?om heat. The trim relay printed cii-cuit board was scorched and the 
externally. ,:\en the cover was removed, it was noted that several electronic components 

compozents mounted on the b m d  were heat damagei;. The tbee relays, which ro:Jted 
signals fr$m the trim switches to the trim servo, were tm severely damaged for testing- 

subassembly WPS found detached from the servo mount. The servo clutch and gear 
Tne ?itch trim servo was not complete and the directiord control electronics 

assembly appeased to be undamaged. When about 20 volts de was applied to the clutch 
coil, the clutch ssembly e2gaged; when the power was removed, the clutch disengaged. 
The servo clutch was removed from the servo assembly and the torque was measured and 
fomd to be within the specified range. t een  28 volts dc was applied to the servo 
directional control relays, both relays engzged; when the power was removed, both rehys 
disengaged. 

80th e’ngines yere heavily damaged by the post-impact fire. The left engine 
was resting on i.ts upper cow1 on top of the burnsd remains of the left wing. The pwer 
section had separated f?um the remainder of the engine. The right engine, which 
appeared to be undamaged, was found adjacent to and separated from its nacelle near the 
5ght wing structure. No penetrations were observed in the engine cases or the ex;?aust 
chct of the right engine. Both exhaust duets were moderately bent and twisted. Bot2 
compressor inlet screens were free of debris, l3oCn lower engine cowls were separated 

wePe extremely distorted. The eerie mounting structures had not separeted in flight. 
from their firewalls and were located adjacent to their respective engines. NI cowls 

The foliowing items in both en&ines were undamaged: first and second stage 
sa? md @met gems- the n’ng gears, the ring gear carriers, and the propeller oil transfer 
sieeves. Both propeller shafts v:ere torsionally sheared at the thin wall area adjacent to 
the second stage cmier q % e s  There was no evidence of any inflight turbine blade 
failures iil either engine. .4L sf the centrifugal compressor impeller and vane tips, the 
adjacent interstage spacers, the impeller vane DrOfileS, and the impeller housings were 
rotfitionally rubbed. The impeller vane profiles had contacted the impeller housings SO 

- S/ Cable runout is the cable which accommodates the full  linear range of cable travel a t  
the pedestal d-ive gert-. 
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that the entire length of the impeller vanes was rubbed from the inboard V a n e  tips through 
the outboard vane tips. None of the anti-friction bearings installed in either engine 
displayed any obvious distress or lack of lubrication. The mounts for both erdnes were 
fractured in numero1s places. All of the fractures were typical of overstress separation 
with no evidence of fatigue or progressive failures. 

The oper9ting components of the fuel control units, the fuel pumps, and the 
overspeed and propeller governors installed on both engines sustained no visible impact 
damage. Some of the components installed on the left engine were fire damaged. 

gearboxes. ill: three blades from the left propeller were attached to the hub and were 
Both propellers remained attached to their respective engine reduction 

nearly complete. One of the blades of the right propeller had separated from t€!s hub but 
subsequently was recovered. The pilot tube was compressively elongated, indiceting that 
the blade had separated from high side forces. The cutboard 1-inch tip of the recovered 
blade was missing. The other blades of the right propeller remained attached to the hub 
Both had separated about 18 inches outboard of the hub. The outboard section of one of 
these blades was not recovered. An 18 inch section was missing, some of which may haire 
melted. .MI of the blades of the right propeller were damaged by heat and the Snds were 
covered with molten aluminum. The 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 
owr. weight. 

1.13 M e d i a l  and Pathological hformatim 

The flightcrew and passengers died from traumatic injuries. ?ost-mortem fiie 
injuries of v m  degrees were noted in all cases. The toxicological tests for the captain 

The toxicological tests for the f i t  officer were negative for ethyl alcohol and carbon 
were negative for alcohol, cocaine, carbon monoxide, and acidic, basic and neutral drugs. 

Sasic, and neutral drugs. 
moncxide. The first ofl”l?er’s toxicological samples were not tested for cocaine, acidic, 

evidence of pre-impact fire. 

1.15 sulT i~Asoects  

The aircraft was subjected to extreme post-impact fire. There was no 

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

1.16 TeStSandReseareh 

1.16.1 Failure Analysis of the Horizontal Stabili%cx and Attachment Structure 

its attachment structure from N96PB, the Safety Board contracted an independent 
Following extensive metallurgical examination of the horizontal stabilizer and 

consultant to perform structural load and flutter analysis of the horizontal stabilizer. 

review of the data, the Safety Board determined that the manufacturer had made design 
EMB-11OP1 engineering design data were acquired from the manufacturer. Pollowing a 

’Load calculations in accordance with reguIatory standards. 
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0 typical EME-IlOPI takeoff and climb profile for the atmospheric conditions that existed 
Aerodynamic loads or1 the horizontal stabiizer were calculated based on a 

at the time of the accident end for the weight and c.g. of N96PB. Also, loads were 
calculated for 50-foot-per-second gust conditions at maximum cruise speed to determine 
whether the horizontal stabilizer attachment structure may have been &maged during the 
flights tbat prsceded the accident fight- 

The calculated aerodynamic loads were applied to a finite element 
mathematical model of the horizontal stabilizer forward attachment fitting and 
c ~ c u l a t i o ~ s  were made of the effects of these loads considering the failures of various 
fasteners that secure the fitting to bulkhead No. 33 and to the fusewe ssructure forward 
of bulkhead No. 33. Based on these calculations, the ultimate load carrying capacity of 
the attachment fitting with about one-third of its fasteners in the upper right corners of 
tk?. fitting missing substantially exceeded the aerodynamic loads transferred to the fitting 
dwing a normal takeoff and climb. ALSO, the load carrying capacity of the fittirig with all 
fasteners intact substantially exceeded the load transferred to the fitting durii  an 
ent eunter with a 5O-€oot-per-second gust at maximum cruise speed. 

The flutter anaIysis of the horizontal stabilizer took into consideration a 
pmtial loss of stiffness in the attachment of the stabilizer to bulkhead No. 33 because of 
failures of fasteners in the attachment fitting and a possible 10s of elevator rotational 
restraint from either a hinge separatioa or a broken elevator control rod. 

A finite element mathematical model of the horizontal stabilizer was 
developed from engineerin, data and the stiffness of varios connections was caiculated 
from engineering data. Five natural frequencies for the model were calculated which 
compared favorably to the frequencies identified from engineering data. The computer a analysis of <?e model indicated that a flutter problem did not develop in the speed range 
investigated (50 to 200 knots) wit? a broken elevator control, a separated elevetor hinge, 
or reZuced stiffness in the bulkhead No. 33 attachment structure. The independent 
consultant concluded that the horizontal stabilizer on N96PB did not separate from the 
sirplane beceuse of a dynamic flutter problem. 

1.16.2 Tests Conducted by the M&mfactm?r 

The manufacturer performed static load tests to verify the structural 
capabilities of the EMB-IIOPZ horizoztal tail and the rear fuse16g.e assemblies. An 

stand End static ioads were applied to represent a design-critical flight condition; that of 
EMB-IIOPI fuselage structure from bulkhead No. 26 rearward WRS mounted on a test 

a negative Wt at the specified design cruising speed with unsymmetrical flight conditions 
for roll and yaw. 

1.16.2.: Determination of &tie § t r e e ,  Wfn-  and Frequenci~ of 
Horizontal Tail a d  Rear Fuselage with Bulkhead No. 33 Damage 

Static loads eqaal to 60 percent, 100 psrcent, and 150 percent of the defined 
load condition were first applied to a completely souxd structure. Three configurations 
with progressively more severe fa i lures  of the bulkhead NO. 33 structure were similarily 
tested. The most severe condition consisted of the removal of 10  fasteners from the 
structwe on the  ;orward side of bulkhead NO. 33 which distributes ;h~1 ".oa& from the 
upper right corner of the horizontal stabilizer forwarL. attachment f i t t i i  into the 
fuselage monocoque structure, and a 3-inch CrEck (sawc~t) in the bulkhea6 web. 
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There were no failures or permanent deformaticns to the structure when the 
ultimate design load was statically applied to the horizontal tail and reaP fuselage for any e 
of the configurations tested, including that wherein fasteners were removed and the crack 
introduced in the bulkhead web. 

horizontal teil and rear fuselage test fixture as loads were applied to determine changes 
The displacement of the structure was measured at 24 locations on the 

in stiffness and natural frequency for the different failure configurations of the b W e a d  

torsional stiffness as a result of the removal of rivets and the introduction of a sawcut at 
No. 33 attachment structure. The measurements showed an insignificant change in the 

bulkhead No. 33. 

1.16.2.2 Static Tests for miaI Conditions at Horizontal SW6Ezer Attachment 

effects of three special loading conditions on the EMB-IIOPI horizontal tail and rear 
The manufacturer performed additional static load rests to determine the 

fuselage structure from bulkhead 26 rearward. The first loading condition simulated an 
abrupt, unchecked positive maneuver with asymmetry at the design maneuvering speed. 
Rivets were removed from the structure on the forxard side of bulkhead No. 33, and a 
12-inch sawcut was made in the bulkhead web at the upper right comer of the horizontal 
stabilizer forward attachment fitting. When the limit load condition wm applied, there 
was no further damage. 

result from asymmetrical deflectio. of the elevatcm, a condition possible only if a control 
The second loading condition simukted en asymmetrical air load which would 

system fails. The Loading conditic,: for this test was limited to 26 percent of '.he load 
w2ich would occur with full  antisymmetric deflection of the elevaims at the design 
maneuvering speed of 169 knots. For this test, the sawcut in the upper right corner of the 
bulkhead No. 33 structure was repaired, fasteners were removed from the structure 
forward of the llpper left corner of the bulkhead, and a 5/16-inch crack was made in the 
bulkhead web. Additionally five hi-lok fasteners were removed where the center of the 
horizontsl stabilizer forward attachment fitting attaches to the structure on the forward 
side of bulkhead No. 33. When loads were applied, there was no' further failures or 
permsnent deformations during the test. 

The third, and most severe, loading condition was the full asymmetric load 
corresponding to full antisymnetric deflection of the elevators at the dosign maneuvering 
speed. The faiiures at the bulkhead No. 33 attachment were limited to +&e damage at  '&e 
upper left corner as described for the second test with the five c-nter located hi-lok 
fasteners reinstalled. A downward load was applied to the left side, and an upward load 
w8s  appiied to the right side of the horizontal stabilizer. 

A complete failure of the stabilizer attachments occurred when the load 
reached 59.6 percent of the full intended asymmetric load defined above. The load at 

deflection of the elevators at 141 knots. Lesser elevator deflections combined with 
which failure occurred corresponds to the load which would result from full  antisymmetric 

higher airspeed could also produce this critical asymmetric load. 

The horizontal stabilizer attachment failed when the forward attachment 
fitti% deformed and tbe male lugs fractured in overstress. The failed fitting wm SO 
nea71Y identical to the fitting from N96PB that no distinctions could be made b&qeen the 
two. a 
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experienced in the EMB-11OP1 horizontal stabilizer structure as a result of an unbalanced 
The manufacta-er performed a grounc' test to determine the vibration lev& 

Propeller on the right engine. An entire EMB-11OPl airplane was suspended by elastic 
SlitlgS around the wings and fusdage. The spinner section was removed from the right 
propeller and was replsced by a solid metallic rotating disk which was driven by an 
electric motor. The imbalance was introduced by drilIing various size holes in the disk. 
There was no attempt to simulate the effects of aerodynamic loads. 

To meawe vibration levels and calculate stresses, 200 accelerometers were 

for two propeller speeds, one of which corresponded to a propeller blade resonant 
mounted on the airplane4 wings, fuselage, and empennage structure. Data were obtained 

higher levels of propeller imbalance; the highest vibration levels on the horizontal 
frequency. In these tests, the vibration levels of the horizontal stabilizer increased vtith 

stabilizer occurred a t  100 percent of maximum propeller speed; the highest vibration 
levels on the elevator and elevator trim tab wcurred at 9 percect of maximum propeller 

horizontal stabilizer. 
speed; and the elevator tips and trim tab experienced the highest vibration level of the 

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

8 vibration data during the Safety Board's public hearing, stated that significant variations 
An engineer from the manufacturer, who interpreted the propeller inbalance 

of stress on the elevator would begin to occur with a missing portion of propeller blade 14 
inches long. He further stated that this level of imbalance would produce damage to 
engine mounts. 

1.16.2.4. -Test Load Messurements for Horizontal Stabilizer 

Review Team, Embraer conducted flight tests 7 June 1985 to measure the aerodynamic 
In response to recomrr.endations of the CTA and FAA Specia! Certification 

loads on the horizontal stabilizer of an EMS-IIOP1 airplam for comparison with loads 
calculated for design. 'Re horizontal stabilizer of the test airplane was instrumented 

and measurements were recorded during rectilinear steady climbing flight with flaps and 
with strain gages to measure shear forces end bending moments a t  appropriate locations, 

landing gear retracted at speeds between 98 and 150 KIAS. The airplane4 weight was 
about 11,570 ponds and its c.g. was  at 14.5 percent MAC. The shear forces and bending 
moments calculated were small  in all flight regimes in comparison to design values. 

attached to determine the influence of vibratory loads on fatigue of the horizont& 
The manufacturer conducted additional flight tests wi+& the strain gages 

stabilizer. Various flight test profiies were flown, including posttekedf climb, maximum 
cruise, maneuvering at 2.5 G, induced buffet at altitude, stall buffer at low altitude, and 
approach to landing. The manufacturer stated that the analyses of the results indicated 
that the stress levels frcn vibratory loads in normal flight regimes ape weli below the 

vibratory conditions from buffet and stall produced stress loads below the fatigue strength 
fatigue limits of the ma te r i a  used in the horizontal stabilizer and that even severe 

of the materials at 100 million cycles. 
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1.16.3 mev&or control Rmi F- conducted by th? Manufacturer and 
National Wneau of Standards 

TWO tests were conducted by the manufacturer to verify the COmpI'essiOn 
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 buckIing occurred. In the f i t  test, the rod failed at 
a load of 466 pour,ds. In the second test, the rod withstood a load of 507 pounds before 
failure. 

A third aluminum control rod wes tested by the  National Bureau Of Standards- 
Again, a compression load was applied through the rod end bearings. Compression 
buckling occurred a t  a load of 488 pounds. In aU cases, the failures occurred a t  the 
midpoint of the rod and they were similar to the aft fracture of the left control rod on 
N96PB. 

1.17 Other Information 

Li7.1 E L d c  Elevator R i m  -ern 

ectivation of the Bendix Corporation elevator trim system, which was installed i:. ?5A's 
An electric trim system is an option in the ZMB-llOPl and P2. Electrical 

EMB-11OP1 airplanes a t  the time of the accident, is accoinplished by a reversible d.c. 
electric motor which drives the t r im tab actuating threaded cable in either direction. An 
electric clutch is installed in series between the electric motor and the cable drive 

switches which activate the motor and the clutch. A split spring loaded to a neutral 
mechanism. Runaway protection is provided by a mechanical separation of the electrical 

toggle switch is installed on both the captain's and che first officer% control wheels so 
that either pilot can operate the electric trim by depressing both halves of the split 
switch with a single mot-'on of the thumb. The electric circuit is such that the motor 
switch closes a circuit to apply 28V d.c. to the motor. The polarity, and thus the direction 
of operation, depend upon whether the toggle is pushed forward or pulled aft. The clutch 
switch opens a 28V d.c. circuit if it is moved in either direction. If the motor switch is 
operated separately, the motor will operate and the clutch will remain disengaged so that 
the torque p-ovided by the motor is not transmitted to the trim cable. Conversely, if the 
chtch switci. is werated independently, the clutch will engage, but the motor will not 
o??rate. 

A warning feature, incorporated into the trim system, provides an aural signal 
when 4ther a motor or clutch switch is activated independently. The trim system circuit 
design is such that the switch on the captain's control wheel has priority over t\e switcn 
on the first  officer's control wheel. Further protection against a trim runaway is provided 
by the mechanical design of the clutch, that is, the amount of torque which the clutch ea;, 
transmit is limited so that a pilot can stop or override an electrical trim runaway ''y 
grasping and exerting about 5 pounds of force to stop rotation of the mechanical trim 
wheel located on the left side of the center pedestal between the two pilots. 

The airplane manufacturer examined the electrical circuit of the trim system 
to identify potential failures which would result in an mcommw3ed change in the 
elevator trim. The identified failures, which would result in t!e application of 28V d.c. to 
the c!Wkwise or counterclockwise motor operating circuit and the removal of 28V 6.c. 
from the clutch circuit, were a simultaneous failure of both sections of the captain's 
control wheel mounted t r im switch snd a broken connection of the 28V d.c. wire from 
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8 t e r m i d  “E” of the captain‘s trim ewitch and shorting .?f the broken off wire to terminal 
“A” or terminal “D” of the switch. (See figure 9.) This same failure of the first officer’s 
control wheel mounted trim switch also would produce an uncommanded wpi-ation of the 

selection at the captsin’s switch. One of PBAk EMB-IIQFi captains testified that he did 
trim system; however, the operation of the systan would be kterrupted by any trim 

not remember receiving any training for a ;ww~%y trim emergency. He did not know the 
location of the  t r im circuit breaker. 

no documente:: occurrences ~f uncommanded operation of the electrical trim system 
Safety Bo& investigators reviewed FAA’s service difficulty reports and found 

cz:isec! by a switch failure or s broken wire. There have been several occasions wherein 
one or both kalves of a split tr im switch has failed to return to the neutral position after 
the thumb was removed following normal operation of the system. In the known cases, 
the captain or first office? could stop the trim runaway by moving the switch back to 
neutral with a thumb. 

1.17.2 
of Left Elevator control Rod 
Manufacturer% Analysis of Pilot Wheel Force to Pmduce Compression Failure 

The EMB-11OP1 devator control system is designed so that a pull force 
exerted on the castain’s or first officer’s control wheel to deflect the eievstor trailing 
edge upward against an eerodynamic load (and correspondingly pitch the airplane nose q$ 
results in a compression load on the elevator control rods. ?he magnitude of the  

by a pilot of a pull force is a function of the factors which define the aerodynamic load on 
compression load on the left elevator control rod at a given instant from the application 

the left elevator; specifically, airspeed, trim tab deflection, and eIevator deflecEon. 

produced normal to the airplane Iongitrdinal axis in the resulting pitching maneuver. 
These factors also can be expressed in terms of the acceleration (load factor) which is 

envelope of conditions--pilot force, airspeed, and normal load factor--that will result in a 
In response to a Safety Board request, the airplane manufacturer analyzed the 

466-pound compression load in the left elevator control rod. The assumptiom for the 
analysis were that the weight and c.g. location were as they existed during the accident 
and that the elevator trim tab was fuUy deflected with the trailing edge upward. The ful l  
trailing edge up trim tab would result in the highest compression loading of the left 
elevator control rod for a given pitch-up maneuver. The plot of pilot force v e w  
airspeed shows the pilot force and normal load factor which would be required a t  a given 
airspeed to produce a 466-pound destructive compression load in the left ekvator control 
rod. (See figure 10.) 

170 knots to produce a 466-pound ccnpression ioad in the  left elevator control rod and 
The analysis ‘shows that & pull force of about 430 pounds would be required a? 

that this pull force would produce a 3 g normal acceleration pitch up maneuver. As 
airspeed is increased, both the control column pull force required to produce the 
466-pound controi rod load and the normal acceleration achievable we reduced. --At 

control rod is about 340 pounds and a normal acceleration slightly higher than 1.5 g will be 
200 knots, the @lot force needed to produce a 466-paund compression load in the left 

achieved with that pUrr ’ 
1.17.3 Maximal Static Pmce Exerted on an Airenaft control Stick by Seated Males 

b Tine Human Engineerimg Guide to Equipment Design spmsored by the Joint 
Army-Pu’avy-Air Foree Steering Committee has published the inforrnstion shown on 
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Tab Deflection: lJpwa?ds, Maximum 
W = 31,500 ib & C. of G. = 15% MAC. 

Y 

U 
0 
e 

Figure lO.--EMB-llOPl pilot force versus speed. 
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figure 11. The design criteria for limit contrcl forces Specified for compliance With 
Federal Aviation m a t i o n s  Part 23.397(b) for an airplane weighing 13,000 Pounds iq 2S8 
pounds for an elevator control wheel. 

1.17.4 Service =tory of EikR3-11OPl and F2 

At the time of thz accident involving h'9SPB, there were about 450 
110-Pl and P2 airplanes in ope;ation throughout the world, including about 120 in the 
United States with more than 2,500,000 hours of flight time recorded. During its 
approximate 11-year service history preceding the crash of N96PB, EMB-llOP1 and P2 
eirplanes had been involved in 11 accidents and 83 reported incidents. One accident and 
six incidents involved elevator control problems: one of which involved a disconnected 
elevator ccntrol rod, four of which involved either a disconnected or fractured elevator 
t r im tab control rod, and two of which involved a broken trim tab control rod and a broken 
elevator control rod. None of the accidents or incidents resulted in damage to the 
horizontal stabilizer attachment structure, although one incidefit involved damage to an 
elevator and its outboard hinge. 

vibration in the empennage from propeller slipstream effects. The vibration problems 
The service history of the EMB-lIOP1 and P2 airplanes incluied problems of 

resulted in fastener distress and fatigue cracking in the bulkhead No. 33 structure. Lq 
March 1983, the manukcturer issued a service bulletin reccmmending inspections and 
modificatiors of 3 e  bulkhead No. 33 area structure to assure the integrity of the 
horizontal stabilizer attachment structure. An airworthiness directive (AD) was issued bv 
the FAA which required operators to implement the provisions of the service bulletin as 
of 2uly 27, 1983. (See appendix E.) 

The maintenance records for N96PB indicated that the airplane *as last 
inspected on September 20, 1984; the inspection complied with AD 82-27-09 and no 
defects were found. After the accident involving N96PB, the FAA issued an emergency 

The Safety Board reviewed the AD and as a result, on January 8, 1985, issued Safety 
AD that required further inspections of the horizonta stabilizer attachment structure. 

Ilecomrnendation A-85-1, which recommended that the FAA: 

Lssue an airworthiiless directive (AD) to reFkire that before further 
commercial operation in the  United States, the horizontal 
stabilizer attachment of EMB-1IOPl end -1lOP2 model airplanes 
not previously modified in accordance with AD-83-14-09, 

improved inspection procedure to enhance detection of loose or 
Amendment 39-4527, paragraph (d) cIr (e), be inspected using an 

sheared rivets, particularly where bulkhead No. 33 transmits the 
loads from the stabilizer forward attachment to the fuselage 
monocwue structure. The inspection procedure should require 
removal of controls as need4 for access to riveted join& and 
applicatiun of external loads to detect relatiire movement b e t w e n  
s+ruct'mal members. The AD should require that deficiencies 
detected during' inspection be reported to the FAA and that they be 
corrected in accordance with an approved procedure before further 
flight. 

The FAA agreed with Safety Recommendation A-85-1 and issued another AD in J~~ 
1985. The results of these inspections were reported to the FAA. m.d th- -v indicated thnt 
some airplanes had damage in the bulkhead No. 33 structure more severe than the 
precrash damage to N96PB. 

I~~ ~~~- ~ -..~. 
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i n c p a w  one r q w  inspections of beerings in the terminats of the flight control rods 
The FAA has issued other ADS fo;. the EME-11OP1 flight control system, 

and t r 3 n  tab control rods. In 1982, ibe FAA issued AD-82-27-09, which required 
inspection of the primmy flight control cahie? to detect frayed and broken wires in the 
&la; the AI) was effective January 10, 1983. From the eZfec?tive date of AD 82-27-04 
throqh May 28, 1986, there have been 13 serlijce difficulty reports (SDRs) of fmyecl or 
wopn ~ ~ e s s  steel elevator control cables and I7 SDRs of frayed or worn carbon steel 
elevator control cables. "he last report was dated February 1, 1985. The maintenance 
=cor& for N96PB indicated that the four aft control cables of the elevator Control 
system were replaced with ca?bon steel control cables on February 2, 1983, and that its 
primary flight control cables were last inspected on October 8, 1984; no defects were 
fQund. 

In September 1981, the manufacturer issued SB 110-27-056 which provided for 
the interconr.ection of the elevator actuating a r m s  and the replacement of the aluminum 
elevator control rods with steel control rods. The interconnection of the elevators was to 
reduce control column vibration caused by vibrations in the horizontal stabilizer. N96PB 

January 27, 1985, the CTA issued an AD that  required Brazilian operstors to replace the 
was not modified in accordance with the SB and the modification was not required. On 

aluminum eievator control rods with steel control rods. This was due to corrosion found 
ir, an aluminum rod that resulted in its fracture during ground operation. In August 1985, 

FAA issued AD 85-18-51 requiri-g disconnection of the Bendix Corporation elxtrk trim 
the FAA issued AD 85-17-04 requiring the steel controi rods and in September 1985, the 

systems ilstalled in EMB-11OP1 and P2 models. In August 1985, the FAA issued an XPRK 
that would require the modification of all EMB-11OP1 and P2 airplanes in the United 
States for the installation of dual trin: tab actuating rods in the elevator trim system. As 
a result of subsequent chmges in Embraer's Service Bulletin, an AD has not yet been Q 
issued. 

1.17.5 Special Certification 

As a result of the accident involving N96PB, the CTA and FAA initiated a 
certification review of the  EMB-11OP1 and P2 airpla.ne at the manufacturer's facilities in 

had been misinterpreted, omitted, or ovarlooked during the original certification. The 
Brazil in Deeember 1984 to determine whether any airworthiness regulatory requirements 

review included design loads, static strength, flutter and divergence, service histcry, 
maintenance and inspection requirements, and material eontrol. Particular emphasis iyas 
placed on requirements related tr, the empennage structure. 

bcen certificated properly to U.S. standards during its original certification process, bu: 
"he specid certification review team determined that the EXB-11OP1 had 

that further tests and analyses were warranted because of the service history of vibration 
problems in the empenr-:ge. The review team's major recommendations included: (1) a 
complete flight strain su,?ey of the empennage to determine the significant vibratory 
ioaas and their possible effect on fatigue of the structure, (2) a comp1ementa;y flutter 
analysis Of SignifiCarrt flutter modes to include a 27 Hz mode on the horizontal stabilizer 
that was not considered in the o r i g h l  analysis, end (3) the incorporation of a fail safe 
elevator trim tab design, such as the dual trim tab actuatirg rod design offered bj- 
Embraer in SB110-27-068. 

conducted flight tests of the EMB-11OP1 to measure flight loads and vibration 
In response to the recommendations of the service team, the manufacturer 

Also, a complementary flutter analysis was completed for the empennage for 10 vibration 
rnddes measured during ground vibration tests, including the 27 Hz mode. Parametric 
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studies were performed to account for variations in stiffness, inertia, and aerodynamic 

except at speeds above 340 KIA$. 
loads. The analysis comluded that a flutter problem did not exist in the empennage 

1.17.6 PBB’s EMB-110P1 Takeoff PrOl%@ 

profile for the EMB-llOTi, which has been in effect since the airline’s recertification. 
PBA’s Director of Plight Stm6ards provided the Safety Board with a takeoff 

ere determined in accordance with the Pilot’s Operating K a n d b d  (POoEij. In compEmce 
Before takeoff the appropriate V speeds and the minimum required torque area 

with the provisions of Special Federal Aviation Regulation (SFAX) 41, the takeoff flap 
configuration is 0 9  

Takeoff power is applied smoothly and the airplane is accelerated. A t  Vl (the 
Safety Board determined that Vl for the accident flight was 96 hots)  the airplane is 
rotated to an attitude which allows it to become airborne at V2. (The Safety W r d  
determined that V2 for the accident flight was 104 knots.) Gear retraction is ini t iate 
within 2 seconds after liftoff. After clearing 50 feet, the airspeed is a m w e d  to increase 
to 130 knots. 

circ7ing minimums (470 feet a.g.1. for runway 31 at  Jacksonville) whichever is higher. 
Takeoff power is maintained until the airplane reaches 500 feet a.g .I., ’ or 

Power than is reduced in accordence with the PUH. Climb Dower is maintained until the 
airplane reaches cruising altitude end a climb speed of 140 &ots is maintained. 

8 1.17.7 PBA’s “mbhg for Runaway Trim 

PBA’s Director of Flight Stmdarck, who was new to the airline a t  the time of 
the accident, was unable to determine Lhe manner in which PBA’s hiNq addressed 

procedures in the event of an undesired pitch t r im command, which are: (1) if the manu& 
runaway trim before the accident involving N96PB. The POH addresses emergewy 

trim wheel is still rotating, stop it’md hold i t  or cverpower it, (2) pull the ?lev+tqr +sim 
circuit breaker (Iocated in the lower forward position on the left side cf the coc’kpit;, and 
(3) use manual trim as required. 

The Director of Flight Standards said that the emergency ppocedures were 
probably the subject of a classroorc discussion. 

2.1 ahe Accident 

The investigation of the accident clearly disclosed that, during the 
posttekeoff e%.mb, the ajiplene‘s elevator tip$, elevators, and horjzontal stabilizer hsd 
separated causing the airplane to enter uncontrolled flight and to crash. Consequently, 
the investigation end analysis concentrated substantially on determini% t5e sequence of 
and the reasons for the structural separations. The following hypotheses were considered: 
structura! overload imposed by turbulence; structural failure es the result of pre-existing 
structural weakness; the onset of a destructive aerodynamic phenomenon as the result of 
pre-existing damege; the onset of destructive vibratio;;. produced by the imbalance of a 
damaged propeller; and the application of excessive aerodynamic lcads as a result of one 
or more flight control system malfunctions. 
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TWO witnesm to the accident observed PBA 1039 accelerate normally on its 
t&eo,?f roll, lift off normally, and reach about 600 feet above ground level k.g-1.) near 

rate aqd so stated immediately after #e accident and subsequently at the public hearing. 
#e departure end of the runway. One of the witnesses observed a slightly excessive climb 

me other witness noted a normal climb attitude. The recorded radio communications 
with the control tower revealed a routine acknowledgment of the Controller% request to 
contact departure control. The first scparatios Qf airplane structwe occurred 25 to 30 
seconds later and about 6,000 feet beyond the depxture end of runway 31. 'The witnesses 
did not see any separations before or during the airplane's descent to the ground because 
of darkness. 

downward to the seat pans with a measured 50 percent reduction in cockpit and cabin 
The accident was nonsurvivable because the top of the fuselage aAlaFed 

volume. This resulted in massive blunt trauma injuries to the occupants that precluded 
the possibility of survival. 

2.2 ~ t c r e v i  

The captain and first officer were properly certificated by the FAA to conduct 
the flight. The Safety Board concluded that the first officer probably was in controi of 
the airplane during the takeoff because the captain made the radio communications. Both 
pilots were experienced; the captain had approximately 10,000 total flying hours with 
ratings in several twin engine transport category airpbmes, and the first officer had 

have been very familiar with the airplane's flight characteristics. There was no evidence 
spproximately 3,000 total flying hours. Both had sufficient flying time in the EMB-110 to 

affected their performance. 
that either pilot had any adverse medical or psychological conditions that might have 

2.3 Airplane 

The airplane was certificated, equipped, maintained, and loaded in accordance 
with existing FAA regulatiois rrni company procedures. mere was no evidence in the 
airplane's records to sqges? that the flightcrew or ooapany maintenance personnel were 
aware of airy airplane discrepancies before the accident flight which could lead to loss of 
control or structural failure. 

2.4 Engines and Pmpellers 

Both engines, both propellers, and the various powerplant accessories Were 
operating normally unci impact. This conclusion is supported by the presence of 
rotational contact marks 8nd torsional-type impact damage to both engines. fro, both 

and metering fuel to the two separate engines. Conseqmntly, tine engines were 
fuel supplies and both fuel rnetering systems conteined fjel and were capable of supplying 

eliminated as a causal Pector in the accident. 

2.5 YFeafier 

The surface weatlner observations k fo re  ,413 after the accident noted surface 
winds of 8 to 10 >knots with gusts to about 17 knots. Although the area weather forecast 
inciuded flight precautions for turbulence, there were no indications from welther 

striictural soundnes of the airplane at the time of the accident. Turbulence near the 
ObSeIVatiOnS or from Witness statements of turblllence sufficient to haye affected the 
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ground was probably no greater than moderate. Further, there was no evidence that the 
airplane had encountered significant turbulence during the previous f l ight  Therefore, the 
Safety Board concledes that weather was not a factor in this accident. 

The investigation determined that before takeoff thew was no damage to 

collision between the airplaiie and another vehicXe, such as a fxel truck or baggage Csart. 
either the stabilizer or to the elevator components sufficient to suggest a prefligat 

around did not see any vehicle come in contact with the airplane. No baggage cart was 
Further, those persons who observed md serviced the airplane during its Jacksonville turn 

used. Therefore, the Safety Boa-d concIudes that +he airpIane was not subjected to 
external loads of sufficient magnitude to produce a deformation or failure of the 
stabilizer attachment structure during a preflight collision, such as contact with a gr0u;ld 
vehicle. 

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

The fretting around some of the fastener holes in the channels which transmit 
the loads from the upper right corner of the forward attachment fitting into the fuselage 
forward of bulkhead No. 33 indicated that some fasteners had been loose before the final 
structural failure. Looseness ia these attachments would have resulted in a transfer of 
increased stabilizer loads into the bulkhead 50. 33 web. The small preexisting fatigue 
crack 6/16-:nch iang) in the bulkhead web supported the contention that loose or sheared 
rivets had Seen present before 'he eccident and that the web had been exposed to excess 
stress. 

web fa t iye  cracking in ihe bllkhead No. 33 structure was known before the accident. 
The s0seeptibili:y of the EMB-11OP1 and P2 models to fastener distress and 

The knowledge had proinpted the manufacturer to  issue a service bdet in  which described 
an inspection program to detect loose festeners and web fatigue cracks. The service 
bulletin also described an alternative modification to correct the loose fasteners and a 
procedure to repair *.he web cracks. The manufacturers service bulletin was mandated by 
en FAA airworthiness directive effective July 27, 1983. According to PBA maintenance 
records, N95PB had been inspected for loose fasteners and bulkhead No. 33 web cracks in 
September 1984, and no defects were noted. If loose fasteners and a web crack of any 

a 5/16-inch crack with no loose fasteners would have been acceptable without a repair to 
length had been detected, a modification to structure would have been required; however, 

the web. The Safety Board could not determine whether the loose fasteners developed 
after the September 1984 inspection, or whether the visual ins3ection methods were 
inadequate to detect fastener looseness. However, following the accident, other 
EMB-IIOPI and P2 airplanes were reinspected using more positive inspectioz methods, 
and some eirplznes were found to have similar and even more severe Camage in ;he 
bulkhead No. 33 attachment structrue than the damage believed io have existed on 
N96PB. Therefore, the condition of the stabilizer forward attachment structure of N96PB 
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before the accident flight WES not unique to that airplane. The Safets Board’s Concern e 
that loose fasteners in the stabilizer load distribution p t h  could have directiy Or 
indirectly contributed to the ultimate structura3 failure of the f%ward attachment fitting 
prompted extensive analyses and tats. 

2.7 stpucm and Aeroel8stic colrsideratm1 

Two potentially critical effects of pre-existing damage were analyzed: first, 

second, the extent to which s+~vctural stiffness was reduced thereby affecting the 
the exten: to which the static load carrying ability of the structure was reduced and 

airplane‘s aeroelastic and vibratory characteristics. The analyses showed that the normal 
loading 03 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 bulkhehd No. 33. Ample 
strength remained even when all of the fasteners which may have been loose werz t0MY 
removed. This anal, tical findhg was confiimed during an actJsl load test. In the test, a 
static load equivalent to the maximum stabilizer air load which could be encountered 
within the airplane% design flight envelope was applied to a stabilizer forward attachment 

normal symmetrical distribution -%?wise across the staxizer. The tests disclosed that 
fitting and a test replica of the bulkhead No. 33 structure. The load was applied in a 

attachment fitting with dl of the fasteners removed in the mper right corner of the 
the structure could carry this maximum load without deformation of the forward 

was more severe than that which existed on N96PB. Based on the results of the analyses 
fitting and with a 3-inch crack (saw @ut) in the bdkhead web. .z~-.z ??nrlitiw simulated 

and tests, the Safety Board concludes th3t the stsbilizer forward attachment structure 
was fully capable of carrying the ultimate design loads, even with the loose or sheared 
rivets and a 5/16-inch fatigue crack in the bulkhead No. 33 web. 

consultar.ts’ analysis considered al l  possible conditions which may have adversely affected 
L? the evaluation of the effects of damage on the structural stiffness, the 

the airpbne’s susceptibility to aerodynamic flutter. Aerodynamic flutter is a 
phenomenon wherein airstream energy causes deformation of the structure or relative 
deflections between aerodynamic surfaces which, in turn, excites an oscillation in the 
aerodynamic surfaces and internal structure. The aer&pamic flutter mi be rapidly 
divergent and can cause forces in primary airplane structus which exceed the maximum 
design load in a relatively few oscillations. The airspeed at rvhich flutter will occur 
depends upon the stiffness of the structure and o*Aer factors, such as mass distribution. 
T- aeroelastic properties of an airplane are considered during design m d  certification to 

range of the a i rphe .  However, eerodynamic flutter can occur at lower airspeeds if 
extent necessary to assure that aerodynamic flutter cannot occur within the airspeed 

stiffness is reduced by lmseness in the structure, or if there is excessive free play in the 

phy in the elevator trim tab-to-el.:vator hinge, in the elevator-to-stabilizer hinge, or in 
attachment of aerodynamic control surfaces. There was no evidence of excessive free 

right elevator outboard hinge bracket revealed that this bracket had been removed and 
the longitudinal flight csntrol system. However, the Safety Board’s examination of the 

repleced dwing 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 Safety Beard also considered the spanwise distribution of the m c e  
weights in Lle elevators of the accident airplane, which was not in total accord with the 
mmufacturer’s Structural Repair Manual or with AD 83-15-10, BS that spaqwise 
distribution could have affected the structural integrity and the flutter characteristics of 
the zirplaqe. However, the manufacturer indicated to the Safety Board that the weight 
distribution of the accident airplane would not have a significant effect on its elevator 
structure. I 
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considered a reduction in stiffness attributable to loose rivets a t  bulkhead No. 33, a 
The consultant's analysis of Plutter characteristics of the empennage 

completely separated elevator hinge, the actual balance weight distribution of N96PB, and 
a broken elevator control rod. The analysis showed that the airplane would not have 
encountered sn aerodynamic flutter condition in the speed range between 50 and 200 

by a divergent aerodynamic fluttzr. 
hots. "herefore, the  Safety h a r d  concludes that the strdctural failure was not caused 

Although awlyses and tests showed that the existence of loose or sheared 
fasteners in the blxlkhead No. 33 structure of N96PB did not affect the ability of the 
structure to withstand applied static loads or the airplane's aeroelastic characteristics, 
the Safety Board rem- concerned that this condition on other EMB-1lOPl and P2 
airplanes could lead to progressive f a t i e  and premature stfiicture failure. The safety 
Board believes that the FAA should reqJire the horizontal stabiIizer attachment structure 

procedure set forth by the manufacturer. The Safety Board agrees that the tests showed 
of EMB-11BPl and P2 airplanes be modified to preclude such damage in accordance with a 

that the stabilizer forward attachment structure a t  buIkhead No. 33 woad carry ultimate 
stabilizer loads even though wehkened by cracks and the removal of fasteners in the 
bul!!head web. Nevertheless, the Safety Board is concerned that the tests were not 
sufficient ?o show conclusively whether the resulting c h a e  in load distribution would 
affect the fatigue life of the redundant load path. 

2.8 Vibratory h d  CoMderations 

The missing part of one blade of the right propeller prompted concern that the 
blade might have been damaged before or during takeoff and that a resultant imbalance 
might have caused structural failure of the horizontal stabilizer. The damage to the other 
blades of the right propeller and to the blades of the left propeller were not typical of 

portion of the blade on the right propeller which remained attaehed to the hub had melted 
damage svhich would be expected from a takecff ground strike. Further, the end of that 

and sagged under its own weight during exposure to the postcrash fire. Therefore, the 
Safety Board believes that the missing portion of the blade was consumed in the ground 

structures were instrumented to measure the vibration loads caused by propeller 
fire. Moreover, the manufacturer's tests in which the horizontal stabilizer and elevator 

only with a 14-inch or longer length of one propeller blade missing. However, the 
imbalance disclosed that high loads sufficient to damage the elevators, could be prodwed 

destruction of the eF&ne mounting structure. All fractures and deformations of the 
manufacturer stated that a propeller imbalance of this magnitude also would cause 

engine attachment structure on N96PB were t-ypical of damage produced by the extreme 
forces generated during ground impact and not those that would have been generated by a 
damaged prapeller. Consequently, the Safety Board concludes that there were no 
destructive vibratory 1 ~ 2 3 s  imposed on the horizontal stabilizer structure attributable to 
propeuer imbalance. 

2.9 

A significant investigative finding resulted from the tests conducted by the 
manufacturer when abnormal asymmetrical loads were statically applied :? the horhnta l  

antisymmetric elevator deflections at 140 knots (or with lesser elevator deflections at 
stabiilzer. Upon application of loa& approximati  those air loads produced with f& 

higher speed), the stabilizer forward attachment fitting and the bulkhead No. 33 structure 

deformation and fractures evX.snt on N96PB. The test provided strong evidence that the 
on the test fixture deformed and fractured in a manner nearly identical to the 
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separation of the horizontal stabilizer of N96PB at  the stabilizer f o r w a d  attachraent 
fitting could have h e n  caused by an abnormal asymmetrical air load on the stabilizer. 
An asymmetrical air load of this magnitude will occur only with antisymmetric elevator 
deflection, a circumstance which can only follow some other failure or ma&nction of the 
airplane's elevator control system. Therefore, the Board believes the test showed that a 
failure of the control system preceded the structural separation of the stabilizer. 

on N96PB, the two elevators are connected by the aft bellcranks which transmit control 
Although the left and right elevator actuating arms were not interconnected 

system motion to the forward end of the left and right elevator control rods. 

aft bellcrank, ai? elevator control rod, or an elevator actuating arm. There Was no 
Consequently, differential deflection of the left and right elevators requires failure Of an 

evidence of failure of either of the aft bellcranks or either of the elevator actuating 
arms. However, both elevatop control rods were fractured. 

Based on its examination of the fractures and the relative position of adjaccL1t 
fuselage structure, the Safety Board concludes that the symmetrically located fractures 
of the left and ripht elevator control rods (11 inches aft of the aft bellcrank attachments) 
occurred when a channel section a t  fuselage bulkhead No. 34 sliced the rods as the leading 
edge of the horizontal stabilizer moved downward and aft during its separation from the 
fuselage. There were no other fractures in the right control rod indicating that the ITA 
was intact until the stabilizer separated. A similar conclusion regarding the left control 
rod could not be made because that control rod was Zractured in two places with a 9-inch 
intervening section missing. 

was initially attributed to impact forces applied when the rod struck the ground and was 
The aft failure of the left control rod was typical of compression buckling and 

forced into the earth. However, after determining that differential elevator deflection 
could explain the horizontal stabilizer forward attachment Separation, the left control rod 
fracture and the fuselage structure b:erc examined more closely for evidence that the left 
elevator control rod fractured during flight. The examinetion disclosed tilat two facts 
supported an in-flight fracture: (1) the compression buckling fracture occurred a t  or very 
near to the exact midpoint of the control rod (a failure which would be typical of a 
control system compression indwed fracture); and (2) there was an impact mark on the 
aft side of en upper channel a t  fuselage buX3ead No. 35 which matched the shape of the 
fracture surface of the aft position of the left control rod. This impact mark indicated 
that the rod fracttlred end the aft portion of the rod had struck the channel before the 
elevator separated from the stabilizer. Consequently, the Safety Roard concludes that 
the left elevator control rod failed s a resat  of compression overstrezs during flight; 
that this failure, in conjunction with abnormal trim tab defection, permitred differential 
deflection of the left and right elevators; and thet the resultant as>mmetrcal loads 
caused the horizontal stabilizer separation. 

2.11 Control System Overload 

to either of the control columns to maneuver the airplane in pitch. The load e.pplied under 
A lead is applied to the elevator control rods whenever a pilot applies a force 

normal condit:ons is reacted to by the aerodynamic loads on the elevators which are 
dependent upon tile elevator deflection, elevator t r im tab position, ard airspeed. 
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to produce an aerodynamic load on the left elevator which balances the aerodynamic load 
During steady state f l ih t ,  the position of the left elevator trim tab is adjusted 

loading of the left and right elevator control rods will be nearly equal and opposite, Le., 
on the right elevator. ConsequenSy, in the steady state neutrally trimmed condition, the 

one will be in compression and the other in tension, so mat the resultant load at the 
interconnected aft bellcranks will require little or no compensating force at the captain% 
or first officer's control coiumns. In an untrimmed flight conditioR or during a pitching 
maneuver the  force exerted on the controI coIum by the captain or first officer will bias 
the rension or compression loads in both the left and right control rods similarly; however, 
the effective loads on each elevator control rod can remain unequal because of the 
influence of the trim tab on the left elevator. 

The control system is designed so that a pull force on the captain's or first 
officer's control column commands an airphne nose up pitching maneuver (tr- edge 
up elevator deflection) which will result in cot-2ression loading of the elevator control 
rods. Similarly, the pilot pull-force necessary to counter the elevator aerodynamic load 
associated with airplane nose down trim (elevator trim tab deflected trailing edge up) will 
result in compression loading of the left elevator control rod only. Consequently, the 
combination of a commanded airplane nose up pitching maneuver wit? an airplane nose 
down t r im tab deflection will result in compression forces in both elevator control rods, 
with the greater force in the left rod. 

compression load of abaut 466 pounds, the load which produced a failure during test by the 
The manufacturer's analysis of left elevator control rod loads showed that a 

manufacturer, can be generated only when the trim tab is fully deflected to the trailing 
edge up position, the airspeed is about 170 knots, and an abnormally high pull force is 

be required at  270 knots, and this fore would normally result in an abrupt airplane nae 
exerted on their control columns. A control column pull force of about 430 pads would 

up pitching maneuver to a normal acceleration force of about 3 g. -As the &?speed is 
increased, the control column pull force necessary to overload the left elevata- control 
rod is reduced, as is the maximum nor.nal acceleration that can be achieved in a pull up 
maneuver before a control r o d  fails. If the airspeed reaches 2OG 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 circtlmstances, the control column pull force required to cause a 
compression failure of the left elevator controi rod woad exceed the maximum two-hand 
pull force of about 200 pounds that can be applied by one male pilot of average strength. 
Therefore, the Safety Boar2 concludes that bo"& pilots were pulling OP their respective 
control columns when the left elevator control rod failed. 

2.12 Elevator Trim 

The mechanical damage to the elevator trim tab actuator rod and the molten 
metal fused position of the trim system threaded cable on the cockpit pedestal trim wheel 
were both consistent with a full trailing edge up deflection of the elevator trim tab. 'l3e 
design of the mechanism is such that the position of the cable would no: have changed 
during the structural separation of tho horizontal stabilizer or during the subsequent 
impact unless commanded by one of the pilots. Because of the difficdt control situation 
which must have existed during and after stabilizer separation, it is improbable that 
either pilot commanded a trim change. Therefore, the  Safety Board concludes that the 
airplane's elevator trim tab was fully deflected in tie trailing edge up position before the 
structural failure of the stabilizer occurred. Further, the Safety Boara concludes that 
ais trim tab pasition was B key factor in the sequence of events of the accident. 
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2.13 &queme of zvenls -.to stab- seixmltim 

The evidence that the elevator trim tab was deflected to its full e&3e 
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 overstressed and separated by asymmetric aerodynamic air loads is all consistent 
with and supportive of a definitive failure sequence. The aerodynamic loads On the left 

system to prevent the airplane from pitching nose down. The safety Board cannot assess 
elevator as the elevator trim tab deflected upward required reactive forces in the control 

elevator flight cor?+rol system, prevented the airplane from pitching down as the trim tab 
the extent to which pilot forces on the control column, or other forces acting in the 

a t  some instant 6LTiw the posttakeoff climb, t!!e airplane pitched suddenly nose down and 
was initially deflected upward. However, one explanation of the observed damage is that, 

respective control columns. Thii action produced a compression load in the left elevator 
that both pilots reacted to correct that manewer with abrupt and higtt pull forces on their 

control rod which exceeded the design strength of the rod and caused it to fracture. With 
the restraint of the left control rod removed, the left elevator instantaneously reacted to 
the aerodynamic load >reduced by the fully deflected trim tab and moved rapidly trailing 
edge down. Simultar.musly, the fracture of the left control rod caused the high pull 
forces on the pilot cmtrol column to transfer fully to the intact right elevator control 
rod, which rapidly forced the right elevator to move trailing edge up. Thz combkation of 

down maneuver, and differential elev&tor deflection produced hi@ esymrnetrical 
airspeed, which could have reached at last 170 knots during the initial airplane pitch 

aerodynamic loads on tke horizontal stabilizer, which exceeded the strength of the 
stabilizer forward attachment structure. As a result, the horizontal stabilizer separated 

The Safety Board believes that the elevator tips separated from the elevators and the 
from the airplane IP. a clockwise twisting motion as viewed from the aft looking forward. 

elevators separated the stabilizer during or immediatelg' Efter the horizontal stabilizer 
attachment separated because of the high inertial and aerodynamic loads impcsed on the 
stabilizer assembly in the separation process. 

Although a logical sequence of failure following the deflection of the elevator 
trim tab has been established, the event that caused the elevator trim tab on N96PB to 
deflect to its full traili,?g edge up position could not be conclusively established. 
However, the Safety Board considered the possible exphations for events wbich may 
have caused the trim tab deflection and narrowed the possibilities to two: (1) a 
malfunction in the t r im system itself, which may have caused a runaway trim; and (2) a 
malfunction in the airplane's primary elevator control system, which may have prompted 
the pilot to intentionally command full airplane nose down trim. 

2.14 Rmaway Trim Theory 

The electrical switches on the captain's and f i s t  officer's control wheels and 
:he associated electrical wiring for the elevator trim tab were destroyed by the postcrash 
ike. A b ,  the circuitry in the trim adapter box was damaged. Therefore, the pre-crash 
condition of these components and their possible effect on, the functions of the electric& 
.am system could me be determined. ..A 

The service history of the EMB-11OP1 and P2 trim system showed no previol: 
occurrences of an electrical trim runaway caused by a circuit defect but show& that 
there have been milltiple occurrences wherein one or both halves of a sp~t trim 
have stuck (failed to retun to neutral) following a trim application. In the bowrn of 
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' 0 a stuck trim switch, the pilot was able to move the k t &  back to n e u M  with his thumb, ' = ' '  

.~ 

consequently, the elevator trim system h the model has not posed any Si@fk?lt ' . . ~ 

problems to the airplane or its pilots 

. 
. .  : :  
. .  

. .  . .  
.- . ,. . 

The failure mode analysis of the electrical circuit cIisclOsed one cohw;v&le ~ . ' .'. '" 

way in which the tr im could run to a full nose 4own position without a pilot command and ~ . . 

possibly without aural warning. The failure would occur if a specific wire (28Y dr?. motor ~ ' : . ~:. 
power) separated at its t e r m i d  on either of the pilot3 contro~ wheel mitcw and . ' : 
shorted (touched) the adjacent terminal for the nose down t r im selection wire. '' . T h i s  ~ , .  . 1 
particular anomaly would close the motor cfrcuit and open the clutch c i r d c .  If such a,. ' . " ' , 

f a i k e  occurred, an opposite selection of the split switch to the nose up tr-m position ' , , 

would :7~-:e no effect. However, if the failure occurred on the f i i  officer's control 
wheel, i?? captain could reverse the runaway by selecting opposite (airplane nose up) trim .. . .  ' '  : 
with his switch. If the failure occurred on the switch on the captain's wheel, the runaway 
could only be stopped by pulling the system circuit breaker Or turning off the 28V d.c. 
main power, or, temporarily, by grasping the pedestal-mounted trim wheel. Only five 
pounds of force on the wheel are required to stop actuation of the trim system. If no 
action is taken, the left elevator trim tab wil l  take about 30 seconds to travel from an 
approximately neutral trim position to the full trailing edge up position. 

. . .  . 
. .. 

. .  

.. . 

. . . .  

At 1813:14, when flight 1039 was over the departure end of runway 31, the 
captain said, "ok so long," in response to a frequency change. At 1813% just 30 seconds 
later, an unidentified voice said, ". - . (unintelligible) . . . like PBA went down off end of 
runway." While the captain's last communication, did WJt indicate that there was an 
emergency in progress, the first officer (the flying pilot) may have already been 
experiencing and responding to increasing control pressures on the control column. It 
seems most likely that in the event of a control problem, the f i i  officer would alert the 
captain as soon as he became aware of an emergency, and a few seconds would Mve 
passed before recognition of 'the problem took place. If conversation was necessary to 
diagnose the problem, request assistance, and provide instructions to overcome the 
condition, then several more seconds may have passed. . However, there is no way to 
determine the precise recognition and response time of the fii officer. Because there 
were no further communications from the cap*&, he probably became aware of the 
control problem shortly after his Last communhtion and was then too busy assisting the 
first officer to make any further transmissions. Since onIy 30 seconds elapsed between 
the last communication from the captain and the crash, the trim must have already been 
in motion toward the nose down position, either from deliberate pilot input or from a 
runaway trim. The approved emergency procedure for a runaway trim condition was to 
overpower the manual trim wheel and to.pull the elevator trim c'scuit breaker. Unless 
this procedure had been taught and practiced as an emergency procedure, f i i  the 
circuit breaker may have caused fFther delay during which time the trim would continue 
to- move. However, before the circuit breaker is pulled, either pilot could stop the 
runaway trim 'temporarily by grasping the pedestal mounted trim wheel, size only 5 
pom& of force on the wkel are required to stop actuation of the tr im 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. Invstigatt;ils could not ' 
determine the emphasis given to a runaway t r im emergency in PBA's training program. 
Sice this type of emergency is difficult to demonstrate during flight, the required .~ : '. :, 

trainkg probably was limited to a classroom discussion of the procedures i? the pilots' ., 0 opecat& Handbook. Testimony of one PBA EMB-11OPI pilot indimted tbat he did not 
remember receiving any training for a runaway tr im emergency and he did not know the 
location of the circuit breaker. Also, the flightcrew of N96PB probably had ' never . . . ' : 

. .  

. .  

. .  
. .  . .  

. .  . . .  
~~ . 
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experienced an actual elecrrical runa'nray t r im and the emsrgency probably had not b e n  
demonstrated in an EMB-11OP: airplane. The Safety Board considered this in its malYSis e 
of the accident. 

probably would have exerted a slight pull force on the control column for rotation and lift 
During the takeoff and initial climb, the f i t  officer, who was the flying Pilot, 

probable, especially during relative darkness, that the first officer would have been 
off and then relaxed the force to establish the desired climb attitude ar~d airspeed. It is 

scanning his instrumznts as he attempted to establish his climb. It would be normal for 
him to fine tune the trim setting u s i n g  his control wheel :ectric trim switch to relieve 
the control force ar, the climb attitude was established, since .\is left hand would be on the 

his switch had stuck, the Safety Board believes that it would take ittle time to note the 
throttle quadrant and the manual trim wheel is on the left side .* the center pedestaL If 

progressively incrmsing pull force needed to maintain the target sttitude and airspeed 

stop the nose ciown trim runaway. However, if the runaway was  the result of an electrical 
and that, without thinking, he would select nose up trim with the control wheel switch to 

defect in the captain's conti9 wheeI switch, the onset of the runaway may not have been 
immediately apparent to thc. f.rst officer. If the captain observed any mcvement of the 

officer. The t ine  needei for the first officer to recognize the necessity to increase the  
trim wheel, he probably v ould think it was the result of deliberate input by the  first  

control column pull forc : would have depended upon his attentiveness to the instruments 
or to his Visual references. The Safety Board believes Glat the first officer would have 
recognized the onset of a problem. before the airplane deviated significantly from the 
desired climb attitude. However, he initially may have been confused when a nose up trim 
selection on his control wheel switch failed to relieve the nose down tzndency of the 
airplane. It is logical to assume the  pilot flying the airplane would have asked the other 
pi!ot for assistance to diagnose the problem, to pull thz trim circuit breake:, to help with 

Safety Board is not confident that the procedure of grasping the trim wheel was taught to 
control wheel forces, or to gasp the mechanical trim wheel and stop i t s  motion. The 

stopped, the control column force required to keep the airplane in a normal 140-knot 
the p::ots, or that they would reaet immediately to do so. If the t r im m w a y  was not 

posttakeoff climb would have increased with full tr im tab deflection to about 180 pounds. 
Nthough hesvy and unusual, this force could have been exert& by an average male pilot 
using both hands on the control wheel. if the eirplane was allowed to pitch nose down, the 
force required to maintain level flight would have increased rspidly as the airplane 
accelerated. The distraction of looking for the circuit breaker or the trim wheel may 
have been sufficient for this to occur. Under such cosditions, i t  is logical tv m u m e  that 
a pilot would have reduced engine power to prevent continued acceleration. However, If 
the pilot did not take that ection, the control forces require3 to maintain level flight 
would have increased beyond the capability of one pilot. 

0 

presumed that the pilot flying the airplane permitted it to pitch down and to accelerate 
To accept ruceway trim Bs the initiating event in this accident, it must be 

until both pilots were aware that an emergency pull up with maximum C e E k O l  column 
forces was necessary. %en if the pilots had not been trained for a -way tr im 
emergency, t3e Safety Board believes that the onIy action required to prevent Esultant 
loss Of control is basic airmanship and the recognition of bn 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 trsined to grab the trim wheel and pull the eireuit breaker. A 
<natural reaction m a d  be to exert control forces and to reduce power needed to 
maintain level flight without permitting the airspeed to increase significantly. 
ComeCWntly, dthough the Safety Board cannot exclude the possibility that the fa 
ai' ?kine nose down elevator trim was caused by an electrical defect in the p&,tts cone01 
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wheel trim switch, w e  believe that a flightcrew with the experience of the accident 
flightcrew probably should have been able to overcome such a condition without losing 
control of the airplane to the extent that a high positive load factor maneuver would be 
needed for recovery. However, the lack of training for such an occurrence would have 
permitted the situation to get out of control. Therefore, the Safety Board believes that 
hands on training for a rilnsway trim emergency should be given in the airplane 8s a part 
of cockpit orientation. The Board recognizes the  difficulties involved in in-flight 
simulation of a runaway trim condition. 

The Safety Aard believes that a flightcrew that has received training for a 
rcmway trim emergency, which includes e simulator demonstration of the contr@! forces 
required to prevent the airplane from accelerating out of control and the actions required 
to stop the runaway, would be likely to react mo?e quickly to the emergency ? h .  an 
untrained CM'N. Therefore, the Safety Board supports the efforts of the RegiorA Airline 
Association to promote the development and use of t r a in i i  devices acceptable to the 
FAA for the class of airplanes used in its operations. 

2.15 S e i  Or Jammed Control System Theory 

elevator trim tab deflection is that the pilot flying the N9SPB intentionally commanded 
The other possible explanation for the accident airplne's filLI nose down 

the nose down trim in an attempt to correct or compensate for an elevato? control system 

stated that he believed the flight's initial climb rate was slightly excessive far an 
malfux?tion. The first officer of a landing airplane who observed flight 1039 takeoff 

EMB-IIOPI. This observation is contrary to the climb rate which would be expected in 
the case of a nose down t r im runawey and leads to a postula+ion that the pilot of X96Pi3 
encountered some difficulty in lowering the  airplane's pitch attitude after takeoff. 

If the elevatoz control system on N96PB had jammed or seized during or aiter 

lowering the nose of the airplane to a normal climb attitude would have become more 
the takeoff rotation with the elevators in a wse up pitch attitude, the difficulty in 

apparent as the airspeed increased. A pilot's reflexive action to correct an excessive 
nose-up pitch attitude wodd have been to exert e. push force on the control eolumn and to 
command airplane nose &wn trim. Tne trailing edge up deflection of ti?e elevator trim 
tab (nose down trim) would normally produce an airload to deflect the elevator trailing 

remained seized or jammed and the elevator position had remained fixed, the elevator 
edge down and to pitch the airplane nose down. However, if the control system had 

of the airplane wouId have continued to rise, prompting the pilot(si to push even more 
trim tab deflection would have produced en effect opposite to that desired, a& thrj nose 

forcefully on the control column. Under such circurnstences, if the combined forces 
within the control system produced by the elevator trim tab airloads, acting as a moment 
a t  the elevator hinge, and by the push f u x e  on the control column, had reached 6 
threshold sdficient to refieve the control system seizure or jam, the  suddsnly freed 
elevators, would have moved trailing edge down, and the airplane would have pitched 
abruptly nose down. A pilot's normai and reflexive aciion to s : abrupt nose down pitch 

on the control yoke. Consequently, it is possible that the sudZsn pull forces exerted by 
charge a t  low altitude wo*dd be to rapidly reverse the control column forces and pull back 

the pibt(s) would have been sufficient to have failed the left elevator control rod. It is 
elso possible that the pilots' !?:ill forces might have caused the control system to seize or 
jam egain, so that ths available pitching m.ornent was linited to the extent that the 
airplanes descending flightpath could not be correctea. The pilots might tiien have 
back on the control yoke to their meximum ca&iIity in an attempt to prevent impact 
with the ground. If the seizure or jam was agein relieved, destructive dynamic fofces 
wolfid have been imposed on the left elevator control rod. 
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seized or jammec control system, nor have there been any known occurrences of such 
Thert w a s  no tangible evidence from the examinetion of the wreckage of h 

problems in the EXB-11OP1 and P2 service history. Eowever, there have been some S D b  
in which stainless steel elevator cables have become worn where they pass through 
fairlead blocks near the midsection of the forward-to-aft csble run, an event which c8n 
lead to seizure of a ca;Ae within a fairlead block. The identification of this probleri, 
p~ompted the manufacturer to issue a service bulletin that recommended the rephcemsnt 
of stainless steel elevator control cables with harder carbon steel cables, which are more 
resistent to wear. The aft  cab i s  were rephced on N96PB in February 1983, and the 
cables were inspected in October 1984, with no defects noted. Notwithstanding these 
maintenance actions, i t  is possible that a vorn cable seized within a fairlead block during 

cables. Also, a control system jam could have been caused by a foreign object interfering 
the takeoff rotation, particularly since problems have been rsported with the csrbon steel 

with a cable pulley or by a control column, or by a seized right elevator hipge bearing. 
Any of these conditions could have resulted in an elevator control system seizure or jam 
wkich coul6 have been relieved orrly by high controi system forces or by a inomentary 
reverrsat of the force applied to the control yoke. 

Ln summary, the Safety Board believes that a control system seizure or jam, 
followed hy the foregoing sequence of events would explain this accident and probably is 

been able to control a runaway trim by applying the required pull force on the control 
more w i l y  understom than a maway trim occurrence, because the pilots should have 

wheel *LO prevent loss of control even though they r; ight not have been aKe to 
immediately diagnose the nature of the emergency. Further, it i s  not liitely that the 
pilots could have taken actions to prevent the accident if the control system had seized or 
jammed. The inability of the Safety Board to dz'terrnine conclusively the initial event 
which resulted ir. the f:a trailing edge up deflection of the elevetor trim tab precluded 
the Board from cit+& either runway trim or E jammed control es causal. ComqJently, 
identificatior, of factors which could have Seen sigrtifieart to  the accident cause or 
contEbsting catse w a s  GO? possible. For exanple, if the initial event was an electrical 
trim runawey, the Safety Board would focus s e a t e r  attentioa on flightcrew performance 

system, the accident xay have occurred with fiiwless pilot performance. In the latter 
and onerator pilot traiaing; and ii the initial event was e seized or jammed coR;rol 

case, the Safety Boar6 would focus more attestion on the sirplane design, the operator's 

even though the Safety Board's iwestigation di,? not find significant tangible evidence of 
maintenence and inspection progem, andlor the FAA's surveillance of those programs, 

deficiencies in any of the aTeas. 

2.16 Review of FAA CeWIation 

to explain an obvicus overstress condition &.via?s prozpts concern about the Pi?plane's 
An in-flight structure! failure of any dir?-Bne in t>e absence of circumstances 

cziginal design a& eertification crite&. In tW.s case, the particular areas of interest 

system strength, and elevator trim system runaway protection. The Safety Board 
include tine design load criteria, eerodynamic :luttei. characteristics, elevator control 

reviewed tne certification procedures ana concludsd that the FAA's original U.S. 
certification ~f the EXB-110 was p:ocedurallg proper and in accordance with the 
provision for the certificstion of a product that is manufactured in a foreign country. The 
Special Certification Review initiated by tne FAA end the CTA fol1owir.g the accident 
provided further assurance that the originel certificsticn of the airplane WBS 
acconlphhed in accordawe with applicable regulations. 
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The Special Certification Review team evaluated the design load criteria and 
the aerodynamic flutter characteristic3 of the airplane and found only minor discrepancies 
in the analytical and test data used initially to show compliance with the FA% The 
Safety Board COnClUdes that the discrepancies were not relevant to the cause of this 
accident. Neither the design criteria nor the certification requirements included 8 
srructural design load consideratioE for antisymmetric aerodynamic loading of the 
horizontal stabilizer. The Safety Board agrees that because it is not possible to achieve 
such a loading condition absent other failures which could render the airplane 
uncontrollable, an antisymmetric loading condition is not a reasonable d e s i i  
consideration. 

In their evaluation of flutter characteristics, the s?ecial certification review 
team noted that the airplane, although in compliaxe ?:it5 %e US. certifiration basis 
specified in the appropriate sectior. of the FAR'S effective in September 1969 and during 
original certification, was not in cnmp1ia:zce with a recent amendment to the FAR which 
requires that the airplane be showE to be free from flutter following the failure of a trim 
tab actuating rod. The service hiztory of the EMB-IlOPl and P2 revealed one accident 
and five incidents wherein an e?evator trim tab actuating rod had failed or become 
discomected and the free tab had caused excessive vibration of the @i,@ane. In this 

connected, and not a factor in the strxctmal failure. Further, there was no free pIay in 
accider?t, the evidence is conclusive that the elevator trim tab actustiri rod was intact, 

the tab hinge. 

D 
The Special Certificstion Fteview Report did not specificall?. address the 

certification of the  airplane as it related to control system strength or t., trim system 
runaway protection. The Safe:). Board is concerned since tine accident that a failure of a 
primary part  of the airplane3 Zight control system could be achieved by a pilot-applied 
Ioad, notwithstanding that the load was applied by two piiots, both pulling at  near 

efforts of both pilots far exceeds the reacting aerodynamic loads achievable within tbe 
maximum strength on their control wheels. Although the total load resulting from the 

ai-plane's flight envelope, sucl; a load might be required to overccIme a jammed flight 
control condition. The TAR addressing flight control system swength has  remained 
unchanged since the certification of the EME11OP1 and P2 and specifies that the fight 
control system strength be designed to withstand the maximum effort of the piiot applied 

(elevator; control wheel. "lie strength of the EME-llilP1 and P2 flight control syste-fl, 
to the system; this maximum effort is defined es a 238-pound force applied to the 

including the elevator control rods f a r  exceeded this requirement. In further 
consideration of the design strength of the systqms, the load epplied to the h.? bell crank 

ca2able of withstanding the maximum control system force which can be applied by one 
is normally divided betweert the left and right elevator control rods, ewh of which is 

pilot. Furthermore, the left and right elevator control rods are considered to be 
redtindant because sn in-flight failure of either rod w:ll result in free elevator only on the 
side of the failure. The airplane can then be controlled in pitch by the remaining 
elevator. The fallacy of the redundancy consideration, however, is thz effect of a highly 
deflected elevetor trim i,S on a free elevstor nhich, 9s demonstrated in thiis accident, 
can cause antisymmetric aerodynamic loading of the stabilizer. The Safety Board 
achowle6ges that the ENB-IlOP1 and P2 flight control system design strength complied 
with the certification standards. Further, the conditions of this accider!t were unique in 
'hat the elevator trim tab was f a y  deflected, and the pilots we?e applying maximum 

control system shouid be of sufficient strength to withstand the aaximurl applied efforts 
force to achieve a desperate maneuver. However, the Board believes that the elevator 

of both pilots. B 
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EMB-11OPl and P2 models to interconnect the right and left elevators a t  the elevator 
In September 1981, the manufacturer introduced a modification to the 

torque tuba wms to reduce horizontal stabilizer and control column vibration. Wi2h the 
elevato?s int%?rconnected, the failure of either elevator control rod would result in more 
critical loading of the remaining elevator control rod. Consequently, to preserve the 
redundancy of the control system, the modification required replacement of the original 
aluminum control rods with stronger control rods made from steel tubing. The 
modification wes not considered a safety issue and was thlm not mandated by either the 
CTA or the FAA. 

install the higher strength elevator control rods in EMP-1lOPI and P2 airplanes. This 
Siqce this accident, both the CTA and the FAA have required operators to 

modification, with or without the elevator torque tube a r m  interconnect, will prevent 
mtiTmmetric elevstor deflection as it occurred during this accident. However, tne 
S?fely Board cannot positively conclude that the presence of higher strength control rods 
K' wld  hsve prevented an accident if the pilot experienced an elevator control system jam. 

U.S. certification of the EMB-11OP1 and P2, and, as it relates to runawa7 protection, 
The regulation addressing trim systems also has remained unchanged since the 

specifies that "proper precautions must be taken to prevent inadvertent, improper, or 
abrupt trim tab operation." Re Safety Board has reviewed the design of the elevator 
trim system in the accident airplane. The only failure--& shorting of the 28V d.c. wire to 
a trim motor operating terminal in the pilots control wbeel mounted trim switch which 
could result in the simultsneous operation of the trim motor and engagement of the trim 

progressively increase as the tab moves to full deflection during a period of about 
motor ciutch is a remote possibility. Should this occur, the control forces will 

30 seconds. During this period, the pilot would be expected to act to remove electrical 

several means by which the pilot can cope with such an emergency, the Safety Board 
power from the system. Based on the remote possibility of inadvertent operatioc, and the 

concludes that the elevator trim system conformed to the certification criteria. 

2.17 Flight Data and -it Voice Becorders 

further illustrate the need for a requirement that flight data recorders (FDR) and cockpit 
The Safety Bcard believes that the facts and circumstances of this accident 

voic:o recorders (CVIL) be installed in multiengine, turbine-powered, fixed-wing airplanes. 
Recorded flight parameters and CVR conversation would have provided significant clues 
regarding the cause of this accidect and permitted more timely and positive identification 
of the remedial action needed to prevent recurrence. Although the Safety Boafd is 
encouraged by the FAA's notice of proposed rule making (NPRM) concerning the 
ktalkition of CVRs on multi-engine, turbine-powered, fixed-wing aircraft operating 
under 14 CFR 135, it is concerned that a final rule has yet to be issued and urges the FAA 
to expedite i t s  implementation. 

unexpected decent from its cruising altitude of flight level (PL) 450 (45,000 feet). N~ 
On October 1, 1981, Sky Train Air, Inc., Gates Learjet 24, N44CJ, made an 

radio transmissions were received from the flightcrew just before and bing the 
uncontrolled descent. The aircraft crashed near Felt, Oklahoma, and disintegrated on 
ground impact, fatally injuring the three company pilots onboard. The degree of aircraft 
destruction and the leek of cockpit voice recorder (CVR) end flight data reccder (FDR) 
information prevented the Safety Board from determining precisely the circumstances of 
the accident. - 61 In a letter to the FAA, dated August 31, 1982, the Safety Board stated: 

- 6/ Aircraft Accident Report-"Sky Train Air, Inc., Ga'es Learjet 24, Felt, Oklahoma, 
October 1,1981" (NTSB/AAR-82/4>. 
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The safety of the flying pubIic and the prevention of accidents 

cmcern of aircraft manufacturers, aircraft users, the FAA, and 
through knowle8ge of the causes of previous accidents is a major 

the Safety board. The Safety Board's determination of probable 
cause in a number of accidents involving mutiengine, 

recorders since they were not subject to tile requirements of 
turbine-powered aircraft that were not equipped with flight 

14 CFR i21.343 @DR) or 14 CFR 121.359, 135.151, and 127.127 
(CUR) ha3 hem severe& h a ~ p r o ( !  by the ?a& nf PDR and CVR 

has proven that these devices a-e exceptionaily valuable tools in 
idormation. Our experience in air carrier accident investigation 

identifying operational and mechanical problems, weather- and 
turbulence-induced occurrences, and other subtle human influences 

both of the recorders hes provided investigators with the necessary 
that can contribute to an accident. In the past 10 years, one or 

virtually alI cases. The availability of recorder information has 
clues to piece together the circumstances of the accident in 

safety and to prevent accidents. 
clearly enhanced the aviation comrnuxity4 ability to improve flying 

* * *  

Between 1971 and 1980 . . . there were 180 fatal general aviation 
accide:lts in the US. involving mutiengine, turbine-powered 
aircraft. In 88 percent of these, the aircraft was destroyed, and in 
53 percent of those destroyed the aircraft suifered fire after 
impact. We maintain that ihe condition of the wreckage in these 
cases coupled with the kck of cockpit voice recorder and flig5t 
data recorder information has prevented the Safe?;- i?-:< irom 
fully and accurately assessing aU of the factors associated with 
these accidents. Although the SPfety Board assigned a probable 
c8usz for most of these, the body of the NTSB accident reports 
explains the degree of uncertainty associated with each, and the 
necessity for recmders. 

As a result of i t s  investigation, the Safety Board recornrrended that the FAA: 

. Require that all mutiengine, tuhine-powered, fixed-wing aircraft 
certificated to carry six or more passe9gers manufactured on or 
after a specified date, in any type of operation not currently 
recuired by 14 CFR i21.343, 122.359, and 135.151 to have a 
cockpit voice recorder andfor a €light data recorder, be prewired 
to accept a "general aviation" cockpit voice recorder (if also 
certificated for two-pilot operation) with a t  le& one channel for 

bjj radio, and ?ne channel for maio signals from a cockpit area 
voice communications transmitted from or received ic the aircraft 

.nicr>?hone, azd  P, "general aviation" flight data recorder to record 

(see appendix F) as a functim of time. (A-82-101) 
sufficient data parameters to determine the irLornation in 'Tsble I 

R2quire that "general aviation" cockpit voice recorders (on aircraft 
certificated for two-pilot operation) and flight data recorders be 
installed when they become commercially available as standard 
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equipment in all multiengine, turbfie-powered fixed-wing aircraft 
and rotorcraft certificated to chlrry six or more passewerr 
manufactured on or after a specified date, in any type of operation 

127.127 to have a cockpit voiee recorder and/or a flight data 
recorder. (A-82-109) 

Require that %eneral aviation" cockpit voice recorders be installed 
85 as they ~9m~.ere3417=7 --J s-:.=.zi&Xz iz & z.~Itk?gZie, 

currently in service, which are certificated to carry six or more 
turbine-powered aircraft (both arplanes and rotorcraft), which are 

passengers and which are required by their certificate to lave two 
pilots, in any type of operation not currently required by 
14 CFR 121.359, 135.151, and 127.127 to have a cockpit voice 
recorder. The cockpit voice recorders should have a t  least one 
channel reserved for voice communications transpitted from or 
received in the aircrafi by radio, and one ChaMel reserved for 
audio signals from a cockpit area microphone. (A-82-110) 

Require that general aviation" flight data recorders be installed as 
soo-. as they are commss5ally available in all multiengine, tu-bojet 
airplanes which are currently in service, which are certificated to 
carry six or more psssengers in any type of operation not currently 
required by 14 CFR 121.343 to have a flight data recorder. 
Require recording of sufficient parameters to determine the 
following info?matior, as a function of time (see Table I (see 
appendix F) for ranges, accuracks, etc.): 

not currently required by 14 CFR 121.343, 121.359, 135.151, and 

altitude 
indicate6 airspeed 
magnetic heading 
radio trarsmitter keying 
pitch attitude 
roll attittide 
vertical acceleration 
longitudinal acceleration 
stabilizer trim position 

or pitch control position. 
(6-82-111) 

The current reqzirement, under 14 CFR Part  135 specifies that all turbojet 
aiipIanes certificated to carry 10 or more passengers must be equipped with a CVR A 

FAA, would amplify the 14 CFR Part 135 requirement for a CVR to include newly 
Notice of Proposed Rule Makii (NPRM), which has not yet been implemented by the 

date of the amendment) certified to carry six or more passengers and requiring two or 
manufactured multi-engine turbine-powered airplanes (date 2 years after the effective 

more pilots by certificbtion or operating rules. The NPRM fails to address the pre-wking 
for CVR and FDR of all newly me;r,,qfactured multi-engine tllrbine-powered &planes 
certified to carry six passengers or more, would not require the installation 0: FDm 
(when commerci8Jly available) on newly manufactured multi-engine turbine-powerd 
airplenes certified to cerry six passengers or more, would not require that multi-engine 
turbine-powered airplanes certified to carry si; passengers or more now in service be 
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D retrofitted with CVRS, and would not require that turbojet airplanes certified to carry six 
passengers or more now in service be retrofitted with F D B .  Consequently, the safety 
Board has classified Safety Recommendations A-82-10? and A-82-109 through -111 85 
"Open-Unacceptable Action." However, the Safety &md believes that the matter of 

reiterates Safety Recommendations A-82-107 and A-82-100 through -111. 
flight parameters has been neglected and needs to be addressed. Therefore, the Board 

3. CONCLUSIONS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

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

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

The first separation occurred about 6,000 feet beyond the end of the 
runway and about 25 to 30 seconds efter the time the  airplane passed the 
end of the runway. 

The accident was considered to be nonsurvivable bemuse the impact 

cabin volume was insufficient to support human life. 
forces exceeded the limitations of huaan tolerance and the decreased 

The flight crewmembers were properly certificated. 

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

Both engines were operating normally until impact. 

The propeiIers were intact and undamaged until impact. 

All fractures w d  deformations of the right engine mounts resulted from 
impact. 

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

There was no evidence of any turbtulence or windshear et the time of the 
accident. 

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

There was no damage to the structure which might suggest a pr+flight 
collision with another vehicle. 

The stabilizer forward attachment structure was f a y  capable of 
carrying its ultimate Zesiga loads. 
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15. The structural failare was not caused by a divergent aerodJinamic 
flutter. 

16. The separation of the horizontal stabilizer WRS caused Sy an abnormal 
asymmetrical air load on the stabilizer. 

17. Structural failure was yeceded by some other fsiln-e or malknction of 
the airplane's elevator ccrtro: system. 

18. The aft fracture of the left elevator contrsl roi WPS &e to complession 
buckling at or near the midpoint. 

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

20. The elevator control r o d  €ailed in compression buckling with an appled 
load of about 456 pounds. 

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

22. A combination of commanded aircraft nose up >itch attitude and nose 
down trim tab deflection results in compression forces in both the left 
and the right control rods, with the force ifi thc left rod k i r g  tkz 
greatest. 

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

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

25. The separation of the elevator tips from the elevators and the elevators 

stabilizer attachment failed and as a result of inertial and aeroc!ynamic 
from the stabilize\ occurred during or immediately after the horizontal 

loads which were imposed on the stabilizer and elevator assembly duri?g 
its separation from the fuselage. 

26. The left elevator trim tab requires about 30 seconds to travel from an 

position. 
approxinstely nestral takeoff t r in  position to the full trailing ecQe up 

27. A runaway trim condition can be con:ro!led by &ut 5 pounds of 
pressure on the.trim wheel, by pulling the trim system circuit breaker, 
and by pilot puU force, the magnitude of which increases with airspeed. 

28. Ar' rneommanded nose down trim with no aural warning might Occur if e 
motor power wire should touch the adjacent terminal for the nose down 
trim selection wire. 

i 



-45- 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

A stuck trim switch could result in failure to return to neutral and, in 
known cases, could be neutralized with the thumb. 

There are known instances of service difficulties with frayed stbinless 
steel and carbon stee! elevator cables which could lead to the j&mmil;g 
of the cables within a fairlead block near the midsection of 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 the retracted 
position at impact. 

The EhZB-IIOPI airplane had been properly certificated in accordance 
with the provisions for the certifieation of a product that is 
mamfactured in a foreign country. 

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

The elevator trim system conformed to certification criteria. 

The installation of an FDR and CVR would have providc-1 significeat 
clues regarding the cause of this accident and remedie6 acticn needed to 
prevent recurrence. 

3.2 probable Cause 

of this accident was a malfunction of either the elevator control system or thz elevator 
The National Transportation Safety Board determines that the pobable muse 

tr im system, which resulted in ~ F I  airplane piteh control problem. The reaction of the 

which resulted in wjmmetrical elevator defiection and overstress failure of the 
flightcrew to correct the pitch control problem overstressed the left elevator control rod, 

horizontal stabilizer attachment structure. The Safety Yoard was not able to determine 
&e precise problem with the ?itch control system. 

4. RECOMMENDATIONS 

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

k u e  an airworthiness directive (AD) to require that before fwther 
commercial operation in the United States, the borizontal 
stabilizer attachment of EMB-11OPI and -1lOP2 model airplafes 
not previously modified in accordance with AD 83-14-09, 
Amendment 39-4527, paragraph fd) or (e), be inspected -&ing an 
improved inspection procedure to enhance detection of loose or 
sheared rivets, particularly where bulkhead 33 transmits the ioads 

structure. The inspection procedure should require removal of 
from the stabilizer forward attachment to the fuselage monocoque 

I 
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external loads to detect relative movement between Structural 
controls as needed fop access to riveted joinis and application of 

inspection be reported to the FAA and that they be corrected in 
members. The AD shodd require that deficiencies detected dWing 

accordance with an approved procedure before further Plight. 
(A-85-01) 

Revise sirworthiness directive (AD) 83-14-09 to require within a 
sf xifjed period that the horizontal stabilizer attachment structure 

sin.ilar to that described in Amendnent 39-4527, ?magraph (dl or 
oi F,XB-IlOPl and -1lOP2 model airplanes be modified in a manner 

bulkhead 33 and the replacement of the original "C" chsnnels with 
(e), which requires the repair of any cracks m the web of 

redesigned channels an6 rnodified Tivet petterns. Review the crack 
repair procerhres of the AD for adequecy, 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 invGtigation of EMB-11OPl and..-llOP2 
model airplanes that have been modified in accordance with the 
provisions of AD 53-14-09 (Amendment 39-4527, paragraph (dl or 
(e)), to determhe whether any structural damage has been inflicted 
in the area where the horizontal stabilizer attaches to bulkhead 33 
and take the corrective action indicated by the resuits of the 
di-ected safety investigation. (A-85-03) 

Notify appropriate foreign civil aviation authorities and/or foreis, 
operators of EMB-11OP1 and -1lOP2 model airplanes of the 
circumstances of the Provincetown-Boston Airlines accident of 

operators. (A-85-04) 
December 6, 1984, and of the actions recommended to US. 

In response to Safety Recommendation 8-85-91 the FAA issued Emergency 

inspection of the EMB-1IOPl and l l 0P2  model airpIanes addressed in the above 
Airworthimess Directive 85-01-51 on J & u q  10, 1985, which required a comprehensive 

recommendations. As a result, the Safety Board classified Safety Recommendation A-85- 
01  as "Closed-Acceptable Alternate Action." 

structural testing by Smbraer had eliminated the need for modifications to the horizontat 
In regard to Safety Recommendation A-85-02, the FAA indicated that 

stabilizer attachment structure. The Safety Ebard agrees>that the tests showed that the 

loads even though weakened by cracks and the removal of fasteners in the bulkhead web. 
stabilizer forward attachment structtre a t  bulkhead 33 woqld carry ultimate stabilizer 

conclusively whether the resulting change in load distribution would affect the fatigue life 
Nevertheless, the Safety Board is concerned that the tests were not sufficient to show 

recommendation, it has been classified as "Clos~.rl-Un~cce~table Action." 
of the redundant load path. In view of FAA's intent not zo comply with this 

Safety Recommendation A-85-03 was classified as "Closed-Acceptable 
Alternate Action," due to the fact that the discrepancies created by accomplishing tfle 
modification in accordance with paragraphs (dl and (e) of AD 83-?4-09, which was issued 
August 9, 1983. were limited to a single operator; no discrepancies were noted by FAA 
inspectors; and all Embraer operators were apprised of the possibility of m e t i n g  damage 
while modifying the area between bulkheads Nos. 32 and 33. 
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Safety Recommendation A-85-04 also was classified BS "Closed-Acceptable 

Safety Board's recommendation to the CTA as an dternate to a direct notification to 
Alternate Action," based on the FAA's action of telephoning the complete text of the 

foreign civil aviation authorities. 

tubes was  issued August 30, 1985, and AD 85-18-51 regarding the deactivation of the 
AD 85-17-04 regarding the inspection and replacement of elevator eontrol rod 

public hearing conducted by the Safety Board on August 6-8, 1985. (See appendix E.) 
Bendix electric trim switches and autopilots was issued September 12, 1985, followhg the 

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

Require that all multiengine, turbine-powered, fixed-wing aircraft 
certificated to carry six or more pasergers manufactured OIP or 
after a Recified date, in any type of weration not currently 
required by 14 CFR 121.343, 122.559, and 135.151 to have a 
cockpit voice recorder and/or a flight data recorder, be pewired 
to accept a "general aviation" cockpit voice recorder (if also 
certificated for two-pilot operation) with at least one channel for 
voice communications transmitted from or received in the aircraft 
by radio, and one channel for audio signals from a cwkpit area 

sufficient data parameters to determine the infwmation in Table I 
micropbone, and E "general aviation" flight data recorder to record 

(see appendix P) ES a function of time. (A-82-107) 

Require that "general aviation" cockpit voice recorders (on aircraft 
certificated for two-pilot operation) and flight data recorders be 
installed when they become commercially .wailable as standard 

and rotorcraft certificated to carry six or me& passengers 
equipment in all multiengine, turbine-powered fixed-wing aircraft 

not currently required by 14 CPR 121.343, 121.359, 135.151, snd 
manufactured on or after a specified date, in any t y p  of operation 

127.127 to have a cockpif voice recorder and/or a flight data 
recorder, (2 -82-109) 

as soon as they are commercially available in all multiengine, 
Require that 'general aviation" cockpit voice recorders be installed 

currentIy in service, which are certificated to carry six or more 
turbine-powered aircraft (both airplanes and rotorcraft), which are 

passengers and which ere required by their certificate to have two 
pilots, in any type of operation not currenrly required by 

recorder. The cockpit voice recorders should have at least one 
channel reserved for voice communications transmitted from or 
received in the aircraft by radio, md one charme1 reserved for 
audio signals from a cockpit area microphone. (A-82-110) 

Require that "general aviation" flight data recorders be installed as 
soon as they are commercially aailable in all multiengine, turbojet 
airplanes which are currently in service, which are certificated to 
carry six or more pessengers in any type of cperatia not currenuy 

14 CFR 121.359, 135.151, and 127.127 to have e cockpit voice 
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required by 14 CFR 121.343 to have e fight data recordtr. 

foLIowing information as e function of time (see Table I (see 
Require recording of sufficient parameters to determine the 

appendix F) for ranges, accuracies, etc.): 

altittide 
inskated aimpeed 

radio transmitter keying 
magnetic heading 

pitch attitude 
roll attitude 
vertical acceleration 
longitudinal ameleration 
stabilizer trim position 

or pitch control position. 
(A-82-111) 

BY THE NATIONAL TRANSPORTATION SAFETY BOARD 

Is/ PATRICIA A. GOLDMAN 
Acting Chairman 

/s/ JIM BURNETT 
Member 

is,! JOHN K. LAUBER 
Member 

/s/ JOSEPH T. NALL 
Member 

June 24, 1986 

Q 
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1. Investigation 

about 1850 on December 6, 1984, ar -.mmediately dispatched an investigative team to the 
Tne NatiomG Tramportation Safety E b r b  was notified of the aceident at 

scene. Investigative groups were mblished for operations/& traffic control, supyival 

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

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

2 - Public Bearing 

A 3-day public hearing was held at Marco Island, Florida, begixuiig ~1 
August 6, 1985. Parties represented at the hearing were the Pederel Aviation 
Administration, Provincetcwn-Boston Airlines, Inc., and Embraer Aircraft Csi ra t ion.  



-50- 

APPENDIX B 

PERSONNEL mORMATiOW 

Thomas Michael Ashbx 

Captain Thomas Michael Ashby, 34, was hired by PBA on February 16, 1974. 
He held airline transport pilot certi3cate No. 1985515 with airplane multiengine laind, 
DC-3, E"B-110, M-202, M-404, and Y S l l  ratings and a commercial certificate with 
airplane and single engine . l a d  ratings. At the time of the accident, he had flown about 

class medical certificate on June 5, 1984, with no limitations. He received a type rating 
10,000 hours with about 400 hours III the EMB-11OP1. Caprain Ashby was issued e f i t  

in the EMB-11OPl on October 4, 1983. His Zast proficiency check in the EMBllOPl  was 
on December 1, 1984. At  the time of the accident, he had accumulated approximately 
10,000 hours of flying time with approximately 400 hours in the EMB-110. 

Louis Ricardo Fernandez 

First Officer Loxis Ricardo Fernandez, 25, was hired by PBA on July 11, 1984. 

lmd ratiigs and a commercial pilot certificate with airplane, single engine land end sea 
He held airline transport p ih t  certificate No. 261371891 with airpiane and multiengine 

ratings. At the time of the accident, he had flown about 3,000 hours with abo7.t 500 hours 
in the EMB-110. First Officer Fernandez was issued a first elsss medicaI certificate on 
3me 27, 1984, with the limitation that the "holder shall have available for use corrective 
lenses for distant vision while exercisii the privileges of his airman's certificate." He 
received his initial t r a in i i  in the EMEllOPl on July 20, 1984. His  last proficiency check 

accident, he had accumulated approximately 3,000 hours of flying time with 
in the EMB-11OPl was completed on December 4, 1584, in N96P3. A t  the time of the 

approximately 500 hours in the EMB-110. 
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N96PB, S/N 1114365, 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 cycles on December 5, 1984, the day before the accident, PBA 
maintained the aircraft under a continuous airworthiness inspection program. 

The basic program consisted of five numbered inspections and five letter 
checks. Letter checks consisted of a visual examination or check of the appliances, the 
aircraft, m d  its components and systems insofar as is practicable without d-mbly. 
Numbered iztspections consisted of a thorough examination of the appliances, tix airc~aft, 
and its components and systems with disassembly as necessary. Numbered inspections I 
through V were performed as follows: I at the fist 100 hours and every 1,000 hours 

hours and every 1,000 hours thereafter, IV at the f i r s t  700 hours and every 1,000 hour- 
thereafter, II at the first 300 hours and every 1,000 hours thereafter, IU at the first 500 

thereafter, and V at the fiit 900 hours and every 1,000 hours thereaftep. Lette? checks 
were performed as follows: A check at 50 hours, B check in conjunction with A check at 

The last inspection of the aireaft was completed on November 6, 1984, and consisted of 
200 hours, C check at 1,000 hours, D check at 3,000 hours, and E check at 6,000 hours. 

letter checks A and B. The total time on the aircraft 9s of that date was 5,639-2 hours. 
The aircraft records indicated #at the aircraft hhd heen maintained in accordance with 
PBA procedures and with Federal Aviation Regulations. 

i 
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WRECKAGE DIAGRAM 
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2) I: no cracks are found in the bulkhead 33 web during any inspection require6 
by paragraph a131 of this AD, the repetitive inspgctions of that paragraph are no 
longer required when the *C" channel attocharents are rclnforced and the rivets Of 
the horizontal stabilizer front attachment are replaced in accordance with the 
procedures shown on Figure 4 of the SB. 

e) The repetitive inspections required by paragraphs b) and cl of this AD are 
no longer required when the bulkhead 33 veb is repaired in accordance with Figure 5 
of the 55 and the "C" channel- attachx~ents are reinforced and the horizontal 
stabiiizer front attachment rivets are repiaced in accordance vith Pisure 4 of the 

adjusted up io 10 percent of the speclfied interval t o  allov accom?lishing these 
f )  The intervals between the repetitive inspections required by this AD may be 

inspections concurrent vith other scheduled maintenance of :he airplane. 

(ADO) can be accomplished. 
g )  Aircraft may be flown in accordance vith FAR 21.197 to a location where this 

h) m equivalent method of compliance vith this AD may be used a f  apprcves by 
the Wanaqer, Atlanta Aircraft certification Office, A C E - ~ ~ ~ A ,  1075 Inner LOOP Road, 
College Park, Georgia 30337; telephonz (404)  763-7428. 

SB . 

This amendment becomes effective July Z i ,  1983 

523-15-10 ~ . B R M R :  hmendnent 39-4699. Applies to wsdels EHB-IIOPI and NB-110li 
ism il0001 through 110386, 110388 through liO397, 110399 through 11OZG1, 110405 
througk !i0408, 110410 through 11@§12, 110412 and 1104211 airplanes certlflcatec :P 

any category. 
Compllance: Requlred as indicated, unless already acconplished. 
To preclude flutter froc occurring in any control surface, accomplish the 

ele;,ators for static balance in accordance with the procedures khovn in Itex 1.ilE 
a! Within the next 30 days after the effective date of this AD, check the 

of the ~ R R E R  structural Repax Wanual, ~.0.-1C95-3 and T.O.-IC95A-3. ~f ar 

accordance vlth the procedures shovn in Item 1.119 of the EXERAER Structural XepaLr 
unbalanced condition is found, prior to further fllght, rebalance the elevator ln 

Kanua:, T.o.-IC95-3 and T.O.-IC95A-3, but replace Figure 1-24 vith Figure 1 of th:s 
m. Do no: exceed the mass balance weight values of Table 1-6A of this AD. 

b )  Within the next 60 days after the effective date of this AD, check the 
ailerons and rudder for static balance in accordance vith the procedures shown in 
z:er : . t  ! 6  of the EHBRAER S:ruc:ural Repair Uanlial, 1.O.-IC95-3 and T.O.-IC95A-3. 
:f an unbalanced condition is found, prior to further fllqhi, rebalance the ailercns 
an: rudder ln accordance vlth the procedures shovn in Item 1.119 of the EXBRAE 
Structural Repalr sanual, T.O.-IC95-3 and i.O.-IC95A-3, out replace Figure i-24 v:tt. 
Flgure 1 of this A2. Do not exceed the mass balance weight values 0: Tables i-62 
and i -6C, respectively, of thls AD. 

c1 When checklng the balance of the control surfaces accordance vith 
paragraphs a) and bl of this AD): 

static discharge vicks installed, trir tab activating rod instaJJed, tris fa3  
i) Renove the surface frorr the airplane, complete, finished an; painted* 

activating teleflex cable (Case of the left elevator) installed and attached as 
the slrplane. In this case, the eievater tria tab teleflex cable must be attached 
to the bellcrank by the clacp czly. 

di Aircraft nay be flour. 1n accordance vith FAR 21.191,to a location ..,>ere tLLs 
( A D )  can be accozp2:shed. 

e) An equ;valent method of conpliance with this AD, if used, nust be approved 
by ;he Manager, Atianta Aircraft Certification Office, hCE-115~, 2075 :nner L~~~ 
Road, College Park, Georgia 30337. 

follovinq: 

i 

Tinis amendment becomes cffective ~ugust 9, 1983. 
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EMS- 
AirworLhineor z)irsEvr 
Erul Copy of T e i e p n  

Revlda,  
Vohunc1 

9(-2i;-5j E M F A Z R :  Amntimenic 39-4975. Applies t o  Wefs 
FJ4B-llOP1 and v*-l10P2 airplanes certificated in any category. 

Compliance: Required within the next ten fro) hours 
time-in-service, unless previously accomplish& within the last 
fifty (50) hours time-in-service. 

assearbly, accomplish the follwingr 
To preclude possible structural failure of the empennage 

replacements specified in paragraphs (d) and (e) of AD 83-14-09 
[a) Unless the structural rcinforcuacnts and rioet 

(bmendment 35-4692) have already been accmplished, repeat the 
inspections of the horizontal stabilizer Bgont attachment end 

AD 83-14-09. 
fuselage bulkhead 33 area in accordance with paragraph (a) of 

during the inspections required by paragraph (a) ,  prior t o  
(b) If loose rivets or cracks of m y  length are feuad 

further flight, replace the rivets in accordance vith paragraph 
(b) of AD 83-34-09 and repair the cracks in bccordance with 
paragraph (c) E2) of AD 83-14-09 notwithstanding the three inch 
crack critetia of that paragraph. 

(c) Visually inspect the folloving components for loose 

deformation: 
attachments, excessive wear, ce-rosion, cracks and structural 

(1) Forward horizontaP stabilize attachment, 
including the fusvlage and stabilizer attach fittings and 
attachment haravart. 

(21 Aft horizontal stabilizer attachment, including 
the fuselage and stabilizer attach fittings, attach liakr and 
all attachment hardware. 

including all bearingdbushings and attachment hardware. 
(31 A l l  elevator Bo 8tabilizar hinge fittings, 

assemblies. 

attachment hardvare. 

a11 attachment hardware. 

t 4 )  Security of elevator oars balance vcight 

(5 )  Left and'right elevator Belltrmlr assesbliss and 

(6) Left and right elevator torque tube asstablies and 

(7)  &levator trim tab binges. 

assembly and a11 attachment hardware. 
( 8 )  Elevator trim tab actuator, bearings, push rod a 

trailing edge. should not eXCS.8 afrplme maintenance tarrp.1 
(9) Elevator trim tab free play, measured at the 

limits. 
(d) Prior to further flight, correct any unsatisfactory 

conditions found as Ptsult Of the hopactions required by 
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85-01-51 ENBRAER: Amendment 39-5004. Applies to XdekS 
EMB-llOR1 M d b B - 3 1 0 P 2  (all serial numbers) 8iqlaneS 
certificated in any category. 

Compliance: Required within the next 141 hours 

either previously accomplished within the pare 5Q hours 
time-in-service after the effective date of t h i s  AD unless 

time-in-service or modified per paragraphs d) e) of AD 
83-14-09. 

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

( 3 )  Remove elevator preload springs from croas brace in 
empennage. 

( 2 )  Remove the cross brace in the empennage that contains 
the elevator preload springs (rivets aril1 have t o  be drilled 
out 1 . 
inspection pine1 forward of buikhead 34, releasing thc eirvator 

(3) Gain  access to the affect& area through the 

and rudder Control cables if necessary for good access, 

loose, cocked or eheared rivets and signs of fretting it. the 
t 4 )  lorition a peraon in the  empennage and inspect for 

Bulletin No. 110-53-019, Change 2, dated April 13, 1484, using 
areas indicated on Figure 2, Page 17 of ZPlDRAER Service 

mirror, light , and .OlO-inch feeler gauge. Attempt to insert 

ribs to determine if gap exists. 
feeler gauge betvcen machined *C* channel and reinforcement 

6 )  The person atationtd in the empennage should piact h i t  

reinforcement ribs left and right sides { P j %  4A-l4lS~-B)7 LIH, 
finger up against the machined W 0  channel resting on 

PIN (A-1419-08, PfN 4A-1415-05 LIH. and PIN 4A-1419-U61 (see 
above service bulletin!. while 'the horizontal stabilizer is 
deflected as indicated in ( 6 )  belw. 

(6)  Position a person at a horizontal stabilizer trp end 
attc?.pt to deflect the stabilizer tip up and down 8pprVZfm%t#ily 
3 inches, but no more than 3 inches. The pceson atationcd 
inside the tail ahould try t o  detect any relrtivr. movemest 
Betweea strcactural ambers. a y  lnovaraant requires runoving,all 
rivets attaching machined channel and rop~icirq them as 
specified in AD 83-14-09. 

17) Prior to further flight, Correct any discrepansies 
found, reassemble and inspect assembly per Ab 83-24-09. 

conditions within 24 hours to the FAA, Airframe Elranc , Atlanta 
( 8 )  Report completion of inspection and any onsaa,frfa.ctoly 

Aircraft Certification Officer Telephone ( 404 )  163-7407.  
Iac1ur;e fn such report. the.+ype and location of discrepancitr, 
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Amendment 39-5126. dp?lies to Hodels .€K3-110pl end-f-2 

which &ave a1u:ninum elevator control rod tubes installed. 
( a l l  serial numbers) airplanes certificated in any catego-cy 

occmplished. 
Compliance: Required as bn8icat&, unless already 

To prever.t failure of the elevatar control rod t&X, 
accomplish the following: 

(a) Within the next 50 hours time-in-service after the 
effective date of this AD, visually icspect the elevator 
csnfrol rod tubes, PIN 4A-560-10-09-01, for evidence of 
to furth-x flight replace the control rod tube i n  arcordance 
corrosion or eracka. Xf corrosion DT cracks art found., prior 

with Embraer Service Bulletin fS/S) €30. 110-27-076, Revision 
01 ,  datecf JULY 2, 1985. 

days, whichever occurs first, after the effective date of this 
(5 )  Within 150 houzs time-in-service or 30 [thirty) 

AD, replace both left and r:gf;t elevator aluminwn control x06 
tubes P/N 4A-520-10-09-01 with otecl eo3tsoi rod tubes PIN 
113-500-10-00-04-01. Reidentify the elevator control rod 
assembly with the new P/X 110-500-20-00-09. 

Aviation Regulation 22.297 to a location where thc AD may k 
( c )  Airplanes may be Flovn in accordance with Federrl 

accomplished. 
( d )  An equivalent method of compliance vith this AD 

may be used if approved by the Xanager, Atlanta Aircraft 
Certification Office, FAAc 5075 Inper Loop Road, Coilcge FiirX, 
Georgia 30337; Telephone 14041 763-7428, 

All persons affected by this directive @pay obtadm copies Of 

O f f i c e  Box 343 - CEP 12.200 sa0 Soec Des Campos, bao Paulc, 
the docments refezred to herein upon request t C  Embraer, Post 

B r a z i l ,  or FAA, Office cf Regiona; Cwnsul, 1558,  601 EGSt 
12th Street, Kansas City, Xissouti 64206. 

83-17-a4 EELPRZSA BRASILEIPA DE AEROXAUTICA S.A .  (=MER) z 

This amenherst becomes effective on August 30, X985- 

FOR FURTHER XNFGF34dTfON CQSTACP? 

3%. Curtis A. Jackson, ACE-l2OA, R t h n t e  Aircraft Certificstion 
Office, Central Region, federal Aviatiou AdIDiRirtration, 1075 
Inner LOOP Road, 6ollege Baric8 Georgia 36337; Telephone (404) 
763-7107. 



. . . .  

+85-18-52 WBRAZR: Telegram issued September 22, lS65. 
*>plies to Ezrkraer Model EXE-~~OPI and EMB-llC132 airplanes t a l l  
serial numbers) certafiratad in any cat-?gory Chat have +tie 
Sendix cfcctric <ria. sycten. tnstathd. 

service after receipt of thio teftgraphic hD unless already 
Compliance required within the next 10 hours time in 

fouwis3gr 

trim servo by disco:mxting the trim serve plug Zscsted in the 
(A) Disconnect the eltctric power seurce te the Bcndix 

a f t  fnsrlaqt settion. Cap, prattet, and secuse the p l q .  
iB) Fabricate and install on the instrument inanel visible 

to both piiotc the Pollwing placard using letters of a miairnun 
of 0.10 inch in height. 

‘ELECTRIC ’fRf84.SYSTEM fWQPERATIV?Z PER AD TS5-18-51’ 

fC1 Insure that the manual tzin tysttm i s  operational in 
iccordance with the appropriate maintarance manual. 

$8) It a Bendix automatic pilot Ps i n s ? a l l e b ,  3isconnect 
tbe automatic pilot syotem from the  electric passr murce and 
install in fell .view ob both pilots the foliwing plats-4 using 
lettsxs of a lainimur; 0.10 in& in height. 

.AUTOPXLOT IWO2ERATXVE PER .kD T85-18-Sl” - 

e location where t h i s  AD caa be eccomplI8hed. provided tbs 
(E) Aircraft may be floun in accordance with F’AR 2P,ZZt to 

eircuit breakers fcr the electric trim system, lvnd if 

u a u a l  t r i m  system i s  bpcratioaal. 
applicable, for the og.tolaatie .pilot system are pulled and the 

=%e& L’4. apprwb% by tA0 Snsqsx e% hthntr Ahctrft 
(pl An eqaivalent Bsthd of COmplianCQ with this AD say be 

Certification Office, 1Olf Xmer -6, College Park, 
tsorgir 30331,  telephone ( 4 0 0  763-7628. 

This airuorthineos directive becomes effective upon 

?QR IXFORWTION COLITACT: 

Xg. Paul Bconyegs, Atlanta Aizcraft Certification Bf€iee, 
1075 Imer Loop Zeds College Park, Georgia 30337, teiophone 
4404) 763-7761. e 
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EMBRAEA 



@ Access t o  Ut eSeVsKOr C R n t I O l  rod ends. 

@ Access t o  the e leva tor  control  a m .  

a 

laplace e levator  concrol rod?IN &A-530-10-09wirb port?IX 119-500-10-DD-04. 
kusc  bardsore and i n s t a l l  nw co t t e r  pi-, m20665-2%. 
€&en remavingold control rod, m i n t a i n d i a r n i i o n  " A " a n & ~ e d ,  rrauferring 
is  t ome  nwrod, a o u  t o f a c i l i t a t e  ayatemriggiq.  &certain that di=raion 
"A" i a  the  c r a e  on both rods i n  order t o  prev:nt the  roda troobeimg owerloodet. 
Usins che e ieva tor  neuttal pos i t ion  locking device u per 1.0. lC95A-2-5. 
sec t ion  SIX, check cbar l e f r  and r igh t  elevatora ere SligMd. 
f n r t a l l  bonCinp strap t e r r i n a l  u aham i n  detail  "r". 
?ori t ion the interconnect tube becured cbc e levator  actuat ing a m .  
m l n t a i n i n g  the 81 s= dimmsien (see derai l  "E"). Coincide tbe in terconaect  
tubt  c e a t t r l i n e v i t h  theelevator actwiring a n  center l ine  end Sraasfer the 
5.5 pi i=rercoanect  tube f lange bolea t o  the  acruat iag arms. 
Should dirtaxcc bemeen JCKUaKinS a m  prevent the i@terCCmMCt tvbe 
posi t ioning even i f  shim Pfh' li0-500-10-0046 i a  not  used, drll tube flmges 
i n  order CR reduce i cc  length. Tbe oinimrrs thiCStrxSt of each intercormect 
tube f l m s c  shou!d be O 1111. 
I n s t a l l  interconnect tube PA; 110-500-10-00-05 and the rhino 
?fh 110-50C-10-00-06 ( i f  n e c e r r a q )  beween tke a c t u * t i q  a=, et tacbing 
them v i t h  M3-6A bolu . .  Sll-3 nu= and M960-lOL vaahera (3 position# fer 
each o c n u t i a g  am). 
Shim ?A; 110-500-10-00-06 is m a d 2  of c r l i t r aced  aheet -tal  . a d  the propar 
ChifJtEeas t o  eliminate t he  gap mat 4c o4CaiMd during u a d l y .  It is 
impcrtmt t~ de:ermhe the correct t b i c k w r s  :O u t o  prevent acmeti- 
arms froa f lex ing  when the UDembiy is -nude 
Inctall boadiag scrap ~ernin.1 on the e levator  a c t u l S i q  am, attacbirq i t  

co;echtr with interconnect  tube asae&ly as s b w n  i n  d e t a i l  Of". 





..:.. ...... 

.. . . ... . . .. . .  
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4 EM~RAER 3 

PLIGHT COW'lRQS - REPLACEMENT OF THE ELEVATOR COhTROL RODS 
(LO. 110-0S2702) 

1. PUNNIN6 INFORMAWN 

3.1 EFFECTIVITY 

Aftcraft r?fected: 

#)DEL 

1.7. 

1.3 

EHS-llD( ) B.4,V3EIRAfiT.fE. ~10001 t h r u  110322. $10326 thru 1103r!, 
a11 mdelt. 110343. 110345 thru 110350, 110353, 1lG?5:. 

110356 t h r u  110358. 110360 thru lIC362, 
110364 thru 110366. P10375, 110376 r h i c h  
have acconplfshed nefther S.B. 110-27-055 
nor S.B. 110-55-022. 

In-product$on effectivity: 

Aircraft S/N 1i3323, 110342. 310344. 110353. 1103%. 110355. 110359. 
X0363. 110367 thru 110374. 110377 8n6 on on6 r t rcrr f t  t.ut iteve 
r c c m p l i f w  5.8. 110-27-056 rndlor S.8. 110-55-022 r e  r l ~ e a d j  e ~ u ! ~ p e c  
w i t h  r steel tube rod rssembly. 

REASON - 
tube ,  en the *6JustrbIt tnd  sidt. 
Inrtrncer of corroston have bere dtttcted gn the clerrtor control roc 

DEfCRIPTIOli 

Part I of this bullet!n rtcowsndr t h e  rfrual Inipectfon for the 

Sips of t h e  tlevrtor control Pod tubes. 
evidence ef corrosion. tvtnturlly causing crrcks Of  swelling. a t  t h e  

Embrae? strongly recolvacnds the accmplishwnt of (asptctlon covered $n 
Part 1 of t h i s  bulltt:n, M t M n  tht ntst 50 cpcratin) hours or 10 QSYS, 



;. : . :. . ... 
,.: .:. 

. . .  

1.4 &PPROVLL 

1.5 W P O Y E R  

P a r t  I : ADprorhrEely. 0.5 an-hwr. 
Fort 11: Approztm~tely. IO mn-hours. 

12 c 
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SERVICE BULLETIN 

The steps beleu provfde wnrrrl accrmplishnent instructfml. 
&tailed instwetions are given I S  notes i n  thr fiswes. 

2.1.1 6 i q R  recess t o  the teminalt t t rough the to31 ccne insFection 
ui n d a n  . 

2.1.2 Inspect Cor COrrosfOn. t h a t  rdy be poorrfbly leading t o  crrctr and 
svcli tn~ t o  the ends of the rod tubes, mainly I n  the rivcted 
areav wi th in  r lenith of 50 m. 

2.1.3 Should any rnmly be found. proceed as per P a n  I1  of this 
bulletin. 

2.1.4 Otfwwisz. restore aircraft t o  noma?. 

2.1.5 Enter t h e  r ccaap l i s~n t  of Par t  I of t,his bulletin4n the 
rpp?ieab;e document. 

2.2 ?ART 11: Repiacemrnt of elevator control rod tuber. 

2.2.1 Loci. the rlerater i n  f t r  neutral positllm. Is qcr 1.0. lC95A-2-5 - 'tUintenance knurl - F l i g h t  Controls". 

2.2.2 Cain  access :o the wrk Web through th:r elevator kl!crant 
fnspc.ctton door m B  by rmsdng the taf ' i  cow fatr$w= 

2.2.3 Disconmet the t:wator betkrlmt springs. 



-7 I- APPEND'X E 



APPENDIX E -72- 

SERVICE BULlETIN 
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2.&4 Ruaove. rwnrt  and ins ta l l  the  rods OS per figure 1. 

2.2.3 Insta l l  the rprtrgs e4 the r’levttor kllcrmnkr, 

2.2.6 Restore a ircraft  t o  n o m l .  

2.2.7 Enter the tccmplisknent of P a r t  I 1  of t h i s  bul le t in  I n  the 
appl i c t b l e  dotumcnts. 

Rfu PIN 

DISPOS!TION: 1 = ReWmtjfy part bearins OLD ?/ti. 
2 = Incorporate par t  berrinp MEW ?/ti. 
4 = Rebari OLD ?m. 
5 Discard p w t  bearins OLD ?P. 
5 = noply as rqufma.  
7 Replace d t h  par2 k a r l n g  the ?l#. 



@ & ? C t  for  preience of corrosion on diameter A o? t he  rod end and of t h e  
threaded bushfop. 

@ ff corros~on persists, replace t h e  rrsunbly with New P/?i :10-500-1060-09. 

@ In’;.5;1 r ivets  sQtal ly  4mpqnated with sealint  PRIZZlB 112. urlnp t h e  
enirtfng rfvet hats or U r f l l f n p  new hclcs f n  r posfti?n relocdted t o  OB 
beprees f r c  t h e  formerly existing holes. rnd ~ p p f y  r lodine  t o  tne rl*gtrtiwn 

PRlZPlB I12 onto r tvet  heads m d  tube  ends. 
rob end holes as per 7.0. X35C-3 - -%thatturrl Repitr knurl’. Apply sealant 

@ @ply rorror:on i n h i b i t i n g  sealant PRl931G 111 Over t h e  terminal thread. with 
the nut  pcslttoned a t  t h e  end 2f t h e  thread. 



2l? 

110391. 110399 t h r u  :l0001, 
I?OBOl thm 110385. 11O38e thr. 

110404 t h N  110408. l i W l O  
thw lPMI2. 110414, 11DQ3 
end  llD(P1. 

1.3 DESCRIPTION 



1.6.1 'he Kits lfrttd below ohovld Be proccirrble P m n  the operator's 
fnvmter!er and fr 8::licoble to the a?d(f%Cltlon 07 the 
herfzontal rtab:lfrer front attachment LtNcturc  rfrot!ng (either 
W or RH sfde o? the slrcrr7t) as per ftpure 3. 



a 
-77- APPENDIX E 



2.6.4 

DESCRIPTION 





MSCRIPTIgf4 

1.9 REFEREE'S 



SERVICE BUll~Ti~ 
T,O. lC95-2 - *Structural Repatr UnWl’. 



DESCRIPTION DISP 

2 
s 

2 
2 
2 

or 
2 

and 
2 

M d  
2 

- 

3.2 k t e r t a l  appl luble  t o  the Introduction of  t h t  ?efnforclng channel ( X l t  
01 - u( $We of the aircraft) as per ftsure 4. 



DIS 

2 
Z 
2 

2 
or 
2 

an6 
2 

m C  
2 

- 

0 
1 

3.3 &:eri t i  rpplicrblc eo the Introductfon cf Oht ntrforcing channel ( ~ ( t  
52 - RH ride of the r1rc:rft) as per f igur t  4. 

110-141i-07-3044 
1151411-07-30-09 

01 3f5 

315 
2 
2 
2 

2 
2 

2 
2 

or 
2 

an@ 
2 

m d  
a 



3.4 Piateria? applicrblc to the repatr of bulkherd 33 web and the 

aircraft) as per Ptgurrr 3 an8 4. 
introductfon*of the reinforclng channel (Kit 03 - ui slde of &!e 

nfu Prn 

210-1411-07-3041 
130-141197-3042 

110-~411-01-30-fJ3 

11~-1011-D7-30-8? 

DESCRIPTION 

Bulkhaad 33 
Relnforclng Channel 

Re5nforc.ntat 
Bulkhead 33 
Repair S c r t  
Reinforceaent 
between Frame 32 
and Bulktisad 33 
Reinforcesent 

Bul thead 33 
between Frame 32 and 

Rfve? 
31 vet 
Rf sax 
Rive 
Rivet 
RE vet 
R i v e t  
Wf-lot Rivet 

Bolt 
snd 
Ursher 
rad 
Cocknut 

or 

DISP 

2 

2 

2 

- 

8 6  

3/5 
2 
2 
2 
2 
a 
2 
2 
2 

ar 
2 

and 
2 

en8 
2 



-85- APPENDIX E 

.pESCRIPR% 

Reinforcing Channel 
8ulkkrd 33 
ReinforcrPant 
Bulkhead 33 
Repatr Swat 

-between F r e r  34 
RefnPorCCIPpKC 

and Eultherd 33 

ktreen Frame ,X and 
R e i n f e r c e n t  

Bulkhead 33 
Rivet 
Rivet 
Rivet 
RI v e t  
R i v e t  
Rivet 
Rivet 
Ht-lot Rivet 
or 

4nd 
Bo1 i 

Yasher 
an6 
LQCLnUt 

. 

4h4419-08 a 215 

315 
2 
2 
a 
2 
2 
2 
2 
2 

or 
2 

and 
2 
snC 
2 

6 



H14-4 o( 7 
AW960-4!6 0, 7 
1822-77-5-3 32 7 
1022-77-5-4 14 7 
Ktt-77-64 20 7 
1052-07-6-7 06 7 

3 0 Wep?ace $ar t  bearing WD PPn rith par t  karfnp 
Eli PB. 

5 = Dfscard part bearing OCD P/N. 

7 Replace w f t h  par t  bearfng t h t  smt P/N. 



C .  

:" 
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bolts . 
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@ Por'ltfon, mrf and d r i l l  nprfr . w e t  snd bulthend 33 relnforcoaant as 
per holes orlst4ng an the horfzc tal stsh%lfrar front attrchmnt. 

@ Wrh m d  dr i l l  JS shorn. 

@ Eclntt&li the Plttlng rmovrd t n  @ [see detsll C). 

T.O. lt3S-3 'SZructural Repit? Illnuala. 
SF requlttd. use oversfre6 rlvcrr, rccordlng t o  lnSt?ut t lEX %n 



. .  . .  . . .  



PARMETERS 

Relative fine (frtnn recorder 
on pr lor  to  takeoff) 

!nd!cated Airspeed 

A1 tl tude 

Ngnetlc Heading 

Vertical Accaleratian 

Long4tudinal Acceleratioh 

Pitch Atti tude 

Rul! 41 ti tude 

StabtlOrer trEm Possftlon 

Pitch Control Posi t lon 
OR 

APPENDIX P 

TABLE 1 

PARAMEfER LSS? (FIXED WING AIRCRAFtl 

- RANGE 

8 hro. m ln im - +0.125% per hour 

V50 t o  VD (KIAS) +5% or  +10 kts., uh'lchever 
Ts yrearer. Rerolutlon 2 kts. 
below 175 KfAS 

-1*m ft. t o  mx 
cert. a l t ,  o f  A/C TSfJ C51-q 

+lo0 to +rOa ft. (see Table 1, 

3600 - +50 

-39 to  t6g - +0.2g I n  Idd i t lon to 9.39 
mxllii~lll datum erwsr 

I t1.m +O.O5g In  mddftlctn to  IIUX. 
7atum e r w r  o f  +o.lg 

100% o f  usable Mnge +:O 

*600 or IDOX of usable 220 

gtvater 
range, whichever i t  

Ful l  range - +3X unle!is h l  her accuracy 

Ful l  range - +3X unless hlgtrcr eccuracy 
uniquely requ 0 lod 

uniquely required 

SAMPLINQ 
INfERVAL 

.(PER SECONDL 

1 
1 

1 

1 

4 
(or 1 per second 
where peaks ref. 
to 1g are recorded) 

b 
-a 

I 

2 

D 7 d a t a  sources are a l rc ra f l  Instruments (ertcept altimeters) o f  accepteble qual l ty to f ly  the aircraf t ,  

system) shall  contrlbute no more than half the values I n  this colum. 
the PeCOrding SYstffn exctuding these sensors (but including a l l  other chrracteristlcs of the wcording 



Jnrlne Power. Each E n g I s  

ndicatlonr Used 
Speed or EPR o r  

Cwt i f lcat lon 
OR 

Prop. Speed and Torqw 
(Sampled Once/Sec as Close 
Togetner as Prsctlcable) 

81 ti eude ~a te 
(wed depends on a1 tl tude 
relsolutios) 

k y l e  of  Attack 2J 
(need depends on a l t l tude 
resolution) 

Radio Transdttar Keying 
(Discrete) 

TE F la  s (Qlrcreta or  
Analog P 
LE Flaps (Dlscmts or 
or  Analog) 

?hrust Reverser, Each Englne 
(Qlscrete) 

Spoiler/S eedrraks 
(Discrete P 
Autopilot Eng8ged 
(Discrete) 

t4axllmn range 

+s.m fpnl 

-200 to + 4 8  or l(w% 
of usabltd range 

On/Of f 

Each dlscretc positlon 
(U,O,T/O,APP) 

OR 
Analog Ciaor rmge 

Each BIrcrete pusltlon 
(U,O,T/O.,APP) 

OR 
Analog 0-100% range 

Stowed or ful l  
reverse 

Stowed or out 

Engaged or 
Odsengaged 

+lo%. Resolutlon 2M fpm below 
T2.m ft. indlcated 

- +20 

1 % a 

1 

1 

'-data fm the a1 t itudc encoding altimeter (100 f t ,  resolution) i s  used, then ei ther one o f  these 
parar ters  should also be recorded. I f ,  however, r l t l t ude  i s  recorded a t  a minlmum resolution o f  25 
f ee t ,  than these two parameters can be w i t ted .  

tD co 
I 

I 
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