AIR LINE PILOTS ASSOCIATION

535 HERNDON PARKWAY 0O P.O BOX1168 0 HERNDON, VIRGINIA 20170 O 703-6883-2270
FAX 703-889-4370

September 30, 1997

Honorable James P. Hall

Chairman

National Transportation Safety Board
490 L’Enfant Plaza, S.W.
Washington, DC 20594-2000

Dear Chairman Hall:

In accordance with the Board’s rules, the Air Line Pilots Association (ALPA) submits the
attached comments and conclusions regarding the accident involving USAir flight 427, which
occurred on September 8, 1994, USAir Flight 427, a Boeing 737-300, crashed while
maneuvering to land at Pittsburgh International Airport. The airplane was destroyed by impact
forces and all 132 persons on board were fatally injured.

This accident investigation has been one of the most exhaustive in NTSB history. In the three
plus years since the tragedy, the investigation has focused on the following three primary areas:

e Aircraft Performance
e Flight Crew Human Factors
e B737 Rudder Control System Design

Considering the extensive evidence collected during the course of this investigation, ALPA
concludes that the accident was the result of a PCU secondary valve jam resulting in primary
valve overtravel. The primary valve overtravel then resulted in uncommanded full airplane nose
left rudder movement. The flight crew was unable to counter this full left rudder due to
insufficient lateral control authority available to balance the roll due to sideslip caused by full left
rudder.

Aircraft performance analysis revealed that the flight path of USAir 427 was consistent with full
left rudder travel. As for the cause of the rudder travel, the Human Factors analysis was unable
to identify a possible reason the flight crew would command full left rudder. There was no
evidence of any event or abnormality that would have adversely affected the airmanship abilities
of either pilot. Further, the initial portion of the upset was found not to be disorienting by an
expert in the field. The flight crew of USAir 427 properly and professionally performed their
duties before and during the upset. There is no evidence to support the hypothesis that the flight
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crew mishandied the flight controls following the upset event, or that any flight control inputs by
the crew led to the accident.

As for the B737 rudder control system, however, the investigation found a number of failure
modes that could result in an uncommanded full rudder input. The investigation discovered that
at least one failure mode, secondary valve jam and primary valve overtravel leaves no witness
marks. Additionally, the aircraft performance study determined that this failure mode resulted in
rudder movement that matched the predicted rudder movement, in both magnitude and input rate,
of USAir 427.

As a result of the information developed during the course of this accident investigation, the
NTSB issued many important safety recommendations. These recommendations will improve
the safety of the aviation industry and, thereby, make it safer for the traveling public. ALPA fully
supports and endorses these recommendations. It is important to point out that the aviation
industry has responded favorably to those recommendations and has begun initiatives, programs,
and modifications aimed at complying with the intent of these recommendations. These
initiatives include:

Development and installation of a new redesigned B737 main rudder PCU,
Development and installation of new redesigned B737 yaw damper components,
Development and installation of a B737 rudder travel limater,

Development of improved B737 operating procedures for uncommanded yaw,
Installation of improved flight data recorders in all commercial transport aircraft, and
Development of flight crew training programs for the recognition of and recovery
from unusual attitudes.

Although a new B737 main rudder PCU has been developed, installation of that new PCU into
existing B737 aircraft will take time. Until the installation and retrofit of the modified PCUs in
B737s is complete, improved operating procedures were developed in order to give flight crews
the ability to successfully cope with a full rudder hardover. However, there are important
additional measures that should be implemented to further minimize the effects of a full rudder
hardover in flight. These measures involve increasing B737 minimum maneuvering speeds to
Boeing recommended “Block” speeds plus 10 knots. The increase in minimum maneuvering
speed results in an increase in the margin of safety by providing flight crews with crucial
additional time to react to a full rudder hardover.

In addition to those already issued by the NTSB, ALPA offers the following recommendations:

1. The FAA should eliminate the current practice of derivative certification. Careful evaluation
of newly developed aircraft against FAR criteria in place at the time of aircraft development
should be conducted.

2. FAA should require that aircraft currently in service certified as “Derivative” models be

evaluated against current FAR requirements. Those aircraft, to the extent feasible, should be
modified in order to be in compliance with current FAR regulations.
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3. The FAA should require all FAA certified repair stations to meet all the standards of the
original equipment manufacturer.

4. In order to increase the B737's lateral control margin to an acceptable level, the FAA should
mandate the development of additional operational techniques including increasing B737
minimum maneuvering speeds to Boeing recommended “Block” speeds plus 10 knots.

5. The industry should continue with the development and implementation of “Advanced
Maneuver” or “Selected Event” training and the FAA should require the inclusion of this
training in every airline’s training program.

We hope that the attached comments are of assistance to the Board and we are available should
you have any questions.

Sincerely,

)

Captain Herb LeGrow
ALPA Party Coordinator /4¢f
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I. Executive Summary

On September 8. 1994, Us Ap Fheht 427 0 Becing 730 200 crashed while maneuvening
to tand at Pittsburgh Internanmal Awrport. The airplane was being operated on an
mstrument {light plan under 14 CFR Part 121 ona regularly scheduled flight trom
Chicago. Illinots. The airplane was destroyed mv impact forees and all 132 persons on
board were fatally mjured  Based on the evidence developed during the course of this
accident investigation. ALPA beheves that the wirplane experienced an uncommanded
full rudder deflection. This aetlection was a result of w maim rudder power control unit
(PCU) secondary valve yan which resulted in o primary valve overstroke. This secondary
valve jam and primary vuive verstroke causec USAr 427 1o roll uncontrollably and dive
mto the ground. Once the tull rudder hardoyer occurred, the flight crew was unable
to counter the resulting roll with aileron because the B737 does not have sufficient
lateral control authority to balance a full rudder input in certain areas of the flight
envelope.



11. B737 Flight Control System Design

This secrion will show th.

e B7: ercontso o Slent desigh s Letiie amony el transport destgns in thar i
I The B737 rudde ! ! lest, v jel ranspori designs in thar it
utilizes a single pane: vadder and a single adder PO

Since the B737 vecenco o origmal FAA T po Cernticare in 1967, the atrcrdlt has had
d istory of wreonimeanade:s: caw imeidenis

LR

"

The B737 rudder coni:oo - ostem does not noovi the caerent FAR reguivements. FAR
25671 with regurd i e twnction prohab by and eftecty

4 During the course of e ovesnigations of § AL S8S DNA 427 and Easnvords 517 u
number of failure mocos save been identifed wark: e B737 main rudder PCU which
can lead to uncommicoradoc tali rudder hara scoers and rudder reversals.

T

The B737 main rudde - 107 Cdesign redicanes o ineffective if any of these failure
maodes occur and. as o o i the atreratrr o not g compliance with the FARy.

O Some sccondar calve Lo dedve Hoowiie, L o

TCUSAD 427 experienced o ccondaryvalve g ang o ersal o on the main rudder PCU
thai resulted in an e comanded fdl rudd. s detleciien

The Boeing 737 dircctiona:  ontrol systent i~ sinque dmong jet transport arcralt because
of its simgle rudder panei wingle rudder powe: contrel umt (PCU) combination. Other
Boeing aircraft either hay o split rudders or command mput via mulupic PCU s, In
normal operation, two independent (A and By hiyvdraulic svstems provided hydraulic
power to the rudder throush the main rudder power control unit (PCU)Y which in turn
moves the rudder surface i additon. the A und B hvdraulic systems also provide
hydraubic power for the pitct and roll control ~vstems  For pitch and roll control there is
also manual control avaiiunie to command pitch and rolf mputs 1f the aircraft experiences
a hydrauhic falure. The radder system does not have manual backup. For redundancy.
the rudder has a third hyarachic system (Standbpy  that can provide hydraulic power
through the standby rudde: POU A needed.

For rudder input, priot coresands are transmi ted vie sturnless steel control cables o the
hydraube power control una There 15 a direc: correlation between the magnitude of the
ptlot input and the resulting < ontrol surface movement ai all arrspeeds.

The single PCU on the B awempts to prov de redundancy by using dual components
and dual load paths withir it PCU By elim nating ene actuator there was a significant
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welght saving. Later twin o transports like the B7> 0 and B767 use wandem (tw o
different; PCU’s to provide redundancy.

The contrel of movemert o1 the rods and inkage witin the B737 rudder systeni s
cssential tor 1t to operate normally . Any unexpecied movement in the system could result
in uncommanded movement of the rudder. The linkages are load path redundant so that a
single failure should not result in loss of control

Mechanical hnkages conned the control rod movement w the primary and secondary
valves within the PCU serve valve. The servi valve directs high pressure (3.000 pst)
hydraulic fluid to the exteny or retract side of the mam rudder PCU actuator.
Additionally. the servo v adve determines the amount and duration of the fluid flowing to
the actuator.

The intended design o1 tae VoL was such the o the event of ajam of either the primary
or secondary valve. opposing movement by e non-jemmed valve would result in control
of the rudder. As an example. 1f the primary ~aive jams in a position that results in one
gallon per minute airpiance nose feft, the secondary valve will center at a position of one
gallon per minute nose night The result 1s a bugher that normal leakage rate and some
reduction in the maximum rate of rudder trave!l Piots mamtain control of the rudder. in
the event of a jam. by this redundant valve design

The design of this serve vao does not use 700 rings instead 1t relies on very close
tolerances to limit hvdiauoe icakage. The totad movement of the primary or secondary
valve from center to tis exueme travel is abowt 0.0045 of an inch (about the width of a
dime). The clearance between the primary vidhve and the secondary or the secondary o
the valve housing 1~ iess than a human hair <lose tolerances required that consideration
be given to the effects of u toreign object obstructing movemeni of the valves. Chip shear
force is a measure of the abihity of a valve 1o ~shear a foreign object. That is, to actuate
normally in spite of the presence of foreign nuterial. The chip shear of the primary valve
of the B737 main rudder PCU7 is significantls less than that of other simifar aircraft. This
chip shear capability s about 40 pounds on the B737 while the DC-9 and MD-80 are a
mimmmum of 100 pounds A~ aresult it may be casier to jam the B737 PCU. The
secondary valve of the B73 " has a somewhat higher chip shear than the primary valve,

The redundant features ot tho servo valve are only eftective if both valves are free to
move. If one valve does nor move freely. then a subsequent single failure or jam can
cause uncommanded movement of the rudder B737 pilots have no way to detect a jam
of either a primary or secondary valve.

Testing of the PCU conducted during the course ot thrs acoident investigation have
shown that differential cooling or heating can impede critical. free, movement of the
servo valves. These tests proved that thermul binding could mmpair or prevent movement
of either valve. During such circumstances u rudder reversal (rudder deflection in the
direction opposite to that commanded) can occur During post accident testing the
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PCU installed in USAir 427 has shown instances of reversal and binding. The cause
for this reversal was the fwiure of the servo valve to pertorm its mtended design purpose.
The mis-posittoning of the prumary valve duc 1o a jam of the secondary valve results in
the loss of the required redundancy. Forces apphed to the internal hinkage of the PCU
result in bending, or inkage deformation. when there 1s ajam of the secondary valve.
This then forces the primary s alve out of its customary position. As a result. the primary
valve no longer provides redundancy or the ab:lity to oppose the jam. Therefore. the
rudder will deflect fully i the direction of the jam of the secondary valve. A pilot
applying pressure to a rudder pedal. while a Jam exists in the secondary valve. can result
in the rudder deflecting fuliy «n the opposite direction to pilot command.

The USA1r 427 Systems Crioup extensively tesied and contirmed the reversal condition.
Jamming of the secondary vaive for any reason can causc a reversal. leaving no witness
marks on the valve (NTSB Svstems Group Faciual Report). Tests also showed that once
the reversal begins a pilot cannot overcome 1L\ jam ol the secondary valve and the
resulting reversal applies continuous. unrelenting. pressure on the rudder pedals while
driving the rudder to full deficenon. In fact, as documented tn Section 'V of this
submission, the harder a pilot applies pressure to the nght rudder pedal. the more likely it
becomes that the rudder rever-al will not clear

There are documented casc~ - ¢ jams that leave ao winess inarks on the valves. As
demonstrated in Systems Lreup tests. the USA v 427 serve valves jammed by thermat
binding. left no marks atter the jam cleared. T ¢ lack ot witness marks on the valve does
not indicate that a jam did no: accur. The secondary valve in USAIr 427's rudder PCU
could have been jammed when the primary valve overstoked causing a rudder
reversal.

In August 1997 the Sysiein~ roup convened o Parker i Irvine. Califorma. The group
conducted tests to better understand primary veive reversal. These tests provided data on
the rate of actuator movemient and the force aviniable to move the rudder with different
positions of the sccondary vaiv¢. The tests showed a correlation between secondary valve
position and both rate of movoment and force ¢ vailabic

Results of these tests show ttias when the secondary valve o at the neutral (or null
position there 1s full force svaifable, however, no reversal can occur. As the secondary
valve moves away from neutisi the force availeble 1o the rudder duning a reversal drops
significantly. After the inial frop, the force a- ailable 10 the rudder rises quickly as the
secondary valve moves farther from neutral. Ay the pomt where the secondary valve s
fifty percent (50%) along 1t~ vavel almost full foree 18 again available to the rudder.

The significance of the relstionship of sccondar« valve position and foree available o the
rudder is that above fifty percent (50% ) second.ry valve travel a reversal results in a full
rudder hardover. The rate ot rudder movement will be one hatt (32) the maximum rate
due to the primary valve havine no hydraulic {1 ud passing through it



During the course of this v ostigatton, the N7 sB Systems Group identitied a number off
stignificant failure modes ot the B737 maimn ruader PCU These fatlure modes include:

I A foreign obje tetween the input yank and ihe external manifold stop

20 Overtravel of the prmary vabve

3.0 Overtraved of the ~econdary vaive

4. Thermal bindin: 1 the primary val o tothe secondary valve

5. Thermal bindii. - the secondary +aive e the housmg

5. Mis-positioniae i the primary vals o when the secondary valve 1s jammed

7. Uncontrollabic aoruator reversal dus oo nus positioning of the primary vahve

When each of these fwilure snodes was tested o the NTSB Svystems group using the
USAmr 427 mam rudder ¢ the rudder either reversed or deflected to its maximum
position:.

a. Rudder Blowdown

Unlike many jet transpos oocralts the B737 uees dyvnamie pressure. also known as
blowdown. to determine the maximum rudder dgetlection possible when flving at high
speeds. There 1s no mechanical miting of rudder movement as a function of airspeed on
the B737. Rudder movemerr 1s commanded * 1a hydrauhie pressure (3000 psiy in the
rudder PCU. As the rudder moves, air load acts on the rudder panel. which results in
torce that opposcs rudder Jetiection. When the wir load increases to the point that 1t
equals the hydraulic pressur. commanding rudder defiection. rudder movement will stop.
This is known as the rudder dlowdown Iimit. {n the B737 the higher the airspeed the
lower the maximum availubic rudder detlection possibie. Unlike newer model aircraft. in
the B737 there 1s noandicaton to the pilot in he cockpit of what the maximum rudder
deflection available s,

B737 pilots can trim the rudier to relocate the neutrad position. This is of use during
engine out operation. The 15 73717200 uses nwnual cabies to trim the rudder, while the
B737-3/4/500 uscs an clecty: motor to repostiion the rudder’s neutral position. The
electric trim moves at'; per second up to a maximum of 167 There have been cases of
fatlure of the electric trimi ~v~tem resulting in ancommanded movement of the rudder.

b. B737 Rudder Control svstem Certification

The Bocing 737 receives i+ arigimal type certiicate 1 967 Siee that original FAA
type certificate was issucd there have been a ramber of B737 dersvative models



developed by Boemg ang <o tied by the FAA - As fur as the B737 fhight control system
was concerned. each derty atr ¢ model was cerittied based on the FAR regulations in
place at the ume the original tvpe certificate was issued. 1967, The FAA granted u
derivative type certificate tor the B737-300 10 984, 17 vears after the original tvpe
certificate was issued by the T AA

The criteria applicd i 19¢ 7 "1 CER § 25,695 tated.

“The faiture of mecharcal parts (cablew. pulley < puston rods. and linkages) and
the jamming of power cyvlinders [such as hvdraulic powered actuators] must be
considered unless thes are extremely remote ™

The FAA at that time did »of define “extremel - remoic in their October 18, 1996 letter
to Adnmunistrator Hinson. the NTSB referencec several FAA certification representatives
who stated their belicf that - remely remote - a fatlure rate of less than 1x 10 per
fhight hour.

I 1967 the FAA recenved wiare analysis date trom Boemg that showed that the B737's
fateral control {rolly autherity exceeded the radder suthoriy,. Therefore pilots could use
luteral control to overcome o hardover rudder. This was fater shown to be inaccurate
under certain conditions.  The NTSB concluded that “the fateral control system may not
be able to counteract the stte s of atully deth cted rudder at certain airspeeds and flap

settngs.”

Bocing acknowledged the- o oodiion in a September 200 1901 letter from Mr. John W.
Purvis (Boeing) to Mr Jonn o lark AINTSB). I that leuer Mr Purvis states, “a full rudder
hardover on a B737-200 Advanced arplane w level thght and flaps 10 could not be
countered with wheel ™ This etter further expuuned. “the lett rolhng moment duc to full
left wheel 15 not enoughs tv- connter the right reliing moment due to sideslip ™

Another Boemng letter isviene: ov KUK Usun oot te M Donald L. Riggin (Manager of
the FAA Scattle Arrcratt O erisnication Officer v Sepiember 14, 1992 stated, “The B737
luteral control system capabiinty exceeds the relhing mement due to a full rudder sideshp
for all fandings flaps at normal landing speeds « Viger + additives) and for flaps up at
normal operational speeds 1 his 1s not true an.: confhicis with the September 20, 1991
letter from Boeing to NTSB n this subject. Further. testing conducted during the course
of this investigation has proven that i certain areas of the flight envelop the B737 does
not have sufficient lateral control authority to counter a tull rudder mput. Ag previously
discussed with the FAA and NTSB during the nvestgation of the B737-200 ADV
accident at Colorado Spring-. the rolling moment produced by a full rudder sideslip
exceeds the capability of the ateral system un der the following conditions:

Py Flaps 1o Flap- ot the fow speed cind of e Hap operatonal envelope.

Dy Flaps up and toap e 15t the aireratt - ovw s bewow normal operating speeds.
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The 1967 certification reguiseoments ot 14 CFE g 23693 required the B737 to consider
only a single failure. Amendment 23 revised tus FAR in 1970 to include undetected and
muitiple failures. The FAA fid not and has not required the B737 to meet the updated
FAR standards.

The “Control Systemns, Generad section of 140 FR g 25 671 wo) requires that an airplane
be capable of safe fhight und ianding after fwlure or jamnung of a tlight control system or
surface without exceptional prloting skiil or stength. i the probability of a maliuncuon

1~ considered greater than i T it must have —niy a minor effect on the control system

and be readity counteracted by the priot.

Also, subscction (3 states ANy jam i a cor ol pestion normally encountered during
takeoff. climb, cruise. notriai trns. descent. anc landing unless the jam is shown to be
extremely improbable. or can be alleviated. A runawwy of a flight control to an adverse
position and jam must be accounted for if suet: runaway and subsequent jamming is not
extremely improbabie © Tests on the B737 PCU servoe valve have identified fardure
modes that do not meet the  oxtremely improbable” clause in this FAR. As a result,
ALPA concludes that the B737 does not meet the current requirements of 14 CFR §
25.671. ALPA recommends that in the future FAA and manufacturers evaluate
derivative models against FARs in effect at the time of design.

There has been some corcer by NTSB over tne ambiguity o the FAR termimology .
Additionally. the NTSB agiecd with the FAA < niucal Design Review (CDR) team
concern that existing regulations only considescd control positions that were “normally
cncountered ™ The CDR tcam recommended shat fhght control systems be tested with a
Jam at any control position possibic. ALPA suares the NTSB's concern and agrees with
the CDR team’s recommendation ALPA alse supports and agrees with the NTSB s
belief “that the FAA shoulid revise 14 CFR § 25,671 to account lor the failure or jamming
of any flight control surface ot its dessgn-himit deflection.” Further, ALPA believes that
the FAA should re-evaluate all transport-category aircraft and ensure compliance
with the revised criteria.

The CDR team reports statest that there are “a aumber o ways where loss of rudder
control and potential tor o ~ustained rudder hardover may occur.  Since full rudder
hardovers (a control surtace hardover is defined as an uncommanded. sustained detlection
of the control surface to i~ tull travel position and/or jams are possible, the alternate
means tor control. the latera control system, must be fulty availabie and powertul enough
to rapidly counter the rudder and prevent entrance intw a hazardous fhght conditon.”
ALPA concurs with this CDR recommendatics

¢. B737 Flight Control incidents

Since the introduction ot it¢ 8737 there have been recurring reports ol fhight controd
indents. On June [, 199¢ Eastwinds Arhne - Fhaght >0 a B737-200. approached
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Richmond, Virgima. Whoe sescendimg tor approach. ine thght expenenced at least two
uncommanded rudder mput~ Other B737°s have expenenced uncommanded rudder
inputs from the yaw damper - What made the @ astwinds thght notable was the magnitude
of the rudder movement. The DEDR traces revealed that the rudder had deflected to near
its blowdown limit. Another documented case of a rudder moving tots blowdown limit
is USAI1r 427, The principle difference between the two events, and their outcome. was
the airspeed at the time of the uncommanded rudder movement. Eastwinds 517 was
operating at 250 knots win Haps up. which 15 well above crossover speed. USAr 427
was below crossover specd tor ts flap setting and weight. Recovery for the Eastwinds
517 flight crew proved dsitscult, for the flightcrew of USAr 427 recovery was
mpassible.

NTSB Chairman. Jim Hooicoterred to Eastwiads S letter 1o FAA Admunistrator
Hinson, “Under slightly ditterent circumstance o~ the Bastwinds mceident could have been a
third fatal B737 upset acoident tor which there was inadequate flight recorder information
to determine the cause.” AL PA agrees with Chairman Hall The primary reason
Eastwinds 517 did not re~uit o a catastrophic accident s that Eastwinds 517 was above
crossover speed when the ruader hardover occurred The B737 crossover speed tssue will
be fully discussed in Seciion IV of this submiwion

An NTSB investgation determumed that one problens was that the Linear Vanable
Displacement Transduce 1 VDT had been ras-niggen which affowed the rudder to
deflect to 4%%°. However o o-ceond uncommanded rudder movement exceeded 4%% and
traveled to the blowdowi e (about 8% at 250 knots: As noted 1o the investigation. this
airplane had experienced other rudder probleras on May 14, 1996, June 1. 1996, and Junc
8. 1996. Eastwinds muairtenance changed the mam rudder PCU and the airplane returned
L0 SEFVICE,

Areview of the B737 tlee. + cord shows aver @50 radder related incidents since 1967,
Explanation are yaw damipe: malfunctions. w ke vortes encounters, or ligquid
contamination of the electronie boxes of the yaw damper  Some rudder event causes
remain unknown.

d. FAA Critical Design Review Team

On October 20, 1994, the 1 A tormed a Criveal Design Review (CDR) team to review
the design and certitication 1 the B737 aircrett. On May 3. 1995 a report of the results of
thelr review was issucd. The members of the CDR team included FAA. Transport
Canada, and US Air Forue personnel

Team members defined e objectives as
. ldentify those i ure events, both «mgle ang muitple. withim certain thght

control systems i osult m an uncorumanded detflection or jam of a flight
control surface



2. Idenufy fatent tieres o cach anis o0 thght contol

3. Review the serace tustory of the fated or maltuncuoning component or
subsystem through « review of ADs, Service Bulleuns (SBs), Service Letters
(SLs). Service Difficulty Reports (SDRx). NTSB recommendations. NASA
Aviation Safety Reporting System (ASKS) reports. and other reports.

4 Identity and re e the mamntenance ot inspection requirements (task and
inspection intervai:. o~ provided by the manutacturer’s Maintenance Planning
Document (MPD . Muintenance Review Board (MRB) report. or maintenance
manual for each identinied component or subsystem with critical fatlure potential,

Areview of 17 ADs. 54 SBE~ and 37 SLs and visits to Boemg and other reparr tacilities
(FAR Part [45) resulted 1 the toliowing obseratons

1. Valve chip-shearies torees (as low o~ 37 pounds) on the PCL actuator
appeared (o be o
2 There 1s no adegeeic means tor westing the dual spool servo valve for proper

eperation on the aupiane

2 The dual spoo. <o ovalve s acompiex assembly and s a critical component
of the rudder and wicson power contro: uts and. therefore, eritical to thght
safetyv. Any faciiny authorized by the J AA 1o pertorm repair and maintenance or
manutacture this cormponent must assure the FAA of having the necessary
equipment, personne! and data (desigr manutacture. quabification and
acceptance tests provedures), including access 1o the latest revistons to the data
provided by the Chigimal Equipment Manufacturer (OEM).

After the team visited Dougivs Arcraft Company tDAC - 10 compare their design and
manufacturing practices o that of Boeing, the team published the following observations:

. The earlicr Daw sorplanes employ -lirect cable-driven surface tabs as the
primary control e banism for many of the fhight control systems.

2. The airplanes that 1ave o hydrauheatiy powered rudder have a built-in
hardover protector: with the use ot sphit surfaces, or manual reversion viu
hydraubic shut-ott lexer. Earhier airplanes use rudder Irmiting devices with
airspeed inputs. .ates airplanes use aerodynamuc (htowdown) hmiting

3. After breakout Lo resulung prolorged torces reguired to control the airplane
after ajam i the satesal control systen. are signihicantly lower than those of the
B737.



A visit

4. The DAC nunmirnur: chip-shearing capabidsty 1o hvdrauhe servo valves 1100
pounds) 1s sigmficantis higher than that ot the B737 rudder PCU servo valve
(minimum 37 i service . and 39 designs

5. DAC has more restricuve contaminaea hvdrauie fluid tnspection
requirements than she B737

6. DAC performs thent tests of “rudder hicks™ 1o determine structural strength
1ssues: fght tests -1 rudder hardovers t deternune lateral versus directional
authority are not performed.

7. DAC emplovs i satety, rehability, ard ergononnes group o perform hazard
analysis on newer wrpiane models.

8 DACS Faifure Voves and Effects Auaiv s EMEA) process s comprehensive
and crosses engincerme and operationa: disciphines

9 Inthe DAC FMbEN process tor anals zing fatens Tailures. DAC takes credit for
the inspection mterviai of the identitied falure. dut does not make this inspection a
Certification Mamntenance Reguiremen

o Honeywell/Sper - 5 o CDR team re presentatn e resulted i two observations:

[ A 12-month ac. viealation of 200 finled Yaw Damper units were reviewed by
the group in an citort toadenufy fadure trends G the 200 faled units

reviewed, 130 wers due 1o rate gvro fasdures. and all of those were caused by
damage 1o the rate gvrorotor bearmgs Of the remaming 70 falures, 42 were
confirmed as “No tuult Found”, and the remammg 28 failures were considered
Crypical” (e tailea components, cold solder jomits, etc. ). The review suggests
that the reason tos thc excessive tfrequeicy of rate gyvro fatlures s due to a
Boeing engine chunge Boeing reques:ed that Heneywell approve the exisuing
Yaw Damper in the new vibration environment. That new vibration environment
was a direct resul of the engine chango. which s the principle difference between
the mode! -200 ared thie -300 aircraft. Honeywelt has an action item to review
those failures witl: Bueing.

2. There are o nuinber of farlure mode « that could cause the Yaw Damper to
command a rudde: detlection to the Y o Dampes authority:

a. Eieciricai shorts of grounds
b. Opcy secdback circuit. and

C. A Lo MV OIVING an (e mdtent connecton t the transfer valve
and an legraton cireutt o the couplor where the Yaw Damper could
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comman. o adder 1o detlect - ror up w120 seconds. Honeywell was
not aware o1 1his condition. Farther invesugation 1s being mitiated by
Honcyw.o o

The CDR team issued the coflw g recommeitediions

1. Todevelop a nutional pohicy tor tran-punt category alrplane certification
which includes consideranon of a flight control jammed and any position
including fudl detlection:

2. Todevelop a nairosal policy reguirii e that when an aliernate means of flymg
an airplane 18 empioyad they shall not require exceptional pilot skill and strength
and that a pilot cun endure the torces foo o sutficient period of time o ensure &
safe landing.

3. Require transpes e planes to have redundancs in the direcuonal control system to
maintain conirol it event of a rotor nurst for the most critical phase of flight,

4. Devetop a nationa: pohicy tor transpor arrplanes reguining the determination of
critical hydraubo rhght control system nd components sensitive 1o
contamination. requirements tor sampling hvdrautic fluid, and requirements for
actuator componetnits to eliminaie or pass isheurs paruiculate contamimnation.

5. Develop additnong: gurdance for ra rport wrplane tatiure anatysis o
thightcrew action e 10 response 1o faiure conditions,

6. Establish a reqauoment tor flighter s action items to be devetoped and
implemented o1 the teiture analysis ey duated o order 1o justity no fhight crew
action jtems

7. Review the adeygiacy of the B737 aieron transter mechanism. Mamtam a safe
margin so that a priot could continue ¢ safe thght and land in & crosswind or go-
around it necessan

R. Ensure the B30 jateral control sysiom s abic to provide directional control
throughout the anpiaie envelope with a jamimed or hardover rudder., unless these
type of failures are ~tiown o be extrernely improbable by the most rigorous
methodology wvaiabic,

9. Determine feastt: ity of improving the proiection of the B737 main wheel
well trom the ctiedi- of environmenta: debiis

10, Ensure BT 5 wecels are based o FSCHO 26 Revision C or fater.



Il Require o taduse wealvsis of the B70 0 vaw duamiper to denufy all taijure
maodes. malfunctiors ansd potential jams

12, Require correc v action{sy tor thos . rawlure immodes tound in #12 that are not
shown to be extremnels -mprobable

12, Require action o oduce the numbe of B73 7 vaw damper tattures to an
acceptable level

14, Require acuor o rrect galling of e standbhy rudder PCU nput bearing.
15 Review and v .- rdentified latent - alure:
16, Require mspectior ot denutied fa ont taiiore-

F7. Revise the B7~ 7 A1PD for mspecui: of fatent twilures ot the Adleron Transter
Mechansm, Atlerer spnng Cartridge. and the Stundby Hydraulic System
inctuding Rudder Fuionon

19, Revise the BY 57 ighterew trasmin - mciade proper procedures for recovery
from upsels causcs o fhight controt svatem mattunctons.

19, Require that 1oprecement parts of p-oviany ciements of fhight control svstem
(hydraulic servos and svpass valves) prosded by sources other than the Onginal
Equipment Manutactirer {OEM Y have andergone qualifications of the OEM part
so that the non-OFNM purt s equivalent ander ali design tolerance conditions.

200 Require the vospeomabic FAA Apc on Cornfreation Oftice to concur with any
non-OEM vendir

JhAssessthie repa wovedures ot ov 0 BT 0 PUL repair station in the US.

220 BEvaluale the saccuacy of the B73 mamtenance manaal actrons addressing
flight control cabic ispection. rigging procedures and replacement criterta.

23, Require contioi - able service Jife ity undess acceptable ispection and/or
test procedure are desefoped and utilized that can determine the continuing
serviceabiliiy ot the . ontrol cables.

24, Determine the wogree of mcorporation of i foflowing SBs: B737-27-106(),
B737-27-1033.B '~ 27-1081.B737-77. 1125 B737-27-1134. B737-27-1152,
B737-27-1154. K7~ 271155 B737-24-1062 and Report No, 95-04-2725.

25, Determune the &ogree of mcorpor imon of the toliowing SLs: B737-SEL-27-16.
B737-81.-27-24 10 SL-27.30.B7- 05000 STOBU37-SL-27-THAL



26, Request NTSB 1o orm a special accdentinvestigation leam to begin a new
investigation of the B -7 acaidents ar Colorado Springs and Pittsburgh.

e. NTSB Safety Recommendations and FAA Actions

Prior to the accident mvolving USAr 427 there was some concern about the aircrafts
rudder controf system. In Augast 1991 the NTSB sent then FAA Administrator. James
Busev a letter containing Satety Recommendation A-91-77 This recommendation called
for an Airworthiness Directiv ¢ (AD) to require mspection for gatling (defined as the
transfer of metal from one surtace to another surtace) in bearings of the standby rudder
PCU control rod. The FAA hust issued a Notice of Proposed Rulemaking (NPRM) for an
AD but later withdrew o April 191993 The NTSB reiterated their recommendation
m its report on the United Animes 585 acadent issued December 51992, They
classified A-91-77 as "Open Uinacceptable Acnion”

During the investigaton it VAL 585 acordent a BV 37 -300 experienced a rudder
control system anomaly during i preflight rudder test on July 16, 1992, Bench tests
wentified a failure mode that could resultin a rudder reversal. This failure mode

mvolved the mis-postionng of the secondary <ide by the mternal summing hnkoge

which would cause v o moss wo far or aver-tmave! within the controf valve.

On November 100 1992 e NTSB issued Safois Recommendations A-92-11¥% through -
i21. These recommendation~ mcluded mamtenance and preflight tests w insure proper
rudder operation. Additionallyv. the NTSB recemmended that an AD be issued 1o require
meorporation of design chianges 1o prectude the possibiliny of rudder reversal and to
conduct a design review o wmilar servo valves, The FAA agreed with these safety
rccommendations and in theyr response to NTSB stated

“The problem w. oand 1o existn the man sudder power control unit only on

the Boeing 737 model arplanes.”

[n this response the FA A soknowledged the crugueness of the B737 radder control
system and 1ts susceptibiihiny to malfuncuions 1esulting 1 rudder reversa). In order 1o
coarrect this possible fallure mode and rudder reversal. the FAA then issued NPRM 93-
NM-79-AD on August 2. 1993 followed by AL 94-01-07 on March 3, 1994, That AD
required an inspection ot utl main rudder PCL 5 within 750 flight hours and mandated the
replacement of the main rudder PCU with ar updated PCU that contamed internal
mechanical stops to prevent secondary valve over-travef

In early 1996 a B737 operator discovered that an incorrect bolt bad been installed 1 a
miain rudder PCU dunng overhaul. Installaton of incorrect bolts can cause cracking of
bearings which can resuit i an uncommanded rudder hardover. As a result. the FAA
issued AD 97-05-10 Eftecuve March 19, 1996, This AD required that ail B737 PCU’s
be inspection within 90 day s to confirm propes operation. Additionally. a B737 operator
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tound mecomplete testimy ¢ #C'LU s after overf:aul resuited i uncommanded actuator
movement. These are two cases where repair taciiities not meeting OEM standards
introduced rudder anomalie~ through faulty o+ erhaul procedures.

The complex nature of e POU requires carerud nuentenance. An ntricate mechanism of
this type requires speciai tning of personne: and approval ot the FAA before any repair
station undertakes repair - Al.PA believes history shows that the current practice of
allowing a Principle Maintenance Inspector iPMI) to permit a repair station to perform
work ona component as complex as a PCU wathout meeting the same standard as the
OEM 15 a degradation i saten

Examples of the safery unptaations of this practiice ate two cases where repair stations
performed FAA approved work on PCUs The work. however. was not airworthy. The
FAA 1ssued Atrworthimess inrectives (ADss to correct the work. The PMI of each repair
statien had approved the nicthods used 1n the separrs. While the FAA later determined
thesc methods were unwirworthy - One repair taciliy did not use a proper test fixture for
the PCU while the other snstalled a boit that did not comptly with the manufacture's
specifications. Holding repair stations to the same standard as the OEM will prevent
occurrences like these from happening in the future.

The NTSB s mvestigation o USAr 427 provided mvestigators with an opportunity to
expose weaknesses m the mwnienance of hydiauhie fhight components. While the issue
of allowing PMI's to approyv work that does ot meet the same standard as the OEM did
not directly affect USAn <2 there is now recogmnon of the problem potential serious
consequences of this practice ALPA recommends that the FAA require all FAA
approved repair stations meet the same standards as the OEM,

On August 220 1996, the FA vassued several NPRMs tor ADs. These ADs included
mspections for galling of the standby rudder PCTHi96-NM- [47-AD), inspections of the
hores on aiteron. elevator. and rudder PCU's £ chrome plating separation (96-NM-150-
ADJ, and vertfication of the mtegrity of the yaw damper system within 3000 flight hours
and every 6000 thight hours thereafter (96-NM- 31-Al)

The NTSB Systems Group «onducted tests in aagust ana September 1996 which showed
that binding and reversal was possible in the miain rudder PCU servo valve. As a result,
on November 1, 1996, the FAA 1ssued Telegraphic AD T96-07-51. This AD required
repetitive tests within 10 day ~ and every 230 flight hours thereafter for correct operation
of the secondary and primars valves. In coordmation with this AD was Boeing Alert
Service Bulletin 737-27A 1 2000

On October 18, 1996. proveeding the November |, 1996 Telegraphic AD. the NTSB
issued Safety Recommendations A-96-107 through A-96-120. ALPA concurs with these
far-reaching Safety Recommendations aimed a: addressing the many arcas of concern
nciuding:
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A-96-107 - Deveropiaent of operatiosal measures and long term design changes
to preclude the porenual for loss of control from und inadvertent rudder hardover.
Once operational mcasures and design changes have been developed. 1ssue
respective airworthiness directives to puplement this actions.™

A-96-108 - Revise « + CFR 25671 1o cocount tor tully detlected tailed or fammed
flight controls.

A-90-109 - Requiz o e installation ot vrudder surface posttion indicaion

A-90-110 - Redessze the vaw damiper wvetern e chminate the potential tor

sustained uncomnuuaed vaw damper control events.” Require mmstallation of the
improved yaw danipes onall B737

A-90-111 - Prohios: ooy operator from semon e and replacing the LVDT withowt
testing of proper opwration.

A-96-112 - Estabiisn nspection ey eis and ~ervice hite tor the maim rudder

PCL.
A-90- 113 - Devise - wethod tor detect e ajan: of the primary or secondary shde.
A-96- 114 - Tost tn crequaey of chup savar capatiisty of all shding control valves.

A-96-115 - Reguir aoadification of the twput rod bearng of the standby vudder
actudlor to prevent aoang by August |or997

A-96- 116 - Detuw ~aadards tor hvdrac e o cleannmess and sampling

A-96-11T - Conduc: o design review of dual concentric servo valves for
malfunction and/or e ersals because o improperiy positioned servo shdes.

A-96- 118 - Reguite v ots to memonze ne proceaure tor disengaging the vaw
damper in the evens -+ ancommanded v

A

-

A-96-119 - Requure e elopment of precedures and tramming for B737 pilots to
etfectively deal with uncommanded rugder movement to the limit of its travel for
any flight condition within the operational envelope

A-96-120 - Requure oot raming e rec somze wid recover from unusual attitudes
and upsets that can ovour from fhght control maltuncuons and uncommanded
flight control surfacc roavement

On January 2. 1997, the By sued an AL cv6 SNM- 266 AD . 96-26-07) requirng a
revision the B-737 FAA-appec - ed Awplane Flip b Manuwe AAFMG This AD required



inclusion of a procedure tor « thght crew ucue dunmy ancommanded yaw or roll and to
correct a jammed or restricice rudder

At a press confercnce witn v oive President Gor - on Jantars 15, 1997, the FAA announced
four ADs for the B737  These ADs included.  §+ aredesign of the main rudder PCU to
chiminate any possibility of uncommanded rudder mouvon including rudder reversals: (2)
an agreement 1o repluce the mechanical vaw damper rate gvros with solid state rate gyros
sumilar to the B747-400. B757 and B767: (3) incorporating a rudder hmiter to decrease
rudder movement and sigimificantly improve @ Hight crew s ability to control a B737
experiencing a rudder hardosers and (4 redestzn of boits iy the control rod that hinks the
teel centering unit with the mam rudder PCU < as o maimtain a dual path. On March 4.
1997 the FAA issued NPRM- tor these ADs (47 NM-28AD and 97-NM-29-AD. Itis
important 1o point out that cach of these 4 Airworthiness Directives requires the
replacement of existing rudder control system components with new, improved
components, not simply modil ving existing component-

ALPA supports the NTSE aina the FAA m tier ctlons o smprove the B737. The
changes to the B737 wiil help nsure the highes fevel of satety tor passengers and thight
crew members. ALPA behieves that the industys geeds @ masimum effort to hasten the
replacement of the PCU7-
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111. Aircraft Performance

This sectron will show tha

[ The lack of detatled tTign: aa recorder nformanon hampered the accident
tmvestgation. As a resids new investigative rechnigues had to be developed in order
ter supplement the daia rec rvded

b

The Kinematic anaiyses - ovicied, while no 0% onclusive, resulted in one
scenario that matched e recorded FDR da: That match mvolved a full rudder
hardover, in magnitude and input rate, which was consistent with a rudder PCU
secondary valve fani v primary valve o essiroks

During the field phasc of i savestigation, reaciout of the accrdent arrcraft’s CVR and
FDR revealed that Flight 4.7 had expenenced 1 sudden. uncontrollable roll and dive into
the ground while maneuvening for landing. Because the B737 had a history of past rudder
control system anomalies tha can result in unv-anted rudder deflection, the rudder
became suspect almost imiesnately. Unfortur ately i the case of USAr 427, only
cleven (! 1) parameters were secorded by that sioraft's Flight Data Recorder. While the
FDR did yield information voncerning p:teh atitude and bank angle during the accident
upset, information regarding thght control surtace movement and flight control inputs.
with the single exception ot < ontrol column. w as not recorded.

Because of the extremelsy hiraed amount of dita avarlabie from the USA 427 FDR, the
FDR data was taken to the Bocing Seattle faci iy for study using the Boeing multi-
purpose (MCAB) simulatx 1t was hoped that by teeding the FDR data into the Boeing
B737 stmulation and obscryving the MCAB simwator results would yield additional clues

concerning the cause of the aecident

During the course of thi~ acondentinvestigatio s the Boeing MCAB simulator has been an
ivaluable tool. Anamitisd sisnulator session was conducted immediately following the
accident. During this session it became evident trom the FDR data that there was a large
heading change. both in magnitude and rate. during the initial accident upset. Duning that
initial simulator session. « aumber of simulater “runs” were conducted. simulating a
variety of aircraft malfunctions and pilot reactions, in un attempt to replicate the FDR
data recorded in the accident sequence. Atreratt maltunctions studied included: (1)
rudder. yaw damper and spoiler hardovers; (2 ivading edge slat malfunctions; (3) trailing
edge flap malfunctions: (4 ¢ngine failures and: « 5) hydrauhe system failures. In addition,
because of the separatior: distance of USAir 4.27 behind a preceding B727 aircraft, the
possibility of a wake voriex cncounter was also explored. During this early testing,
however. it was recognized that limitations 1n the B737 simulation fidelity would have to
be resolved before certan scenarios could be caused on or ruled out. These limitations
mcluded:



I Acrodynamic dats pacrage at ugh angle s of sttack oy and sideshp angle ).

2. Modeling of wake «ores effects from tiic preceding B727, including limiuted
knowledge on the behaaor of the vortes el

3. Laterad and dirccuons control effectiveacess at tepn angles-of-attack ¢ o) and
sideslip {(B).

4. Maxaimum rudde: Concol deliection thiswdowr oo function of altitude.

atrspeed and sidesip angle

In order to quantify these unniabons and impre oo the supalator s fidehty, a number of
activities were undertaken durng the course ot e invesugation, These activities included
wind tunne! and flight-testing i order to obtair actual acrodvnamice data at high angles-of-
attack and sideslip and to improve the modeti:: o contror system and control surface
etlectiveness. Once these himitagions were mitigated to the extent possible, analysis
showed that the rudder hurdover seenario wis e only scenario that could produce enough
vaw to match the FDR duta from the accident Taghe,

a. Simulator Validation Festing

I order to mmprove the Mo A8 simadator' s Tideniy . wsnd tunnel and fhight testing was
conducted m order 1o obu aerodynamic data al high angles-otf-attack and sideshp. In
addition. this testing was als wmed at obtawning data so that the stmulator model could be
moditied i order to more ac. urately model B 37 rudder blowdown charactenistics. During
the course of this testing. 1 was discovered that the B73%- 300 was capable of more rudder
deflection at Flaps | and 190 KIAS than ongially beiiesved. This increase in rudder
deflection capability tunttier -upported the hvpatheses thar o 1ful! rudder hardover had caused
the USAIr 427 accident

b. Flight Kinematics Stud.

In order to better undersiane the accident apse v imvehang USAr 427, the Arrcratt
Performance Group mitiated w Fhight Kinemanes Study - This was a study using the
kinematic equations of mouon and the accident arcratt FDR data in order to approximate
or estimate other fhight parameters whnch wers not directly recorded on the FDR such as
angle- of-attack and sideshp angle. This dato was further resolved 1nto estimates of aircraft
acrodynamic foree and moment coefficients. Assunnng that these aerodynamic force and
moment coefficients were due to fhght controd surface inputs, these forces and moments
could then be equated e thight control surface positzons. A major limitation n this process
however is that the anulysis assumes “cafm’™ a1 order (o be reasonably accurate, Other
limitagions include the accu acy of the FDR cata wselt and the accuracy of the simulator
aerodynamic modc!



[n January 1995, the resuii- o the finst Kinentw studs were provided to the NTSB
(Exhibit 13G). The resulis ot this first study presented “equivalent control positions™ for
both rudder and wheel derived from the estimated roll and vawing moment coetticients.
These results included the combined effects of data errors and the unknown external forces
acting on the atrcraft, includins wake turbulence

An updated version of thr- Kinematic Study was presented 10 the NTSB im June 1995
(Exhibit 13X-D). This version ditfered from the first m that it considered the ettect of a
wake encounter by USAn 42 A B727 preceded USAir 427 in the approuach inte
Pittsburgh. The B727 wu~ 4 . miles or 69 secends sheud of USAIr 427 at the time of the
accident. Recorded ATC radar data shows that the tracks of the two atrcraft cross at
approximately the pomnt of UsAir 42775 accident upset i addition, regarding the vertical
separation between the twe tiseht paths, USAN 427 wus approximately 300 feet below the
B727. This s consistent wuth the theoreticad wake descent rate of 300 feet per minute.
Further, there were obvious abnormalities i the kinematically derived lift and puching
moment coefficients. These . oefficients showed a loss 1 ift and an arplane nosce up piich,
as well as a sudden merease ¢+ turbulence. The performance group concluded that USAir
427 did cncounter the wake tiom the preceding B727

in order for thrs analysis 50 s aceurate “ealm™ atmosphene conditions must exist. Since
the actual conditions were ne. calm constderime the wuake encounter, the next step in
refining the results of the hisematic study was 1o create an accurate wake turbulence model.
‘This allowed estimation of the cffects of the wake dunng the encounter. Developing this
wake modei reguired that ey assumption be made. These assumptions include:

. wake circulation o strength.

2. wake vortex core lameler.,

. wake span.

4. disruption of e sdke due to mtercs ton wih the aireratt.

5. anstability ol te wake.

G the oscillatory narure of the wake voriex par 1 Crow mstability), and

7. the position of th: wake relative to she airerats throughout the encounter.

This effort was undertakes st the esttmated roflmg and yawing moments duce to the wake
cncounter were subtracted out of the airplane moeuon denved m the first kinematic study
and new “equivalent controi Jdctlections™ tor conirol wheel and rudder were calculated.

The estimated wheel and rudier postttons shos nan this analysis were intriguing m two
respects. First, the whees tru ¢ showed the wheet turning i the same direction as the roll
caused by the wake. Thi~ v wontrary to the expectation that the flight crew would input
wheel tc oppose the roll duc o the wake. Second. the dertved rudder position showed
rudder deflection greater thai: what was believed to be the blowdown fimit.

Finally, a third kinemauc sty was prepared t+y Boemny and presented to the Arrcraft
Performance Group in Sepicimber 1996, Whil- the twe previous studies were conducted in

19



close coordimation with the groap. this third stuos was conducted solety by Boeing with
mantmal input from the Pertormance Group. Dunng the meeting i which Boeing
presented the results of this study . numerous questions were raised by group members
regarding the analysis of the wike encounter and derivation of the radder and wheel time
histories. First. Boeing determined that the effects of the low sample rate of the FDR had
to be “corrected” and rather than use a hnear inierpolation or another curve-fit methodology
10 tair the heading data. Boeing chose to fit an unorthodox non-linear interpolation through
the data. Sccond, based on the Boeing curve fit. Boeing compared thewr results with
hyvpothetical rudder system malfunctions or tattures. The Arrcraft Performance Group does
not agree with the Boemg cuite fit, and this reinaims an open 1ssue with this third draft
report.

In addition. the wake modes + as substantally cnanged trom the previous study. These
changes were based on the results of the wake vortex fhight testing which was conducted in
Atlantic City in September 1995 Unfortunatery the data acquired during this flight testing
was arbitrarily applied by Boeing to the new wake model  For stance. while Crow
instability {movement of the wake vortices up and down relative 1o the flight path of the
aireraft] was evident during e majority of the tesung. Boeing only applied this motion to
the wake vortex pair when it was needed to match it and piiching moment. This self
serving use of the wake vorex test data was aiso apparent when a problem with the
estimated rudder positon at FDR time 135 1o 136 seconds arose. When Bocing presented
the resudts of this study 11 September 1996 the rudder position during the [35-136 time
period should have been < degrees airplane nese right assuming a functioning yaw damper.
However. the rudder posiuon predicted by the Boemng kmematic study, based on non-linear
interpolation. was 2 degrees wirplane nose left. a difterence of 5 degrees of rudder travel.
Boeing had changed the predicted rodder value significantly by altering the wake
vortex effects and changing the curve fit through the FDR heading data.

As part of theiw presentanien of the results of the third kinematic study, Boeing
demonstrated the etfect «f gata samphng rate on the results ol the study and the estimates of
rudder position. The sampic rate tor atreraft heading on the FDR was 1 sampie per second.
Therefore in a dyvnanue ~wtuauon, such as the accident sequence. ajrcraft heading is only
known for the recorded intervals. There s noe way 1o precisely determine atrcraft heading
between sample intervai~  since the estimate ot rudder position 1s dependent on the
determination of sideship angle. which is calculated from FDR heading, the greater the
sampling rate for heading. the more accurate the estinate of rudder position. Sample rates
investigated by Boeing inciuded 20,4, 2. anc | samples per second. Boeing's analysis
showed that the rudder re~ults based on heading sampled once per second were very
“noisy,” while the sample rates of 2. 4, and 20 were relatively accurate and consistent.
Theretore Boeing unilaterally decided to perform 4 non-hnear interpolation of the heading
data in an attempt to generate the 2 samples per second aceuracy from the | sample per
second FDR data. In this ase. the resuits of the study are influenced by the curve drawn
through the FDR data. v anations in the curve it produce variations in the resulting rudder
trace. Boeing’s interpolation through the heading data is not the only one that will fit.
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Afbof the Kinematic anw s« conducted dur ¢ the course of this mvestigation are based on
the computed acrodvnunie torces and momenis using the Boeing B737-300 simulator
database. Therefore any re~alts are Iimited by the accuracy of the acrodynamic data in the
stmulator database. As mentoned previously there are known limitations in the simulator
acrodynamuc data at high anvles-of-attack anc sideshp. These limitations will introduce
errors 1n the results of the kimemate study. In addition. the kinematic analysis conducted 1s
maost accurate in calm wind conditions. USAir 427 encountered the wake turbulence from
the preceding B727 4 2 miles or 69 seconds 11 tront of them A a resull. an attempt was
made to account for the wake effects of the B727 an USAn 427 There is ne conclusive
way of knowing whether those effects were accurateds accounted for. Further. limitations
in the recorded FDR hcading data introduce additional potential errors in the estimates of
rudder position. However the results of each of the three phases of the overall kinematic
study have consistently stiiowin a full wirplane nose left rudder imput at the initiaton of the
upset. In addition, analysis of the rate of rudder input based on these kinematic
results reveals that the rate and magnitude are both consistent with a secondary valve
jam with a primary valve overstroke in the main rudder PCLU.

As mentioned earlicr. the s e of detatled fhghs data recerder information in this
nvestigation Jead to the vevclopment of new and innovatve mvestigative technigues. The
flight kinematics study was one such techmique. however this study literally took vears to
complete. If there been aettied flight data recorder data available following this accident
this kinematic analysts would not have been needed and conclustons regarding tlight
control positions during the socident sequence would have only taken days. ALPA
applauds the NTSB's actiones regarding improsed flight dgata recorder standards. The
NTSB's recommendations o this area have ead o new FAR requirements regarding the
menimum number of paranwrers required to be recorded. ALPA 1S confident that these new
standards will benetit the :ndestry by leading ¢ more thorough accudent mvestigations i
the future.
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1V. B737 Lateral vs. Directional Control Authority

Fhis section will skow i

{. The B737 has hviec caceral control audiy riy winecn, af certain airspeeds and
aircrdft configuraiicns s utiable o counter the roli due 1o sideslip caused by a full
rudder hardove:

2o the case of USAo 2 e fateral contra authionn s avatlable swas not sufficient 1o
maintain d wings leve oooade once the flivhn expertenced the full rudder hardover.

The B737 has msufficient toicrai controf at s¢ me arspecds and flap settings to counter a
fully deflected rudder. Druring the vestigation of the U AL 585 acaident at Colorado
Springs. Bocing produced duta which indicated that i certamn aireraft configurations below
certain arspeeds there was not enough Tateral crolly control authority to balance or counter
the roll due to sideship as wresult of full rudder detlection. At that time Boeing stated that
the aircraft configurations attected were Flap: i through Flaps 10 This information was
refayed to the NTSB in i September 20, 1991 jeiter o Mr. John Clark (INTSB) from Mr.
fohn Purvis (Boeing

During the investiganon f 5 S A 427 simulaccr validation thight testng was conducted
and mancuvers were tTow o order to examin. the balance between lateral and
directional control on the B 47, During the ¢ourse of this thght testing, Boeing and
NTSB confirmed the date: Boeing had provided during the UAL 585 investigation. Fora
B737-300 at Flaps 1 and weights above 110000 [bs, at speeds below 190 knots there was
not enough lateral contrer authority o balance o full rudder hardover to the blowdown
limit. The speed at which full lateral (roll) control is needed to balance the roll due
to sideslip caused by full rudder deflection 1s referred to the “Crossover” speed. At
the point of the USAmr 427 upsct, the aircraft wias configured at Flaps 1 and was ata
speed of 190 kis. 1t was aetermined that crossaver speed 1 also affected by aircraft “g”™
loading such that an incredse :n g7 Joading resusted tn an mcerease in crossover speed for
a given aircraft configuratior. During the cou o of sunuiator validation flight testing. the
mvestigation documented the exact speed at wnich crossover oceurred. A review of the
data found that this specd wus significant)y higher than Boeing had predicted. bt was also
within 3 knots of the Boeing suggested mimimuni maneuvering speed. At a Flap | setting
and an arrcraft werght of 710.000 tbs. flight tests found the crossover speed to be 187
knots. The Boeing suggested minimum mancuvering speed for this flight condition is
190 Knots.

ALPA believes that this i~ o nadequate marg . of salety - Adding 10 knots to the
Boeing suggested minimmu speed improves lateral contod significantly. This increase
lateral control helps returs the airplane to wing s ievel thight much more rapidly m the
event of a rudder hardoy ¢
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Atthe ime of the upset s 427 was operatiag at tie Boemg recommended mimimum
mancuvering speed of 190 wnvis with the flaps et to ™1 A< the fhght encountered the
wake vortex of the preceduny Delta Air Lines B727-200. the autopilot increased the pitch
of the B737 1o hold altitude when the aircraft rofied due o encountering the vortex. This
shight increase 1n g™ load or angle-ol-attack (G- resulted inan increase i the crossover
speed. Therefore. when the ridder went hardoser there was isufficient fateral control to
bring the airplanc back to & wings level attitude  As the "¢ load increased during the
upset, the crossover speca contnued to increase As a result. the rate and magnitude of
the roll imcreased.

Five seconds after the moicrany five knotincrease tny airspeed that signities that the
airpiane had encountered the wake of the B727 - the bank angle was greater than 307 and
increasing. Boeing charts prodict that the cros-over speed tor a 110,000 Tbs B737-300 in
a4 30% bank to be above 19~ knots. USAir 427 wus below the crossover speed and. due 10
the specific tlight characterisnes of a Boemng 737, Tacked tateral control to return to wings
level fhight. Throughout its remaining short flight, USAir 427 was never above the
crossover speed. As cxpocted. the airplane continued to roll uncontrollably until impact.

During the course of this s ostigation much aiseussion and debate has taken place
regarding the mcrease i e joading USAw 427 expenienced during its accident upsct

and whether or not the upsci wus recoverable. ALPA beheves that the increase in g™
loading experienced by TS 427 during the apser was a combination of two factors.
Frrst, the natural stabihts o the aircratt would have caused an increase in g™ loading
during the roHover and dive ance the aircraft would have a desire to maintain iy
Ctrimmed” atrspeed. Secnnc. some time after the imtiation of the upset and during the
dive. the tlight crew applicd back pressure on the control voke (airplane nose up elevator)
mstinctively trying to @y eod smpacting the greund.

As to whether this upse: » a0 recoverable or v 1t s important to realize that we. in the
mvestigation, are just nca hegmmng to unde:stand the concept surrounding B737
crossover speeds and the eral contro) anthenty sssue This accident investigation has
taken three years, Prioy i this accident the B737 crossover speed issuc and the effect of
"¢ loadmg and angle-o!-attack on crossover speeds were unknown. The flight crew of
USAIr 427 had no way 1 determining what was wrong with their arrcraft and why they
could not regain or maintui: contro) of their arcraft duning the upset This flight crew
was helpless and the staif of the airplane expenenced at the end of the accident upset is
immaterial. So long as the atrplane remained below crossover speed, recovery from
the roll due to sideslip caused by the hardover rudder was impossible.

In the case of USAn 4.7 g crossover spee.tincreased 1o the point that 1t was
unattainable. The specinc thght characterstios of the B737 and crossover speeds were not
explored in detail and understood fully unul this acardent investigation. This knowledge
has still not been passcy on thoroughly ta the pillotng commupity. While ALPA applauds
the imtiative of the indusiry for the development of “Unusual Attitude™ and “Aisrcraft
Upset” training. we do et nelieve that enouci has been done in the way of pilot education

i
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and the development of poo 0 aperating procedaires i erder o prevent a loss of control
accident.

In June 1997, Boeing underi ok some additonal thght westing on their own i order to
turther explore this crossover speed 1ssue. Dunng thes thght testing. it was discovered that
operations with flaps up was also impacted by crossoser speed. Further, during this flight
testing full rudder hardoy v malfunctions were vonducied in order to quantify B737
handling characteristuces snd recovery techmques with full rudder deflections. 1t was
determined that for the Frap~ 7. 190 knot case. once o tull rudder hardover was experienced.
the aircraft had to accelerate 1o well above crossover specd before sufficient tateral control
margin was reached and she areraft could be 1ecovered

Thisadiosyncrasy of the 57+ means that ALy < recommended speeds would result in a
fhight crew having the aboaty toreturn 0 wing s icved thght over a much greater part of the
thight envelope. Using ALEPA S recommendec speeds provides a greater margin of safety

m the event of a hardove: ruader. than the Boon mummum mancuvering speeds for flap

settings ot 17 through ~ i

During the course of this st ostigatnon, when Uie issue o1 crossover speed was confirmed,
the NTSB issued Safety Recommendation A9 119 This recommendation called for the
development of B737 operating procedures so that the wircraft could be safely operated in
the event the arrcrabt expenenced a full rudder hardoser s any area of the tlight envelope.
To date. 2 number ot B7>7 cperating procedutes have neen developed aimed at chiminating
a full sudder hardover shoula one occur i thgit, However,a procedure mimed at providing
a thght crew with more tine s which to react and respond to o full rudder hardover has not
vet been mandated by FA A This procedure 1 relatively simple: increase the amreraft's
wunimum maneuvenng speed o the Boetng recommended "Block™ speed plus 10 knots.
ALPA has been advocatny this procedure during the past 2 vears. Some airlines have
adopted this procedure. I ver though the FAA hus not mandated this increase in minimum
maneuvering specds. thes e however endorsed this concept of increasing the B737
minimum mancuvering speeids 1o CBlock”™ spevd plus T knots. Ina June 4. 1997 letter to
ALPA. the FAA stated

“The Federal Aviae - Admmistranon | AA has reviewed your proposal and agrees
that the approach -coommended i this sudletn certamnly does have merie. The
techniques recommcnded 1n Bulletin 973 would definitely result in a more
expeditious and eusier recovery from ary uncommanded directional control system
failure.”

ALPA urges the NTSB 1o recommend that B737 operators increase B737 minimum
maneuvering speeds to Boeing’s recommended “Block™ speed plus 10 knots. This
would be the safest course of action until the F A A mandated changes in the B737 rudder
PCU are completed in order 1o provide a marg:s of satety in the event of a rudder hardover,



V. Human Performance

The NTSB conducted a verv extensive Huma i Pactor mvestigation with regard to flight
crew actions during the UNAr 427 aceident upset Based on this analysis, thght crew
actions were not causal 1o ihe accident.

a. Flighterew General: Heatth and Background

Thus section will show tha:
[ The crewmembers or i tivht were healio. bow ppvswcally and mentally, and were

Jit for flight.

20 Noevidence exists or o medicad conditie e e wealdd ave affected the
pertormance of the fivge rew,

The captain was 45 year- vt and the first offi ¢ was 38 vears old. (Human Performance
Group Chairman’s Factuai Keport. October 32994

The captain’s height was o and his wergh was 280 pounds, according 1o his FAA
medical records. The firt oinicer was 6737 and weighed 210 pounds according to his FAA
medical records. (Humar Performance Group ¢Chairman s Factual Report, October 31,1994

According to the captiun -+ wre. she character zed her husband’s health as “very good.”
The first officer’s health w s characternized as “excellent” by his wife. (Human
Performance Group Chavrnin’s Factual Repot October 310 1994)

According to the Human #crtormance Group uctaad Report dated October 31, 1994,
“The captain had undergone back surgery in March, 1494 1o remove a ruptured disk. He
returned te flying in May Fovd and. according to his wile, did not complain of further
back pain [following the operation.]” The crew s chier pilot indicated that neither of
these pitots abused their wich :cave. (Operatior s Group Factual Report. October 27. 1994)

The captain and first officer seld valid FAA fiest class airman medical certificates dated
719794 and 7/13/94. respecusely. tHuman Pertormance Group. October 31, 1994)

The captain and first othe o nad no restrictions piaced on their FAA medical certificates.
According to the Human Fertormance Group buctuai Report dated October 31, 1994, the
captain’s “distant vision wis bsted as 20/20 10 cach eve without correction, and near
vision was 20/60 corrected 1o 20/20 in each ey The fust officer’s “distant vision was
histed as 20/15 in each eye without correction. and near vision as 20/30 in each eve
without correction.”
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Each pilots medical insuranco chium record wi reviewed by members of the Human
Performance Group. looking wi the immediate & vear pertod prior to the accident. The
tollowing 18 extracted from the Human Performance Group Factual Report, Second
Addendum.

CAreview was cotdu ted by committer members «MBLPLLCDy of the medical
claims records of the company-sponsored insurance carrier. During the five years
prior to the acordent, e first officer submitted no medical claims. Durimg the
same pertod. the clanms submitted by the captain indicated no sigmificant iliness or
hospitalization with the exception of back surgery as described m the Human
Performance Factual Report. The mvesugation revealed no evidence ot any active
or pre-existing medical conditions that a ould have aftected the performance of
the fhighicrew

According 1o the Human Fertormance Group bactual Report. Second Addendum. ~A
lelephone interview was vondacted with the captan s allergist. The doctor reported that
the captain received regular wiergy shots for environmiental allergens. He stated that the
captain’s clinical symptomes. consisting ol sneczing. runuy nose, and post-nasal drip. were
mild and responded well toircatment. The capain™s fast adlergy shot was administered m
August. 1994, and his trearment was corrent at the nme of the accident.”

The Human Performance (e up Factual Repost dated Gciober 310 1994 indicated that the
captain’ s, wile told investigators that her husband took no medication other than allergy
shots, Further. the first otficor's wife indicated that her hushand took no medication.
Further. a medical insurance claim review showed that the hirst officer had no medical
msurance clanms for medicanon, as discussed . the NTSB's Human Performance Group
meetmg. July 12, 13, 1995

Postmortem toxicologici wn showed no evi leace o) drug. aicohol or medication usage
by either crewmembe:

According to Dr. Scott Moo a phvsiologist s Lo reviewed the Cockpit Voice Recorder
audio tapes at the request ol the Human Pertormance Group. “There were no indications
from the normal commurcations throughout the tape that either crew member was
physically incapacitated oy tunpered m the pertormance of therr duties by a ingering
mmjury. Both the breathing and physical responses of the PIC and F/O appear to be within
nornial imitations and not major contributing tuctors to this accident.”™ (Speech
Examination Factual Repor: May 5. 1997

b. Flightcrew Psychological and Psychosodial Factual Information
According to the Humun Pertormance Group Factual Report dated October 31. 1994, the
captain was “married tor 17 vears and had tw e voung children.” Several colleagues

indicated that “the captan uppeared 1o be happry married and devoted to his famly.” This
report further stated that tie tirst officer was warnied for almost two years and had no
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children.” Several colicagues adicated that “the hirst oticer appeared 1o be happily
murrted.”

There were no indications Gait aither crewmemner had ans major changes n personal or
financial sitwations in the tweise months prior 1 the accwient. (Human Performance
Group. October 31. 1994,

The captaim had no histers o sutomoebile acadents i the preceding three years: he
recetved a traffic violation i fanuary 1993 for “tatlure 1o give a proper signal.”™ The tirst
officer had no history of automobile accidents - violations 1n the preceding three vears.
(Human Performance Group. October 3], 1994

Neither crewmember huad ans ecord of aviation accidents or entorcement actions, and
further. there were no reconds ol any criminal brestory . Human Performance Group.
October 31, 1994

The captain’s wife indicates at her husbund el drane alcoho!l The first ofticer’s
wife stated that he was a moderate. occasional drinker  Human Performance Group.
October 31, 1994

[nterviews with statien sale azents who interas ted wal: tie crew stated that the crew
seemed alert. happy and i o cood mood . (Human Pertormance Group. October 31, 1994y

A USAjr captain rode on ihe cockpit sampsea wath tius crew on the fhight prior 1o the
accident tlight. This sumpseating pilot indicared that the crew did not appear tired or
stressed. (Operattons Group October 27199

All of the captain’s aming ecords indicate s ststactony performance. Approximately 5
months prior to the acaident the captan had o simulaton check. The check airman who
administered the check stiea that the training session “went well with no problems.”
Further it was noted that the captain was “prepared tor the trnning and 1t went smoothly.”
iOperations Group. Octohe: 27, 1994)

According to the Operanon- roup Factual Report dated October 27, 1994 another check
captain flew a three dav trnip with the captain o order w requalify him following his back
surgery. The check captae ~tated that the captam was “meticulous.. very
professional.he paid atienuon to detail.. ran completed checkists. tollowed all
procedures.”

When Captain Germano traisiioned fron: Boat i soist Otticer 1o B737 Farst Officer
in September 1987 his traning record indicated aremark by his instructor that stated. ™l
would place at end of truinmg, Mr. Germano 1t fower 10 percent.” This 1s tnconsistent
with other characterizations ot the Captain’'s proficienc, On October 8, 1996 the
NTSB s Operations Group 1or this accrdent interviewed Captain Michael Rush. the
mstructor who made thi~ comment. According to the Operations Group Factual Report.



Addendum 3, dated June 297, [Captain R ishi] stated that he did not have a clear
recoliection of Captain Germeno He had never tlown with Germano on the hine. He
could not estimate the number o1 check rides he had administered. Regarding the “lower
10 percent” comment he had entered in Germano s tunig record, Rush stated that at the
time the USAIr manual suggested commenuing Top 10 percent” 1f the pilot being
checked had done a good job  He did not specthicatly remember the check ride after
which he had writien this cornment for Germano. but he iterpreted the comment 1o mean
that Germano met all of the requirenents but “his methods may not have been as fast or
polished as other pilots.” He stated that he did not “recall my motivation at the time.” He
compared these ratings to those given to Olympue athleies. some successtul athletes
received lowed marks. He said that he had probably written similar comments on other
pilots” training forms.” Captain Rush also added that it he “would have had no doubts
about grading Germano as Unsatfisfactory| haa that been warranted. He said that. as both
a check airman and designated examiner, he had graded some other pilots as Unsat.”

ALPA considered the testimenes of Captain Ruasn and otner check airmen who had
cvaiuated Captamn Germano - performance more recently  From the record, Captan Rush
clearly stated that he found Captam Germano’s performance to be satistactory. but felt
that he lacking some “polish Whether or not < aptain Germano was having difticulty at
that time (1987) should be countered by his pertormance cioser 1o the time of the
accident, some seven vears fawer. As cited above, five months prior to the accident a
check atrman stated that traning Captain Germano “went well with ne problems™ and
that the Captatn was “preparcd for the traming and 1t [the raming ) went smoothly.”
Further. a check atrman wheo tew wath the capraey in order to requalify him foliowing his
extended sick Jeave absence ~tated that Captain Germano was “meticulous...very
professional.. he paid attenton o detail.ran completed checklists. followed all
procedures.” From weighing these comments. ALPA concludes that the issue 1s not how
well Captain Germano may have performed durmg Fiest Officer transition training seven
vears prior 1o the accident  fnstead, a more accurate predictor of his performance during
the accident flight would hus v been those more recent comments concerning Captain
Germano, while he was besg observed in actual hine operations and while acting as Pilot-
in-Command. which is the same rofe that he was performing on the accident tight.

All of the first officer’s trairanyg records mdicae ~atistactory performance.
Approximately 5 months prior to the accident :he first officer recerved & simulator check.
The check airman who conduced the check staied that the first officer was “well
prepared..he was a sharp gus ..1n both the orai and the simulator check.”™ He had no
negative comments concermnyg the first officer « tramng  (Operauons Group. October
27,1994,



¢. Crew Communications Intra-cockpit
This section will sheny i

i The tvpe and qualine o ra-cockpit compioncations are predictors of crew
performance.

2 The crew of this thel: o municated ameriest thepiselves e a manner that (s
conxistent with a higl o Cree of professicaadism and good crew coordination.

Previous human factors resc..wch has shown that the tvpe and quahity of communications
among thight crews arc imporant prediciors o crew ]*mtz’{m'mance.1'2 During the NTSB's
mvestigation of this accrdert the Human Pertormance Group sought the expert assistance
ol NASA scientist Barbara kanki. Ph.D.. for the purpose of conducting a speech analysis.
Her compieted report i utti ned to the Factua: Portior of Speech Analysis Report. dated
October 22, 1996.

According to Dr. Kunk: '~ report. "Because ve-bal commumcation is so often the means
by which flightcrews pertors therr tasks. patterns ot speech are potential indicators of
how crewmembers coorditiute therr work. how they relate 1o cach other and others i the
system.” This statement o nsistent with Forshee and Manos’™s ¢1981) observation: At
the very best. communicatios patterns are cructal determinants of information transfer,
but rescarch has shown thut ey are also related to such tactors as group cohesion
cmportant from a crew cootsnatton standpointe attitudes toward work, and
complaceney.”

Dr. Kanki looked at three aspects of speech e~ 1task related speech. which describes
crew coordination during rounne thight conditions. us weil as problem-solving during the
crergency conditions: 2 procedural speech. which desenbes adherence o regulations,
policies and protocol: und. + non-task-relatec specch. which describes general cockpit
atmosphere and interpersora refationships among crewmembers,

d. Task-Related Speech

Dr. Kanki states that durimy o routine porttor of thight, patterns ot request for
iformation and their responscs are anatyzed a- an indicator of how the crew coordinates
their task activitics and obtai: - the informatior they need  According to Dr. Kanki's
report:

" For more information see Foushee. « savton H. Manos. Karer 1 ci9s 1 Information Transfer within the Cockpit:
Problens in Intracockpit Commurticatons™ in duformation Tr aafor Proplenis w the Aviation Svstem (eds. CE.
Biliings and E.S. Cheaneyr. NASA TF 1875, Moflett Field. ¢ 4. NASA

* Foushee. C.H.., Lauber. J.K.. Bactee, MM Acomnb, DB (19800 Crov Factars i Flight Operanons: 11 The
Operationa! Significance of Fxprsire  Shore-Hed Air Trarn port Operainons, NASATM 88322 Moflet Field,
CA:NASA



Atasimpie descsiptoe fevel, much of the caprain s speech 1s devoted 1o
atr traffic contre! « A FC) communications. However, o addition to ATC
specch. the remainde: of his task-related speech consists of six task
obscrvations. one statement of ntent and one suggestion/directive.
Responses by the tirst officer to these statements are exceptionally high
{Le.. no completed speech by the captain 1s left hanging or un-
acknowledged)  There are fewer first officer speaking turns since he is not
handling ATC. thus his entire pattern of task-related specch consists of
three task observations, five questionssverifications, one statement of
intent and one suggestion/directive. Consistent with the first officer. the
captain responses are high, especially (v cases of quesuon/vernifications.

Crew Coordinarern One mdicator of crew coordimation s the pattern
shown by the pleis i therr requests for information and verification.
Since these are patential areas of miscommunicanons, the completion ot
these task-reluted communication sequences s important. From this
transcript, the tollowmg gencral pattera s shown. when a question or
request for verification s iitiated. the other responds immediately. except
tor outside interruptions. On task-relaied topies, the Ginst officer (F/O)
mitiates questons te the captain {C} S mes. and the Cimitiates questions
to the F/O once. Sinee all of the quest:ons are requests for clarification or
venfication regarding ATC mstruction- or ATIS. and C s handling radio
communications. it~ reasonable that ke iy the responder more often than
the mitiator. Both € and F/O resolve the questions m atl cases, and ATC
15 considered an mtegral part of the commumecation Joop. There 15 no
apparent reluctance o ~seek or incorporate 1nformation trom each other o
ATC. Assessing these patterns on the sases of prlot and ATC roles in
routine operiation, e el of coordinaton and communication appears to be
adequate for accomplhishing the task. At the pomt at which the emergency
begins, there 15 ne guestion or verificat.on issue left unresolved.

Dr. Kanki summarized hee teaghts concerning wsk-retated speech during the reutine
phase ot flight: “While there o~ not an abundarice of dite (speaking turns). this aspect of
crew performance can be described as complete. cooperative interactions among the
tlighterew members and wir vraftic control (whao s also part of the communications
loop).”

Regarding the emergency peniod, Dr. Kanki staies: “Because the pilots seem to have
been cooperative and responsive to each other wwithin the tast 30 minutes. there woutd not
seem Lo be any interpersonad harrier o their being 1 tune with cach other at this ume. On
the other hand. the emergency conditions themselves may be pulling their attention 1n
different directions. 1n cither «ase. the communications and actions may be altogether
appropnate.”
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¢. Procedural Speech

According to Dr. Kanki. v wwedural speech 1 interpreted as an indicator of crew
adherence to regulations peactes and protoco: Throughout the transeript, procedural
speech (ATC communicittions. checklist and I'A announcements) generally appear to {all
within expectattons.”

f. Non-Task-Related Specch

Dr. Kankr1 states, "Non-tasw -clated speech s snterpreted as an indicator of the cockpit
atmosphere and interpersona: relationships amiong the thghterew members. Instances of
non-task-related speech. o1 woal communicaons are normal and responsive. There is a
casual. friendly interaction ainong hoth pilots and thght attendants. implyving that, as least
on a protessional fevel. thvre o no particufar social barner or problem that woutd impede
their working together durizn the emergency.” She adds. "Non-Task conversation s
curtailed when task actis e~ aecelerate.”

¢. Crew Communications - ATC
This seciion wifl shov b

{0 The captatn of USAn -0 wknowledged ¢ o0 A0 vadio transmission in accordanice
with aceepted praci

20100 percent of the oo dlearance o peguencs ange readbacks contamed both
the full clearance vodi « and the complo e dorerapt call sign. compared (o a recent
FAA study that found e omiv 37 percent of pilor vewdbacks contain both the
clearance readback and - mnplete aircraft - ail sign

A The caprain s carejut cteontion o ATC commoncarions imdicares that fte swas
attentive during flighe wnc that hus professooncdisin onards ATC conmunications way
likely a reflection ot b poofessional approaci to fe

Using the Cockpit Vowe Koo wder Specialist s fuctual Report of Investigation. ALPA
conducted an analysis ot pilor to-controller corimunications between the crew of the
accident arrcraft and ATC rucihities along their -oute.

In establishing a baselince o1 2ors analysis we consulted the Aeronautical Information
Manual (AIM} to identity tants associated with cood radio discipline. Section 5 of the
AIM., Pilot/Controller Rotes and Responsibilines mentions four priot actions that are
important in receipt of ATC <iearances



Fuch of these areas are tsic 0 osedow s along wit ALP A < anady sis
I Acknowledge recerpt any inderstanding ot ar ATC Cearance

ALPA findings. Duiing the 30 minute - peginnmg at 1832:29 EDT (the beginning
of the CVR transcript - and ending at F402:32.0 cthe last radio transmission from
USAir 427 before the upset event). AT issued 14 clearance or frequency change
transmissions. The vaptan. the plot-not-flving. answered 100 percent of these
transmissions immeiately. and in each case correctly utihized the aircratt call
sign. There was never the need for AT to repeat a transmission, and information
contained m the capiam’ s readback wus consistently correct,

By wav of compuise o arecent FA s study rescarchers analyzed 48 hours ot
ATC-pilot commure. inons - Of the 0089 transmuissions reviewed by
researchers. only 27 porcent of pilot readbacks contained full readbacks and
complete aircratt caii signs - The USAur 427 crew exceed this performance by a
ractor of almost tue

2y Readback any hold st b runway anstrwe pons neposed 0y ATC

ALPA finding 1+ - suaspotreleyant oo the arccatt was airborne durimg the time
ihat covered the © Vv ransenpt

2y Request clarification o amendment, as ap ooprate any ume a clearance is not fully
understood or considenn anacceptable from u saten standpoint.

ALPA findings. v 533016 ATC requested tha! USA 427 reduce speed to 210
knots. The cuptain o knowledged tha. he would comply with the speed request,
but that an altitude icarance that was previoushy assigned (CUTTA Intersection at
1(.000) would be dutticult o make. The controller then replied that the speed
reduction wus paranount. and that the aititude restnetion was no longer needed.

AUT8ST:23 the Pisturgh Approach < onttoter made o iengthy transmission (o
USAr 427 iUNAw ‘our twenty-seve 1. Pitlsburgh Approach. heading one six zero
vector ILS runway teo eight right finai approach course, speed two one ze€ro.)
Betore the caprain Could readback the ciearance. the tirst officer asked the captain,
“what kind of speed 7 tollowed by the captami ~ ¢learance readback. However,
because of the distracuon of the first iwer s request for speed verification the
captain became unsare of the runway assignmient. which was embedded among
other bits of the controller’s transmmission. The captain later asked ATC. “did you
say two eight len o USA four twenty -seven”” followed by the controller
providing the Coiroe: Tunway assignin et

“Cardos, KM Bret, B Hin ~ 80 An Anaboe o Bt Redeo Approack Controf Controfier-Priot Vinee
Communicartons. DOTHAGSG A0 0066 Washmgton, DO F A
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41 Promptly comply with ar: oo traffic control < learance upon receipt excepl a8 necessary
o cope with an emergency  Advise ATC as soon as possible and obtain an amended
clearance. if deviation s necessary

ALPA finding  Eacn i the 14 clearanc.s ot tregueney chunges were immediately
exccuted by the Thehterew

ALPA concludes that the crew ~ pertormance regarding ATC communications was 1n
accordance with accepted practices. During the final 30 mumutes of flight the captain
correctly acknowledged each ATC transmission and correctly used the full aireraft call
s1en in each mstance. This performance 1s considerably better than the average
performance of pilots in @ reeont FAA study. where only 37 percent of pilot readbacks
contained full readbacks and wrerait cali signs From this ALLPA concludes that the
captain was attentive during the fhight, and furtner that he was diseiplined in his approach
to flying. which prompted casful attention to bas rado usage. The arrcraft was flown in
compliance with all ATC vicarances.

h. Crew Interactions
This secrion will show i

]

i CRM rrains crevs oo oo ite more effective sy i Berter cope with non-routine
situations.

4

S USAir s CRM prowrec - owell develope and tnes © RM principals were constantly
reinjorced during travios with USAir fligaicress meluding the uccident crew.

2 Evidence cathered v woomber of NTSB bicestigative groups indicates that the crew
of USAir 427 performicd - a manner that .~ consisient with good CRM during prior
trips, as well as duriny e dccident flight

4 The crew s use o1 CRM poacnces helped foster whealthy crew concept, and 1his
positive crew Irteraciion vell prepared them o deal with the emergency had 11 been u
recoverable situatior

According to FAA Advisors i reular AC 120-318 Cren Resawree Management Tramming:

investigation mto the causes of air carner accidents have shown that human error 1s a
contributing factor iy H to 80 percent of all air carner incidents and accidents. Long
term NASA research has demonstrated that these events share common charactensucs.
Many problems encountered by thightcrews have very little to do with the techmical
aspects of operating 113 a multi-person cockpit. Instead, problems are associated with
poor decision making. meffective communication. inadequate leadership, and poor task
OF IESOUICE Tanage Nt
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The AC states, "CRM-tramedd - rews operate mor - effectivelv as teans and cope more effectively
with non-routine sitaation~  The AC further states.

Good traming for rogtae operations can tneve & stong posnive effect on how well
ndividuals function during tmes of high workload or high stress. During emergency
situations. when time pressure might exisi. a crewmember probably would not take the
tume 1o reflect upon his or her CRM traming in order 1o choose the appropriaic behavior.
But practice of desirabie behavior during tmes of low stress increases the likelihood that
emergencies wili he handled effectively

Effective airline CRM progranis, according to AC 150-31B. contan at least the followng
COMPONCNts:

o Initial indoctiiie: on o CRM pring guads

e Recurrent ground rammng to remforee CRM prinetpads and concepts:
e  Combined tra o with cabin and s heht crow S

e Instructor/che.n o anan CRM evaluation weetingues.

e Line Ornwenied Fhent Traaning (1.OIE suppremented by use of video tape
techrigue 1o captiie posttive and negative CRM usage: and

s Reintorcemen oo enngue of CRM surme fine operation evaiuations

Atthe time of the acardent. © > ar's tlight raining program smcorporated each of the above
components. Their prograr: w s developed by Dr Robert Hedmreich. a well known CRM
cxpert who has been tasked by NASA and FAA to research CRM ssues. The crew of USAir
427 received mittal and recunent tramming i CRM coneepls

The following items are paiapirased from Adv ~ory Crreular AC 120-51B. which
identiftes “clusters™ that wre varkers ot eftecuve CRM performance:

Uy Communtcations Proce-so - and Decision Benavior {luster

s bricfings - ~er cpen /mteractive commusications. tor example. the captain
calls for questins or comments.

e inquiry/advocaov/assertion - crevmembers speak up and state their
mformation with appropriate persistence. crewmermnbers are encouraged 1o
question the acions and decisions of athers

e communicutiotrdecisions - relate to free and open communmication. They
reflect the cxtent to which crewmembers provide necessary information at
the appropriate nime (For example. imtiatng checklists and alerting others
to developiz problemsh



21 Team Building and Moo ance Cluster

o dcadership o wship/eoncern 1or asks  sroup climate appropriate to the
Operalionad. ~thiallon is continualiy monitored and adiusted (for example,
soclal conversatten may oceur during fow workload. but not high.

s nterpersortdl selattonships/grous chimate “tone” of cockpit is friendly.,
relaxed. and ~upportive.

2y Workload Management uic ~ttuational Awarer:ess Clustes

e preparatiorepacnimg/vigilance omitornig weather and trattic and
sharing retvvant information with the rest of the crew, active monitoring of
all instrumeni~ and communica 1ons and sharing rejevant information with

the rest of e rew

e workioad givonubon/distracuo o avordec how well the crew manages to
PrIOCHZe ash

Evidence gathered by wnuimoe: st NTSB investigation groups indieates that the crew of USAIr
427 pedormed in a manner ta s consistent with cood measures of Communications Processes
and DPecision Behavior, Fean: Building and Mamtenance, and Workioad Management and
Siaational Awareness For esumple. according te the Humman Performance Group Chairman’s
Factual Report dated October 4 1994, a deadheading US An pilot rode on the cockpit jumpseat
with this crew on the ieg prior tothe acaident thght. He desenbed the accident crew as “amiable
and alert.” He stated that the < aptaim “provided a torough jumpscat briefing, and mvited input
from the first officer and the jumipseat nder concermng ORD {Chicago O Hare Int'l Airpont
since he had not landed there recently.”™ The Operations Group Chairman’'s Factual Report dated
October 27, 1994 states that the jumpseat nder satd that “the crew interaction was routine. He
found both pilots friendiy and =1 good spirits.” He desenibed the conduct of the flighterew as
“professional.”

According te the Human Perrornance Group Factiaa: Repor dated October 31,1994 ~Two first
otficers who had flown recentiv with the captamn indicated that his greatest strength as a pitot was
an ability to get along with the cotire crew and bring first officers and thght attendants mto the
operation. One co-pot desenitwed a recent flight i whieh the caplam attempted a VOR approach
m bad weather into an airport neither pifot had Janded at betore. He said the captain provided a
long briefing and flew the approach well.”

According to the Operations Ciroup Factual Repor dated October 271994, an iterview was
conducted with the fhght crew < chief pilot. The cruet pilot stated that “as far as he knew.,
Captain Germano conducted mis wips 1n a professiona manner He knew of no discipline actions
aganst him. He stated that there had been no reported difficuity between Captain Germano and
the first officers who flew with nm. [Captain Germano] was “extremely well liked.™

According to the Operations ¢ noup Factual Report dated October 27, 1994, the chief pilot stated
that the first ofticer was a v Jedicated. profess onat, dependable person.”™ The chief pHot



further stated that he had persaliy flown with the st ofhicer and that his performance was
“extremely professional

According to the Operations ¢ noup Factual Repen dated October 27 1994 interviews were
conducted with pilots whe nad flown with Captam Germanoe and First Officer Emmett withim
the 60 days prior 1o the accident. A sample of their comments follows: [Note: Quoted verbatim
from reporj

o Capuwin Germano was - good o fly with - e was very proticient..excellent CRM.
s Capin Germano wiis <o persofiable. veny thorough ot excitable.

e Captain Germane flew b iie book. used all neckitsts no non-standard mancuvers
o First Officer Emmett rad wceptional pilotng shitis

e [First Officer Emmett| wus the kind of first otheer vou o want oy wath, We had an
hydraulic problem on te ip and he did a grear job

¢ [First Ofticer Emmett - portormance was ouistanding s el qualitied.” [End of direct
quote]

During the trip sequence. tee st otiicer telephorca fis e where he mdicated that he was
tlving with a “good crew - Huaman Performince Group. October 3101994

The evening before the acciicn the crew deplanc.d ten wireraft at the end of the day. According
1o the customer service agens © SATwho met the hght. the crew seemed cheerful. The crew
sung “happy birthday™ w e o the fhight attendanis and Kidded as they left the arplane wogether.
(Human Performance Grour. {ctober 31, 1994

The CVR indicates that the Jvow talked very fittle anongst themselves durmg the cruise and
descent portion of the accidens thght. There were atew lighthearted moments of laughter on the
CVR. According to the Operauons Group Factus: Report dated October 27, 1994,
“Conversation within the cochpit was routine and indicated an appropriate checkiist reading.”

From the foregoing information. the Air Line Pilots Association concludes that the
crew’s performance on prior trips, as well as this during the accident flight. was
consistent with geod CRM practices and this healthy crew interaction well prepared
them to deal with the emergency had it been 2 recoverable situation.

i. Observance of Sterile € ockpit Procedure-
This section will show 1.

I When the flight reaci i 0000 feet MSLL i extranes s cockplt conversation ceased,
and all future commesiis vere related 1o the operation of the aircrafi.

2 Because the crew wee o upied with comypicring the Feelimimary Landing Checklist,

and because the first otjr or had to wait po the Hight attendani to complete the
“Fasten Seat Beit™ anvecuncement. the cocvpil pre-arrival PA announcement was not

i6



made until one motge oo e seconds afte s dhe wiroralt descended below 10,000
teet.

3 When the pre-arriva! aan. ancenient was maode by e first officer, i1 was conducied in
accordance with the sucysted model contained i the USALr Flight Operations
Maral.

The FAA “Sterile Cockprr Koo T iFAR 121,540 prolnbins crewmembers from
performing non-cssential daiies or activities while the wireraftm a “eritical phase of
flight.” Critical phase of thehn s defined as all ground operations involving taxiing.
takeoff and landing and ait -uher flight operaticns conducted below 10,000 feet MSL.
except cruise flight.

According to the Federal Recosier. "Critical phases o theht are the phases of a thght
which the thight crew 1 bu~rowr such as during takeott and tandmg and instrument

approaches. When many oo plex tasks are pe tormed (o short e interval, distracting
events could cause errors anw ~gnificant reduchons in the quality of work performed.
The performance of a non-safety related duty o activity when thght crew workload s
heavy could be the criticai event which preclude~ a flight crewmember from perfornung
an essential task such as cxicnding the tanding gear prior to touchdown ™ *

ASNRS Directline. a publicat: o of NASA™S Avianon Saleny Reporting System (ASRS)
states, “IUs unreakistic to expect a crew 1o fly touether tor severul days and never discuss
anvthing except items relatedt 1o flying the arc:alt In tact. experts have demonstrated
that in order to be most eltective. crews need rytalk even it itss just merely “get to
know you™ sort of chat. The ~terile cockpit rule 15 a good rute because it clearly defines
when itis time to set aside ron-essential activisies and end strictly to the task at hand -
that of safely operating the .oreraft.””

According to Flight Satets Foundation’s Fligh Safery Lrigest, " The FARs never intended
to prohibit functions that are necessary for flight safets  Items that must never be stifled
include: accomplishment ot checklists, crew catiouts. procedural discussions, vorcing
safety concerns and crew interactions such as acknowledgments and commands.™ "

Fiight Safety Digest furthet tates. “Because the cockpit should remain sterile below 10,000
feet MSL., cabin crews necii ~ome way of determimning whether the aircraft 1s above or
below 10.000 feet. However a 1988 ULS. Department of Transportation {(DOT) report
highlighted flight attendant Jdifficulties with trying 1o dewermune precisely when sterile
cockpit procedures should ne i eftect... Association of Flight Attendants (AFA) safety

'Federal Register. Volume 36 2 Elmnmation of D ey anc Aacevintes ar Flight Crewmembery Noi
Required for the Safe Operaros 1 Arrerafr. Final Rule. o 55003503, Januarsy 19, 1981,

" Sumwalt. Robert L. The Srerrie + ockprr. ASRS Directline Tssue Number 4 i fune 19935 pp. 16-20

“ Sumwalt. R.L. (July 1994y Ace wdernt aned Inciden Reparrs vew inponance of Sterife Cockpit Compliance. Flhight
Sufety Digest. Volume 13, Numbe: — op 18
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representative Noreen Koais ~aid thut the wdeai notticaton tool 1s a PA announcement from
the tlight deck as the wircrait cimbs and descenas through 13,000 teet. The DOT report
acknowledges that this may be a good technique bus said. The success of this method
depends entirely on the reluubiinty of the announcement. Eyvenn cases where the
announcement s company pohcy, I s not alwass made.

USAr's policy at the time of the accident was for (lighicrews o make a pre-armval
announcement at or before 14,000 announcement to alert the cabin crew that a stenle
cockpit environment would scon be entered. The USAir Fhight Operations Manual (FOM)
contains a sample pre-arrs al announcement that states

We will be descendin: through HE000 reet momentartlv. Our location 1«
20 miles from Charione and we anucipate landmye in approximately 10-12
minutes. | would ivhe to take this opportunity 1¢ . (personal comment}
At this ume I wouid line to request that the Fhght Attendants prepare the
cabin for armval  Thank for vou flving USAr

Iy essence. the FOM suggest that pre-armival announcement contaim several elements.
Among these clements are e amount of tme before the atreraft fands. a personal
comment to extend appreciation for flyving USAur a statement for the flight attendants to
prepare tor landing. and 1o closing, a final “thank vou ™

This discussion s retevar ©oome crew of USAL 427 A ihe atreraft was descending mto
the Pittsburgh termina! arca. the CVR reflects thar while stli above 10,000 MSL. the
cockpit crew engaged n u vasual conversation with a flight attendant concerning a “fruity
punch™ soft drink that the theht attendant had made. The flight had been imually cleared 1o
10,000 feet. At 1854:24 the CVR recorded the sound of the aural alutude alerter, signifying
that the aircraft was approsimately 750 feet above the level-oft altiitude of 10,000 feet. One
second later the flight attendunt stated. ***OK. buck to work.” followed by the sound of the
cockpit door opening and < fosing. ALPA belicves that the altitude alerter directed the flight
attendant’s attention to the winmeter and upon ~ceing that they were dapproaching 10,000
teet. she knew that the cockpit would seoon become sterife

At 185&:33, four seconds alier the fhght attendant closed the cockpat door. the flighterew
was 1ssued a decent clearance to 6000 feet. At 1858:50 the first officer made a final remark
concerming the fruity punch neverage. At 1838:56. concurrent with the atrcraft reaching
0,000 MSL., the captan remarked, “cranberry . orange and sprite.” a statement in reference
to the drink’s content. Atter this point all further remarks by the flight crew were related to
the operation of the aircrat:

From 1859:04 to 1859:3: ihic crew became inv ctved with acconmplishing the Prehminary
Landing Checklist. Due o therr immvolvement with accomplishing this checkhist. at 1900:26
the crew realized that they had not made the pre-arrival announcemnent at precisely 10,000
feet. The first officer ther -taied. "Oops. [ didn 't kiss “em “hye.” He then had to wait for the
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flight attendant to finust e Eosten Seat Belt ansouncement betore making the pre-arnval
announcerent at 1900:44

In accordunce with the LS FOM suggested pro v as announcement ds outlined above.
the first otficer stated:

Folks. from the thgai deck, we should be on the groundn “hout 0
minutes. Uh. sunny skios. little hazy . Temperature. temperature’s, ah. 75
degrees. Winds ous o1 the west around 10 miles per hour. Certainly
‘ppreciate you choosing USAIr for your travel needs this evening. Hope
you've enjoyed the rirght Hope you come back and travel with us again.
This time we'd like 10 ask our flight attendants please prepare the cabin tor
arrival. Ask vou te one ok the security of vour seal belts, Thank you.

This pre-armval announcer. <t contamed the FCAL sugeested elements that were ciied
above.

From this discussion. AlF . neludes that the Tght crew vomphed with the spirit of the
sterile cockpit rule. As the ar ratt descended th sough 10,000, all extraneous conversation
terminated. Required checnlinis were completed Because the crew wis occupied with
completing the Prefiminary Landing Checkhstand because the first officer had to wat for
the flight attendant to complets the “Fasten Scal Belt” announcement, the cockpit pre-
arrival PA announcement « s not made unul one minute and lifty seconds after the aireraft
descended below 10000 tect When it was made. however 1t was conducted in accordance
with the suggested model onvaned m the USAw Fhight Operasons Manual.

j. Spatial Disorientation Studies
Tiis secrion will show e

i A NASA expert in spac o Hsortentation ey vudded passibtiiy of the crew
becoming spatialiy divernted.

2 The expert conciuded i there was no compelimy evidence jo conclude that the
pilois were disorientaicd norwas there amy evidence 1o believe that they applied
incorrect control fnpic an attempr 1o o erconte their disorientation, and thereby
caused the accident

Dr. Malcolm Cohen. an oot 1n human spatid srentation at the NASA-Ames Rescarch
Center. was asked to prov1de an opinion concuerning the possibility that disorientation
could have played a factor - the pilot's actions during the upset sequence. Dr. Cohen
examined relevant information from the invesngation  In conjunction with the Human
Performance Group. he underwent repeated simulations of the upset sequence on the
NASA Vertical Moton Stmiator (VMSY The VMS used large physical motions to
produce a high fidelsiy recenstruction of the acceleration torces m the upset sequence.
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Dr. Cohen experienced the simulations in a variety of formats, including an initial one 1n
which he was exposed to motion cues only with no visual cues. Dr. Cohen’s findings
WEre:

On the basis of my review of the circumstances leading up to the accident, the
cockpit data recordings of various flight parameters, the transcript of the pilot’s
comments preceding the event, and on my participation in the Vertical Motion
Simulator reconstruction of the accident at NASA-Ames Research Center on July
11, 1995, I am fairly confident that pilot disorientation was not a major causal
factor in the crash.

In my opinion. the accident situation did not provide any obvious evidence of
factors that are normally associated with disorientation due to abnormal vestibular
stimulation. These factors typically include degraded out-of-the-cockpit vision
(e.g., night or instrument flight conditions) that is coupled with changes in linear
or angular accelerations, which are either sudden, violent, and supra-threshold, or
subtle, gradual, and sub-threshold. It is also possible that, under degraded visual
conditions, false or inaccurate instrument reading could lead to disorientation.

In contrast, this accident occurred during clear, daytime, visual flight conditions,
where there would be ample opportunity for visual information to override any
vestibularly-induced disorientation. The motion of the aircraft, from the initial
encounter with the urbulence to the point where it probably was out of controi
and no longer recoverable, did not display obvious evidence of the types of
acceleration that would be conducive to disorientation. Rather, except for the
initial upset from the turbulence, the motions of the aircraft appeared to have been
relatively gradual, supra-threshold, and nearly continuous. Under these
circumstances, I believe that the pilots probably would have experienced Iittle
difficulty in maintaining an accurate perception of their orientation, even during
any brief periods when they may have lost sight of the visual horizon due to the
pitch down attitude of the airplane. In addition, perturbations of the flight
path generally appear to have been followed by verbal comments from the
pilots, indicating that they were aware of their trajectory, and that they were
not able to change it. On balance, there does not appear to be any
compelling evidence to conclude that the pilots were disorientated, nor is
there any evidence to believe that they applied incorrect control inputs in an
attempt to overcome their disorientation, and thereby caused the accident.

Whether the control inputs were appropriate, or inappropriate, it is most unlikely
that they were caused by pilot disorientation. Thus, although I cannot completely
exclude the remote possibility, it does not appear at all likely that pilot
disorientation due to abnormal vestibule stimulation provided a major
contribution to this accident.
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k. Biomechanics Associated with Attempting to Move Blocked or Jammed Rudder
Pedals

This secrionr will show i

I In June 1997, Boeng o coomercial Atrplan Group conducted a ground
demonstration to evalua: rudder pedal moyvement during somulated rudder Power
Control Unit (PCU 3 xec midamy servo valve silde jums at different positions

20 The NTSB Human Per:omance Growp Chaorman 1or this accident participated
these tests, and contivnie . that the jam catsed uncommanded rudder reversals

a3 The Human Pertorma - Siroup Chairmen. stated thai once o rudder reversal way
inttiated, stepping of e pposite rudder podal vwould not stop the reversal. He used
the word “unrelenting 1 describe that ne miatter how hard he pushed on the
opposite rudder peda: o rudder continued 1o mase o the nncommanded direction.

4 A secondary slide ran. i onccurred durins the wake encounter could result in an
wncommended rudder o ement to the lef

50 The natural and covves - ndency of an exoerienced pdor who faced a rapid rolling
movement {such as th o sociated with wore turbudence, would be 1o try o counter
the rollwith a combuiare v of aileron (thy vedlt conprol wheel input) and rudder
(throwgh the rudder peac

6 As the roll rate bevar - ntensiiy o the leo the pood ofticer likelv applicd

considerable pressur- o e right rudder sedal @ cranter the roll,

From the observain - ode by the Huma: Pertormcace Group Chairinarn
concerning uncommarnds [ rudder pedal wsvemenr durtng secondary slide jamsy,
ALFA concludes thar the mare pressure that the first officer applied right rudder
pedul, the more likels i vecame that the rodder revcersal would not clear, resulting in
the aircraft continuing o roll rapidly and ncomniandediv 1o the left.

By definition, biomechasii. ~ -~ the study of he o parts of the body normally move. and the
forces which they can appi>  On June 5 and €. 1997, Bocing Comimercial Airplane Group
conducted a ground demonstration to evaluate rudder pedal movement during simulated
rudder Power Control Ut (PCLU) secondary »ervo valve shide jams at different positions.
This section will discuss the dbromechanics as~ociated with applying foot torces to the
rudder pedals under those < onditions,

Malcolm Brenner. NTSH 1 sman Performanc. Uroup Crnarrman for this accident.

participated in the Bociny -« aducted tests  According e his June 1201997 memo. Dr.
Brenner stated that he occur:ed the nght cockmt seat duning these ests while wearing his
[ g . £ g
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scat belt He stated that se o required 1o po-ition his seat i the “full back position for
leg room comtort.”™ He notea that he 1s the same herght as was the first officer of USAr
427 (6°37). According 10 [ Brenner's memic It should be noted that my leg inseam
(34118 2-3 inches shorter thi that of the [USAwr 427 st officer (36-37).7 Prior to
beginning the demonstration Dr. Brenner stated that they sat in a newly manutactured
B737 airplane and mampuluted the rudder pedals to gain experience with the tfeel ot a
normallv functioning B737 rudder system. According 1o Dr. Brenner's June 12, 1997
memeo:

The first dermonstiaie non the test airprane represented a jam of the secondary
slide at about 25 peroent off neutral positon. | pushed the respective rudder
pedals slowly to thew full down positicns as though I were performing a stow
rudder system check The night pedal ~cemed casier to push down than the left
pedal. although the (ditierence seemed subtle. T then performed about 7 tests in
which T inputted 4 hard left rudder. With one or two exceptions, this mput
triggered a rudder resersalbin the pedals  Immediately after my mput. the left
rudder pedal beguan moving outwards vati 1t reached the upper stop. The motion
was slightly slower shan annput T would expect from a humar. The motion was
steady and conuinued without pause no matter how hard [ pushed to counter 1t
(“unrelenting” was o description that, at the tme. seened 1o capture my
mmpression). After the lett pedal reached the upper stop. ] released my own
pressure on the pedic e L Ustopped Briehimg ™ the motion.) The action of the
rudder system endeat adimost tmmediate v and the rudder pedals returned 1o the
neutral position. Or subsequent tnals, | “stopped fighting”™ the rudder motion
carher. before the Lot pedal had reached the upper stop. Again, the rudder motion
stopped almost immcihiately as soon as 1 stopped applying pressure, no matler
where the pedal wa- ivcated. and the pedals returned te neutral.

Dr. Brenner s memo conto. - o

The third demonsiaoon represented a jam ot e secondary slide at about 50% off
neutral posttion. i performed about 9 naks. When | moved the pedals slowly and
steadily. I was generaily able to move the pedals o therr stops without starting a
reversal. Sometimes however, even @ slow imput mmitiated a rudder reversal
situation (this timie with the right peda moving to the upper stop.) Any abrupt
motion on the pedals mtiated an immediate rudder reversal situation. The rudder
reversal motion was laster than was the case with the jamin a 25% position,
perhaps similar to o relaxed or slow input speed by @ human operator. Again, it
was impossible to siop the monion by physicaliy pushing against the rudder pedal.
On several tnals. {uied relaxing my input momentartly before the rudder pedal
reached the upper sop | found that the rudder reversal motion continued. This
had not been true w:ih the 25% jam. when the reiaxation of pressure seemed 10
automaticatly stop e reversal motiorn This imouon was taster, easier Lo nitiate,
and more difficuit 1o top
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To summarize. Dr. Brenpe: found that when e shide wanis were mntrodueced. pressing on
the oppostte radder pedal did not resolve the jur. He stated that the movement against
his foot pressure was “unrelenting.” meanng mat no matter how hard he pushed on the
pedal. the harder it seemed that the pedal was bemg forced against his foot. In one case
(the 25% off neutral simuiated jam), the only wayv to neutralize the rudder and return it to
tts normal state of usage was 1o release all rudder pedai pressure. In another simulated
jam {the 50% off ncutral jan: . Dr. Brenner found that rejcasing rudder pedai pressure had
no effect on stopping the uncommanded rudder movement.

Pilots are trained to “coordiaie T infhight turms by combining wleron movement with the
appropridte amount of rudde: pedal mput. Whiie mancuvering an aireraft to the right. for
cxample. a pilot would rell the control wheel unul the destred bank angle was reached
while simultaneous|y appiving enough right rudder to keep the turn coordinated. Too
much rudder results in o skidding™ turn, while too hitde rudder leads to a “slipping™ tum.
The act of making coordinating turns 1s sometiong that i~ hterally taught on the lirst day
ol fight training: 1t 1s something that every pilot mstinctively strives to do on every thght
In smaller atreraft hike a Cessna 172 the need tor rudder 1s greater than that of a larger
atrcraft ike & Boeing 737 | ike other large trunsport category aircraft. the B737 uses a
vaw damper to operate the rodder while 1o shaitow turns Pilots adapt (o the vaw
damper’s actions and learn that plot input 1~ u~ually not needed for relatively shallow
turns. There are cases howover. where expenienced piiots routinely revert to rudder
usage. A few of those cuses are engine farlures twhere the asvmmetne thrust tends o
rapidly turn the aircral . cresswind takeoff anc landings. und cases where rapid turns are
required or those where the priot perceives tha: rotl control alone will be nsufficient to
mancuver the aircraft tas o ine case of @ wake turbulence encounter).

The correct pilot response tos an aircraft encotntering wake turbulence with arothing
movement to the left 1s to stop the roll with a right contrel wheel movement, along with
the simultancous application of the right rudder pedal. As this relates to the USAr 427
accident. ALPA behieves that a secondary valve jam with a primary valve overstroke
occurred during the wake encounter. resulung i an uncommanded rudder movement to
the left. As the roll rate began to imtensify to the left. the first officer correctly applied
right rudder to counter the roii - However, using Dr. Brenner's remarks {rom above,
ALPA concludes that the :nore pressure that the {irst officer applied to the right rudder
pedal. the more likely it became that the rudder reversal would not clear. The situation
was perilous; the more the aircraft urned 1o the left, the stronger the first officer’s
tendency to apply increascd right rudder pedal pressure. the harder he pushed on the right
rudder pedal, the more certain it became that the jam would not clear. Thus the upset
sequence became inevitabic. ALPA therefore concludes that following the encounter
with wake turbulence, the first officer manipulated the rudder pedals and control
wheel properly and in accordance with his prior training. Had the aircraft
responded properly at this point, the accident would not have occurred.



. Analysis of CVR - Spcech and Physiologicai Aspects

This section will show 18
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0.

The NTSB Human Ferrovance Group for thes aecident sought independent experts
Loy assistwith analyzong vie tighteress s speech and Breathing patterns and muscular
exeriion,

These analvses alicvw oo estigators 1o ey duate creswomember levels of stress and
phyvsical exertion durire e wpser evend.

Although evidence suo oo s that the capta. i nd tiest officer were surprised by the
sudden and uneapectoc iy of the airerafi, evidence mdicates that the element of
surprise immediaiely ivoked aninereasec level of arowsal within the caprain swhich
would have aided i 0 problem solvir

The caprain’'s level of cooss was at Stave 0 2 wrics the aercraft was clearly
unrecoverable, and 100 Stages are assocaied with increased performance due to
the increased arousa: oown

Not until after Hie pev: conere the airerafs voeas clear s wnrecoverable, did the stress
level of both crevemer o merease 1o Ste e 3 the dnghest level Considering thai
deailt swas cleariy inveao i i response s unidersiandable and predictable

Evidence suggests Ui oo fest officer wa o attermpimy to operate the flight controls
throughout the upset o od, and that the aptam dia nor dttempt 1o tike over controls
until the arrcrapt wes i oy unrecoverab

Becuuse the captam - ot lask saturate (m attemping to control the atreraft. o
likely allowed more 1 /v cognitive resoti-ces o be devoted 1o trving ro decipher the
eMmergency Situation i ivoke a plan for recoven

To benter understanic o corst officer s attompted tlight controf manipulations ALPA
superimposed iformacon fron the reporijrom the experts, the CVR transcripts. the
FDR data and data 1500 he Performance Group s Kimematic Study.

While listening 1o the « - kpti Voree Reco der 1CVR - the experts noted three grunts or
expiosive exhalation 'rovi the first offices

ALPA cross referenc. i inese exhalations vih the koemaltic siudy and found that the
first one correspond: vt the control wieel being rowated sharply o the right.
ALPA concluded tha: e grumt occurred when the firsi officer exerted force to
override the autopile: Canmand ™ mode

44



11. The second grunt corresponded to a left rudder deflection that was denoted by the
kinematic study. FDR data indicated that at this point the aircraft rolled left at a very
high rate.

12. In order to counter this abrupt rolling moment, the first officer’s response would have
likely been to apply considerable control forces to turn the control wheel to the right
and attempt to push the right rudder pedal. The forces exerted on these controls
likely resulted in the grunting that was heard on the CVR.

13. The final grunting sound coincides with the kinematic analysis depicting that the
control wheel was once again being turned through approximately 35 degrees and
then increasing rapidly towards a full right direction. One of the experts compared
this grunting to previous grunts by saying that this one was “was louder and more
Jforceful; representative of the use of increased muscular force.”

14. It is likely that this grunting “was louder and more forceful representative of the use
of increased muscular force” because the first officer was desperately struggling to
press the right rudder pedal, attempting unsuccessfully to oppose the uncommanded
left rudder movement.

The NTSB Human Performance Group for this accident sought independent experts to
assist with analyzing the flightcrew’s speech and breathing patterns and muscular
exertion. These analyses were performed using the actual Cockpit Voice Recorder
(CVR) audio recording from the accident flight. With the concurrence of the Group, two
experts were chosen.

Dr. Scott Meyer, Ph.D. performed analysis of the pilots’ breathing and muscular exertion.
Dr. Meyer is Head of the Aviation and Operational Medicine Department at the U.S.
Naval Aerospace Medical Research Laboratory (NAML) in Pensacola, FL. He has
conducted aerospace medical research for 14 years at NASA and NAML, and his work
has focused on the cardiopulmonary and musculo-skeletal aspect of aviation physiology.

Dr. Alfred Belan, M.D. conducted a speech analysis. In 1987 Dr. Belan joined the
Interstate Aviation Commission, the aircraft accident investigation authority of Russia.
He previously completed graduate training in medicine and psychology and served as
Chief of the Human Factors Laboratory of Aerospace Medicine in Moscow. He has
participated in more that 250 accident investigations, specializing in medical and
psychological aspects, and especially in the psychological analysis of speech.

Although these experts conducted their analyses independently, their analyses

complemented one another. Therefore, in this submission ALPA will discuss them
together.
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m. Speech Analysis Background

The purpose of the speech analysis was to obtain evidence relevant to the actions and
psychological state of the pilots during the final upset sequence. While the NTSB has
used speech analysis during the course of investigating only a few transportation
accidents, the work has seen extensive use in the Commonwealth of Independent States
(CIS), where over 300 aircraft accidents investigations have incorporated it.

The Russian methodology divides speech into four categories: 1) acoustic measures,
which includes fundamental frequency (a measure of voice pitch), fundamental frequency
range (a measure of the variations in the voice pitch, from lowest to highest), amplitude
(loudness of voice), and relative energy distributions among formats; 2) timing measures,
which includes speaking rate, and measures such as relative speaking/silence time and
latency to respond; 3) contour measures, which relate to the relative shape of the speech
energy waveform when plotted over time; and 4) psycholinguistic measures, which
include phonetic measures such as changes in articulation of works.’

Brenner, Meyer and Cash (1996) state that the Russian work classifies stress in three
categories, which are listed below. However, it should be noted that while humans have
very little or no stress, they are at their “baseline,” which is essentially “Stage 0.”
Although not specifically stated, it is implicit in Dr. Belan’s classification.

Stage 1 - a working stress that improves performance, a constructive mobilization of
attention and resources in reaction to an unusual event. The speaker is in control of
speech, communications are accurate and there are no logical or semantic disturbances
evident in speech. The pilot’s performance in the cockpit shows no procedural errors.
When compared to relaxed (or baseline) levels, Stage 1 is characterized by about a 30
percent increase in fundamental frequency of speech, 10 percent increase in amplitude,
and 5-10 percent increase in speaking rate.

Stage 2 - stress is increased, but the pilot can still do the job and make decisions. The
pilot does not make gross mistakes. Movements can become sharper but still under -
control. Speech is still adequate for the situation, but emotional stress is clearly seen.
Speech is fast, strained, brief and accented. Occasionally, phrases are not completed, and
there is a reduction in nonessential speech. Compared to baseline levels, Stage 2 is
characterized by a 50-150 percent increase in fundamental frequency, amplitude increases
by 15-20 percent, and speaking rate increases by more than 50 percent. Other signs of
stress include an increase in the fundamental frequency range and contour changes.
Measures of pulse and respiration show increases.

State 3 - stress is elevated to very high levels which renders the pilot unable to think or
act clearly. Incomplete articulation and unvoiced syllables are typical, along with poor
word choice and improper grammar. Fundamental frequency increases 100-200 percent

7 For more information see Brenner, M., Mayer, D. Cash, I. (1996) “Speech Analysis in Russia.” in Methods and
Metrics of Voice Communications (eds.) B.G. Kanki and O.V. Prinzo. DOT/FAA/AM-96/10. Washington, DC: FAA.
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over baseline levels, amplitude increases 30-50 percent and speech rate can oscillate
largely, including increases of 50-200 percent.

n. Breathing Patterns and Muscular Exertion Background

Dr. Meyer based his expert observations of the pilots’ breathing and muscular exertion on
the circumstances leading up to the accident, the transcript of the pilots’ comments
preceding the crash, a video tape reconstruction of the accident, and the digital audio
recordings from the CVR. In his report to Dr. Malcolm Brenner, Chairman of the
NTSB’s Human Performance Group for this accident, dated March 29, 1996, Dr. Meyer
explained:

...The mechanics of breathing, or ventilation, are usually regulated by neural and
hormonal factors for the purposes of oxygen and carbon dioxide exchange, the
control of blood acidity, and oral communication. In normal, healthy individuals
at rest, inhalation is an active muscular movement while exhalation is a passive
response. The rapidity and depth of breathing affect the amount of oxygen and
carbon dioxide exchanged between atmosphere and the body...

0. Crew Psychological Stress During the Upset Event
According to Dr. Meyer’s report:

The sounds of breathing (through the mouth) of the Pilot-in-Command (PIC) are
audible periodically throughout the tape. At several points during the first twenty-
seven minutes of the tape, the breathing rate of the PIC was measured at thirty
breaths per minute. The depth of breathing appeared to be normal at those times...
After the onset of the emergency period, the rate of breathing increased and, at
one point, was close to sixty breaths per minute. However, the depth of each
breath did not seem to increase noticeably. There was an initial, large exhalation
with the utterance “jheez” in response to the emergency sequence. That was
followed shortly by a deep, rapid inhalation before “whoa” was heard from the
PIC, almost as if he was startled by the sudden departure of the aircraft. The
breathing responses of the PIC after the onset of the emergency appear to have
been a sympathetic nervous system response that included increased heart rate,
breathing rate, body temperature, and blood pressure commonly observed in
emergency situations. During the emergency period, his breathing was not
strained or impaired by the occurrence of the events.

Stated Dr. Belan:

The captain demonstrated the distinct and recognizable symptoms of sudden
surprise (psychological orientation reaction of the “what is that ?!” type)
beginning at the time 1902:57.5. This response was expressed by the words
“sheeez” and “whoa.” There was an explosive exhaling during “sheeez” and an
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inhaling/exhaling quickly one time before the word “whoa,” showing disruptions
of breathing consistent with sudden surprise. While they might occur in response
to visual or auditory events, these physiological reactions are characteristic of a
human response to sudden motion or to a physical disturbance, for example, as
results from a mechanical effect during variable vibrations of the airplane.

Beginning at that time, the captain’s psychological stress continually increased.
The symptoms of that stress response are:

* increased ampiitude and fundamental frequency of speech

e increased frequency of breathing

e psycho linguistic criteria, such as the reduction of the information contained in
a speech statement

The audible breathing noises from 1902:58-1903:15.0 indicate that the captain
experienced frequent breathing (more that 40 cycles per minute), the beginning of
hyperventilation...

Dr. Belan also stated:

At the beginning of the accident sequence (1902:57.6), the first officer also
expressed sudden surprise. He stated “zuh” while the captain said “sheeez.” The
word “zuh” has no meaning, increasing the likelihood that it was an involuntary
exclamation due to surprise rather than an intended statement

ALPA notes that both experts independently state that the captain and first office were
surprised at the onset of the event. This is an understandable response. To this point the
flight had been quite smooth and routine, and this sudden rolling movement would have
been unexpected, thus creating an element of surprise.

ALPA was interested to learn whether this element of surprise may have caused the crew
to panic and misapply the flight controls, which may have led to departure from
controlled flight. To assist with this determination, we analyzed the captain’s speech
patterns using Dr. Belan’s classification of levels of stress. A similar analysis of the
F/O’s speech was not possible due to his lack of spoken words during the upset event.

To determine the captain’s baseline (or “Stage 0,” as explained above) fundamental
frequency, we looked at the fundamental frequency values of the 18 transmissions to
ATC where the captain used the phrase “USAir four twenty seven” prior to the upset
period. These phrases were selected because the aircraft call sign was used in each
transmission, and therefore should have allowed some consistency in the averaging of
these values. The values ranged from a low of 130 Hz to a high of 169 Hz, with an
average of 149 Hz. This average figure represents the captain’s baseline fundamental
frequency value. It can be used to compare fundamental frequencies of other phrases
made by the captain when trying to determine his increased level of stress.
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At 1902:57.5, the onset of the upset event, the captain’s remark of “sheez” had a
fundamental frequency of 210 Hz. This value is 41 percent higher than his baseline
fundamental frequency value. According to Dr. Belan’s classification scheme, this
percentage increase indicates that the captain was at the high end of Stage 1 level of
stress. ALPA’s analysis is consistent with Dr. Belan’s analysis, which indicates that the
captain’s stress level did not elevate to Stage 2 until 1903:10.6, when the captain
remarked “oh god.” Dr. Belan further stated, “However, during this time period, the
captain still had adequate responses. He recognized the air traffic call to ‘USAir’ and
tried to respond (1903:15.0). However, his answer was incomplete and it is obvious that
the situation was unclear for him.”

Noted Dr. Belan:

Psychological stress, at low levels, can improve a person’s performance by
providing a constructive mobilization of attention and resources (first stage). As
the person’s stress increases, the performance often displays hasty or premature
actions. However, they can still accomplish their task (second stage). it is only at
the highest levels of stress (third stage, or “panic”) that the person cannot think or
perform clearly.

Dr. Belan states that once the captain entered Stage 2 at 1903:10.6 he remained at that
level until 1903:18.1. At this point, the aircraft was unrecoverable, and according to Dr.
Belan, “...the captain entered into the highest (third) stage of emotional stress. He could
not act and react in accordance to the situation. This state is confirmed by the highest
intensity and fundamental frequency of his speech, his issuing a command that was
inadequate to the situation (‘pull’) and finally, screaming.”

From this analysis, ALPA concludes that the captain’s stress level appropriately increased
at initiation of the upset event, and remained at an increased level until the aircraft was
clearly unrecoverable. This increased level of stress from baseline (Stage 0) to Stage 1
lasted 13.1 seconds. Dr. Belan states that during Stage 1 a person’s performance is
typically improved due to increased arousal and “constructive mobilization of attention
and resources’ to the task or problem at hand. By the time the captain had increased to
Stage 2 (1903:10.6), the aircraft was already in at least a 30 degree nose down attitude,
with approximately 85 degrees of left roll. It should be noted, however, that even at
Stage 2, by definition, a person is capable of clear decision making and avoiding gross
mistakes.

We conclude that the captain was likely surprised by the sudden and unexpected rolling
event. However, the effect of this surprise acted to quickly arouse the captain into a state
of heightened awareness and to employ to this hypervigilance to try to assess a situation
for which there was no logical explanation.
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p. Crew Physical Activity During the Upset Event

ALPA was very interested to understand the actions of the crewmembers during the upset
event. Of particular interest were questions concerning which crewmember was
operating the controls during the attempted recovery and how that pilot attempted to
manipulate those controls. Dr. Meyer stated:

Similar to the PIC, the F/O did not appear to be straining during any of the routine
portion of the tape. Unlike the PIC, there were fewer words spoken during the
first part of the emergency period. The two grunting sounds of the F/O heard after
the onset of the emergency are indicative of muscular exertion or physical

straining. It is impossible from the grunting sounds alone to determine the
muscles involved in the exertion. .,

There were no indications from the normal communications throughout the tape
that either crew member was physically incapacitated or hampered in the
performance of their duties by a lingering injury. Both the breathing and physical
responses of the PIC and F/O appear to be within normal limitations given the
events of the emergency and not contributing factors to this accident.

According to Dr. Belan:

... The [captain’s] breathing was rapid and shallow. There were no indications,
such as forced inhalations, that the captain experienced high physical loads during
this time period.

A person making a great physical effort develops a musculo-skeletal “fixation” (of
the chest), which leads to deterioration of the normal expansion and ventilation of
the lungs (inhaling and exhaling). These changes are manifested during speech.
Sounds such as grunting and strain appear in speech as the person tries to
minimize the outflow of air. Inhaling and exhaling become forced and rapid.
None of these effects appear in the captain’s speech during this period. Based on
all the above evidence, it could be concluded that the captain did not apply high
physical loads to the controls. His actions were limited to the commands and
attempt to evaluate the situation. The statements were brief and had low
informational content or saturation. This is shown in the ambiguous expression
“hang on” and the stereotype expression “oh god.” All these speech indications,
along with the increased amplitude and fundamental frequency, are signs of
psychological stress. The sense of his statement “hang on” indicates that the
captain was trying to understand the situation. The statement “what the hell is
this” confirms that he was unable to understand it.

...At 1903:18.1, the captain most likely started to participate in the control of the
airplane. This was shown by his command “pull...pull...(pull)” which, most
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likely, would be performed by himself as well as by the first officer. There was
evidence of short, forced inhalations after each command that are characteristic of
high physical loads (such as those produced by pulling the yoke against the
stops)...However, this conclusion is not definite since strong mechanical motions
of the airplane, related to attitude or g-forces, might also produce this type of
breathing disturbance.

Dr. Meyer commented:

The muscles of the arms, shoulders, back, chest, abdomen, and legs have been
connected with routine movements of the aircraft controls. However, the physical
act of manipulating the control surfaces of modern aircraft under normal
conditions does not usually require excessive muscular force... Nevertheless,
during emergency situations, increased muscular force may be needed to
manipulate the controls of an aircraft. Generally, during increased muscular
exertion, it is common for the individual performing the movement to apply a
considerable exhalatory force against a closed or partially closed glottis in the
throat. When the breath is finally exhaled, it is forceful and quick and usually
accompanied by a grunting sound. The forceful movements of weight lifting and
other short duration, high intensity physical activities are routinely accompanied
by grunting. When the arms are used for pushing, pulling, or turning a wheel in
an upright sitting position, the mechanics of the movements require the body to be
stabilized to exert maximal force. This is usually accomplished by securing the
torso to a chair or bench and bracing the body with the legs. Likewise, when legs
are employed to exert a pushing movement, the upper body is usually braced.
When these movements are made suddenly in reaction to an unexpected event, the
body’s mechanical reaction is usually reflexive.

It is difficult to determine with certainly from the tape whether the PIC used
increased muscular force on the controls during the emergency period. There was
no audible grunting or straining indicative of muscular exertion heard. There was
no audible grunting or straining indicative of muscular exertion heard. There was
no indication of muscular strain during any of the verbal communications from
the PIC heard on the tape. His initial comments were calm and controlled. His
nonverbal breathing was unobstructed. That is not to say that the PIC was not on
the controls, but only that he did not appear to be exerting increased muscular
force during that time...

Concerning the first officer’s actions, Dr. Meyer stated the following:

The breathing of the first officer (F/Q) was inaudible throughout the routine
portion of the tape. The emergency period starts with the F/O having just
remarked that he had located the aircraft traffic. Immediately following his
statement and coincidental with the initial unusual movement of the aircraft was
the remark “Zuh.” This appeared to be an attempt to continue speaking that was
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abruptly halted with the abnormal departure (pitch, roll, or yaw) of the aircraft.
He may have been responding to the situation by seizing the controls to correct the
movement and reflexively stopped speaking to concentrate on his duties. After
the onset of the emergency, two rapid grunting exhalations were heard. The first
grunting sound was soft and indicated some submaximal muscular exertion. The
second grunting sound was louder and more forceful representative of the use of
increased, but probably submaximal, muscular force. The grunts suggest that the
F/O was straining possibly in an attempt to manipulate the controls of the aircraft
to override the autopilot. Following the second sound, no further grunting was
apparent, but deep, rapid breathing was audible from the F/O. Again, these
breathing sounds would not be out of the ordinary in the given situation. It is
apparent that he was at the controls and focused on correcting the situation...

According to Dr. Belan:

The first officer, from the moment 1902:59.5 most likely was actively involved in
the control of the airplane. Beginning at this time, and continuing for several
seconds, speech disruptions could be observed that included grunting and forced
exhalations (1902:59.5; 1903:01.1; and 1903:02.0)...These are signs of high
physical loads.

Normal use of the cockpit controls should not produce the types of sounds shown
in this period. These sounds indicate that the first officer was struggling
unusually hard, (e.g. pushing a control against its stops or experiencing an unusual
resistance in the use of a control.) The breathing information, by itself, does not
permit a conclusion as to what type of physical motion was applied by the first
officer, such as whether by the upper or lower body. Both would produce the
same type of sounds.

Dr. Belan concluded from his analysis, “From the beginning of the accident sequence
unti} the time 1903:17.4 the captain did not apply high physical loads to the controls and,
most likely did not participate in the control. The first officer applied physical loads and
controlled the airplane.”

From information presented above, ALPA concludes the first officer had his hands and
feet on the respective controls during the upset period and was atternpting to manipulate
them, and the captain did not attempt to take over controls until the aircraft was clearly
unrecoverable. We agree with Dr. Belan’s statement that at that point where the aircraft
was in an unrecoverable attitude and bank, it is likely that the captain attempted to pull on
the control wheel. We conclude that because the captain was not task saturated with
attempting to fly the aircraft during the early upset period, this likely allowed him to have
more cognitive resources devoted to trying to decipher the emergency situation and
invoke a plan for recovery.
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q. In-depth Examination of Attempted Flight Control Manipulations

Having established that the first officer was the crewmember operating the controls
during the upset, we focused our attention on understanding precisely how he attempted
to manipulate the controls. To facilitate this understanding, ALPA superimposed
information from Dr. Belan’s and Dr. Meyer's reports, the CVR transcripts, FDR data
and data from the Performance Group’s Kinematic Study.?

Dr. Belan referred to the first officer’s “grunting and forced exhalations” at CVR time
1902:59.5; 1903:01.1; and 1903:02.0. He stated that “these are signs of high physical
loads.” He further stated, “These sounds indicate that the first officer was struggling
unusually hard, (e.g. pushing a control against its stops or experiencing an unusual
resistance in the use of a control.)” Dr. Meyer referred to “two rapid grunting
exhalations™ that were heard from the first officer. Stated Dr. Meyer, “The first grunting
sound was soft and indicated some submaximal muscular exertion. The second grunting
sound was louder and more forceful representative of the use of increased muscular force.
The grunts suggest that the F/O was straining possibly in an attempt to manipulate the
controls of the aircraft to override the autopilot.”

As the aircraft rolled to the left the first officer likely tried to turn the control wheel to the
right to “help” the autopilot correct for the left bank. As he did this he would have
exceeded the force value necessary to enter Control Wheel Steering (CWS). (When the
autopilot is used on the 737-300, the “command” mode of the autopilot is the mode
normally selected for climb, cruise, descent and approach.) Control wheel steering
(CWS) can be overridden when approximately 18 pounds of force are applied to the
control wheel, and at approximately 25 degrees of control wheel deflection. Once this
detent is overridden, the autopilot remains engaged, but is now in the Control Wheel
Steering (CWS) mode.

ALPA correlated the first officer’s grunting at 1902:59.5 CVR time (which equates to
approximately 136.55 FDR time), with that of his overriding the command detent. This
is consistent with Dr. Meyers’s earlier comments that stated, “[T]he physical act of
manipulating the control surfaces of modern aircraft under normal conditions does not

¥ In referencing the kinematic study ALPA cautions that certain caveats are necessary. One key point is that
exact cockpit control deflections cannot be accurately computed due to the number of unknown variables
that acted on the accident aircraft during the upset period. Some of these variables include:

s  wake affects from the preceding B727 were modeled, and are merely a “best guess™ of how the wake
may have influenced USAir 427,

e variations in control surface effectiveness as a function of angle-of-attack and sideslip;
the aerodynamics of the B737 at high angles-of-attack and sideslip, and;

e the limited amount of data recorded on the accident aircraft’s DFDR. How this data is plotted and
manipulated has a direct impact on the rolling and yawing moments calculated.

Because of these variables, ALPA agrees that the general direction of information derived from the kinematic study is

acceptable for use, however we can not accept the exact magnituce as being accurate. Therefore, any reference to the
kinematic study must be evaluated though the filter of these caveats.
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usually require excessive muscular force... Nevertheless, during emergency situations,
increased muscular force may be needed to manipulate the controls of an aircraft.
Generally, during increased muscular exertion, it is common for the individual
performing the movement to apply a considerable exhalatory force against a closed or
partially closed glottis in the throat, when the breath is finally exhaled, it is forceful and
quick and usually accompanied by a grunting sound.”

The kinematic analysis corroborates that the first grunting sound coincided with the
autopilot detent being overridden. Between FDR time 135.5 and 136.0 the kinematic
study indicates that the control wheel position went from approximately 35 degrees
(CWS) to full control wheel travel. This was a very rapid rate of control wheel
movement - roughly 50 degrees in a half of a second. Dr. Meyer’s remarks corroborate
these findings, “The first grunting sound was soft and indicated some submaximal
muscular exertion... The grunts suggest that the F/O was straining possibly in an attempt
to manipulate the controls of the aircraft to override the autopilot.”

The next grunting sound referenced by Dr. Belan occurred at 1903:01.1 (approximately
FDR time 137.0). This coincides with the kinematic analysis which shows that between
136.5 and 136.87 the rudder swung abruptly from the neutral position to a left deflection.
ALPA believes that this was the beginning of the rudder’s uncommanded movement.
This rudder input resulted in the aircraft rolling at a very high rate. In order to counter
this abrupt rolling moment, the first officer’s response would have likely been to apply
considerable control forces to turn the control wheel to the right and attempt to push the
right rudder pedal. The forces exerted on these controls likely resulted in the grunting
that was heard on the CVR at 1903:01.1 (FDR time 137.0).

The final grunting sound that was referred to by Dr. Belan was at 1903:02.0
(approximately FDR time 138.1). This coincides with the kinematic analysis depicting
that the control wheel was once again being turned through approximately 35 degrees to
full control wheel travel within approximately a 0.65 second interval. When comparing
this grunting sound to the first grunting sound, Dr. Meyer stated that is “was louder and
more forceful representative of the use of increased muscular force”.

ALPA concludes that it is logical to assume that the first officer’s grunting would have
denoted “increased muscular force”. The kinematic analysis indicates that the rudder
deflection was increasing rapidly towards full left. It is highly likely that the first officer
would have attempted to depress the right rudder pedal in an effort to stop the turning
moment that resulted from the uncommanded rudder movement. However, as discussed
by Dr. Brenner in the previous section, in a rudder reversal situation, pushing on the
opposite rudder has absolutely no effect on clearing the jam, and in fact, may only
aggravate the situation. It is therefore quite likely that the grunting noted by Dr. Belan
and Dr. Meyer at 1903:02.0 “was louder and more forceful representative of the use of
increased muscular force” because the first officer was desperately struggling to press the
right rudder pedal, attempting unsuccessfully to oppose the uncommanded left rudder
movement.
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r. Pilot Responses To Uncommanded Upsets
This section will show that:

1. The NTSB’s Human Performance Group for this accident turned to the NASA
Aviation Safety Reporting System (ASRS) to learn more about how pilots have reacted
to uncommanded upsets.

2. ASRS conducted a special “structured callback” to assist with this understanding.
3. Altogether, information from 589 turbojet loss of control events was analyzed.

4. In many cases reporters acknowledged that the events startled them, and many
perceived that the events were quite severe.

5. Although the events may have startled the pilots, and although they may have been
severe events, in no case did the aircraft crash. In every case, regardless of how
miuich the event surprised them, and regardless of how severe they perceived the
event, crews were able to recover the aircraft and safely land it.

The NTSB’s Human Performance Group for this accident sought to learn more about
pilot responses during unexpected rolling moments, such as that encountered by the crew
of USAir 427. To facilitate this understanding, the NTSB sought the assistance of
NASA’s Aviation Safety Reporting System (ASRS). Established in 1976, ASRS is a
confidential incident reporting system where those involved in aviation can report
potential safety problems. To date the system has received approximately 350,000
reports, and about 75 to 80 percent of these reports are submitted by air carrier pilots.

At the request of the NTSB, in the summer and early fall of 1995, ASRS conducted a
“structured callback” of 33 incidents involving multi-engine turbojet uncommanded flight
control movements. As ASRS incident reports were submitted to ASRS by pilots, each
report was screened to see if it met the scope of this study. For those cases that met the
scope, a detailed follow-up telephone call, or “callback” was conducted between ASRS
investigators and the pilots submitting the reports. Callbacks involve the investigators
asking a set of pre-established questions. All 33 cases examined involved air carrier
pilots, and involved reports that were submitted to ASRS between May 1, 1995 and
October 31, 1995.

The ASRS study, “ASRS Multi-Engine Turbojet Uncommanded Upsets Structured
Callback Summary,” dated November 8, 1995 contained several findings. Apart from the
results of the structured callbacks themselves, the report contained statistics concerning
the overall ASRS database as they relate to the subject. Overall, looking at data
submitted to ASRS between January 1987 and May 1995, the ASRS database contains
356 incident reports involving multi-engine turbojet loss of control incidents.” In 297 of
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these incidents, ASRS analysts identified factors that contributed to the loss of control.
Aircraft wake turbulence was cited in 96 reports, severe weather turbulence in 46, aircraft
icing in 38, autopilot in 29, flaps in 24, windshear in 21, rudder in I8, aileron in 8, yaw
damper in 5, and microburst in 4 reports. One incident could contain more than one of
the above factors,

ALPA obtained a number of ASRS reports that involved upsets and conducted their own
analysis. Several involved encounters with wake turbulence. In some of reports, pilots
remarked in their ASRS report submissions that they were surprised by the upset. Some
descriptors of the wake turbulence were “violent,” “sudden,” “severe.” In one case, a
B737 pilot unexpectedly encountered wake turbulence and rapidly rolled 18 degrees was
reported to be “visibly shaken.” Another pilot stated that wake turbulence “surprised
me...Had [ been distracted by looking at a chart or checking engine instruments...1I could
have very easily ended up on my back.”

In the ASRS structured callback, pilots were asked to rate the severity of the upset event
on a scale of 1-5, with 1 being “minor” and 5 being “severe.” In 13 of the 33 reports (33
percent), pilots rated the upset as being either a 4 or 5.

To summarize, between January 1987 and May 1995, ASRS received 556 incidents
referencing multi-engine turbojet loss of control incidents. The structured callback
carefully evaluated another 33 cases, for a total of 589 such incidents in the ASRS
database. In many cases reporters acknowledged that the events startled them, and many
perceived that the events were quite severe.

In early 1994 the NTSB completed a Special Investigation Report entitled Safery Issues
Related to Wake Vortex Encounters During Visual Approach to Landing. In this report
the Safety Board refers to an MD88 that encountered wake turbulence at approximately
110” AGL during approach at Orlando, Florida. According to the NTSB’s report, “The
crew of the MD88 reported that the airplane suddenly rolled right about 15 degrees, and
the pilot rapidly deflected both the wheel and rudder pedal to correct the uncommanded
roll... The crew regained control and the approach was continued to an uneventful
landing.” In another case the Safety Board discussed a B737 wake turbulence encounter
at Denver’s Stapleton International Airport. Stated the Safety Board, “The flightcrew
reported that about 1000 feet AGL, the airplane rolled left violently with no yaw, the
pitch decreased 5 degrees, and the airplane lost 200 feet altitude. To correct the
uncommanded roll, the pilot rapidly deflected the wheel and rudder about 60 degrees and
7 degrees, respectively, according to the DFDR. A go-around was initiated, and the
airplane landed without further incident.” ALPA feels that there is a very important
point here: in not one of these cases did the aircraft crash. In each any every case,
regardless of how much the event surprised them, and regardless of how severe they
perceived the event, crews were able to recover the aircraft and safely land it.
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s. Unintended Acceleration

This section will show that:
L. Unintended acceleration has no relevance in explaining this accident scenario

During the course of the NTSB's investigation of this accident, the Human Performance Group
was made aware of a situation known as unintended acceleration (UA) by Boeing, which occurs
when the driver of an automobile accidentally depresses the accelerator instead of the brake
pedal. Boeing suggested that the literature concerning UA could partly explain how a crew
could unknowingly depress a rudder pedal, which would lead to an accident scenario, such as
that of the USAir 427 accident. ALPA conducted a literature review of UA and concluded that
this material had no applicability to this investigation. The discussion below summarized these
findings.

According to Boeing, UA is the act of an having an automobile accelerate unexpectedly at the
“beginning of the driving cycle.” In other words, it occurs when a driver first gets into an
automobile, starts the engine, and then places the car into Drive or Reverse. According to the
literature, this is attributed to the driver placing his or her foot on the gas pedal instead of the
brake before shifting into gear. It should be noted that the definition of UA does not involve
cases where drivers are operating a vehicle that is moving at higher speeds (such as driving a car
down a road or highway), but instead only involves unintended acceleration that occurs when the
car was first started.

The literature suggests that there are a number of reasons why UA could be problematic to
drivers who are just getting situated in a car “at the start of a driving cycle.” Schmidt (1989)
refers to research by Perel (Vehicle familiarity and safery, 1983) where “at least some of this
problem is unfamiliarity with the foot controls.” Schmidt mentioned that many of these
accidents involved people attempting to drive borrowed or rented vehicles, those with newly-
obtained vehicles, and “occasional users such as parking lot attendants or rental car patrons who
are relatively unfamiliar with the controls in a particular vehicle.” Schmidt concluded that
“there is strong evidence that drivers new to vehicles tend to have more unintended accelerations
episodes.” ALPA notes that the flight crew of USAir 427 had literally thousands of flight hours
in this exact type of aircraft, and that unfamiliarity was not a factor. Further, the crew had been
seated in the accident aircraft for several hours that day, including at least the final 30 minutes of

flight.

Reinhart (1994) states that “pedal misapplications are more likely to occur when the driver
attemnpts to make the first brake application after entering the car...” Schmidt referred to this as
an “aiming accuracy” problem, and explained that this is due, in part, to the close distance
between the gas and brake pedals. He states that once the driving cycle has began, the likelihood
of such error “would be considerably smaller” (Schmidt, p. 352) because the foot is positioned
closely to the appropriate pedals. From an aviation perspective, ALPA notes that for a pilot
seated in a 737 cockpit, positioning a foot on the incorrect rudder pedal is almost physically
impossible due to a structural divider between the two pedals. This applies to cases where the
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pilot’s foot was placed directly on the rudder pedal, as well as to cases where the foot was placed
directly behind the rudder pedals.

Schmidt also refers to several laboratory simulations of driver behavior to document the
frequency of foot placement errors. One study, in particular, was research by Rogers and
Wierwille (An investigation into the occurrence of accelerator and brake pedal actuation errors
during simulated driving, 1988). Schmidt summarizes that laboratory simulation by saying,
“Pressing the accelerator instead of the brake was relatively rare, occurring in only two instances
in the entire experiment. When this error was made, the driver always corrected it
immediately...” Reinhart and Schmidt both state that a disproportionate number of UA accidents
involve elderly drivers. According to Schmidt, *“The accidents occur much more frequently as
the driver age increases: there is a 100% - 600% over involvement of drivers older than 60
years...”” ALPA notes that the captain of USAir 427 was 45 and the First Officer was 38 years
old.

Schmidt further describes other attributes of people involved with UA errors: *“There are
also slight tendencies for these accidents to occur more frequently among women than
among men, and among people shorter than average. The pilots of USAir 427 were men.
The captain was 5’117 tall and the first officer was 6’3" tall.

Based on the above information ALPA feels that unintended acceleration has no
relevancy in explaining this accident scenario. In retrospect, this information was
obtained and evaluated but clearly was not applicable.

t. Rudder Pedal Damage

This section will show that:

1. Two medical experts formed differing opinions concerning interpretation of rudder
pedal damage.

2. Due to this conflicting interpretation, information concerning rudder pedal damage is
inconclusive and therefore should be disregarded.

According to the NTSB Metallurgist’s Factual Report dated December 27, 1994, damage
to the rudder pedal structures, as observed in the wreckage, included a shearing of the
shafts for the left rudder pedals used by both pilots. There was no such shearing for the
right pedals. In attempting to learn more about the potential implications of these
fractures, the NTSB’s Human Performance Group consulted with the Armed Forces
Institute of Pathology (AFIP). In a January 22, 1996 letter, David Hause, MD stated:

Pursuant to our discussions, below is my elaboration of the opinions I offered to
the Human Performance Group concerning considerations of possible control
inputs by the crew of USAir Flight 427.
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With the information from the metallurgical analysis that both the pilot’s and co-
pilot’s left rudder pedals were fractured in a similar pattern, I infer the possibility
that both flight officers were symmetrically applying pressure to their respective
left rudder pedals at the time of ground impact. The metal fractures implies such
a strong pressure that I find that the most likely body position to do this would be
with the majority of the body weight concentrated on the left foot, (e.g. with the
left knee locked). This sort of positioning sometimes produced characteristic
“control injuries” (which would probably be mid-foot fractures, telescoping/
collapsing fractures of leg bones, and/or hip fractures). Unfortunately, in this
case, the extent of body disruptions from the crash, the quantities of remains, did
not yield these body parts of the flight crew for examination. This makes this
scenario a “possible explanation” rather than an opinion with quantifiable
probability.

It must be noted that there was significant disagreement within the Human Performance
Group concerning this letter. Notably, Dr. Hause, a forensic pathologist, has formed this
opinion not on the basis of an examination of the forensic evidence, but rather on the
basis of the NTSB’s metallurgical examination. Dr. Hause admits that he examined no
body parts before forming his conclusion.

Dr. Chuck DeJohn, a medical doctor with a masters degree in aeronautical engineering
and a member of the NTSB's Human Performance Group serving as representative of
FAA’s Civil Aeromedical Institute (CAMI), wrote to object to Dr. Hause’s conclusion.
According to Dr. DeJohn’s November 15, 1996 letter,

... Although LTC Hause states in his last sentence that the scenario he described is
only a possible explanation due to the extent of disruptions of the remains, the
major portion of his letter is devoted to describing a situation that cannot be
supported by the investigation.

... L have been concerned that his letter could be misinterpreted and that the wrong
conclusions could be drawn by the press and the public. 1 believe that it is
possible to read his letter and come to the conclusion that the scenario LTC Hause
described in the first part of his letter is in fact what actually occurred, when in
reality there is inconclusive forensic evidence to support this.

In this case, ALPA notes that two medical experts had totally opposing views. We feel
that the information gleaned from Dr. Hause’s letter, in view of his lack of qualification
in metallurgy, is inconclusive, and therefore should be disregarded by the investigation.
It also should be noted that a secondary valve jam would produce a full left pedal
deflection with some external force applied. It could not be determined from a
metallurgical standpoint whether the applied force was mechanical or due to pilot input.

59



u. Seat Track Damage
This section will show that:

1. Information concerning seat position could not be determined from seat track
damage.

2. The lack of seat track damage has no relevancy to this investigation, because due to
the first officer’s height, he would have had full and unobstructed use of all flight
controls, regardless of seart position.

The Human Performance Group Chairman’s Factual Report, Second Addendum dated
October 5, 1995 stated: “Identifiable sections of the seat tracks for both the captain and
first officer were obtained from the wreckage and were examined by the Structures
Group. No determination could be made of the actual seat position for either pilot.”

ALPA agrees that no conclusions can be drawn from the seat track information.
However, we note the independent observations of Dr. Malcolm Brenner, Chairman of
the NTSB’s Human Performance Group. Dr. Brenner told the Human Performance
Group that he is 6’3" tall, the same height as was the first officer from the accident flight.
Dr. Brenner stated that following the accident, he sat in the right seat of a Boeing 737-300
and adjusted the seat and rudder pedals through various extreme positions. He noted that
regardless of seat position, he still had full use of all controls, including the rudder pedals.
From this verbal report of Dr. Brenner’s, we conclude that although we may never know
the seat position of either pilot, this information is probably not relevant because
regardless of seat position, the first officer would have had full use of all flight controls.
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VI. Conclusions

The investigation into the cause of this accident focused in three primary areas.

- Aaircraft Performance,
- Flight Crew Human Factors,
B737 Rudder Control System.

1

Based on evidence collected during the course of this investigation ALPA concludes that
the accident was the result of a PCU secondary valve jam resulting in primary valve
overtravel which caused unwanted full airplane nose left radder movement. The flight
crew was unable to counter this full left rudder due to insufficient lateral control authority
available to balance the roll due to sideslip caused by full left rudder.

Aircraft performance analysis revealed that the maneuver of USAir 427 is consistent with
full nose left rudder travel. As for the cause of the rudder travel, the Human Factors
analysis was unable to identify a possible reason the flight crew would command full left
rudder. There was no evidence of any event or abnormality that would have adversely
affected the airmanship abilities of either pilot. Further, the initial portion of the upset
was found to not be disorienting. The flightcrew of USAir 427 properly and
professionally performed their duties before and during the upset period. There is no
evidence to support the hypothesis that the flightcrew mishandled the flight controls
following the upset event, or that this control mishandling led to the accident.

As for the B737 rudder control system however, during the course of this investigation a
number of failure modes have been identified which could result in an uncommanded full
rudder input. It was also discovered that at least one failure mode, secondary valve jam
resulting in primary valve overtravel, would not leave witness marks. In addition, this
failure mode resulted in rudder movement that matched the rudder time history, in both
magnitude and input rate, determined from the aircraft performance study necessary to
match the maneuver.

B737 Elight Control System

e Tests have shown that a jammed PCU secondary valve may not leave detectable
witness marks.

e A B737 flightcrew has no way to detect a jammed secondary valve.

e When the secondary valve jams, the primary valve may not perform its designed
function of providing redundancy.

e Failure of the primary valve to perform its designed function can result in the main

rudder power control reversing rudder direction from the pilot’s command without
warning.
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The industry and the flightcrew of USAir 427 were unaware of the potential for the
main rudder power control unit to lose redundancy with a jammed secondary valve.

The industry and the flightcrew of USAir 427 were unaware of the potential for
rudder reversal.

The industry and the flightcrew of USAir 427 were unaware of the lack of sufficient
lateral control on B737 aircraft to counter a fully deflected radder.

A redesign of the main rudder power controt unit is needed to prevent loss of
redundancy.

The industry and the flightcrew of USAir 427 were not aware of all possible failures
of the main rudder power control unit.

The FAA’s certification of the Boeing 737 did not adequately evaluate the rudder
control system, '

The FAA did not require retesting of the Boeing 737 rudder system during
certification of later B737 derivative models.

The B737 main rudder power control unit does not meet current FAA standards with
regard to FAR 25.671.

The FAA was aware of main rudder PCU problems.

The FAA policy of allowing a principle maintenance inspector to solely supervise a
repair station repairing B737 main rudder power control units is inadequate.

USAir 427 flight profile is consistent with a rudder reversal due to secondary valve
jam and primary valve failure and mis-positioning of the primary valve.

Eastwinds 517 flight profile is similar that of USAir 427 except for the airspeed at the
time of the reversal, which allowed Eastwinds 517 to recover due to being above the
crossover speed.

Aircraft Performance

The flight profile of USAir 427 is consistent with a hardover rudder.
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Lateral vs, Directional Control

The B737 has limited lateral control authority which, at certain airspeeds and aircraft
configurations, is unable to counter the roll due to sideslip caused by a full rudder
hardover.

In the case of USAir 427, the lateral contro] authority available was not sufficient to
maintain a wings level attitude once the flight experienced the full rudder hardover.

The industry and the flightcrew of USAir 427 were unaware of the crossover speed
being so near Boeing’s recommended minimum maneuvering speed.

An increase of 10 knots in minimum speed will increase controllability during flight
with a hardover rudder at flap settings of *“1” through “10”.

Human Performance

Flightcrew General: Health and Background

The crew members of this flight were healthy, both physically and mentally, and were
fit for flight.

No evidence exists of any active or pre-existing medical conditions that would have
affected the performance of the flightcrew.

Crew Communications - Intra-cockpit

The type and quality of intra-cockpit communications are predictors of crew
performance.

The crew of this flight communicated amongst themselves in a manner that is
consistent with a high degree of professionalism and good crew coordination.

Crew Communications - ATC

The captain of USAir 427 acknowledged each ATC radio transmission in accordance
with accepted practices.

100 percent of the captain’s clearance or frequency change readbacks contained both
the full clearance readback and the complete aircraft call sign, compared to a recent
FAA study that found that only 37 percent of pilot readbacks contain both the
clearance readback and complete aircraft call sign.
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o The captain’s careful attention to ATC communications indicates that he was
attentive during flight and suggests that his professionalism towards ATC
communications was likely a reflection of his professional approach to flying.

Crew Interactions

s CRM allows crews to operate more effectively and better cope with non-routine
situations.

e USAir’s CRM program was well developed and CRM principals are constantly
reinforced during training with USAir flightcrews, including the accident crew.

e Evidence gathered by a number of NTSB investigative groups indicates that the crew
of USAir 427 performed in a manner that is consistent with good CRM during prior
trips, as well as during the accident flight.

e The crew’s use CRM practices helped foster a healthy crew concept, and this positive
crew interaction well prepared them to deal with the emergency had it been a
recoverable situation.

Spatial Disorientation Studies

e A NASA expert in spatial disorientation evaluated the possibility of flight crew
disorientation and concluded that there was no compelling evidence that the pilots
were disorientated, nor was there any evidence to believe that they applied incorrect
control inputs in an attempt to overcome their disorientation, and thereby caused the
accident.

Biomechanics Associated with Attempting to Move Blocked or Jammed Rudder Pedals

¢ In June 1997, Boeing Commercial Airplane Group conducted a ground demonstration
to evaluate rudder pedal movement during simulated rudder Power Control Unit
(PCU) secondary servo valve slide jams at different positions.

® The NTSB Human Performance Group Chairman for this accident participated in
these tests, and confirmed that the jam caused uncommanded rudder reversals.

e The Human Performance Group Chairman stated that once a rudder reversal was
initiated, stepping on the opposite rudder pedal would not stop the reversal; he, used
the word “unrelenting” to describe that no matter how hard he pushed on the opposite
rudder pedal, the rudder continued to move in the uncommanded direction.

e A secondary slide jam that occurred during the wake encounter could result inn an
uncommanded rudder movement to the left.
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The natural and correct tendency of an experienced pilot who faced a rapid rolling
movement (such as that associated with wake turbulence) would be to try to counter
the roll with a combination of aileron and rudder.

As the roll rate began to intensify to the left, the first officer likely applied
considerable pressure to the right rudder pedal to counter the roll.

However, from the observations made by the Human Performance Group Chairman
concerning uncommanded rudder pedal movement during secondary slide jams,
ALPA concludes that the more pressure that the first officer applied right rudder
pedal, the more likely it became that the rudder reversal would not clear, resulting in
the aircraft continuing to roll rapidly and uncommandedly to the left.

Analysis of CVR - Speech and Physiological Aspects

The NTSB Human Performance Group for this accident sought independent experts
to assist with analyzing the flightcrew’s speech and breathing patterns and muscular
exertion.

These analyses allowed investigators to evaluate crewmember levels of stress and
physical exertion during the upset event.

Although evidence suggests that the captain and first officer were surprised by the
sudden and unexpected rolling of the aircraft, evidence indicates that the element of
surprise immediately invoked an increased level of arousal within the captain which
would have aided him with problem solving.

The captain’s level of stress was at Stage 1 or 2 until the aircraft was clearly
unrecoverable, and these Stages are associated with increased performance due to the
increased arousal factor.

Not until after the point where the aircraft was clearly unrecoverable, did the stress
level of both crewmembers increase to Stage 3, the highest level. Considering that
death was clearly imminent, this response is understandable and predictable.

Evidence suggests that the first officer was attempting to operate the flight controls
throughout the upset period, and that the captain did not attempt to take over controls
until the aircraft was clearly unrecoverable.

Because the captain was not task saturated in attempting to control the aircraft, it

likely allowed more of his cognitive resources to be devoted to trying to decipher the
emergency situation and invoke a plan for recovery.
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s To better understand the first officer’s attempted flight control manipulations ALPA
superimposed information from the reports from the experts, the CVR transcripts, the
FDR data and data from the Performance Group’s Kinematic Study.

e While listening to the Cockpit Voiced Recorder (CVR) the experts noted three grunts
or explosive exhalations from the first officer.

e ALPA cross referenced these exhalations with the kinematic study and found that the
first one corresponded with the control wheel being rotated sharply to the right.
ALPA concluded that this grunt occurred when the first officer exerted force to
override the autopilot “command” mode detent.

s The second grunt corresponded to a left rudder input that was denoted by the
kinematic study. CVR data indicated that at this point the aircraft rolied rapidly to the
left at a rate of approximately 35 to 40 degrees per second.

¢ In order to counter this abrupt rolling moment, the first officer’s response would have
likely been to apply considerable control forces to turn the control wheel to the right
and attempt to push the right rudder pedal. The forces exerted on these controls likely
resulted in the grunting that was heard on the CVR.

s The final grunting sound coincides with the kinematic analysis suggesting that the
control wheel was once again being turned through approximately 35 degrees and the
increasing rapidly traveling towards a full right direction. One of the experts
compared this grunting to previous grunts by saying that this one was “was louder and
more forceful representative of the use of increased muscular force”.

¢ It is likely that this grunting “was louder and more forceful representative of the use
of increased muscular force” because the first officer was desperately struggling to
press the right rudder pedal, attempting unsuccessfully to oppose the uncommanded
left rudder movement.

Pilot Responses to Uncommanded Upsets

o The NTSB’s Human Performance Group for this accident turned to the NASA
Aviation Safety Reporting System (ASRS) to learn more about how pilots have
reacted to uncommanded upsets.

e ASRS conducted a special “structured callback” to assist with this understanding.

» Altogether, information from 589 turbojet loss of control events was analyzed.

* In many cases reporters acknowledged that the events startled them, and many
perceived that the events were quite severe.
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e Although the events may have startled pilots, and a]though they may have been severe
events, in not one of these cases did the aircraft crash. In every case, regardless of
how much the event surprised them, and regardless of how severe they perceived the
event, crews were able to recover the aircraft and safely land it.

Unintended Acceleration
e Unintended acceleration has no relevance in explaining this accident scenario.

Rudder Pedal Damage

e Two medical experts formed differing opinions concerning interpretation of rudder
pedal damage.

e Due to this conflicting interpretation, information concerning rudder pedal damage is
inconclusive and therefore should be disregarded.

Seat Track Damage
e Information concerning seat position could not be determined from seat track damage.

o The lack of seat track damage has no relevancy to this investigation, because due to
the first officer’s height, he would have had full and unobstructed use of all flight
controls, regardless of seat position.
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VII. Recommendations

Since the accident involving USAir 427 the NTSB has issued numerous safety
recommendations, all aimed at improving the aviation system and making it safer for the
traveling public. ALPA fully supports those recommendations. With regard to the
specific event that initiated the USAir 427 accident upset, malfunction of the main rudder
PCU which resulted in uncommanded full rudder deflection, ALPA believes that Boeing
and Parker should work diligently to replace existing B737 rudder PCU’s with improved
units as quick as possible without sacrificing quality. In addition, ALPA offers the
following recommendations:

» The FAA should eliminate the current practice of derivative certification. Newly
developed aircraft should be carefully evaluated against FAR criteria in place at the
time of aircraft development,

» For aircraft which were certified as “Derivative” models, the FAA should evaluate
those aircraft against existing FAR requirements and those aircraft, to the extent
feasible, should be modified in order to be in compliance with the current FAR
regulations.

« The FAA should require all FAA certified repair stations to meet all the standards of
the original equipment manufacturer.

e In order to increase B737 lateral control margin to an acceptable level, the FAA
should mandate the development of additional operational techniques such as
increasing B737 minimum maneuvering speeds to Boeing recommended “Block”
speeds plus 10 knots.

e The industry should continue with the development and implementation of
“Advanced Maneuver” or “Selected Event” training and that the FAA should require
the inclusion of this training in every airline’s training program.
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