
~~·'" ,u•• e. -
. 

AIR LINE PILOTS ASSOCIATION 
535 HERNDON PARK\NAY 0 P.O. BOX 1169 0 HERNDON, VIRGINIA 20170 0 703-699-2270 

FAX 703-699-4370 

Honorable James P. Hall 
Chairman 
National Transportation Safety Board 
490 L'Enfant Plaza, S.W. 
Washington, DC 20594-2000 

Dear Chairman Hall: 

September 30, 1997 

In accordance with the Board's rules, the Air Line Pilots Association (ALPA) submits the 
attached comments and conclusions regarding the accident involving US Air flight 427, which 
occurred on September 8, 1994. US Air 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: 

• Aircraft Performance 
• Flight Crew Human Factors 
• 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 uncomrnanded 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 mishandled 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 overtravelleaves 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 US Air 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 limiter, 
• 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: 

I. 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. 



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 I 0 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 /IlS-I 

HL:nst 
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I. Executive Summan 

On September 8. 19'!4. l \ ->.: I' light 427. a Be .l!l)! '; ·()\) cra,hcd while maneuvering 
to land at Pittsburgh lntenrall-•llal Arrport. The :urp!anc w a\ bcrng operated on an 
rmtrurnent flight plan unckr :4 CFR Part 121 ''~' .r regubrlv scheduled flight from 
Chicago. Illinois. The :nrpianc was de,troyed ,.,, rmpact Ioree' and all 132 pcr,on.' on 
board were fatally lllJurcd liased on the evidc11cc developed dunng the course of thrs 
accident investigation. ALY \ hclrcves that the .urp!anc cvpericnccd an uncomnwndcd 
full rudder detlection Th,, .Jclkctron wa.' a n·sult of a maur rudder power control unit 
(PCUI 'ccondary val\c Jail ,, hrch rc,ulted 111 ;, prrman 1alve overstrokc. This \econdary 
valve jam and priman var" ·•vcrstrokc causcc: l SArr 42'to roll uncontrollabl) and dive 
mto the ground. Once the full rudder hardo' er occurred, the flight crew was unable 
to counter the resulting roll with aileron because the B737 does not haYe sufficient 
lateral control authorit~ to halance a full rudder input in certain areas of the flight 
envelope. 



II. B737 Flight Control SYstem Design 

This sec/ion >rill sho11· 111 , 

The B737 rudder con/ \l1'm dcsrgn '-' J, '/l,jil( dJilung _fl'l rronspor! designs in that it 
u.tili::es a single {hU/1' 1 itu',il'l" and a singll' [{(ldt'r Pl '! 

: Since the B737 re.: ct\, nnguwl FA:\ 7 fi, (_ f't'll.fl, ,/lr rn /46/. the aircn~/l has lwd 
a historr nl uncommrmdt .·a11 incidenl.\ 

-< The B737 rudder, 1Jt1f' Hem doe_\ no! !I' 1! Uu !u 't'!ll FAR rcquireml'llf.' FAR 
25.6-;' I. H'ith rcguui ,-, !h •. /WIC!UJilf'!"(!/JUh Iii\ lllld c'(tecL\ 

-1- During the count o' , · 1 t.\flgutlml.\ of [ .·i.L ~,\" ,I -.\:111 -/.:!.I und La.'ltn·tml.\ 5 I 7 u 
nwnher olf(u1un· IJ/(It:r ·' :!,1\'c hcen identdi- d \Ufl: rlu B737mwn rudder PCU which 
can feud to uncOifii!IWirl( ,: full rudder lwru 1\ !',-, wui rudder rt'\'Crsa/.<.,· . 

.;;; The B737nwin ruddt · '! '· df'.\tgn rr'(liihid!f, \ i • il~tj/cctn·c ~(any oftht.\l .failure 
modt s occur wu) '~-' . dr tlu· uircrd/! 1 '/Of u, , (11/lfJ/Itui< c H'ith the FAR.\ 

(J S'mne sccowlan , Ull! 

- [_.l.')Ail .f-27 expcnen\ ( 
thai re.\ulted in 011 lill<. 

·'CO!ldar\' \DI\-1 i ;111 L/!11, ~·nui rn 1/w main nulticr PC[/ 
~'! 1 •1<11Uicd_jidl nuJLJ. , dc!lt ( fl, ''i 

The Boeing 737 dircC{](li,,; ,)lltrol :-.y~teil\1"'> lillljllt' cilll\H1~JCl tran.<..,port aircralt hecau~e 
of its single rudder panel ,,,de rudder pmte' .~>llln•i U/111 iPCl'l combination. Other 

Boeing aircraft either ha\c 'i'lll rudder.s or c·o llmand rnpul vra multiple PCl",,, In 
nom1al operation, two rnckpc·ndent tA and Bi hydraulic ')sterm provided hydraulic 
power ic) the rudder throuc:ll the main rudder powc1 u>ntr\>l unit iPCU) which Ill turn 

moves the rudder surface 111 additron. the A dill I ll hy Jraulrc systems also prov·rde 
hydraulic power for the p1tli1 and roll contrc>l '"tcm' For prtch and roll control there is 

also manual control aYarLtnk 10 command prkh and roli mputo. if the aircraft experiences 
a hydraulic failure. The udder system doc.s n"r have manual backup, For redundancy. 
the rudder has a third hvLJr,wlic system (Standh' \that can provide hydraulic pmter 
through the standb) rudtk• I'(T rf needed 

For rudder rnpuL prtut ,,,, ,",,tncb arc transrm lL'J 1 '"' ·.talltleso. >ted control cables to the 

hydraulic power comroi '""' There ro. a drret etmt'ldllt•ll he tween the magnitude of the 
pilot input and the re>ultu~c ontrol surface m•\emcnl a\ all airspeed>. 

The single PCU on the H 

and dual load path.s w<lltii 

.lttempt...., to pn.l\ dl· redundancy by u~mg dual component~ 
, ! : PCT By clrm n:,lll<" Olk' ,tctuator there wa, a significant 



\\eight ~avm&.. Later l\\ ;L 1~ tr<.m~port:-. ltkc tt·v B~~- iltld B7b7 u~c tandem (tV .. \1 

c!Jffcrent) PCL:·s to pn" :de •c·dundancv. 

The control of mmcmcrd <>I 'ire rods and lnr~ .. t~c· w:tt11n U:e 8 737 rudder systcrn rs 

essential for it to operate non nail) Any unex peeled nrovement in the system could result 
Ill uncommanded mov cment ,,f the rudder The hnbtce' are load path redundant so that a 

single bilure should not rcs11lt Ill loss of cont:•ll 

!\.1cchanical linkage:-. Ltll:f~L'L ·the control rud JIH'l\t'IllL'Ill .ll tile pnn1ary and :-.ccunJar) 
1 alvc s within the PC!· sen 1 · valve The sen·. ' 'ah e d: rects h:gh pressure ( 3.000 ps: 1 

hydraulic fluid to the cxtcllci ·li retract srdc lll tile ma:nruddcr PCU actuator. 
AdditiOnally. the sen' • v ct! v, detenmnes the ::lllllunt on:! duration of the fluid tlow:ng to 

the actuator. 

The intended desrgn •I! t'Jl' 1'1 ·1 vvas such th:: . :llw, v:·:Jt ol a.1am of either the pnmar) 
dr ~econdary valve. opp·.l:--!!1~ movement by tLL· non- \dll!tned \·aive would result 111 control 

nf the rudder. As an cxaml'k. rf the pnman . ::ivc Jillll' :n a posrtion that results in one 
gallon per rmnute airplane· n: "cleft. the sccondars v a/vc will center at a position of one 

gallon per m:nute nosL' 1 ighi The result " a Ingber that normal leakage rate and some 
reduction in the m~L\Ill1lltll r.ttc of rudder tra\'~~l Pilnt-. :namtain control of the ruddcL in 
the event or a _jam. hy tt-:1'- lt..'dundant vah-..· dt'"lt2-rl 

The design of th1~ '>L'f\, -. d!, 1..' doc' not U\C, ' nilfl'· dhtcad H relic:-, on vcn ._·Jose 

toleran--:e~ to limit hydJ.tL<~J-.. tl'akagc. Ttw tor.li lllO\'l'lllL'!Jll)f the pnmary or secondar) 
valve from center to it' L'\trc'mc travel is ahour n.OO-f'i "I an inch (about the width of a 
dime!. The clearance hL'l\\c:c·n the pnmarv "'lvc and the secondary or the secondary to 
the valve housing rs les, !Iii::: a human han 'lnse tuicianccs required that consideration 
be given to the effects ol ,, foreign object obs:niCiillg movement of the valses. Chip shear 
force i;, a measure of thL· ,Jh:lity of a valve to ,bear a lorcign object. That is. to actuate 
normally in spite of the prc,vnce of forergn n:atenal The chip shear of the pnmary valve 
of the 8737 main ruddc1 P< ·1 · i.s significant~\ less than that of other similar aircraft. This 
chip shear capahility r' ahc:ut 40 pounds on the 87:\7 whrlc the DC-9 and MD-80 are a 
minimum of 100 pounJ., .\,a result it may he casrer to 1am the 8737 PCL The 

secondary valve of the 1:) '' · has a somewhal hrgher chip shear than the primary valve. 

The redundant feature' ·.'1 tJ.,· 'ervo valw art cnrlv cllec·uve if both valves are free to 
move. If one valve does n:" move free!). thl'n a 'ubscLJUent single failure or Jam can 

cause uncommanded !Till\ cment of the ruddc· B737 pilots have no Wa)' to detect a jam 

of either a primary or secondary valw. 

Testing of the PCl. comtucrcd during the cousc ell tlr~> accrdent investigation have 

shown that differcntralc::>ol:ng or heatinp car1 impede cnticaL free, movement of the 
servo valves. The.se ter-ts pmved that therm<d binding Lould rmpair or prevent movement 

of either valve. During 'ud1 circumstances 11 rudder reversal !rudder deflection in the 

direction opposite til th.ll "'mmanded) canJl::,:ur During post accident testing the 



PCli installed in USAir -127 ha> shown instances of rc\ crsal and binding. The cause 
for this reversal was the I dilute' of the servo vain· to pcrlnrm its intended design purpose. 
The mis~posittoning ol thc· pt!!llary valve due,,, apnt oi the secondary valve results in 
the loss of the required redundancY. Forcc.s applred to thc· tnlcrnal linkage of the PCU 
result in bending. or lmbgc dl'lormation. whe:r there" a pm of the secondary valve. 
This then forces the pnm,tn , alvc out of its customan positron. As a result. the primary 
valve no longer provtdc.s redundancy or the ah:ltty to oppuse the _Jam. Therefore. the 
rudder will deflect fullv ttl thc· drrectron of the I'ttn of the secondarv valve. A pilot 
applying pressure to a rudder ;1edal. while a J'llll exrst.s rn the secondary valve. can result 
tn the rudder def!ectmg full\ 11 the opposite ditcTI!on I•' pilot cmnmand. 

The USAir 427 Systems t ""'I' extensive!\ tec<cd and con!Jrmed the reversal condttron. 
Jamming of the secondar~ \ Lth l' for any reason ~_·an c.tu:-,L' a rcvcr:-.al. leaving no witness 
marks on the valve (NTSB '>I stems Group Fauual Report! Tests also showed that once 
the reversal hegins a prlot ,,,w,ut overcome tl. \tam PI tile secondary valve and the 
resulting rever'itl applies ·.<'ntrnuous. unrelentitl~. pressure· on the rudder pedals while 
dnving the rudder to lull ,klicctton. In fact. a.' documented trl Section V ofthts 
suhmission, the harder a r:lt>l .tpplies pressure'" the n~ht rudder pedal. the more likely it 
becomes that the rudder rc'h'' ,aJ will not clear 

There an: documented 1..:~1"~.._· ..... (<-till'-. that lca\c l\' \\lln:.._·,, mark-.. un th~..: val\c~. A-.. 
demonstrated in Systems'· '''''P tcst.s. the t'SA 1 42 7 sen" 1 alvc.s pmmed h) thermal 
hmding. left no marks altct :!,,. 1anr cleared. T ·c·lad, ,,j \>\Jtncss marks on the valve doc.s 

not indicate that a jam dtd '"" ,Kcur. The secondary \ahc in US Air 427's rudder PCC 
could have been jammed "hen the primary valve overstoked causing a rudder 
reversal. 

In August 1997. the S) slt'lr·,, ~roup convened .d Parker "'In tne. Cali forma. The group 
conducted tests to hetter undct ,land primary v: :v e revcrsai These tests provided data on 
the rate of actuator movenK!1l ,md the force av<aiahle tu move the rudder with different 
positions of the sccondan 'ai, c The tests shtmccl a corrclatton he tween secondary valve 
position and hoth rate oln'"' ·. rnenr and force : 'c~ilahk 

Results of these tests sh'''' 'I'·' when the seconJary vaiw ,, at the neutral (or null! 
position there is full force",'" I able. however, tru reversal can occur. As the secondary 
valve moves away from neuu .II the force avaih~hle to the rudder during a reversal drops 
srgnificantly. After the tnllta! Jrop. the force a'. ailable to the rudder rises quickly as the 
secondary valve moves fanhcr from neutral. At the pollll where the secondary valve is 

frfty percent (50%) alon;: ''' r·,v-cl almost fuiii~,Jrcc ts agam a1ailable to the rudder. 

The significance of the n·t,,ttou,htp of secondar, valw po.srtton and force available to the 
rudder is that above fifty pncclll(50'/c) second, til valve travel a reversal results in a full 
rudder hardovcr. The rate ,,t rudder movement wtll he one half l'l21 the maximum rate 

due to the primary valve huL !Ill' 110 hydrauliC n :td pavStnf' through it. 

J 



During the course oi till> ' ·. ,_--.,t,gatJOJL tfll' i\- \B ~:,- :-.tt'In-. Clrnup Identified a number of 

''g:nificant failure mode' .·r 1\Jc B737 mam nuder PCl The'c failure mode' include: 

I. A foreign ohJu 1 ·c·tv.tTll the 1nput r .1n~ anci tile external manifold stop 

+.Thermal hmd~:L 'the pnman \aJ.,· It• the ,,·condar\ vahe 

0. :'v!i,-pOS!I!Unt " 

7. lincontrollahl·. 

When each of the'e lcllil•" 

l SAir -+27 main rudder I'< 
position. 

a. Rudder Blowdow n 

the rnmary \'a['.' \.-\ ht'll the -.,econdary valve is jammed 

.u ·;wtoJ rcYcr...,al du, [,' llll" pn-.,JtHHlHlg of the primary Yahc 

ddt'" wa.~o, tc~,tcd --. the '\TSB Sy-.terns group using the 

the rudder citht..·r rl'\'Chl'd or dc!lected to its maximum 

l"nJikc many jet trall.'-.p\1; 'TalL thl' 87_\"'7 LJ·.,_·, dyllclfll:t.. prc-.,slirt', also known .L\ 

hlowdown. to detcnmnc Ill< l!J<lXtmum rudder tJc!lcctton P"'''hle when flying at h1gh 
'reed,. There i' no nwcharll,·al limiting of ruJdcr lllll\'ement as a function of air,peed on 
the B7.l7. Rudder nHJ\Ctllcr:' "commanded· 1a h\drauJJ,· pressure (3000 pSi I in the 
rudder PCU. As the rudd,·t :>Juve,, a1r load a, t' on the rudder paneL which results 1n a 
Ioree that opposes ruddc1 ,kl iectiOn. When th.· atr load mcreases to the point that !l 
equals the hydraulic pre"'". commanding rudder dcllectJon. rudder movement will stop. 
This is known "'the r·uddel ''lowdown limit. In the B 71 :'. the higher the airspeed the 
lower the maximum a\atlcti'lc' rudder defkctl(•n p<hsrt>lc l'nl!ke newer model aircraft. in 
the B7~7 there is nu rnd''"''"" to the pilot in llc' cockpn <lf what the maximum rudder 
deflection availahlc rs 

B737 pilots can trinr the rLhl.!n ttl relocate the neutral Jl'"''"m This rs of Ll\e dunng 
engine out operation Th,· h ''7-1/200 uses n"u,ual cable, to tnm the rudder, while the 
8737-3/4/500 uses an clc,·tr" motor to reposi Jllll the rudder\ neutral position. The 
electric trim move.s at';, pt· ,eccmd up to a n~<nimum ,,f 16' There have been cases of 
failure of the electnc tri "' '·, ,,em resulting in Jncommanded movement of the rudder. 

h. 8737 Rudder Control .., 'stem Certilicatw11 

l'hc Boeing 737 reccl\c.: !I·· •ngmal type ccn:;;,arc n !'16.7 Smce that origtnal FAA 
type certificate was Jv-..ut J: I ('fe have been d r uPlher 11! B7J7 JerivatiYc models 



cl,·,·eloped by Boem~ .!Ilci !ted h) the h\/\ \, i.l! .!' .lle Hl'i f!Jght control system 

was concerned. each den'·"' •.' model was cef11fled based on the FAR regulations in 
place at the time the origmai :vpe certificate w." JSsued. 1967 The FAA granted a 
derivative type certificate l<ll the BB7-300 m 'IX-\. 1-c v•:ars after the original tvpe 
certificate was issued hv rnc I \/\ 

The criteria applied tn 1'1< 

"The failure ol lllL'•.ILI!tcal parts (cable. pulle' '· pston rod.s. and !tnkagesl and 
the jamming ofp,.,,, ,·vlindcr.s [such,,, tndrault. powered actuators] must he 

considered unlc:-." !Ill' Jrc extreme!\ n m<Jk · 

The FAA at that time dtd "'' tcftnc "extreme! in then October 18. I 996 letter 
t,, Administrator Hinson. the '\TSB referencec "''crai I· \A cerllfication representatives 
"ho stated their belief th.<t .. trcmcly remote • . .1! :llitl1l' rate of le" than I x I()" per 
fltght hour. 

ill !967 the FAA reccl\c·c; , "''c analy.sis dat:. ''""' Bllt·:ng that showed that the B7.1Ts 
lateral control (rollt auth''''t' c·.xcccdcd the ru,:dcr authotJI\ Therefore pilots could use 
lateral control to overcorTk -t hardovcr rudder Tt11-.. wa:-. later shown to he inaccurate 

under certain condttt<.ll" Ill'. ~TSB cn-Jc!udc·i th,ll "the lateral control system may not 
be able to counteract the ·rt,· '' ui a full) dell•. ,·~ed ruLickr at certam airspeeds and flap 
\Cttlng~. 

Boeing acknowledgc·d ttrr , tdtllon tn a '>ept. rnt1er .' 1 • l •)'J l letter from l\1r. John W 
Purvis !Boeing! to Mr J<>lll<' lark il'TSB 1. l1 JlJatlcttet 'Ylr Pun·is states, "a full rudder 
hardover on a 8737-200 \;h .tnccd atrplane m lc\el!lt~ht and flap.s 10 could not be 
l'llUntered with wheel .. [ill· ctter further exr atned. 'the- lett rollmg moment due tO fuJJ 
left \Vheel is not enough J,. ~ ,),tntcr the right rcllmg nH)mcnt due to side~lip." 

./\nother Boeing lettt~r 1"1.\..'lll·~ n~ K. K. Ll~u11 '' . .-rii!P \1t Donald L. Riggin (Manager of 

the FAA Seattle Atrcrait \ ,.,, ltcatton Offlcet '" Scptt'llthel 1-\. 1992 stated. "The B737 

lateral cuntrol system car'''''''" exceeds the n•lilllg lllc'lltl'lll due tu a full rudder sideslip 
for all landings flaps at til•lflt,d landing speeds \'Rrt .,. addt!JvesJ and for flaps up at 
normal operational speed< I hts is not true an:t ,onflltls wtth the September 20. 1991 

letter from Boeing to I"TSB · "' thts subJect 1-unher. testmg conducted during the course 

of this investigation ha' l''"''·n that tn ccrtam .trcas olthe f11ght envelop the B737 does 
not have sufficient latcralcc•lltrol authoritv to. otuntcr" full rudder input. As previously 
discussed with the FAA and 'iTSB during the llrvcstJ!C:llton of the B737-200 ADV 

accident at Colorado Spm1~' the rolling moment pwduced hy a full rudder sideslip 
exceeds the capabilitv Pi lhL <,Hera! system un.kr tht· lo<ll<•wtng conditions: 

I I Flaps I to Fi:q· t\ tile it)\V ~pl'l·d .. 1 ill i >! ·: w 'lap CJperatlonal enYelupc 

::) Flaps up and 1- :q · :' 11 the annal I (J,>e~ r tk'""' normal operating speeds. 



The 1'167 ccrtihcatron rc,Ju,, rnenh of 14 CFt q 2' (>'!' rcqurred the B737 to con,rder 

only a 'inglc failure. Amcncirncnt 23 tTVI,cd tilt' FAk rrr I '170 to include undetected and 
multiple failure,. The Fe\.\ !ill not and ha., tl< 1 requrrcd the B737 to meet the upJated 

FAR standarck 

The "Control Sy';-..tcnt-.,, c,l-iL ,l! -..el'tiPn ut 14, ·r:R ~ ~) t,'J I \LJ require~ that an <.urplane 

h,, capahle of safe tlrght .rnd ;,Jlldtng after \arlt.rc· or JanHntni' ot a flight control '\Stem or 

'urface without except ronal l'liotrng skill or .,t: cn?th if the probability of a malfunction 
h considered greater than I' 1 ().;; 11 mu;-..t have 'ni\ a lllHhH" effect on the control ..... ystcm 
and be readily counteractc·d ,,, thL' prlot. 

A!so. subsection t)·, :-.tJlL' \n~ _]J.flllT1 d ....:1H ~~~1 pP-.,lll\111 nurmall) encoumcred during 
takeoff. climb. cruiSL'. JWII11<1: turn~. descent. i.dlL1 landu1~ unless the jam IS shO\\ n to be 
ntremely improbable. eli , ali he a\lnrated. i\ runa" a1 "1 a flight control to an adver'e 
position and jam ITIUSI he ._lll )lJ!ltL~d for jf -.,uc\ runa\\'.J~ ._UJd ._,UhSeCjUCllt jamming i.-, not 
e\lrcmely improbable· lc''t' cHtthc 8737 PC I 'en<' 1alle ha\e identified farlurc 

mode, that do not meet t!rc c\tremely lmpnll•ahk" cl&r"' m lilt' FAR. As a result, 

ALPA wncludes that tlw B737 does not med the current requirements of 14 CFR § 
25.671. ALPA recommPnds that in the future FAA and manufacturers evaluate 
derivative models against FARs in efl'<l'l at the time of design. 

'l here has been somL' o...'OJ:lt'l t"'~y I\TSB ()\l'l' I'll amhJ~Uit~ In the FAR tcrmmolng). 

Additionally. the l\TSB .,~,,,.d wtlh the F-\.-\ ·. !tllcri Jk,rgn kc\JC\1 !CDR Iteam 
;,_·unccrn that cx1sting regula\:. lib only con...,Jde:c .... i Lomrol positiorb that were ··normall_y 
L·ncountcrcci." The CDR ~l:.lf1l rcconnnendcd · tldt fligtll (_·utnrol :-.y'...,tem~ be tested W'ith a 
Jdtll at any control posll!OII p(l...,sihic. ALPA snare:-. thL' \."TSB"s concern and agrees with 

the CDk team·, rccomnrt·rrcldtton ALPA aJ,, 'uppon, .tnd agree' w1th the :sJTss·, 
he\ icf "that the FAA .,hoc; J,i r n r,c· 14 CFR ~ . ~ 6 7 I 1'' ;Jl'count for the failure or pmming 

nf any flight control surlxv .-1 rt, de"gn·ltntll dcllectron · Further, ALI' A believes that 

the FAA should re-e\aluatv all transport-category aircraft and ensure compliance 
with the revised criteria. 

The CDR team report, ,Idle•.! rhat there an: "a .rumkr >1! \Ia)' where lo" of rudder 
control and potentia\ lor,, ·.u,tamcd rudder hardover nra1 occur .. Since full rudder 

hardovcrs (a control 'urt'"' trarduver rs defn1<:d as an uncommanded. sustained deflection 
of" the control surface torr·. lull travel posllion' and/or 1ams are possible. the alternate 
means tor controL the later.11 ,:ontrol 'YstenL must be lull] mailable and powerful enough 
to rap1dly counter the ruddc·r .md prevent entr;mce I!llc• a hazardous tl1ght condition:· 

ALPA concurs with th1' t 'I lR recommendatic•: 

c. 8737 Flight Control lmrd~nts 

Since the introductJUJl ()[It l H7.\'7 . there ll~t\l hc'C"I"l rt, tilrlll~ !epuns or flight LOntrol 

rndents. On June W. l'i'N l .1\l\\tnds Arrlme Hrglrl 'I' a B7:l7-200. approached 



R1chmond. Virgima_ \\I! r~ J(:-.l.'cndlllg t111 apnl,~ll'll_ illl flight c\.pcncnced at least two 
uncommanded rudder mru h Other 8 7 37's h.1 \L' ex pcncnced uncommandcdruddcr 
inputs from the yaw darnpc1 \Vhat made the i .:hiWIIllls rlrght notable was the magnitude 
of the rudder movement l'hc DFDR traces re,·caled that the rudder had deflected to near 
Ih blowdown limit. Anor!rc1 documented c<N ,,j a ruJJcr movrng torts blowdown limit 
is USAir 427. The pnncrplc dillcrcncc between the tv.u events. and their outcome. was 
the airspeed at the tnne or the uncommanded rudder niovcmcnt. Eastwinds 517 we" 
operating at 250 knots w;tii liaps up. which rs >\ell aht'\C cTossover speed. USArr427 
was below crossover spec·J I.'' rts tlap setting .~nd werghr Recovery for the East winds 
'i J 7 !light crew proved dJllll ult. for the tlightc rnv of l 'SArr 427 recovery was 
rmpossible. 

:'\TS8 Charrman. Jrm ~L · krrcd w East\\ r ~ch ~! "' ··' letter to FAA Adrnrn"trator 
Hmson. "Under slight!\ drllncnt crreumstanc_·, the Last winds 1neident could have been a 
tlurd fatal 87.~7 upset acc.Icknt lor which then· \\as Inadequate flight recorder infom1ation 
to determine the cause· \i 1'.-\ agrees wtth ( ·1a1rman Hall The primary reason 
Eastwinds 517 did not rc-.u11 n a catastrophtc .Jc'Cidenl ''that Eastwinds 517 was above 
crossover speed \.J...rhen tht r u.Jdc-r hardover oe<. ~Jrrcd Tht' 8737 crossover speed issue will 
he fully discussed in Sec;.,•~: 1\ ·>fth1s suhmi."''" 

An NTSB investigation (i~'L'<~nllled that one r~~)nlcn. \,d, that the Linear Variahk 
Dtsplacemcnt Transduc·c· · 1 \'DT 1 had been !' "•·rtggc<l ,, h1ch allowed the rudder tu 

deflect to 4~1{. HowcYeJ ,! ·-~·cond uncomrnanduJ rudder movement exceeded 41li'-- and 
traveled to the blowdow1 !!IIIII tabout sc at2'·<1 Knots· ·\s noted in the invcstrgation. this 
cmplane had expericnccu •.>tile'!' rudder problcr''' on \bv 1-+. 1996. June I. 1996. and June 
S. 1996 Eastwinds man 'CtLJ!lce changed the •ru1n rudder PCL' and the airplane returned 
11.) SefVIL'C. 

A review of the 87'7 lie-. ..ord shows '"e' XO ruddc• related l!lctdents since llJ67. 
Explanation arc yav.- damp~· malfunction:-.. \\- 1"-t' \ l)rlt' \ ~'Ill'Ollnters, or liquid 
contam1 nation of the c Jc-~_: r11!: tc huxc..; of the ) .tv,. dampe1 Some rudder event causes 
remain unknown. 

d. FAA Critical Design Rn1ew Team 

On October 20. 1994. th'. i <c\ lorrncd a Cnr .. 11 llcst~r kcv1ew tCDR) team to review 
the design and certihcatt<•ll <I the 8737 a1rcr<.lt On !\Ll\ ' llJ95 a report of the results of 
their review was issued. Jn,· members ol the CDR team mcluded FAA. Transport 
Canada, and US Air For •.l' J"<Tsonncl 

Team members dell ned lilt i ohwcttvcs as 

l. Identify thnsc ,,, urc events. both • ;ngle and muittple. withrn certain !light 
control systems 1: ,,, ·:suit 111 an uncor·Jmandnl cietkctlon or pm of a tltght 

·:ontrol surface· 

X 



3. Review tht· ~er- iLl' .JJstory of the fai:e-d or ma!funcllon!ng component or 

subsystem through" r c 1 tew of ADs. Se' vtce Bulletins (SBs), Servtce Letters 
(SLs). Service Dttftculty Reports (SDRsL NTSB recommendations. NASA 

Aviation Safety Reporung System iASRS 1 reports. and other reports. 

-1 Identify andre, ll'•·· the matmenance ill mspect"'n requirements I task and 
mspcctinn inten·a, '. ;1-. provided by the manufaclUrcr .. ..., Maintenance Planning 

Document (l'v!PD '· .\Lnntenance Rcvie'' Board! MRB 1 report. or maintenance 
manual lor each tllcTrtrtted c·omponent ''' suhs) qem w tth cntical failure potential. 

A review of 17 ADs. 5-l ~b- rnd _,7 SLs and' rsrts to 1::\uerng and other repatr faciilties 

!FAR Part l-151 resulted'" lite lullowmg ol"er•.lliPils 

I. Valve chlp-...,hl,ll r torccs \d-" lu\\ ~ ... ~~· pound:--1 on the PCL actuator 
appeared to he h • ,, 

~ There 1~ n11 adl.'cj,,,:·l' !Tlcan'-1 tor tc-...u ~~tilL. dual -...puul :--Cr\P vahc fm proper 
operation on the .:·.lr]'i,,ilL: 

,~. The dual "Pthl. ,(, · , • \ cli\'L' 1s a ... .-ump!c\ ~L'>..,l'llll"~ly and h a critJcal con1ponent 
<.:1f the rudder and ~uit;r,)n power contro Lllllt'> ;md thercforl', critical to fllght 
,afety. Any lactim .llrthonLed by the I A.-\ til peti<Jrtll repair and mamtenance or 
rnanufacturc thi:-- _._,ll:lponcnt Inust ~t~~urc the FAA nt' having the necessary 
equipment. per-..onnl'l and data ~de:--.1gr llldllUiacture. 4ualification and 
0cccptance te~b I'll. ll uiun.~~). mcludmt dLCL'~" to the latest re\'istons to the data 

provided by the !irlci'Jal Equtpment M.mufacturci tOE\!). 

After the team vi,itcd LJ.,u,_ i ,, .·\rrcraft Cump "'' 1 LJ,\l ru compare thetr dcstgn and 
manufacturing practrce, · · 11 ,,, ol Bocmg, the rc·.mt puhlrshcd the following obsenation" 

The carl lei IJ, \l : rpLmc~ employ lin:~..:t ~ .. .-an!e-dn ven surface tab.\ ~L..., the 

primary control n,,_., I· rtltsrn lor mall\ <d the fltghtc·ontrol systems. 

2. The airplanes ttl.,t rave a hydraultc.div pcl\wrcJ rudder have a built-tn 

hardovcr protectt''' ,, rth the use ot spLt surtaces, ur manual reversion vta 
hydraulic shut-oil In,., Earlier atrplancs use rudder ltmitmg devices with 
airspeed inpuh ' ,,,, · atrplanes use ac:odynamtc 1 blowdown !limiting 

l. After hrcaknr.: 1:1 resultmg prulorced turcc, 1cyrmed tu control the mrplane 

after a _~am mthc· .<rc·,rl control systcn .m: stgtllltcafltl) lower than those of the 
B737. 



4. The DAC mJnJn•ur: ci1Jfl-'hcanng Glilcli1Ji!l, tu hvdraulic servo vaJ\e, tiOO 

fl\•Und'l is sigmfJcantll h1gher than thai -11 i11c B7r' rudder PCU seno \'al\'c 

(Jnmimum ]7 m ,e; \ i( ( and YJ de.-,.Jgn 1 

5. DACha~ mort· !;:qriLtl\l' Lontannna:t·c h\LILHJ1!C flwd mspectwn 
rcguircmenb than \!h' h 7_1,7 

6. DAC perlonn' :1,~:11 tcs\.' of .. ruddet ~;cb I<' Jetnmmc structural strenglh 

issue'< flight te<..,t-., ·1 rudde1 hardovers t , dckrilllll\..' lateral versus directional 
authority· are not rcrJ, 'rmcd 

7 DAC cn1piP~" ,: "'.t'L't~. reliabilit~. ~u~,, crgorh'llllJC:-. gioup to perform hazard 
analysis on DC\\t'r .nl!'i<.tnt' models. 

S DAC"s Failutc· \I· .,:c" and Elfecl\ A"-"',,, f·\JE,\ 1 prp,·e" h comprchen,ne 

and crosses cngtm·1.T11~ anJ opcrauona: discip!l!lL'~ 

lJ In the DAC t\11..\ pn1ce" tor an,tl: /Hlg Iaten: laJiurh. DAC tal-,c, crcc!JI lor 
the inspection Inter'"' <1f the ident1licd I ill lure. nut docs no\ make th1s mspectJon a 

( ·erlification MallllctLHlCC Rcquircmcn 

A \'isit to Honcywclll:-,pc" :..1 CDR team rt !"'I _'">L'rH;~fl' c rr:-.uhed m 1wo obscn·ations: 

I. A 12-moml; ac. u-,,ulatJnn ol200 L1>IL'li Yc~\' llamper units were rC\tC\\Cd bj 
Inc group in an cJr. ''' !rl Jdenllfv Lulurc ilemh lll the 200 failed umts 
re\'i~:wcd. l_~IJ \\('[:_'due to rate gyro ta·lllrL·:-.. <J!ld ~lll of tho~e were caused h~ 
dan1ag:e to the rate ;:. \ r 11 roror bcanng' (Jf thl' remammg 70 failure ..... 4.2 were 

confirmed <h "~I' l·c~ulr Found'', and tk temamm).! 2S failures were considered 

'·ty'pica\" (i.L' t~uk~1 ~ ~mponent-.. cold -,dider l\llllt". etc.). The reviev. suggest.... 

that the reason hL llll cxce:-,sJve frcyuL I h.~ PI l.tlt' gyro failures is due to a 

Boeing cngnH.: chdJlg~· Boeing reques:cd that H<'IIC)''WCI! approve the exisung: 

Yaw Damper 111 lk new VJbratwn en\'>n>IJnlCfll Thai new vibration en\'mmment 

was a direct rc,ui· "! !he eng1nc chang. wh1cl: "the principle difference between 

!he model -21)() attd "'' -.100 aircraft. 1 !tlllCI\\c'li has an action item to re\'JCW 

those failure, v.Jtl· b"cmg . 

. ~- There are ~1 rn.lli/li.·! of fallure modt -~ o-wt LiiUid cause the Yaw Damper to 

command a Judck· .J, IJe,·ttun to tltc Y '" Dampc: authontv: 

C. ;-\ L\lf}I:J:i 

anu .ttl r:l~·~ratJon circuit 111 th'--' ~..-l_lliplt. 1 \\·here the Yaw Damper could 

Ill 



COilll1li..!/h, 

not aw<u 

llonC\ "' 

iljJL~r 111 dcfkL'l ur up h: i .20 :-.CL'ond~. Honeyv.·cll w<..t...., 

rh1'-. condition f..1rther liHL'\tigatHJn IS heing initiated b) 

1)1. ,.,. mg re-cornlllc..'IlLdilOlh 

1. To develop d ll.t1l\IL ti polJcy ror tran ·Pl)rl Gitl'~ury <.urplanc certification 
v..,~hich mclude~ cuir'>Ii..h .. Tatlon of a il1ght ~·t)tHrolJallnncd and any po~llion 
including full defb.:t"''' 

::2. To develop a !l.t\1\\,,,t! pdlic) rcqu11·n ."-· .. hat v..iK!i an alternate mean\ of tlymg 

an atrpbne 1' cmp:ol ni they 'hall nut r•.qu1re exceptional pilot 'kill and 'trength 
and that a pilot CC11: <'ltdure the force' fo J 'ul1tuent penod of time to cn,ure a 

"1k landing. 

J Require tran<.,}1l. · .r: plane~ tu h<l\ c n dlmJan~.. \ 1n the directional cnnllol ..,y~tcrn to 

maintain contrPl li· U1·. 1..'\'cnt of a rotPr ·1ur-...t ftl! lhL' mo'-.t critical pha\c of flight. 

--l. Develop a 11at1• ;ru r1o/rcy for tran.,r· )rl allrialh.'_-.. n:·quinng the detenninatJon of 
critical h_ydrJ.ulll lll~lll .:0ntrol ~yskm llh.l-...·omponcnt~ '-.Cn~iti\'c to 

contamination .. requnvrncnh tor sampl n~ h!drau!1c fluid. and rcquircmenh for 
actuator componL'lll ·,. : ) cl11ninatc or p~h·.., 1 \tK',\1' 1 particulate contan1mati(HJ. 

~. De\'clop ~tddl/:,!1,~, pwJanL·t:· for rr~t h;1orl ~urpbnc !allure analy~t~ u! 

tlightcrcw actlP!t r.ci·.'• m rcspon~ .. · ttl i,!liUrL, ·~undJtiun~ 

(). Establish a I'L"'-i''!,' ~- ,•uent for flightu, \'1. acth)ll ilcm:-. to hL' dc\·ciopcd anJ 

nnpletnentcd ut rftl : ,, i!ure anal_ys1-' c\ dl1~Hcd w d;-Jcr to justify no flight L:fC\\ 

action item:-. 

7. Rc\ iew tt1c .tdL'< .. IL,lt ~ L11 the B7Y/ ~:tilTOn .r .. ill~tcr mcchamsrn. Mamtam a safe 
rnarglll so that a !Hilll ~..·t...wld contmuc <. -... .. tfc flight and lanJ in a cro~.'lv.,nnd or go-
around if necc ..... ,cu '1 

~- En;-;ure tltl' B ~ ;.tkral control :-.~'~·<t.·m h .d .. lil. tu pro\'H.ie directional control 

throughout the ,111p"'"e envelope \lith,, tammn! ,w hardovcr ruddn, unlc." the'e 

type of failure''''" ,(,own to he e>ctrerJeil 1111prohahle hy the lllO>-t ngorou, 
methodolog_\ a\,Jiidt•!c. 

9. Dct~rnllnl' kct..,it' .. 'lt_\ of Illlpro\lll~ ·tn.~ p!'li\C"i..tlnn of the B7J7 nlain \~, .. heel 
well from the elk, 1- uf environment;' ,tehn' 

II 



II. Require a Lulu:: ,,• .. d''" of the B7 '"" cl.unpcr t,, rdcnllfy all Lulurc 
modes. malfunctr,,r' .u:J potentral pms 

1:2. Require cPrrcc ,"\·, h.,·uon(\1 for tho.·-"· .a!lwt.- JJHHk" tuund m #1:2 that arc not 
shown t11 he extrcn•ci ·. rnprobahle 

1 °. Require actr<>n '' , ducc the numhc , •I B '' 'aw damper l'ailurcs to an 
acceptab lc le' c I 

l ·: 
~. Require actJi 1r l!TCd gallmp: pf :ll(' \tandh, ruddl"r PCU input hearing. 

1). Revie\\- and _I c 1Jcntifrcd latent · ,:ilurL' 

ltJ. Require llhjk'• ,,, , ·of JdcntJficJ Ia ;Lt Jdli, ''- · 

I 7. Revrsc the B., · \ 1PLJ for lllSpc·ctH 1 •.>I laic •H failures lll the Aileron l'ransfer 
!vlcehamsm. Ailn•·l• '''nng Cartndgc. "":!the· .~tanclh\ Hydraulic System 
mcluding Ruddc: I"'" 11011 

1 ·"· Revise the ff lghtcrC\\ trairlln , ilh..'!\:dt' prnper procedure:-. fm rccovcn· 
from upscb Glli"L' ' ["'' r!Jght C0!1{;Tl\ '~ ,(\_'111 JJla!lU!lCllUll..., 

1 '-J. Rcqwrc lhd1;. pL,. vmcnt part_..., nt f :rll~Jn ~·!ctlll'rlh ol tltght control system 
(hydraulic ser\'():-. .m1l ·)ypa .... s \"<-dve-..J pt •\ !lkd \\~ -.l)uJ-ccs other than the Original 
~cqui prnent Manu Ltct ,.,·er ( OEl'vl l have :illdergnnc qualifications of the OEM part 
so that the non-(Jl \1 ':trt "equivalent umki :II: dv.'lgn tolerance conditions. 

=o. Require till' 1 'I'· "'hie FAA Am ,:!1 (L'tl•lt. at1rm Otl1ce to concur with any 
non-OEM vcndr ,. 

tr ' ! '1. I rcp;ur ,tat1on m till' lTS. 

~,, E\'alualc 1t11..· .11..L ,,c~~h.:) of the B73 'll<..untcnalH.'l' manual actions addre ..... sing 
flight control cahll ·'·'"pectJon. rigging prnccdutr" anJ rcplacen1ent criteria. 

23. Require coni 1 1 .rble sen icc lite tntllr utile\•, acceptable inspection and/or 
test procedure arc ,h 'doped and utiJu,:J that , ,m determine the continutng 
serviccabilm ol ,,.,. 111trol cahle.s 

.24. Detenmnc 111, . ,, ~rcc ot mcorpor .. t,r>IJ ,>1 11" lollt>wtng SBs: 87:'7-27-1060. 
8737-27-1033. B 27-1081.8737 . ' 112.'i B737271 134.8737-27 1152. 
8737-27-1154. h 271155. 8717<'1 1062 .. lll,l Report No. 95-04-272) 

25. Detenmnc :1 c crL'l' ofmcorpur !'.I'll ,,f 'til lolil\\VJng SLs: B737-SL-27-16. 
8737-SL-27 2-l ,; SL 27 30.87 .' Sl. :- ' B7l7.·SL-27-71A. 



26. Request NTSB ~~- ,)rm a ~peciai acLcdcm Jn\e\tlgauon tcan1 to begin a nC\\ 

tnw,;tigation o 1 the B '· ~ ac·ctdenh at c, •ic,rad<> Sprmp and Pithburgh. 

~- "'TSB Safety Recommcndatiom and FAA ·\ctions 

Pnor to the acctdent tnl oi' ttL t SAtr 427 there \\ , .. , Vlllll' .concern about the at reran·' 

rudder control system In ·'lu~Lht 19'!1 the NTSB sent then fAA Administrator. James 
Busey a letter contaimng '.akt1 RecommenJali''" A-lJ! 77 ThJS recommendation called 
fnr an Airworthiness Otrel.'ll\<.' lAD I to requtrc JtJSpeclion tur galling (defined a;, the 

transfer of metal from one ''n 1 ace to another su nace I 1 n hearings of the standby rudder 
PCU control rod. The fAA Iii \t Jssued a Notice llf Propllsed Rulemaking (NPRM I for an 
AD but later withdre\\ tt "" \pnl I 9. 199J Ti>L '\'TSB reiterated their recommendatiOn 
mtts report on the L:llltcd .·\IJitne' 5~5 acCJdct,: '"ucd DecemberS. 1992. The1 

classified A-91-77 '"--or,·" i nacceptahk /\''"'11 .. 

During the investigatron ,., u;, UAL 5X5 acCJLk:li a B ',~ \()(!experienced a rudder 

,·llntrol system anonhrl\ liunnc a prcC!ight ruddn tc.st 1J11 July 16. 1992. Bench tesh 
tdcnttfied a failure mock that ,_·ould result JtJ a :uddet rnnsal Thts failure mode 
mvolvcd the mi\~po~JllnLHI,:..~ .,)f the secondary ·,1JJc b: th..: mt~:rnal ~umming lmkagc 
which v..ould cause itt<' !ll!l'.\_ !~H) far or f)Yer-t .. -.tn::l Vdth1n the control valve. 

On ~nvemhcr 10. I'N-. "' \TSB J\Sucd Sal· I\ RccdlllllJCJldatJons ;\-lJ2-11X through-
121. These recommend;tt:.•ll·· mcludcd rnamt<.'Jiilllcc dJJd preflight tests to msurc proper 
rudder operation. AddJ\Jtltll:lly. the NTSB rec•:nunended that an AD be issued to require 
Jncorporation of dc~1gn t kn1pc.-. to preclude thL.' po:-..'-.ihdll) of rudder reversal and to 
conduct a design rcviL'I.\ 1 ,; ·.nnilar .... crvo vah·· .. ··.~ The F.·\A agreed with these ~afcty 

recommendations and 111 tl11. '' response to rs:·J \H stated 

··The problc·Jll \\ _;·, ·, 'Llllci to exist 1t1 th•.' !tla!T1 --uddCI power control unit on}\ on 

the Boeing-;_:;~ llh-'1h-l aJrplanc:-..·· 

In this response the h\.·1 ·''· 'nowledgcd the l liJyucncs; ,_,I lttc B7:n rudder control 
system and its susccptihllilv to malfunctions ll'sulung 111 rudder reversal. In order to 
correct this possible failun· mode and rudder reversal. the I,AA then issued NPRM 93~ 
:\'M-79-AD on Augmt ; , tJ'JJ followed b) AD 94-111-<17 on March 3. 1994. That AD 
required an inspecuon td all main rudder PC'.··; W1th1n 750 !light hours and mandated the 

replacement of the mall\ rudder PCU with ar, updated PCT that contained internal 

mechanical stop~ to prt'\Tlll 'econdary vah·e ~~,·er-tLJ\'l 1 

In early 1996 a B7.l7 opera! or dtscovered th,lt d\1 Jmonect bolt had been installed in a 
main rudder PCI..! dunnc merhaul. lnstallat.1•n of rncorrect holts can cause cracking of 

bearings which can rc,Lilt :r1 an uncommand,·d rudder hardmer. As a result. the FAA 
issued AD 97-05-10 E11edlve March 19. 1'''!(, Th~> ,\0 required that all B7J7 PCU's 

be inspection within 911 "'",to confirm propc-1 opcratt,,n Additionally. a B737 operator 

! _".) 



found incomplete tnlln!' ,,, i'C'l s after owrnaul rc,uirnJ 1Il uncommanded actuator 

movement. These arc t" o, ·"cs where repair t .rcrlltte< not meeting: OEM standards 
Introduced rudder anom,till' ·· through faultv o. crhaul procedures. 

The con1plcx nature ul Ull' tl( ·t_ · rcqunc:-. L'arc: ul IIl<uDll'JJ<.tllLT An Intricate mechan1.~m uf 
this type requires speCial rral!llllg: of pcrsonne anJ apprtn·al ot the FAA before any repair 
station undertakes repan AI PA believes htsl•>rv shtm s that the current practice of 
allowing a Principle Ma!!lll'll.tnce Inspector (P\1!1 to permit a repair station to perform 
work on a component as , nltlplcx as a PCl; \\ nhout mccung the same standard as the 
OEM 1~ a dcgrad;_ttion m -..;.~ 1 ~.·:\ 

Examples of the safetv unpt, crl!ons ol this pr.cllicc .uc l'''' cases where repair stations 
performed FAA appro\l·d "'ll·k <lll PCl1·, T'll woik. however. was not atrworthy. The 
FAA issued Airworthme."; l1rcctives tAOs 1 t·' correct the \1 ork. The PM! of each repair 
station had approved the !Ill' I hods used in the c·pa11s Whtlc the FAA later dcterrnmecl 
these methods were unal!W<>rlh) One repair· ac t111v d1d not usc a proper test fixture for 
the PCL. while the other ·lblclilcd a holt that Li-d not cnmply wnh the manufacture\ 

specifications. Holding repair stations to tht' same standard as the OEM will prevent 
occurrences like these from happening in tht' futun·. 

rhe NTSB':-. invcstJt:~ltHlli II] l SAtr 427 prO\'!,JL'd lll\t'\tlgator:-. \\Hh an opponunlt)' to 
cxpo-..c weaknessc:--. m thL m.1mtcnancc of hyd:~IL.llL- fiJ~htL·mnponenb. \\.Thik the i:-.sue 
of allowing: PMI's to appro' c work that dues I"'' meet the same standard as the OEM did 
nut directly affect l'SA11 -1~ there is now rcc -'~111\ll'll of the problem potential .serious 
L·tmsequcnces of this pracll" ALPA recommends that the FAA require all FAA 
approved repair stations m~et the same standards as the OE!\1. 

On August 22. 1996. the f -\ 1 r"ucd several "'Pk.\1s 1<>1 '\D.' These ADs included 
1nspectiotb for galling ol ill<. ,tandby rudder PU' i%- '\\1-1-17-ADI. inspections of the 
hores on aileron, elevato1 a•rd rudder PCl: 's t >1 chrome plaung separation (96-NM-1 50-
AD). and verification ol the 111teg:nty of the y<h< Jam per svstcm v>tthin 3000 flight hours 
and every 6000 tltg:ht hours lltercafter (96-N'vl 'i I-AU 

The NTSB Systems Grmq' c-•nductcd tesh rn \.lg_llst clllO September IY96 which showed 
that binding and reversal "'"possible Ill the n><<In rudder PC!; servo valve. As a result. 
on November I, 1996. the F.,\A 1ssued Telegraphic AD T%-07-51. This AD required 
repetitive tests within I 0 da1' and every 250 flrc:ht hour.s thereafter tor correct operation 
of the secondary and pnn'"', •alves. In coordlll<rtlon wnh thts AD was Boeing: Alert 
Service Bulletin 737-27 A 12!' 

On October 18. 1996_ pru<.t:t',llng the Novembc! I. 19lJ6 lelcgraph1e AD. the NTSB 
issued Safety Rccommcndali-Hts A-96-107 thrt•l<.gh A-'!6-120. ALPA concurs with these 
far-reaching Safety Rcco!1lmcl!dations atmed a! .Jddrcsslllf' the many areas of concern 
includin~: 



•\-96-1 07 - Uc\ e11 }~ 1: · 1t'rll u! "opera!JO; ~~ti mc~t...,urc-.. and I on& term design change~ 
10 preclude the potc·lltral tor loss of comml from and 111advcrtcnt rudder hardover. 
Once opcrationalnlL'.t\Ure~ and dc~1gn dtangc .... ha\c hecn developed. ~~~uc 
iTSpective ain\ortllil1L'_..,_.., directive:-. to 1;nplcmcnt th1" actJon..,_" 

'1.-96-1 08 - Rn 1 "' · CFR 25.6 7 I to , , , ount I''' I ullv dctlcctcd failed 01 tanuned 
flight control' 

.\-96-109- RcquJ:. :c· lthtallatton ot , rudJe: ,uJiaec pthttton rndrcattli 

A-96-110- Rcllc··,.c: ltc \ell\ damper \>k'Tlllc· c·lnnrnate the potcntral tor 
~~u-;tained uncOlllllldiJt;ccl ya\\ damper, tllltr(\lL'\'L"IIts · Require mstallatJon of the 
unproved yaw dantpc on all 87:\7 

A-96-ll I - Proh1t>1 , , operator trom c·:r~t•' trtc .uJd rcplacrng the LVDT without 
testing of proper 1)1··:. 1 .dltHl 

A-96-11~- [..,tJ.h!t,: !l~pectJnn \11\ci'\<:h ~nhi-...vl\p,T l1fc l1.)rthc mam ruddc1 
PCl I 

A-9t1-ll ~ -]Jc'' "' ethod fur del eel '" ,, I''"',., the pnmary or sccundary slide. 

A-96-l\5- RL'lJLlll' 1 1d1fication o1 tilL 111put r\1,..1 ~)cann~ ~._>fthc- ~tandh)- rudder 
actuator to prc\·L·n: ~·-l rng hy AugLht l i '-)q·-· 

A-96- 116- Del Ill< 

A-96- l 17 - C orJdlJl: , le.-..1gn reYIL'\\ dt dual l.( lflL't.:'llti"lL' -.ern.1 valve~ for 

malfunction J.nd/uJ ,,. L'r"ial~ hecau ..... L' o· iTllprupLTJ~ pd;...JtJonc·d servo siiJc_..., 

A-96-118- Rcqu11< 
damper in the t:\Cil: 

,,b to memnrl/.c n1· Jll\lu·uure- lcH dJ-.cngagmg thl' _\a\'. 
~lllLommanded \ !V 

A-9t1-119- Reqc11tc ·" '< clopmcnt or pn<cclure' .l11ll tralfllllf for B737 pilnh to 
effectively deal Willi ulicommanded rucJ.Icr rlHJ\Clllent to the lnnit of Jb travel for 
any flight condttt\l!l "·,:lJtn the operatt011al envehlJW 

A-96-120- Requn· t •:.lt traming tu rec ~~Jll/c ~tiJLJ ~ccl'•ver trom unusual attitudes 

and upsets that can"', 11r from lltght CLnttol maiiLlllCllons and uncommandcd 
flight control -.urL-.IL·l· fiHl\'ement 

On January 2. 1997. the 1··\' .,ucd an AD 'W' '-.'\,! -.:t>r; \Ll. •J6-26-U71 rcqumnt: a 
rcv1sion the B-737 FAA aJ'ill· eel Airplane Fit; !t 1 \hnu.1 Af-M 1 Thh AD required 
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mclusion of a procedure i· H : l1ght crt?\\ :K[Hl 1 dunn~ Ulh.:ommanded ya\\ or roll and to 

l'orrcct a Jan1mcd or n.::.'-ltrll tt·, · rudder 

At a press conference \\It'.\ "e Pres1dent lior "'' Lm:.;;u. i'i. l'N7. the FAA announced 
four ADs for the B73~ Tllcsc· ADs mcludcd I • a rccic"~n ot the main rudder PC\_1 to 
eliminate any possibJ!Jl\ lll uncommanded rude!,··· mouun mcludin~ rudder reve"als: (21 
an agree1nent to replaCt.' the mechanical ya\\ Lbmpcr rate gyros with solid state rate gyros 

similar to the B747-400. B7" ·.and B767: 1~1 ,:Jcorporaung a rudder limiter to decrease 
rudder movement and ,rgnilll anti) rmprO\c a !ilt'ht sTL'\\ s ab!litv to control a B7J7 
experiencing a rudder harJo, <.T and (41 rcdeSJ;.:n of bolts Ill the control rod that l!nks the 
feel centering unit wrth the nwn rudder Pet·_,'·" w rllalnt:un a Jual path. On March 14. 
1997. the FAA issued 1\:PR:Vl. tor these ADs 1',-; "iM-..'X ..\D and 97-:-.JM-29-ADI. It rs 
irnponant to point out that c,,, n of these 4 Arrvs 11tlh1ne" Directives requires the 
replacement of cxistm); ruddl'l control system, ornpnllL'Jlt.., with new. improved 

components, not simply rJh)di1Ymg cxistm~ co''lr(Hll'n'-·, 

ALPA supports the t\TSB .u1.\ the FAt\ 111 tllc1 c·\!i>n.' ,,, l!llpn>vc the B7~7 Tll,
changes 10 the B7~7 wrlllleil' >nsure the h1ghe,· in,·i ,,, s.dctv lor passengers and flight 
crew members. ALPA beill''''' that the mdust:\ lecd• a rna\rmum effort to hasten the 
replacement of the PC I .. , 

··~'II! 
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III. Aircraft Performann· 

This sect ron 1rill shoh llzu 

I fhe lac·k l~(Jetailed flu .. ''!,' •. au recorder inlu,·muno!l illlmpercd the accidcnr 
i1n·esflgation. As u re'.\ifl: 'u'H llll'e.\tiga!l\'t· .'i'(·hnufuc·. luul to he dereloped m order 
to suppletnenl the dah; 't·, .rded 

' The Kmematic lmoi' \t.• :!Uilt ted, H·hi!t· no 
scenario that nwtchcd :iu ll'cnrdl'd FDR diLl~ 

)11 1 
1 , :,rcfusn·c. resulted in one 

I hat mate h tnml\'cd a filii mddn 
lwrdo\'er, in magnitud1· dl!t! input rote. 1,·vhi( 1, •\'(/\ n)n,·1stent trith o. rudder PCU 

secondary ndre jam H :11, . prinwr_y \'aliT() 1' .. -.\trokr 

During the field pha'c of'"' ·rve,llgatrorL rca I<•Ul <ot tlw accrdcnt arrcr-aft"s CVR and 
FDR revealed that Flrght -l~ · lrad experienced ''uddcn. uncontrollable roll and drvc into 
the ground while maneuvcrliH' for landing. Bt·.·c~usc the BTn had a history of pa't rudder 
control system anomalre' th,r can rc,ult in urn anted rudder deflection. the rudder 
hccame ,uspect almost ;ndlil'dratclv l'nfonur ,rtdv. ur the c:bc of LSAir 427. onl; 
eleven 1 II) parameters"'"'' c·corded hy that :•:r, raft's Flrght Data Recorder. While the 
FDR did yield inforrna\Joll '-"llcernrng p:tclr ate~ rude and hank angle durrng the accident 
up:-et. information regard11r~ ! lrght control 'urLrce nrovcrnent and flight control rnpub. 
\\'ith the single exceptiOn , ·ti , mtrol column v. _t" not rl'\.'\ lrdcd 

l:lccause of the extremelv I err •ted amount o: d<,t.r c~varlahk !rom the LSAir 427 FDR. the 
!-'DR data wa' taken to the li"crng Seattle faci nv lor .studv usrng the Boerng multr
purpo'e (MCAB) simulatrll It was hoped tha• b, lecclrnt' the !-'DR data into the Boeing 
B737 simulation and obsn, rrrg the MCAB sin tuial<lr rc"dh would yield additional clues 
concernmg the cau~c {)j till ,l,·~..-Jlknt 

During the course ol th1-.. ..~._ l !,_icnt mve;-,tigdtlD 1 the Ht)Cirlf! l\1CAB snnulator has been an 
rnvaluable tool. An rnrtt.rl ··t•:rulator 'e"ron w a• ctlnducted rmmediately followrng the 
accident. During thr' 'es,Jr>Jr rt became evrdent from the FDR data that there was a large 
heading change. both rn m.r~nnude and rate. durmg the rnitral accident upset. During that 
rnitial simulator ses.siorr. ".:wrnber of simulat< r · run.s"' were conducted. simulatrng a 
v·ariety of aircraft malfunct t!•m and pilot react '"il', rn cl!l attempt to replicate the FDR 
data recorded in the accrdcnt sequence. Aircr.rtt malfunctions studied included: (II 
rudder. yaw damper and srolier hardovers: (2 kading edge ,]at malfunctions: (3) trailing 
edge flap malfunction" 1-1' engine failure' antL '5) hydraulic system failures. In addition. 
because of the separation Lfr,tance of USArr 4.'"7 he hind a preceding B727 aircraft, the 
possibilrty of a wake vone' 'ncountcr was also •:xploreci During this early testing. 
however. it was recogm1cd tltat limitations rn the 87'7 'imulation fidelity would have to 
be resolved before cenar!r "vnario' could he·,., uscLi •.rn or ruled out. These Jrmitations 
rncluded: 
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i\1odcling of \\ akL' . t ·r· 1· \ d1 cch from t! 1l' Dft'l'Cllll. :-; R727, including I i mited 
k.nn\vl~dgc on the ht·/l<t• 101 ot the \'OrtL'\ Jl-,l'!t 

.3. LJ.teral and dncclHlll~i .. untrul effe~.:(I\C,-Jc-.,_,., ~ll ill!-':1 angk~-of-attack 1 CJ..) J.nd 

sideslip ( ~ 1. 

4. ~t.txin1um ruJdL': . ur :\ l\ defkctJOtl \hi ,,\ d~_w. f', 

airspeed and -.,Jdl'~J!r, J:1gk 
"lunctlcll1 of altitude. 

In r1rder to quanti f) tile" :Jllii!CIIJ<llb and tmprc .r.· the "'llctlatlll s fidel it). a number or 
activities were undertake" ,1u1 ni' the courscc ol :ne Jll\CSII)!JtJOil These activities mcludcd 
wmd tunnel and flighHcstlllc rn orde1 to ohtan .Jc'IUal acn •dvnamic data at high angles-of
attack and sideslip and Ill 11\\f'lll\C the modch11: '.t control .system and control surface 
cftectivene-.,s. Once thc:-.L illll',tJ.tllHl~ were mit~gdtcd tu !ht· e.xtt·nt possible, analy,.,i:.. 
showed that the rudder hcrrd•"cr scenario"'" 'ill onl~ secnanu that could produce enough 
vctw to match the FDR dat.t ll·•m the accident icJ~IH 

a. Simulator Validation lt•,t ing 

In order to 1mpro\c \he \h \!{ '-llnuiatur" ... ttJt'lll~. h:.Jid lUll!lcl and flight tc~ting. wa~ 
1..-'unductcd in order lil nhLiJI .lL'rodynamJc JaL_t lll h1~h an~lc:-.-of-attack and :,Idc~llp. In 
addition. this testin~· \\;,. al" anned at obt,unJ•t!' dat.t '"that the stmulator model could be 
modificJ in order to mo1c dl, uratel) model B -~ 7 ruddc1 h\owdown charactcristJC"-. During 
the coUJ sc of this tc•t 1n_c , 1 " ·" dt.''""·ercJ th"t tlw 137' _)()() wa' capable of more rudder 
dcflectiun at Flaps I and'''(' KIAS than ongt.rallv bc-lwH·d. This increase in rudder 
deflccti,m capabilits turt!J''' uppurted the hvprtrW.sJ• lila! a lull rudder hardovcr had caused 
the USAir 427 acctdenl 

h. Flight Kinemallt's :-.tud' 

In order to better under"'·",, tile acudcnt up'' 1 , m uh 111 c l SAn 427. the Aircralt 
Performance Group Jlllllatc·ci a Flight Kincmailc• Stuclv ThiS was a study using the 
kinematic equations ol ;noli~>ll and the acCidnt ancratt !-DR data in order to approximate 
or estimate other tltght r''ll:llneters wh1ch we1·.· not eli recti y recorded on the FDR such as 
angle- c1f-attack and SJdcsl1p angle. This dat:c v.as tunhcr rcxolved into e>.timates of aircraft 
aerodynamic force crfl(! Ill on 1ctll coefficient.\ ,\"unHng that these aerodynamic force and 
moment coefficient> \\Cic' <J,,c to fltght contr"l ,utia,·c mputs. these forces and moments 
could then he equated w fl1eht control surface posittnn' A ma1or limitation 10 this process 
however is that the 'tnal1 '" .tssumcs "calm" .111 tnordcr to he reasonably accurate. Other 
limitatrons mclude the ,,, , ,_, .IC\ ,,f the FDR, ,;Jta Jlsclf and the accuracy of the simulator 
aerod) namic mode i 
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In January ICJlJ5. the rc.,ur.·. tile l11't h.rncnrar,, 'tud1 were provrded to the NTSB 
(E:>-hihit 13G). The rc,ull· ,;[ ;hr:- frrq study prc·scnted ··cyul\alent control posrtron:-" for 
both rudder and wheel dcnvc,: I rom the estnmucd roll and vawrng moment coefficients. 
These results included the c'Plllbrned effects of jrrta errors and the unknown external forces 
acting on the aircraft. rncludllL' wake turbulc!ll c 

An updated vcr:-10n ol tht · 1--. ,lie malic Studv w"' presented to the "'TSB m June I CJl).'i 
([xhibil 13X-D). Thrs IL'I'i"L drflered from tk frrstrrttilatll considered the elfect of a 

A 8727 prcceoec~ l'SArr 427 rn the approach rnw wake encounter by l'SAtt -~~ 

Pittsburgh. The B727 '"'' -'1 mrles or 6() secc•nds ahead of llSAtr 427 at the time of the 
accident. Recorded r\TC 1 .tlLI data shows tha the tracb uf the two arrcraft cro" at 
approximately the pornt ,q I v\rr 4~Ts acudent upset In additron. regarding the vertical 
separation between the tw, · 1, ~~ht paths. CSArt 427 ""' appro:>-rmately 300 feet below the 
B727. This is consistcnr '-'ill the thcoretrcal \\,t~c de.seer!l rate of 300 feet per mrnutc. 
further, there were obvroci\ c~l1normalitres til the krncmatrcally derrved lift and pnching 
moment cocfficienh. TlK'c . <>effrcrcnts show,:d a loS> 11: lrlt and an arrplanc nose up prtch, 
'"well as a sudden mcreasc·" turbulence. Th< pnlornuncc ).!roup concluded that USAir 
.f27 did encounter the \\d~t.' t:dm the precedin~ B/2-: 

In order for thi--. anal) :--.1:-- · r" <LLcuratc "calm- dl!l1tY•,ptlcnc \..U!ldJtton:-. n1u:-.t ex1....,t. Since 
the actual condition:-. wen n1 calm con:-.tdcnn~ ll1C \\ ciKL- encounter. the next step in 
n.:fining the results of the 1-.JlH:matic study v.·as i< 1 crcatt: clll acL·urate wake turhulence n1odel. 
This allowed cstrmatron 1 •I t),, eflech of the' w<~J..c Jurll>~ the encounter. Developrng this 
wake model required thai"''' v assumptron be maJc lhese assumptions incluJc 

I_ wake cJrculatJ,\ 1, 

wake vortex c )it 

wake spa1L 

.'>tJTngth. 

:Jamctcr. 

4 disruption Dl liL' ·' ~Lkc due to mter< .. tiull \\ ttn 1t1e all'cra1( 

instability ol tr~t.· ,., ,th.e. 

(,_ the oscillatmv I!,Jl ure of the waKe ' wn prut 'I n>v. mstabrlrty 1. and 
1. the positmn u: lilt \\"i.lkL relative t~) 11~: <.uru-,i!' throughout the encounter. 

Thi:-. effort \Vas undenat..L·~~ .l~lti the cstnnateLi 1 )llmg a!Hl ::,awmg moment-. due to the wake 
c:ncountcr were subtracte,l •.!til of the atrplane mol! on dcrl\ ed 111 the first kinematrc study 
<.rnd new "equivalent comtr•i ,.tctlcctrons" lor c-rr!lrol wtteel and rudder were calculated. 

The estitnatcd wheel anll nJdi!L.:r positiOns shu 1 • n m tht..., anaty ..... ts were intnguing m two 
respects First the whee; ua .. e showed the wheel turnlll)C rn the same directton as the roll 
c;aused by the wake. Thr' ,, '· untrary to the expcctal!on that the !light crew would input 
wheel to oppose the roll clue· ·o the wake. Sec"rhL the denved rudder position showed 
rudder deflection greater til"' what was belrc\c'd to be the blowdown limit. 

hnally, a third kinematic ,tu ''was prepared l·v Boern,c .md presented to the Arrcraft 
Performance Group rn '>q >!c '·rher 1'-Nb. Whrl tlw tw '• p "' ruus studies were conducted in 
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clo-.,e coordination wl!n tht· ~r~ ·up, th1s thini -.,tuu\ \\C.t-. "'l.lJH..iuctc-d snlcly hy Boemg with 
mmtmal input from the Pertom"mcc Group. Dt,nng tlw meetmg in which Boeing 
pre,ented the results of tht' studv. numerous qucqtom were rat sed hy group members 
regarding the analysis of thew ake encounter and cteriv at ton of the rudder and wheel ttmc 
historic<,. First. Boeing dctnnuncd that the effect, of the lc'w sample rate of the FDR had 
to be ··corrected" and rather lttan u.sc a lmear tnlcTpolalion or another curvc-ftt methodology 
to fair the heading data. Boc11tp chose to fn an unorthodo" non-linear interpolation through 
the data. Second. based on the· Boeing curve fit koeinf! compared their result' with 
hv pothctical rudder svstem m.tlfunctions or failures The i\trcrafi Performance Group doe' 
not agree with the Boeing ,·ur c e fi!. and this retnams an open tssue with this third draft 
report. 

ln addition. the wake DHhk, \ J:-- '-IUh~tantially 1. ndngcu !rPm the preYlOUs study 'Ihe~e 

changes were based llll the rc,ults of the wake q)flex lltght tc"ting which was conducted in 
Atlantic City in Septcmbc·r {'I'J'i Unfortunate!\ rhe data acquired during this fhght testing 
v1as arbitrarily applied bv Boc·mg to the new wrtke model For mstance. while Cnm 
tnstability [movement of tlw wake vorttces up :mel dowrt rclattve to the tltght path of the 
aircraft] was evident dunn~ rile rna_Jority of tJw lt'S!lng Bocmg only applied this mol ton to 
the wake vortex patr wlwn rt •vas needed to match lilt ,mcJ pttching moment. Th" sdf 
serving usc of the wake ,,,nvx test data was aisll apparent when a problem with the 
estimated rudder posJtton ,11 i'DR time 13'1 to r.'6 <,econds arose. When Boeing pre<,ented 
the results of this study''' .~cptember 199() the ruddet poslltlln during the 135-13() ttmc 
period should have hecn 'J1:grces airplane nr·it· right assummg a functioning yaw damper. 
Hnwcnr. the rudder poSI!I•Hr predicted b) the e,,emg kmcmatic study. based on non-linear 
Interpolation. was 2 depn·, ,urplane nose kft "dtf!trcncc of 5 degrees of rudder traveL 

Boeing had changed th~ prt'dicted rudder value significantly by altering the wake 
\ortex eff'ects and changing the curve fit through the .FDR heading data. 

Ao. part of thetr prc"'ntrt:lr'r >I the resulb olrrw thml Ktnemattc study, Boemg 
demomtrated the etkct, •t drlta o.amplmg rate''" the results of the study and the estimates of 
rudder posttion. The sall1!'''" rate for aircraft itc:rdin;: 1>n the FDR was l sample per second. 
Therefme in a dynamtc ,uuatton. such as the ,tc.:rdent sequence. aircraft headmg is only 
known for the recorded llllct v a is. There " n<' was t1' prcctselv determine aircraft heading 
between sample in ten ah ~mce the cstimat< 1>1 rudder posttton IS dependent on the 
determination of Stde>.lq• ;,n~le. whtch is calculated trom FDR heading. the greater the 
sampling rate for headtng. 11\e more accurate the estnnate of rudder position. Sample rates 
inve.-;tigatcd by Boetnp: Jrkludcd 20, 4. 2. ai1l. l sampk~ per ~econd. Boeing's ana!ysi.-. 
showed that the rudder re,ult.s based on headtll!-' »amplcd once per second were very 
"noisy." while the sample tates of 2. 4, and :o were relaltvely accurate and consistent. 

Therefore Boeing unilaterally decided to pcrtorrn '' non-lmcar interpolation of the heading 
data in an attempt to genn ,tte the 2 samples pn second accuracy from the I sample per 
second FDR data. In thh , a.se. the result' o1 the studv are mfluenced by the curve drawn 
through the FDR c!ata. \ c~ttattons m the curve fit produce vanations in the resulting rudder 

trace. Boeing's interpolation through the heading data is not the only one that will fit. 



All of the kinema1IL .t!l.t,, ,,, .:cmductcd dmJJ ~-~he u1U1 ..,l~ nt thi-"' Investigation are hased on 

rho compurcd acrodvn'""" : "rces and moments U\ln~ the Bocin~ B737 -300 snnulator 
database. Therefore ctn\ rc":lts arc !Jmitcd /1\ rhe accuracy of the aerodynamic data in the 
."mulator database. A.s mc111roned previous!) there arc known lirnitation.s in the simularor 
aerodynamic data at higl: ancks-of-atrack anc sJdeslir These limitarions will mtroduce 
errors in the results of the hliiCmatic s!Ud). II' addition. the kinematic analysis conducted is 
most accurate in calm Wille!'· <>nd!IIOns. L'SAil· -+27 enu,untered the wake turbulence from 
the preceding 8727 -+ 2 1111ks or 6lJ scconcb I'I tront of them As a result. an attempt was 
made to account for the "ah:. effects of the B 2~ on \ 'S ".11 427 There is 11(1 conclusive 
way of knowing whethe1 th< <>C dlccrs were ac curare/\ accounted for. Further. l1mitatiom 
111 the recorded FOR hcailllic Jata mtroduce adchlional potential errors in the estimates of 
rudder position. Ho"c"' tilL' results of each 't the three phases of the overall kmcmatrc 
,rudy have consistent\\ '""" 11 a full ;urplanc '""c Jell rudder 1nput at the initiation of the 
upset. In addition, analysis of the rate of rudder input based on these kinematic 
results reveals that tbe ratl· and magnitude are botb wnsistent witb a secondary valve 
,jam witb a primary vah ~ O\ erstroke in the main rudder l'CL 

A" mentioned e-arlier. tilt ,<(·, ~ ut Jctailcd fht!l : data Jcu_q·det m1ormation m tht.., 
mvestig.ation lead to the'"'\' inpmcnt of new ;,rill JnllP\all\c mvestJgative tcchnJyucs. The 
!light kincmatJcs stud} w ,,, < ·11e 'uch rechrll<.JLI<. illlwn cr !his studv literally took years to 
complete. If there been ucu, ;cd 1l ighr data rcc drder data available followmg thJ.s accident 
this kinematic analy·>I\ \\•Jut,i not have been nL·edcd ~md conclu:-,Jons regarding 1light 

control positions dunn~ liie ,,, s·Jdcnr 'equcncc would ha\l· on!) taken days. ALP/\ 
applauds the NTSB·, act""'' regardrng imrmll c·d 1l1ghi clara recorder standard,. The 
NTSB's recomrnendatlilfh "' rh" area h;l\e Jc;,d tllnns h\R rcqtmcments regarding the 
Il11!1imum number of par<li1li"•ir.S requncd Ill ht rcumkd ALPA "confident thai th"e new 
~tandard-; will hcnefrt the 1nd1 ... try hy lcadm~ t 'rnorc thoroug_h accident inve~tigation~ in 

the future. 

21 



IV. B737 Lateral v~. Directional Control Authoritv 

/_ Tht' R7371W.\' lmulu, .ti, rui t·onlroi uulit 1.1"11\ ll !/It'll ul d'rlain airspeeds and 

aircn4! conflKuraru,!l\ . \unable to ( OWI't r the toll due to .'·ndcslip cwHed hy ujidl 
rudder hardm'eJ 

' in the case (~(U.)Au ·• !!£·lateral cuntr( 1 dltfl/(•tlf. aroiiab/c H'LIS not st~f/icien! to 
rnaintain a H'ing.\ i1'\ { ,,,' uudc once rhc{liL?,il! c.\fJcUc'l/ced the fiJI/ rudder hardorer. 

The B737 ha~ lll~UffJuc;J! 1,1;crai comroi ,H _,_,( rtk· ~ur:-.pcut:--. and flap setting.-. to counter a 
fully deflected rudLkr Dmr:qc the 111\esugatr•>nc>lth, I ,·\L 5X5 accident at Colorado 
Springs, Boeing produced ... LtU which inJ1catcd !lut 11; u::rta!Il aircraft configuratmns belen\ 
Ct:Ttain airspeeds there \\ d" 111 1t enough lateral 1 nJ]] 1 Ctl!llrol authority' to balance or counter 
the roll due to sidcslir "'a" suit of full ruddt: de1kction. At that time Boeing stated that 
the aircraft configurali<llh .tl kctcd were FJar, tlrmut'h Flaps I 0 Thrs information wa,s 
relayed to the ~TSB rna Sl'i<lember 20. I'll)\ k'cler t'' \\r John Clark (1\TSB! from Mr. 
John Purvi~ (Boein~ 1 

During the invc~tig~til\)li d '\An 427 ~nnuLJ 1'. \aiJddtillf1 flight tc.-..,ung \\a:-, umductcd 

and maneuvero;, vverL' fi()\\ I· . lHJcr to c.\amin·· !he hJL.iih_T between lateral and 
directional controt Oll th,_- B · ·, 7 During the c l\.H\l' ul 11"11~ flight tc~ting, Boeing and 
\iTSB confirmed the cLu, !), •cing had providc,i dunn~ the t 'AL sgs in,,estiga1wn. For a 
8737-300 at Flaps I anti \At1cht.s ahme 1100(1(1 lhs. at speeds below !90 knots there wa.s 
not enough lateral control dlllhontv to balance "full rudder hardover to the hlowdown 
I unit. The speed at which full lateral (roll) control is needed to balance the roll due 
to sideslip caused by full rudder deflection IS referred to the "Crossover" speed. At 
the point of the USArr 4~ 7 Uf>sCL the aircraft 11 "' C<lnlrgured at Flaps I and was at a 
sreed of I 90 kts. It wa.s dctnrnmed that cross"'" speed '' al'o affected by aircraft "g" 
loading -;uch that an JOU"l:.J:-,t: :n "g" loading rc-"u:tcd In J..'l mcrea~c in cros~over speed for 
a given aircraft configuralHH During the cou sc nl srtnuiator validation flight testing. the 
investigation documented thl exact speed at\\ !ltLh cru-,sr.l\·t:r occurred. A review of the 
data found that this srccd "a.' .significantly hit:hn than Boemg had predicted. It was also 
Within 3 knots of the Boc1n~ suggested rnmirnUill maneUienng speed. At a Flap I setting 
and an aircraft weigh! of lil,()()() lbs. flight te:,h found the crossover speed to be 187 
knots. The Boeing sug!!t'..,IL',l mimmum maneu' lTing ..,reed for thl\ flight condit1nn i~ 
1 'JO knots. 

ALPA believes that tillS i. cl .natleyuate marg I Jt sale!\ Adding 10 knots to the 
Boeing suggested mmtmum --.peed 1mpn.)\\.~:-. ia1c1 ~i\ t..:ontrl)\ :--.ignificantl). This mcrease in 

lateral control helps return ll11 airplane to "Ill&, ic\el tligln much more rapidly 111lhe 
ncnt of a rudder hardtn c · 



At the time of the up-..l'l. l '\ ·\ -L: 7 \\a . .., opcrdc,-~~ at t/"11..· bt~CJng rccommt·mJcd mmimum 
maneuvering speed ol IYI> ""''h v.nh the tlaps -cr tu "I As the tl1ght encountered the 
wake vonex of the prccediii)C Delta Air Lines B727<!00. the autopilot increased the pitch 

of the B737 to hold altJtuck "!len the aircralt ndlcd due'" encountermg the vortc\. This 

slight increase 111 '·g" load<>! .IIl!'le·uf-attack 10, resulted rn an Increase in the crossover 

speed. Therefore. when tlw rudder went hardtl\ er there· "as msullicient lateral control to 

bnng the airplane back tc>" ">ngs level attitude As the .. ~-- load increased during the 

upset, the crossover speccr ,r>nunued to increr"'' As a result. the rate and magnitude of 
the roll increased. 

f·l\:e seconds after the llH'i'll.-'~ tar: fl\c knot mt rcJ"t' tJl J.lr'-'pced that signifies that the 

airplane had encountered rile ,, ake of the B72~ the bank angle was greater than 30' and 

increasing. Boeing chart- I''' diet that the cros·<l\er spcc·d lor a 1111.000 lbs 87.'7-300 in 

"_c;oo bank to he ahow l'h ~·toh l'SAir -+27 xas hel"" rhc• crossover speed and. due to 

the specific flight chanKlt'rl'·llC\ nf a Bocmg 7 n, lad,L'd lateral control to return to wings 

k,·el tlJgh!. Throughout its remaining short flight, lSAir 427 was neYcr abO\e the 

crossover speed. As C\j'<'c'lc'cl. the airplane c~>ntJnued !<' Joll uncontrollably until impact. 

During :he course ol !hi" .·-..,tigation much c:t ..... <'l.J\\1()11 ~tnd debate- ha~ taken place 
regarding the incrca\L' 11 iuadmg: llSAn 4 ~·; cxpcncnccd dunng ib accident up\ct 
and whether or not !hL' UJh·,'! \\J" recoverable ~\LPA hellc\T" that the increa\e in ··g·· 

loading experienced h: 1 ~~·\ir --t27 during the djiSL'l \\ d:-. d comhin;J.tion of twn LtLtnrs. 
First. the naturJ.l stJbllll\ ,,J ·he aircraft \\·oulu h.tvc cau..,cd an tllLTCa"c in "g"loading 
during I he rollover and lL'-l. ,Jnce the aircraft \\tmld hct\e a desire to n1aintaln ih 

"trimmed" airspeed Sec""' some time aftc1 the inJtJ<ttJon of the upset and dunng the 
div·e. the flight crew ~pplil'cl hack rressurc on rile cc,nrrni voke (airplane nose up elevator! 
mscinctivel_y trying to a\ 1 qd ~mpacting the f!.H'J!Id 

.\s to whether thi.s ll[N' ,, .1 recovcrahle ur r .. ; 111, illlportant tu realize that we. in the 
mv'estigation, are ju.-.t n( ',\ hcginnmg to undet -.tand thl' Llmcept surrounding B7~7 
crossover speeds ancJ the "llc:ral control authr•rlt\' JSSlll' ThJS acCJdent investigation has 
taken three years. Pno1 ,, ·tim acc·Jdent tlle P, ~- .'7 etllSvi\'er speed issue and the effect of 
"g" loading and angle-ul-atuck on crossover ,peeds were unknown. The flight crew of 
US Air 427 had no wa\ ·I dt'lerrnining what .,, c1s v.ron)! with their aircraft and why they 

could not regain or mainta11r control of their Jtrcraft dur1ng the upset This flight crew 

was helpless and the st,di ol the airplane cxpcnenccd at the end of the accident upset is 

1mmaterial. So long as the airplane remained below crossover speed, recovery from 

the roll due to sideslip ..:aused h~· the hardmer ruddl'r was impossible. 

In the case of [;SAil -L '''" croSSOVCI' srec i \lllTC.lSCd lO the potnt that it was 
unattarnable. The spec die rltght charactcnstJD ol till' B~:y; and crossover speeds were not 

explored in detail and u:11.1nstood fully until :im accJdcnt mvcstigation. This knowledge 

has still not been pas"'''''" thoroughly w the pJ!otJn~ community. While ALPA applauds 
the initiative oftlw mcft,sr!'l for the develorrncnt of .. 1 nusual Attitude" and "Aircraft 

Upset"' training. \\'C dt' -); 11 ''t~IIcvL· that L'nnu":it ha' r~<._:cn done in rhe way of pilot education 



and the dcvelopmcm ul i'' 

accident. 

In June ]l)CJ7, Boein.~ lllldC!! ;\)h. ">011lt' addJtlUJ;.jj rlighl k">tin~ Oil th~Ir own Ill order to 
further explore this en"'·''''' 'peed Issue Dur1ng thL' flight testing. It was dtscmered that 
uperations with flaps up v. "' .rbo Impacted h\ croS\O\ cr 'peed Further, dunng this flight 
testing full rudder hardn\c'r \1\allunctions v.crc ,·onduucd in order to quantify B7.·\7 
handlin& characteristJcs ,,ml recoven· techmqr,cs wnh lull rudder deflections. It was 

determined that for the h ap• 190 knot e<be '''lee a I ull rudder hardover was experienced. 

the aircraft had to accclciatc· I:> v.ell above cro'"''cr spec·d before sufficient lateral control 
n\argin \\·a~ reached and ;\h.· .\lrcraft could bl: h',_..)\'t.:n..'l~ 

Thi.-, idiosyncrasy ol thL· i'> , mean" that -\LJ \ "rt.'L'il!Lmcndcd ...,peeds would result in a 
ll1ght crew having the ah·,JI'1 ~'·'return to \\Hlp·, k'\t'l !'!Jg_llt over a much greater part of the 
flight cn\'clope. ll~mg !\!..P.\ ·.., rccomn1Cnlkl -.,pe~:d'. prt)Ylde-., a greater rnargin L)f ~afet) 

tn the e\ent of a hardo\l'; rud~icr. than the BuL,ll.2 !1lllltmum maneuvering ~pce'-b for flap 

:-.ctting:-- 1Jf "]" throu~h , 

Durin~ the course o1 ih;'" ,!\, ·"ug.atH,rL v..hen 1 l·~· h'-,lh.· •)\ t.Tnssover speed wa-., tunfinTlelL 
the NTSB '"ued Satet\ Rc·, '>~nmendatlon c\9• , I 'J Th,, recommendation called for the 
development ofB7i7 opn.1t ItS procedure' so 'll.lt tile: aircraft could be sakly operated in 
tile event the ancratt c.\rlTil'llL'Cd a full rudder h'-lrdP\ L'r 11t any area of the fltght cn\'elope. 

T u date. a nmnbt'r ot B-1 ~ ·, '\'Cra.tmg pr<JCclh.ll·-->· ha\C he-en developed aimed at clnninating 
a full rudder hardo\'L'J -.,lllli.Jj,; ·HlC occur in rllg:1t Hli\\-1._'\Lf. a procedure aimed at providing 

a flight crew with 1111nL· l!llll ::1 \\htch to react .u11J rc'>pund tP a full rudder hard<n·er has not 

yet been mandated hv t..'\.\ lim procedure L' lt'lati\t'l\ snnplc: mcrease the aircraft's 
nunirnurn maneuvcnng "\1"-'f....'d "'--'the Boem~ rc,·,mlmenlkli ·-BJ<,ck" speed plu:-. 10 knob. 
ALPA has been advocat111~ l!11s procedure dur.nc the· past 2 year.s. Some airlmc> ha\e 
adopted this procedure I 1 v1• though the L'\A ha.s not mandated tlli\ increase 111 nunimum 
maneuvering speeds. the\ lia-e howeYcrend()]"·J thiS .onceptof Increasing the 8717 
nuntmurn tnancuverm~ 'i.l"-'t. .\·. t~\ "Block·· -.,pe~-d p!u" \(1 r...not\. ln a June 4. \997 kt1cr to 

ALPA. the FAA stak'd 

"The Federal .·\ 1 1.11 ,, . ·\dmmLstratll>ri I \,\ lu•. r n 1cwed your proposal and agrees 

that the appruach r:L<"lllnendcd in tills ''l:llcun ·cc·rtamly doc\ have merit The 
techniques recornlliel;declin Bulletin 'J.·. ; would Jefinitely result in a more 

expeditious and C...t>.JL' recovery from ao \ uncummandcd direct tonal control system 
failure ... 

ALPA urges the NTSB I<> rn·ommend that B7J7 operators increase B7J7 minimum 

maneuvering speeds to Hoeing's recommended "Block" speed plus 10 knots. This 
would be the safest course· ul action until the F \/\mandated changes 111 the B737 rudder 

PCU arc completed 111 onkr lr· rrovide a marg 1 ''' satct\ 111 the event of a rudder hardover. 
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V. Human Performan~:e 

The NTSB conducted"._,.,. c·xtcnsJ\c Humc~, I actc•r· ::1\c'>tlgatJon With regard to flight 
crew actions during the·\ '"·\11 -\27 accicknt Cil>Ct l:la.>cd onth" analy"s. flight ere\\ 
actions \VCre not cau.-.,altt~ thL' acudent. 

a. Flightcrew General: Ht·alth and Background 

1his sec/ion will slim• 1/ur 

The cre..,nnemhtr.\ or;!!; rfl'<!lll \\'l·re lu'ui. 'I h11f1, fHI\SidJI!Y and mentallY. and H'ere 

JitforjlighL 

No l'l'idence e_r/SI.\ r ,: d '· l!f('(iJ( a! UNhillll I ' l!!U' \ 1 ·uld ha\ (' (~ffened the 

perjormance t~/rhc tiL:, I" rn1 

The captain was 45 vear-, '"'and the ftrst ofiJ ,. "'"' il-o \ears oiLL (Human Performance 
Ciroup Chairman's f-'actuo~1 kq1ort. Octohn' <JlJ-1 

The captain's height \\~i" 1 and h1.., \\\.'Jgh •\ th ~ :·J JlilUJld.'-. according to ill:-. fAA 
medical records. The fir··' , •I 1 1cer was 6' r an.J 'ACi)'IIcd 210 pounds according to his FAA 
medical records. (Humar' l'utormance Cirour t hcurman ·' Factual Report. Octo her 31, I 9941 

According to the captain ·.'> !c. sllC character 1cd I"" IH"hantJ's health as "vcr) good." 
The first officer's health 11 "' c:haractenzed as ·ncelklll hv hiS wife (Human 
Performance Group Challill,lli·, Factual Repo 1 OctPI't'' 11. 19941 

According to the Human i'u l<'nnance Gn>up ' :<clu<d Kcpon dated Oc!Oher 3 I. \994. 
"The captain had undert''"''-' t>ack surgery m ~laJch. i'J'I4to remove a ruptured disk. He 
returned to flying tn Ma\ 1"'!4 and. accordJn)' I•> hiS \\Ik. d1d not complain of further 
hack pam [followin)' the "PCI at1on. !" The ere" , dHci ptlol mdicated that neither of 
these pilots abused their ''d ccave. (Operatior 'Grour> Factual Repon. October 27. 1994) 

The captain and first oflkc'I !icld \ a!Jcl FAA fl ,, c·Jass a11man medical certificates dated 
7/Y/94 anc17/13/94. respcctt~c·ly tHuman Penmnanu: (iroup. October 31. 19941 

The captain and fi"t ollh ,., li,Jd no res!rlcllon, piacccl ,., their FAA medical certificates. 

According to the Human Peri mmance Group l ac tua, Rcpclrt elated Octo her 31, I 994. the 
captain's "distant vision \\a•. liSted as 20/20 in each t'''' Without correction, and near 
VISion was 20/60 correcleli ''' 20/20 m each ey The flr>t officer's "distant viston was 
ltstcd as 20/15 in each ev,· "11hout correction. md nea1 ''""n as 20/30 in each eye 
\\ Jthout correction." 



Ect<JJ pilot·:-. mc(_hcalm:-.uTdtl..._t ... /ann rt.~cord \\a 1"1'\'ll'\\cd hy memher_..., of the Human 
Performance Group. lookm~ '" rhe llnmed"rlc " 1 car rc·nud pnm to the accident. The 
followin;c IS extracted from lilc Human Pertunncrncc· Gr"ur Factual Report. Second 
Addendum. 

"A review wa> ,,,,,!u. ted hy commlltc• mcmhcr', MB. PL. CD) of the med1cal 
claims record:-. of the lllmpany-sporhOTTd tn:-.urdnLc earner. Dunng the fin? .vcap., 

prior to the accrdcllt. t!rc first officer suhrntlled no medical claims. Dunng the 
same period. the cl<lllltc. subnnlted by the captam llldrcated no signifrcant illness or 

hospitalization w rth II~> excertron of baJ surt:en '" dcscnbed in the Human 
Performance Factual Hc'port The rnve,u~at!On rnea\ed no evidence of any actrve 
or pre·cxisttn~ mcdtc;tl conditrons that .1uulcl ha\lc attected the performance of 
the tlightcrew 

According to the Human f <'<' •rmance Ciroup l c~ctuai Kq··ort. Second Addendum. "1\ 

telephone rntcrvtew wa, c\lnducted wtth the capl;~rrt s .dlnc:~>t The doctor reported that 
the captain received rcgul.li cillcrg; shot.s h<r (J,\ 'l'Olllllelllal allergens. He stated that the 

captain·~ clinical syn1ptom~., on:-.Isting or :-.netllng. runu~ nu"e. and post-nasal drip. were 

mild and responded well to I~eatmcnt. The c:apl<<rn·s last allergy shot was adminrstered in 
August. 1994. and hrs tre:rtntcnt wa., currenr at the tlllll' ol the accident." 

The Human Performance· •, ,, ·up Factual Repo 1 <.latc'd l.Xtobcr 31. I 'JY4 rndicatcJ that the 
captain's. wire told rmcstJ~dt,rs that her hu.shcrnd touK no medtcation other than allcrg) 
shots. Further. the first ollll, (, wik rndrcatcd tilat her husband took no medicatron. 
Further. a medical insuranc,· I arm revrew sh(lll td that tile lnst officer had no medical 
rnsurancc clairm for mcdrcal,dll, as discu>Scd n :he i\TSB's Human Performance Group 

meeting. July 12. 13. I Y'h 

Po.stmortem toxicologic;~: l~:'· .... ~houed nc• t..:\'1 kd,:_·e l 1l Llrug. alcohol or tncdicatwn usage 
hv either crcwmembc·r 

Accordrng to Dr. Scott .\lc '· .. a phystologJSI , l.o rn rc11 cd the Cockpit Voice Recorder 
audio tapes at the request "I lire Human Perlo11nancc lir,lUp. "There were no rndications 
from the normal connnuJlll at1<rns throughout the tape that either crew member was 
physically incapacitated m l1.rmpered m the performance of thetr dutie.s by a lrngenng 

rnjury. Both the breathrnt: and physrcal rcspmhcs of the PIC aml F/0 appear to be within 
normal limitations and not JllaJor contributinf l.rcto" Ill thrs accident." (Speech 

Examination Factual Repur: May 5. 1997 1 

b. Flightcrew Psycholug•ral and Psychusodal Factual Information 

According to the Huma11 Pc: lormance Group t-;,ctual Rq•on dated October~' I. 1'!94. the 
captain v..1as "married tor i·; vears and had tw, :nun~ duldrcn." Several colleague:-. 
tndicated that "the captarn ;q>peared to be hat·!''\ marncd and devoted to hi., famrly." This 

repcn1 further stated thai !lie rrrst officer""' n an1ccl tw almo>t two years and had no 
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chlidren.' Several co/lea~'·'· :)(llcatcd that "til· trN r·tlrc c'J appeared to be happrl\ 
married."' 

There \\:ere no tndicatton:-. lLa: :Jthcr crcwmem·wr had ,tn.,_ ma)nr changes in persona! or 

financial situations in the twc:·. c months prrm t 'the '""'Uc'nt (Human Peli'onnancc 
Ciroup. October 3 I. I 44-l 

The captain had no lw·,ton ll ,tutotnohilc ~ll'CltL'Ill~ 111 the prt'ccdin~ three years; he 
received a traffic violatwn ''' i:muary 149.'i fm ·tailurc '" )CJVC a prclpcr signal." The first 
officer bad no histon ot autnnrobllc accidents ll vro/atu•ns rn the rreccding three years. 
(Human Performance Group t lctobcr· 31. 194~ 

J\cithcr c:rcwmcn1ber h~td d\1\ ··ecord ol avtatH\'1 .tCCHh..·qt-. tH ~;:ntur~._·ernent action_...,_ and 
further. there were no recttllj' d- anv ~..:nminall1·-.tnr\ 'Human Performance Group. 

October 3 1. I 49-1 I 

The captain's ll'ifc JTldlc:llc J ">:rt her hushand "'''1\ c~r.u" ,rkolwl The first offrccr's 
w1fc stated that he wa..., <t 11]1\,wrate. occa\iona\ Jrm~c1 i Human Pcrfonllancc (!roup. 

October 3 I. 199-1 I 

Interview:-, \vith \tatwn ,;..:~dt d:~enh \\ho lfHt'ra- k'i...l \\.-1!1 !-~JL' LTC\\ : .... tatcd that the L'rt'W 

seemed alcn. happv and"'" ,·uod nHJod 1Hu nan Pl'riwmancc Group. Octohcr _,I. 199-l\ 

•\ USAir captain rode on lire . uckprt Jlll1ljl"'" '' nh :if,, '""on the flrght pnm rn the 
accidcn1 tl1ght. Thi" JUmp-.,'-'.itJng pilot lndKar~~·d that !!lc dL'\\' dtd not appear tirc-U or 
stre"cd. !Operations Cir""i' Octohcr ~7. I 44·· 

All of the captarn's rrallllll~ •.·cords rndicarc s 'r"lall•"' ;>crlonnancc Appmxrmately 5 
months prior to the acc!lk'Ji I he captarn had a ,;nrulat<>J ,heck. The check airman who 
administered the check 'rate< I that the trarnin~ 'css1on ·,,cnt well with no problems." 
Further it was noted that ttll' ,·aptarn was "prc:"'rcd tor tile tr;uning and it went smoothly." 

! Operatiom Group. Octohc: '7. I 9941 

·\ccordrng to the Opcratrurr· rjroup Factual Rcpnrt da1cd October 27. Jl)LJ-l. another check 
captain flew a three dav :np Nrth the captarn "ilrdcl :,, rcqua!Jiy hnn following hrs back 

surgery. The check capta1n -rated that the captarn w:t·· · meticulou,. very 

professronal. .. hc pard attcnlt<>rl to detail. ran 'ompktc:d checklrsb .. .followed all 
procedures ... 

When Captain Gcrn>CIIi\' ':.~< ,rtroncd tre>TL B '' ' rsr UltTccr w B7J7 f'rr.st Officer 
rn September 1987. hrs trdlllnlg recmd rndrcatcd a rnr:ark h\ h1s rnstructor that stated. "I 
would place at end oJ ll'llllll>g. Mr. Germano'" hmc'l i ()percent· This is inconsistent 

with othcrcharactenzatr<.'ll' ,,fthe Capt:un·s ''"'fiCil'lll. On OctoberS. 1496 the 
NTSB's Operations Grour t,1r thrs accrdcnt JiJlLTVJCI·'Cd Capra111 Michael Rush. the 

rnstructor who made th1• .C\·:nrncnt. Acc"rdr .;: to rLc 1 'rcrat>ons Group Factual Report. 



Addendum 3. dated June '' ''ii. "[Captam R i'li] statc·d that he did not have a clear 
recollection of Captam Gerrnc~tl(l He had never flown w !til Germano on the line. He 
could not estimate the number ,,f check rides he had adn11nrstered. Regarding the 'lower 

I 0 percent· comment he had entered m Gerrnail\' ·, tran11ng record, Rush stated that at the 
time the USAir manual suggt·stcd commentnig Top IU percent' if the pilot bcmg 

checked had done a goodJoh He did not spcerlreall) remember the check ride after 
which he had written thiS COI!trnem for German,>. but he I!Herpretcd the comment to mean 

that Germano mel all or the· rnJUrrerncnts bur 'his methods may nor have been as fast or 
polrshcd as other pilots.· He stdled that he did rHl\ 'recall my mollvatiOn at the time.· He 

compared these ratings to til< he' grven to Olympic· athlete.s. some successful athletes 
received lowed marks. He satd that he had probably wnttcn srmilar comments on other 
pilots' training forms" Capt<ull Rush also adde,l that II he 'would have had no douhh 

about grading Gcrmarw as l "'at! rsfactory I hac that been warranted. He said that. as both 
a check airman and dcsrgnc~tv·J examiner. he ha,l ~radeJ "'me other pilots as Unsat. · 

ALPA n~nsidcred the te-.,tlnJ,, ·tc-.. nf Capt~un R,t-..n :.md ill ncr ._,heck airmen vvho had 
C\a]uatcd Captam Gcrmarh• , performance mote· recently hom the record. Captain Rush 
clearly stated that he l,lllllCil ,tptarn Gcrmano'c performance to he satisfactory. but felt 

that he lacking some "polrsh Whether or not Captam Germano was having dilfrculty at 
that time ( 19S7l should lx '' ce~ntered h) h" perturmance closer to the time of the 
accident. some seven !'ear" LHt_.r A~ CJU~d aho' c. f1H: month'-~ prior to the accident a 
check ainnan ~tatcd that tratl!iflg Captam Cierllidlln ··v.cnt well \\''ith no problem~-- and 
that the Captain was "prepared tor the tramlll& .md 11 fthc trammg] went smoothlv .. 
Further. a check airman wll,, 'lew wrth the cap1.un Ill o1tkr to rcqualily him followmg his 
extended sick leave absence ,Jctted that Caplan Cocnnano was "meticulous ... vcr\ 
professional...he paid attcnll\<ti lP dctail. .. ran C<>nipletcd checklrsts ... followed all 
procedure:-,." From \\Ctgh!!l.c.' !hcse comment"-. /\LPA ..:uncludc.<-. that the issue 1s not ho\\ 
\\ell Captain Gern1ano may ttd\'C perfonned dtJrmg F1rst Off1cer transition training seven 
years prior to the accrdcnt Ill stead, a more ace urate predrctm of his performance during 
the accident flight would ha, c been those rnon recent comments concerning Captain 
Germano. while he was berr;c: oh.served in actu,ti line' opcratrons and while actmg as Pilot

in-Command. which rs rfw '·"ne role that he"·'' perlornnng on the accrdent flight. 

All of the first officer' tral!<tlig records mdrca,c ,atr.sldL·tory perlonnancc. 

Approximately 5 months pn•. '' to the accident Jrc first officer received a simulator check. 
The check airman who cunurJL·cd the check stated that the first offrcer was "well 

prepareu ... he was a sharp gu', .m both the ora1 and the c;imulator check." He had no 

negative comments concern!lr;c the first offrccr 'trarnm& t Opcrauons Group. October 
27. 1994) 
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L Crew Communication' Intra-cockpit 

J'/zis sn tion lri/1 shnH r/1,. 

i. The trpc and qual//\ 
perjrJri!Wll!'C. 

'UJ-( ockpit com!'lltnU till: 1111 ,u-c {Jrcdictors rd (TCH 

The crn-t· r~(thi.\ tltgl,,· "lniWIIcated mno'l!.!\'1 tlll'l'L\Chi'\ 111 a manner that 1.\ 

con.,istenr H'ilh a lug/,· <i•, rn· ~~( pr(~/i'ssi(·!/olism und good crc11· coordination. 

Prcviou, human factors rc'' dt has shown thc~t the t\]'l' and quality of cornrnuntcations 
among flight crews JTl' unp, 1 ~lil\ prcdKlor:-. u ~:;-L'\\ j)LTl~)rmancc. 1 ~ l)uring the ~TSB'...; 
tn,·cstigation of this acctckn· the Human Pert >rmance (iroup sought the expert a"tstancc 
of NASA scientist Barbar" kmkL Ph.D .. for tn,· purpcN ,,f conducting a speech analysis. 
Her completed report JS 'lltch '1cd to the Faetua Port!l>r ol Speech Analysis Report. dated 
Octohcr 22. 1996. 

According to Dr_ Kank-1 ,_ rL·;··~rL .. Bccau-..L· \l' t1~d ..:onnnLl!Jlc~ltlon ~~ \O often the mean\ 
h\ whtch flightcrcw' perl<•r< thetr tasks. patterns ot speech <~re potential indicators of 
how crew members cootdlliei!• thetr work. hcl\1 lhC\ relate to each other and others in the 
wstem.' This statcmem "' <nsistent with Fo' ,\we at hi \1anos 's t198\) observation: "At 
the VCr,y best. COJlltllllnlcallt> 1 patterns are CTU( Jal cktcrrrllnallt:-. of mfornwtion tran\fcr, 
but research ha\ shO\\Il thi_tl !~-~~·~ are also n:lakd to --;uch !actor." J\ group cohcs10n 
{ imp011ant from a ere\\ C1li n ::nauon \landpun1t · attltlh.k:, toward v,.:ork, and 
complacency:· 

Dr. Kanktlooked at three,,,, ct' ot speech ac, 1' '·''' lc'IJtcd speech. which describes 
lTC\V coordination during J\)LJ 1nc flight conditJ 1 '!l\ ... L'< \-\ell a_-. prohlcm-solving during the 
emergency conditions: 2! l'l' •·..:cdural ~peech, \\ h\ch de:--cnbc" adherence to regulations, 
policies .md protocol. and. non-task-relatec speech. '' htch describes general cockpit 
atmosphere and interpl'f:-.(1! c1 ··cJatJonshlp" amdng crt'\\l1Jl'!1lheP, 

d. Task-Related Speech 

Dr. Kanki states that dun"' ,·routine pomor , <! rlqchc. patterns of request for 
mfonnat1on and their re ..... pun-.r" Jl"l' analyzed a·. Jll md~o..:at1n· uf how the crew coordinates 

their task activities and Pllt.t,,. the tnlonnatior the\ nn·d Aceordtng to Dr. Kanki's 
report: 

1 For more mforma(lon .<.ec f·ou_-.,fwt· ,.,vhm H .. Mano:-.. K...u-• ·r. i ~ 1 l lJ,:-. l · ln!onnatttm Tr<.mskr ,_.,_ithm thl' Cockpit: 

Prohlcms in fntracockpit Comrnum..:..tl.i< 'll.'. · m lnformatu 1!1 71 un/cr f'n ,/-'f('!ll.' rtl fl/( A 1 tO!Lon Sntcm ( cd:-. C.E 
Billmg:-. and E.S. 01cancy 1. N:\S/\ fl . 'K75. MoftCtt held. ( '\_ NA;-.. .. \ 
~Foushee. CH.. Lauher, J.K.. B<il'l!o'l \I ~1.. Acornb. D.B_ ( :·.JXIlJ ( ·n ~. I 111'Ion 111 fltf!,ht Opcmriow II/_ fhl' 
Operatinna! Sign(ficance r~f f~tpo1,n, )'hurr-flau! Au- Ttm, ,flt n O,f!l '"fl· !1.'.\ ~ ASA TM :-::•n:22. Mot1cl! Field. 
CA:NASA 



At a :-.1rnplc dL''-Lflfif ,~.: ic\cl. much ol the caJHaJii :-. ..... pcech 11.., devoted t(l 
air traffic contro:: ,\I r·, comrnumcati•'il' ll<'"'''l'r. Ill aJdnion to ATC 
'pecch. the remanrck: ,,f tm ta,k-rclatc,l 'pccch con'i'h of \IX ta\k 
observation.'-. OilL' ...,t~ttemcnt of mtent itrH.i one .... uggc\t!On/dirccti\'e. 
Rc,pon'e' D) the f11,1 officer to thc\e ,wtemcnt' arc exceptionally high 
(i.e .. no completed 'f'eeeh by the captain" lett hangrng or un
acknowledged I ['ht'll' arc fewer ftf\t •lfficcr 'peaking turm since he" 1101 

handling ATC f hu' h1' entne pallem of ta,k-rclated speech cons"ts ul 
three task oh-.,enati\llh. five question~..,,.\'t"rificat!Ons, one ~tatcrnent of 
intent and one 'ug~csliun/dircctivc C ""ISlelll With the first officer. the
captain rcspon.sc' aic high. espec1aily 11 cases ot quesuon/vcrifications. 

(~rnr Coordt!l(lf/'!'i -_)ne mJicator o! ,Tl'\\ l'U\)rdmat1on 11.., the pattern 
shown by thL' pil<>h" their rcque'ts fe-r infurmauon and verification. 
Since these are potential area..., of rnJSl'.JITlfllLinJcitiOih. the completion o! 
these task-related conlmtmlcatJon "equcnCL':-. '"Important. From thi_..., 
transcript. the roild\\ Jllg_ general patter~ I I\ \hO\\ 11 \\'hCil a question Of 

request for \Crlfll"~ltH·•n I.\ ITlitJatecL the ,Hhcr rc:-.pund_..., lllllllCdiatcJy·. cxccrt 

lor out,iJe interrupli·'l"- On t<<'k-rclatcd tuprcs. the first officer (F/Or 
initiates que ..... tJOTh 11 till'' captain (C) 5 :nne:-.. and the C initiates question" 
to the F/0 DT1L'l' ')"-",-all of the qucst,<rns arc rcquc''-' for cLrrilicatlon or 
1·crification regardllr,c· ATC instruction-. ,,rAT IS. and C 1' handling radio 
lOnununication:--.. il ,'· rca.-..onable that k: h the Je:-.pondcr more often than 
the initiator. Both ( illld FlO resolve t!it' qucstll)Jh mall cases. ami ATC 
i..; considered an Jlllq .. ·ral part of thL· coinnwnicatl\Hl loop. There 1s nn 
apparent reluL'tatlL'l' :\1 .... eel-. or I!lcorpoLttL' Jllfonnation from each other m 
AT C. Asses,;ing ilinc· patterns on the '''"i' ut prlot and,\ TC roles in 
n.mti nc operation. (e .... v l of L'Oorclinatton and cPmmunlcatJOil appear.-.. to he 
adequate for acc'\llll)'ihhing the ta\h. /11 the f"'"li at wh1ch the emergcnc1 
hegins. there h rH~ >..JLll."'-tllHl or verificaL;lll i:-,:-.uc left unre-.,olved. 

Dr. Kanl-...i ~ummanzcd hL' tit• ·ught\ ...::onccrnm:-. u:-.h. .. reialcd speech dunng the ruutmc 
phase of flight: "\Vhilc tliL'Ic "not an abundaiiLl' ot data '.speaking turns). thi.,; aspect of 
crew performance can he dc .... ~..·nhed <:h complch'. coopcratJ\T Interaction:-. among the 
flightcrcw- members and ctlr 11 all1c control ( whc' rs also part of the communications 
loop)." 

Regarding the ernerg<'tlC\ ,ll_., "'d, Dr. Kanki 't""''- "BccaU\C the priors seem to have 
been cooperative and respon,i'<' to each other ,,ithln the tast 30 lllillUtcs. there would not 
seem to be any intcrpersorul narner to their beint" 111 tune wnh each other at thi.s tunc. On 
the other hand. the emcrgcnL' ,·ondllions thernselve' m.rv be pullrng their attent1on rn 
different directions. In clthc, ..• 1\e. the commUIIic·ation' and actions may be altogether 
appropnate." 



e. Procedural Speech 

According to Dr. Kanh; t'; .,·cdural speech 1 lltterprded lh an mdtcator of ere\\ 

adherence to regulation.' I''' >c'JCc and protoco l'hroughout the transcnpt. procedural 
speech (ATC communtc«lt<>h. checklist and 1'."\ announc·cment.sl generally appear to fall 
within expectattcHls .. 

f. Non-Task-Related Spl'l'< h 

Dr. Kanf.ct states. "l\on-t"'' latcd speech " •llcrpretL·cl "'an tndrcator of the cockptt 
atmosphere and interpcr-,llrLJ' rcLHion~hip.\ aiTt·)ng thL' t'lighu.·rc\\ members. Instance\ of 

non-task-related speech. ·H ~ ~.:1ai conlmunJGl\lntL'- <.trl' !Iorma! and responsive. There is a 

casual. friendly mteractt<ll1 "'"ong hoth piloh tnd fltght attendants. implying that. as least 
on a protcssionallc' cL lt1vrc "no particular'' 'L'Iai harrtn or prohlcm that would impede 
their \Vorking together dur1:1:' the emergency.' She add:-. ··Non-Task convcrsat}()n 1:-. 

curtailed when ta.sk JL'lt\ ,,,, .• teccleratc ... 

g. Cre" Communicatiolh \TC 

The< Uftlullt of ( \.\:• 
H'f[/z UCCCJI{(-'(j jll dt :'it 

/(}(} fll'rCCill of !fit " 'I' 

the jit!l clcuuau t 1 cud'!-., 

FAA s!udY thatfowlll r;,,, 
cleo ranee read!Hu{ <i!/1/ · 

:I! i ~·~~.-lio transJJiission in accordance 

. (lea ranee 1!1 .r·~ (f/IU!( 1 lul!lgt rt-'ddhucks conwmed hoth 
und the t"OIIIf'l< i<· tlllndff 1 uf! .";igiL t·ompured to u recent 

Jill\ 37 JH'rctnt 1[ in"lor rna/hacks contain hoth the 
1lllf'll'lt' aircra{i Ill \'!.~1! 

3 The cap!aln ·.\· uln)/UI , ·;, ,._,tton to ATC ( otJ·nulntccJflll 1i\ mdiuae.\ £hat he wa.\ 

altcnrh·e during.f71glu .Uii: rhatlus pn~.fes.\1 i!lr_ilt.\1!1 to11 drd' A 7C communications H"a.' 

like/_\ o rl!jle:..·tion ot iu .' 1 • Jfc.\swnul appn;.J( h ruti'\ !iii.: 

[ismg the Cockpit Voice i<,, ·1der Specia!JSI s 1-:JCtual kcpon of lnvesttgation. ALPA 
conducted an analy.-..i-. ut plill! to-controller cor'lmunicafHlJlS hetwcen the ere\\ of the 
accident aircraft and AT( 'x1 itttcs along their ·outc 

In establishmg a baseltnc· '·t "''analysis we c •IhUltccJ tttc· Acronauticallnformatton 
Manual (AIM! to identtl\ U<I>I, assoctated with good rad''' dtscipline. Section 5 of the 

AIM. Pilot/Controller No!< , ,uul Nesponsibilinn menttorrs four ptlot actions that are 
importanT in receipt ot AT( , ic'arances 



]1 Acknowledge rccctpt .tfl, lfJderstanding nt .II .-\·1 ( '-- .carance 

ALPA finding~ I Jui. tp: the JO nl!nute neg!Illltll.~ at ! ~32:29 EDT (the beginning 

c•fthe CVR tramcTipi ;md endmg at 1'10~ 32 (I 1the last radio transmissJOn from 

CSAir 427 before tilt' ''l"Ct event!. AT1 1ssued 1-\ clearance or frcquencv change 

transmissitHb The ,,tptiliiL the pilot-n<~t t'lun~ "'""cred JOO percent of these 

transmission:-- Jl1ll1"ll'ill,ttCly. and in each '-·~L"'L' correctly utilized the aircraft call 
~tgn. There \\a~ !K. \ ,., the need for A 1 ( · ro repeat a transmission, and information 
contained in the L·,tpL!,ll·:- rcadhach. W<.t·, LUilSI'ltently correct. 

By way of comju: :·,~· 111 a recent FA.~ -..tudy JL':-.l·archcrs anal~/zcd 4b hour.., of 

A TC -pilot urmn1ur :, itHJils Of the I __ 1)1-\l/ triillSll\JsSJons reviewed b) 
Jcscarchers_ onh t c-rccnt ut pilot rc,cdhacb ,:untamed lull readhacb and 

c:omplcte aircralt ,,,: ,Jglb' The l 1Sn 11 -~27 ere" ncced this performance by a 

'actor of almu~\ 01:, 

•\LPA Jind11;~ ; , 

that covered the' 

.~ .t-.. not rck'\ ani _l' thl· ,urt ratt "'-L" airborne durin& the time 

\ ~> tr~tn:-...:npt 

;l Rcque:-.t clanfic;,nl\_H, .i:Jll'!ldmcnL a-, ap '1' 1 prtc~tl .t!l~ tii11l.' a clearance 1" f1()t full). 
undt'r.-,tuoJ or cothllk'l::·, lll1.t..:ceptahk In r:: a -.akl\ -...tanJpulllt. 

ALPA find1ni'' \' K:ih i 6 AfC re~ue,tccl lll.t L'SA1r 427 reduce speed to 210 
knots. The ,-ap,u;, "' ~"'"'' kdged tha. he \\'ouid comply wnh the speed request, 
but that an ctltnu,k _ :c-arancc that "'" pre'' Jou,h ass1gned (CUTTA Intersection at 

10,()00) would he JJIIIcult to maJ..c:_ '!lie ,-onrmllcr then replied that the speed 

reduction wa:-. pdt~IIL·mnt. ;Jnd that thl ~titltudc rL':-.tnctHHl wa\ no longer needed. 

At 1~57:23 the i'ltr._,t,uq!h Appro;\l'h, ,IJJttulll'l 111dCk d icngthy transmiSSIOn to 
USA1r 4::?7 i "I .\A,r dur twenty-.sevc L PHlsbur12h Approach. headmg one six zero 
vector ILS run\\,\\ ! ,•. o erght right fine~ I .1pproach course, speed two one zero.) 

Before the cap!aii: .. ·uld read hack the c·iearance the lrrst officer asked the captain, 

"what kind ol spceJ to! lowed bv th.-, apt<llli 'clearance rcadback. However, 

because of the d1,!r CJ.-tron of the first •tliccr 'rcyuest for speed verification the 

captain became Ull'~d T of the runwa)' <-h~IgnmcnL wh1ch was embedded among 

other bit' of the ""Woller's transrnJS·,Jon The captatn later asked ATC "did you 
say two eight lett f,,. L'SAtr four twe,!l-,evcn'- followed by the controller 

providing tht· cTr"J..._.- runway a~:-.1~nn vr:l 

'Cardos;, KJvL Brett, B. f-Lu il)(11 .'1n Anti/\'\ I' u 1 I 

CommwucaFilJfl.l. JX)T/1-·A .. \... \\ l.,IJ(l1 Washmghlll. IX ! .. ' \:\ 

\f'['l"ll{hl: ;_ tmrrn/(omro!/cJ-Fdor ~iJicc 



.+1 Promptly complv w illl . .:, ,., traff1c control< IL:clrancc- upon rccc1pt except as necc"ar) 

to cope v...ith an cmergL:nL-~ \d\ I~c ATC as soun a.'- pu~:-.Iblc and obtam an amended 
clearance. if de\'iation 1:--. ncLt·-..... ar\ 

ALPA finding La;__·tl, i the 14 clearanc -~ ,)! trcqucncy change-" were imn1cdiatcly 

e>.ccuted by the f\J;ht, 'cw 

ALPA concludes that the , ,,. ,, ' pertonnancc rq:an1lll?' .-\T( ·communication< was in 
accordance with accepted pra, tJccs. During the /mal '1(1 mmutes of flight the captain 

correctly acknowledged ead1 xrc transmission "nd corrcctlv used the full aircraft call 
s1gn in each instance. Th1• pt rformance is con,Jdcrablv better than the average 

performance of pilots "'a ;cccllt FAA study. where onlv .n percent of pilot rcaclhacb 
contained full readbacks anti "'rcraft call signs hom tins Al.PA concludes that the 
captain was attentive clunnc: tile fltghL and furtt1n that he· was d10;cJplined in his approach 
to flying. which prompted'· "'··iul attention tol11s rad!<' usage The aircraft was flown 1n 
compliance with all ATC '· IL'd! clllCC,. 

h. Cre" Interaction' 

Thi.\ secrion ~rill shu11 f;L. 

CRAI rroin:-; crt1-1' t1 · 

situurion.\ 
"I WIU l'c.'!t'r copt· wit II non-rnuflllt 

USAir'.\. CRl'd ptog,,-,!' f! t•!! dt'\'CinJH'•. utull!u,; :, RA1pnncijw/s H.·erc constantly 

reinforced during tru/11!1:: H'lfh USAirfligilf( re\\·\_ tucluding the accident crn-r. 

Et·iaencc gathered n· onhl'r (~j NTSB l•!ci'Sll.g,n;, (·groups indicates tha11hc crew 

of U.\Air 427 perfo!Hi• ' '! u manner that 't'fJ11.\ISfi.'flf \.t'ith good CRM during prior 
trip.\, as \Yell as dunn·..: !II:' dccidentjlig/11 

-./- The c-rcH· ·s use ot ( -A.H! 'dcflces helped} '.rer :I ilct~!IIn cn'H concept, and tlu·_, 

positit·e crnr ifllf'Uh I • t1, o\ efl preparnf thdtl !O llt'df \l'ith the emergency fwd il he en a 

recot·erahle situutrtn 

According to FAA Adn.._ .. lt, f r:... uLu- AC 120-S J b (_'rei\ N.{_ .lot~ru· Management Training: 

lnvesttgation Into 1/w c .1uses ol atr camcr clCCtdems have shown that human error JS a 

contributing factcrr ill tli I to 80 percent of .Jl air earner mciclcnts and accident~. Long 
term NASA rese~H·h has demonstrated that these evcnh share common characteristics. 

Many problems encountered hy f1ightcrews have veT) little to do with the technical 
aspects of opcratmg 1n "multi-person cockpit. Instead, problems are a5Sociatec! with 

poor decision rnakm~. meffectJve cornmumcatum. madequate leadership. and poor t&k 

or resource nlana~fl!lLTlt 



The AC states, "CRJ\1-iiClllll\l, rcw, operate mor_ dlect>vc·l\ a.s teanb ~md cope more ctlecttvel; 

with non-routine situation' · I he AC turthcr stak' 

Good training ft)r n)ul;!K' or'leration~ t:al\ : J~t\ t' ~ '-.lH)ng positi\'e ctlect on how well 
mdividuaL-, function dunng time.-.. of high v\nrkload {)f h1gh strc-.;s_ Dwing cmcrgenc) 
'ituation,_ when time prcs,sure might exisL a crewmcmbcr probably would not take the 

time to reflect upoii h1' nr her CRJ\1 tram;rJ~ in order to ehcX)SC the appropriate behavior. 
But practice of desirahlc bchanor eluting umes ot km stress increases the like\ihcxm that 
emergencies will he handled effective I; 

Ftfective airline CRM prn~r""''- accordtng to A( I 'ill-"; B .• ont!UII at least the followmg 
L·omponcnt.'.: 

• In.\tructo!/dW. r., • rnan CR.M t'\ alt.ctlHl!l tr.:·."LiHqUC'-. 

o Line Oncmcd I l.c:'ll Tramrng il.Uf 

• Rcinforccllll'!J d 1: ~.JitJquc of CR!\. 1unr1~ illJL' Ppcratidn t'\·aJuation-.. 

At the time of the accH.ienL' :-- \tr·\ t1tght tranHng ·~··r~.Jgr~ml llh.:orporatcd each of the abon: 

componclll,_ Their prograr ' "·''developed lw Dr l<ohen J fcltnre!Ch. a well known CRM 
expert who ha.s been t<tskcd h1 '.ASA and FAA to research CR\1 "'ll"'- The crew of LSA1r 
4~7 received initial and rc..:u~ll"llt training 1n CR~1 . \ 1rJccpL'-

Thc following item\ arc· P·•"'f'''ra,cd !rom Ach '"n ( 'Jiu,lar AC 120-5lB. which 
llkntifie.' ·'clusters" that are Ji,,rkers of eftc·ctl\ ·I 'R,,l pcnormancc" 

\ 1 Cmnmunication\ PnK·t·, .,I_ JnJ DcCJsion BetL:\ 101 ( 'Ju-.,rcr 

• briefing' ··L"I ·pen /mteracttvc ". lii1flHJilJGttlUn:-.. tor example. the captain 
calls for qtn·:-.tl 111.'- or con1mcnts. 

o inquiryiadv"c". 1-la"ertion- cre1• membe-r' .,peal- up and state then 

informat101 "r'h appropriate pehr'ience. crcwmembers arc encouraged to 
question th~: ~KiltH1S and decision-... of other' 

• communH.:atlon.·Jcctsions- relate 1,u free <1nJ open comrnunicatiorL They 

reOcct the c: \tern to which crewnll·rnbch pro\'Jde necc"ary mformation at 
the approprr ,,,, ' llllt' 1 For e xampJ.:. m 11 r<!lrn,c check I i\ts and alerting others 

to devcloplllc ;•mblcms.1 

]if 1 



2i Team Building and ~h:r'ic ,,trJc·c Clustci 

• leadcr,lllj' :" ·I\ ,111p/eonccrn t '' ra'L' t:mup climate appropnare ru the 
nperalluna 'ilu.Jl!Oll Js contmu<,ll\ momtc>rcd and adjusted (for example. 
social con\ et -...Jl!On may' occur Llunng !u\\ v./orkload. hut not high). 

• mtcrpl'r-..ot:..ti \.·latJon~htp~/gnJU\' 1.11111at: .. : ·ronL' .. of cockpit i:-. fncndly. 
n::laxcd. i.!th.l ·,L;ppurttvc 

• prcparatl<lf: .. pl.tlltlltl~I\Igtlancc .l!UI1lt1 1rlli:-: \\Cather and traffic and 
shann~ reit·\,(itl \Ill ormation \\1 L the rc"t ,)f the crew. active monitoring of 

allm~trulll(,:n ~. ,md comrnumca tPn:-. and 'lllarmt: relevant inforn1tltton with 
the rc-..,t ,)J iil 'L'\\ 

• work.il)dli ,_:1<· ilUilun/dtstrJL:tlo 1· .. ,J\,!Ide~._ Itt)\\ well the ere\\ manages to 

pnontl/L .1·-l 

b·idence gathered h\ clllULIIIC. q :\TSB Jll\C,[J!,!.i\IO!l i''"UP' lllllicatc\ that tile ere\\ ol L'SArr 
427 JX?ti.onned in J.rnanneJ ltl~t 'consistent with 2~")d mea.'"lllll?\ l)f Con1munication~ Proccssc.-, 
and Decision Behll\JOI. Tc&J: Buildmg and Mamt,·n,me,·. and Workload Management and 
Situational Awareness For >.'\dmplc. accordmg tc the !Iuman Pertoml<mce Group Chainnan·.\ 
Factual Report dated Octohci ' llJY-+. a dcadhca,!Jng l :s •\n pilot rode on the cockpll.Jlllllpseat 
\\Jth this crew on the lc~ pr~<'i r 1hc acnc!ent tl1gh: He dc"·nhed the accident crew <Ls "amiahle 
and alert."' He stated that the·. cipllllll "provided a l:lUIUUgh jlllllp.\Cat bncfing. and J[l\'ited input 
from the lirst otticcr aiiLI til< :unip.,cat nder conccJmng ORD IChrcago O'H<u·c lnt' I AiqxHtj 
srnce he had not landed there rc,cntl) ... The Opeutron' CiroUJl Chaim1an's Factual Report dated 
October 27. 1994 state' that U1c· :umpseat rider scud that '"the crew mteraction was routine. He 
found hoth pilot\ friendiv rHici :· ~cxKI spirit\" He ,kscnhcd I ilL' conduct of the flightcrew [L' 
"professional." 

According: to the Human p,.,,," 'ii<UlCC Group h1ct, "" Rcp<>n dated Octoher 31. 1994. "Two fJrst 
officers who had flown reccml' w1th the captam JlllilcatcJ tllC!t his greatest strength as a pilot w<Ls 
an ability to get along w!lh the c·rJtJrc crew and bri1rg fJrst officers <md tl1ght attendants mto the 

operation. One co-pilot de,crmnl a recent fl1ght 11 1\hJch the captam attempted a VOR approach 
in bad weather into an arrpurr nvitiler pilot had landed at he/ore. I Ie sard the captain provided a 
long bJieling and flew the app1' >,rch well .. 

According to the OpcratJJ lll\ ( "'>Up !-actual Repor ci.Ucd \ ict< >her 27. llJ94. an intervJC\\ Wll\ 
conducted with the flight crc\\ , -:h1ef pilot. The U!ld prlot ,rated that '"as far as he kne\\. 

Captain Germano conducted nr' tnps Ill a professiunal manner He knew of no discipline actions 

against him. He stated that Lhcr,· had been no repnrted difficulty hetwccn Captain Geml<mo and 
the fJrstofticcrs whotlew ''itJ· ·rrm [Captain Germano] wa' ·extremely well liked .... 

According to the OperatJO!h c ir' •up Factual Report elated UL'toher 27. I Y94. the chief pilot stated 
that the fJrst otliccr wrts d .. ,.~.... Jedrcated. profess, \llal. dependable pcr,on." The chief pilot 

y; 



lur1her stated that he trao I''' •allv tlt•wn v\llh tl '-liN <>llrccr and that h" performance W<LS 
.. extremely profe"ional 

:\ccording to the Operatro"' < rrnup Factual R.qxrq dated l lctokr 27. 1994. rnterviev.s were 

conducted with piloh who nad tlown wrth Captatn ( iermano <mel Frrst Ot11ccr Emmett wrthrn 

the 60 days pnor to the accrdcn' A .sample of then comments follows: [1\ote: Quoted verhatim 

from reponj 

• Caplain Gen11<lll<l \\~L" ,,_, .:-:ood tully \\lth :1c \\a." \l'J\ proi-JUent .. cxccllent CRJ\1 

• First Officer Emmett rud. vccptronal pilotrni ,,rJ!, 

• [First OfJlcer Emmett I ,, ,,, the Krnd of first o: IILCJ \()(, d want tll th Wilh. Vic had rUi 

hydtaulic problem on !Ire' '"I' and !te drd a i'rc 11 roh 

• [Fmt Ofticer Emmett ·1 1 nlormance w <Ls our,t,LnciJJr.c .v ell qualified ... [End ol Jrrcct 

Cj UOlc'] 

During Ule trip scqucJK"L' t 

flying wrth a ··good ere\\ 

...,t ll!!Jccr tclcph~ >h_n tn-, -.\ dL' where t1c mcbcJtcJ that lie wa_-, 
llti!lliUI Perionn,mcc ( irmq·· I )u, >hci <I. I 'N41 

The eYening before the aLL~<..Jl·JJ 1 the LTC\\ depl~u1c.J U1l'li am.Taft al the L~nJ of the day. According 

to the customer sen·ice agL'II:. l SA 1 who mer ttll' j IIg.hL thL· LTC\\ seemed cheerful. ThL· crew 

scmg "'happy birthdav .. to'''".·,. the tl1ght attcnda '''and Kickicd ,b thcv let\ the airplane together. 
1 Human Peri"om1ance Grou: . < >ctokr 31. llJlJ--l' 

The CVR. indicates that the .:c'\ talked 1e0 lrttk .•lli<'il~'' themselves dunn~ the nurse and 

descent ponion of the acuu,:m I hght. There were " IC\\ lr;::hthcartcd moments of laughter on the 

CVR Accordin~ to the Opera lions Group Factu1: R.cpo11 dated Octokr 27. 1994. 
"Conver-.ation within the c, ~:t.ptt wa.., routine and l!ldicatcd an appropriate checklist reading." 

From the foregoing information. th<· Air Line Pilob Association concludes that the 
new's performance on pnor trips. as well as this during the accident flight. was 
consistent with good CR \I practices and this healthy crew interaction well prepared 
them to deal with the emergency had it been a recmerable situation. 

i. Observance of Sterilt I_ <>ckpit Proccdun ·· 

This secrion -..,rill shr,>1 /i1, 

I When theflight I elicit. 
and allfuture COIII/III'< ·. 

·J.t>UU)£'et AJ.~l .. 1ilt'\!tcuu·, u.-. ~·~;cl\f'it con\'ersaTion ceased, 

,,·t·u' related lo tlu OfJeUJl!mJ (~f J}u· aircr(~f!. 

Becouse the creH· H'il'· 1ifJICd H'ith comr dint~ !Ill' 1--,·cfm!lf/Ur\ Landing Checklist. 

und hecause the .firs! .1/jt, ,.,.. had to u·oit}(J' rile f{Jgfu dllewlanr to complete the 

"Fasten Seat Belt· utllir-"i•!ln'tnt'llf. the CO( ~{Jif f!!'l'-<lll'i\ul PA wmouncemenl u:as not 



111adc until one nlllllli! ,, . 1itn seconds uftt 1 (ht· U!'= ltf/1 descended hefo~r /(),{}(}() 

teet. 

i \;\,'hen the prc-ruTn·u,· 11!/l .. ,mcemenl wu.\ m,uJ,' I-J\ rirc tu-st r~ffict'r, it H'U.\ conducted in 

accordance 1,1·irh tlu \ill v. '-led model conf(J!m'd 111 rfl, {·'.\Air Flight Operations 

Mwuall. 

The FAA "Sterile CockpP i<. · 1 h\R 121 .'i-1. pmhib!l·. lTCwmcmhers from 
performing non-e~sentwl dUlll'.., or acti\·itie. whIt· the ~un:ralt m a "critical pha~c of 

tl1ght." Critical pha."' ultil.elli "defmed as all !!lound opcratiom 1nvolvin)! taxi mg. 
takeoff and landing ami ali •liiCI lltght operati<·ll' conducted bclo\\ 10.000 feet MSL. 
C\Cept cruise flight. 

.~-\ccordir:g to the FedeJ ui i\t '' \{l'i. ''Cntical phJ:-.l',.., PI t!q~llt al"l' the phast~S of a rlight 111 

\\hich the 11ight ere\\'' hu•: .. · .• uch as during takeoff a11J landmg and instrument 

approache:-.. \\.rhcn 11\dll~ ;.pJcx lJ.Sk.'-1 arc rc !<'rmcd JJ: <1 _,..,hort lll11L' interval. dJ:....tractlllg_ 
e\ents C(luld cause error:, ,Hh1 ... Jgnificant reducHH1..., m tht· qualll~ nf work performed. 
Th,, pcrf<mnance of a non ":ktv related dutv ,., activ nv when fl1ght crew \\Orkload " 
heavy could be the cnt1cai •.'.vnt wh1ch precluck' a fl1ght crewmember from performing: 
an essential task. such ;_l..., l'\\( fl~.hng the bndmf:: ~t·ar rnor {{)touchdown." .-t 

.-\SRS /)i rect!ine. a public .tt' 
states, ··It"s unrealistic to L'.\)•~:..._·t a cn:v-/ ton; t·l,l!Cthci fOJ ..... e\·cral day . .., and never discuss 

anything except items relate•-' 10 flying the aircalt In Lilt. experts have demonstrated 
tliat in order to be most cfk,li\C. crewe need r.•ialh nen if it Ls JUct merely ·get to 
know you' sort of chat Tl.c ... tcrile cockpit ruk "a !-!''''li rule because it clearly defines 
when it is time to set a:--.Jck r,. 1 !1-CS~ential activ1 1c:-. J.nd tend -.;trictly to the task at hand
that of safely operating the , ",:raft" s 

According to Flight Satct .. ! "undatJon·s Fltg/; sure:\ /J;~e .. \1. "The FARs never Intended 
to prohibit functions that .trc· 11ccessary for !lighr ,al'ctl Items that must never be stilled 
melude: accomplishment Pt dtccklists. crew calluuts .. procedural discussions. voicmg 
safety concerns and ere\\ 111\\CJ act10ns such a.s a' knowlcdgments and commands." '• 

Flight Safety Digest furthc: .1-ttes. "Because th<. :ockptt ,ltould remam sterile belo\\ 10.000 
leet MSL. cabin crews ned ,,,,me way of detennming whether the aircraft is above or 
below IO,O<Xl feet. Howe,,:l a 1988 U.S. Dep<~rtment of Transportation (DOT! report 
highlighted flight attendan( ,lllficulties with try:n)! to detcnlllne precisely when sterile 

cockpit procedures shouiJ " <n effect.. A"m "'tttln ''t Filght Attendants (AFAI safety 

_j Federal Register. Volume --+6 '•, .2, l:.:iunuwtion or lJ ,';{ .\ ,m.; .-ic i'l'/ll( I i)/ rtu;hr CrtHilWfllhO_\ .\or 
Requiredforrhe5lafc Oprrurr,>r· 1 \1n·mtT. Final Rule 1\' 5'1(~~-~5( ;, Januar) !9. l9Xl. 
~ Sumwal!. Ruhcrt L. The .'!rout ., kpll. ASRS DircctiiTW J..,-,u,, -"umhcr -t ( funL' !94:~): pp. /A-~0 
1
' Sumwalt. R.L. (July I 99-1. 1 A1 ·~ 11li n: ,nul lncidt'lll Rceorf\' ·1.r •11 hn,'lor/wii e u/ Srcri/1' Cod:pil Cump/uuh c Flight 
Safety Dit:cst. Volume JJ. I'\umt">l" ilp !-X 
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rcpresenL.ltive 0Jorecn Ku,u . ..,,lij th;..tt the Ideal n •!J!IL·atJun tuul 1~ a PA announcement from 
the !light deck a<, the arrcr,lll cilmhs and descench through 10,000 feeL The DOT report 
acknowledges that thrs mav he a good technrque l1ut sarcL The wccess of this method 

depends entirely on the relrah!ill) of the announcement ben m ea<,e<, where the 

announccm:cm is company p(l.iiL'), It i~ not ahva_\:-. Jnadc 

l~SAir"s policy at the tlllll' .d 1/IL' accidenr \\a::-, f1 q rlightcrev ... \ to mak.e a prc-arrn'a) 

announcement at or before· i 11.1)\)() announcement to alert the cahill crew that a stenle 
cockpit environment would won he entered. The LSArr Fhght Operation<, Manual (FOt\1) 

contains a sample prc-arrl\ di .umouncemcnt th~L -.tate-. 

We will be dcscer!Jiii, ihrough 10.000 :eel rnomcnlanh Ourlocatwn rs 

~()miles from Ch.ithJ\Ic and we anllcrp.llc landrni' rn approxmwtely 10·12 

mrnutes. I would ''~' to take thr<, opportunity lt' (personal commentl 
J\t this time I s;uuid i"c to request tha1 the Fhght ,\ttendants prepare the 
cabin for arrl\al I i1,:11k lor you flvrng l.SAn 

In es~encc_ the FO.M \Ut:.~-T·,t ·· i t1at pn:--arri\ a\ aJiJH lUllLi.'ll1l'llt contam ~l.'Yeral elellJLnt~ 
Among these clements <uc '·""amount ofumc hdore the aircraft lands, a personal 
comment to extend appre,rclli"n fur flying LSArr a statement for the flight attendant> to 
prepare for landing_ and H·, -. :, \"mg, a final "'thant... v·ou 

This discuss1on is re]C\'i.iJ:L , ,11c '-TC\\ of L'S.--\1 --1.2-.. : . .-\-...\lie J.II\.:ratt \\a"' Lk..,cendmg mtn 
the Pitt,burgh teml!nal arc·.c tile CVR reflects urat s;hrk sull ab1WC IOJlOO MSL. the 
cockpit crev.' engaged m ~t ... ·~l',ual cnnvcr~ation \\ nh a 1light attendant concerning a "fn1ity 
punch"" soft drink that the fir~ilt attendant had !llade. The rlrght had been initially cleared to 
I OJ)()() feeL At 185-1:2-lllw I ·vR recorded the sound of the aural altitude alerter. signifying 
that the aircraft wa<, appn>\lmately 750 feet above the lnci-ofl altrtude of 10,000 feet. One 

second later the !light artembnt stated. "**OK hack to" ork.". followed by the sound of the 
cockpit door opening ancl, l<>qng ALPA bclin<:S thaithc alt!lude alcrter drrected the flight 
attendant'' attention to rlw dillll!eter and upon .ecrng that the) were' approaching 10,000 
feet. <,he knew that the cockJ·il would <,oon bec.>nre stenlc 

At 185k:33, f(rur seconds dk, the fl1ght attcndalll clo.scLi the cockp1t dooL the t1ightcrew 

W<LS i<,sued a decent clearanu to 6000 feet. At l K5X:50 the first officer made a final remark 
concerning the fruity punch neveragc. At 1851>:56. concurrent with the aircraft reaching 
10,000 MSL, the captam rc·n,arked, "cranberry orange and <,pntc_ .. a statement Ill reference 

to the drink"<, content. Altc·r rhrs point all further remarb by the Jlight crew were related to 
the operation of the ann;r!r 

From 185'1:04 to 185'1:3. d:r cres; became rn> <rived >< rtl: accompltshing the Preliminary 

Landing Checklist. Due :. 'HreJr mvolvement "llh accompli<,hing thr<, checklrst at 1900:26 

the crew realized that the'\ lr.td not made the p1e·.mwal announcement at precr<,elv 10,000 
feet. The fir;,t officer ther ·,l.ried. ""Oops, I didrr't kiss ·em "hvc" He then had to wait for the 



fhght attendant to fim'n llt• 
announcement at !9(Xl.+4 

.1~tcn Seat Belt- aJ:IHlUnL-L'Hlent hdnre making the prc~arrival 

In accor(bnce with tht· l '-,_vt 11 1~1 ,uggcstcd p1 :tnJ\ci' JTHI\lUI1ccmcnt as outhncd ahove. 
the first officer stated: 

Folk-,, from the 111~'" ,,.,·~.we should h1.: •.>n tile t!luund 111 'hout 10 
Tmnutes. Uh. sunnv ''"·,_IJttlc haz\. T•.:mperature. temperature's. ah. 75 
degrees. Wincb ""'··I the west around !\I mile.s per hour. Certainly 

'ppreciate you cho• ""'·" l 'SA1r for vour travel needs thh evening. Hope 
you've enjoyed the 1 it~ht Hope you COil It' bac~ and tr:ncl with u:, agam 

Thts time we· d lih I<> "k our flight attendants please prepare the cabin tor 
arrivaL Ask )"U t•. '· 'L ,·k the secuntc C' ,our seat he its. Thank you. 

Th1~ prc-arn\'al announcL'J_ -'-, _·,)ntamcd the FC,\1 ~u~ge:--ted clemcnh that were clll'd 
above. 

hom thi,. discu'Sion. ·\i.P , ·IICiudcs that the i ,:111 c rcl\ , omplied with the :,pm! of the 
.sterile co·.·[.; pit ruk. As the ·"'.tall descended tl· touglt 1!1.\JOO. all extraneous conversation 
tcrn1inatcd. Required chel t-..1;:-.-... were compll'te{l Because the crew was occupied vv·ith 
completing the Prelinunan Landing Chec~li't a11J because· the first officer had to wail f(n 
the flight attendant to con>r•l,.,, th,· "fa:,ten Seal Belt" ann<>uncement. the cockpit pre
arrival PA announcement ,, ,~.., ilOt made until 0t1C minute cmd fifty ~cconds after the aircraft 
Lk-.cendcd hdow 10.00() t'-.._- \ \\'hen it wa.-. 111i.lllL'. huwc\cr It was conducted in accordance 
"nh the suggested modci ''" .nncd m the l 'SA,, Flight Upcrat1ons \1anual. 

j. Spatial Disorientation Sl udies 

A NASA expert"' 'I"• lnOrtCllldtlf!1/ t'\ i'IHITCtl !l/1 ()I!S.\1/Jii/t\' (~(the Cf'l'\1 

hccmning spatiallY dl\,· ,, -·ntcd. 

7hc expert conciudt-u :n1, there H'US !W corn;le/1/nl: n ufem e lo conclude that the 
pilots i-Vere disorientorcd nor was there aJn e\'ldcw t' to heltn c that they applied 
incorrectcontrof inpu:• r1 an attempt W ()·.ercmrlt' thcirdisonentation, and thereh_y 
caused the accident 

Dr. Malcolm Cohen ,111, 'I'' t 111 human .spa!i.Ji ,lJ'Ientallr>n at the NASA-Ames Research 
Center. was asked to prch Jell ,m opinion concumng the posSJbJ!ny that disorientation 

could have played a factr>r 11 the pilot's act lOTh dunng the upset sequence. Dr. Cohen 

examined relevant intnnlJct!L•n from the investJgauon In contunction with the Human 

Performance Group. he li!ldt rwent repeated Sll1tulatJOII' of the upset sequence on the 
1\:ASA Vertical Mollnn \nni.<lator (VMS l Tl1c VMS used large phystcal mot1ons to 

produce a high fidehl\ 1t ' ' ·t "!ruction of the a. ,·eleralt<Hl torces 111 the upset sequence. 



1111111111 I' 

Dr. Cohen experienced the simulations in a variety of formats, including an initial one in 
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 
II, 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 tlight 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. 

ln 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 turbulence to the point where it probably was out of control 
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 little 
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 Assodat~d with Attempting 10 '\Jon· Blocked or Jamm£•d Rudder 
Pedals 

1 his secTion J.vi/1 shtH\ JJ],, 

In June /997, Bonn!.! 1, 1 •runt'rcial AitJJIWI· (iruujJ conducted u ground 

demonstration tu tTo.lud rudder pedal llli ·1 ('It/ell I (lurillf smwla!ed rudder Power 
Control Unit (PC{· J .\t'( ''•Liun scn·o 1 ah'( ,/icft· fUll/.' at different position\ 

The ;VTS'B Human Per· '''WllC(' Group Cluunwn fnf rhn (l(Cidenr participated in 
thesr tests, and co1~t intu , ; 1 hal !hf' JOm cm1 ) ('<I 1m con miLifldcd ruddc r re\ ·c rs(Jl.\ 

The Human Per.Jonnu't' · 
initiated, stepping of th( 
the H·ord ·· unre/eJifilll ... 

opposite rudder pedui il·, 

·;roup Chmrmw '>ialcd 1har once u rudder n·Tenu! 1ra.\ 

OfJOs-ae rudder 1 :·dal \~u/f/(1 no! .\top the rercrsal. 1/e ll.\ed 

dcscrihc that nr muller hr;q· hurd he {JUshed on rhc 
rudder ('Oillillllt d ro mut c 1!1 rhe w1commaruled dircclion. 

A sc( ·ondary slidt' ;un. 

WU'( !lllmandcd rudde • '' 

The natural and C!!lli 

movement (such U.\ Iii«: 

the roll H'ith a cmnhllid!l 

· U( curred dunn · Jlu· 11 ul\.t r'I/Coun!er could result in an 

emnll lo tht• let 

ndt'fiC\ o(un cr. ·r • 1nu (._/ j!dflr \t·ho/(Jccd u raptd rollin,t; 
\'r!CWled H·irh \\"~!· lurhulcnc·l·, ~rould he to tn· to counter 

·n ol aileron rrhr 1 /l:.!./1 nll!lli'l ~~-hccli!lpllt} and rudder 
(through the rudde1 J't'U,. '1 

f; As tile roll rate l)ct:!lt: 

um.~tdcrahlc pre.\.~li! izc nr,/11 rudder •t·,/u/ ;wtt ,- 1hc rolr 

From the ohsCJTtll/!JI ., .de In !he Hwnu i'erfr•."l//i_;/1( c ( iroup C/unrlltall 

concerning uncmnmu11</! I rudder pedal n •\ cmol! during secondury slide jam.\, 
ALPA conclude.\ rha; 1111 •11ou• pressure t/ ,/!the /irs/ ntliccr UfJfilied ri;;ht rudder 

pedal, the more ltkel• u "I'Ci/1111' that the udder rn crwl \\'Ou!d not clear, resulting m 

the uircrafi contillWJ:'..; , ru/1 rapidl_-v and :mcomm(mdu/1\' to the leji. 

By definition. biomectrJLi., , the study o/ h< ~ pans nlthe hndy normally move. and the 

forces which they can apr•i • On June 5 and ( /947. Bocmg Commercial Arrplane Group 
conducted a ground den;.>n,llalion to evaluat< l"lldder pedal movement during simulated 

rudder Power Control U1111 ti'Cll) secondary .ervo valw slide pms at different positions. 
This section will discus.s t11c ''H)mcchanics as .ouatcd wJth applying foot forces 10 the 

rudder pedals under those , '•llditrons 

Malcolm Brenner. 1\:TSH I i . :nan Pcrlonnanc \ in>ur· C::atrnran lor thrs accident. 

participated in !he Bocll'." . . qJucted tesb A c.1rdrn~ l> · hts June 12. /997 memo. Dr. 
Brenner stated that he oL,_-,,r- ·~·d the right cue~. :'"'Jt "cat ~iu1 Jn,:; !hc~c tests while wearing his 
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.'-.cat helt He ~tatcJ rh~ti ·!' .. • l" requ1red tn pu lliPll 111--. "':~tt 111 till' ·tull hack pu<..,JtJon for 
leg room comfort.'" lk ""led that hers the sarm· herghl '"\\as the frrst offrcer of USAir 
-+27 (6·~--). Accordrng I<> [)• Brenner's menH "It should be noted that my leg rnseam 

1~-+1 is 2-3 inches shorter lin• thai of the [CSA11 -+271 fusl ollrccr (36-371 ... Pnor to 
hcginnmg the demoustratll'l• Dr Brenner .stated that thn sat rna newly manufactured 

B737 airplane and m<mrpulat<·d the rudder ped.tls to gaur expenence wrth the feel of a 
normallv functiOning fl71~' .. ,cfder system Acc·unlrng tl> Dr. Brenner's June 12. I<J97 

menlo: 

The first demon:-.tl ,;t; 11 111 the te:-.t ~11rp! .IJJt.' rl'pr.._·..,cntt:J a Jam of the "ccnndary 
slide at about 25 rcu nt clff neutral pthll!Oll. I pushed the respective rudder 
pedals slowly to 1/JCii lull down positi<•ll.s as though l were perforn11ng a slow 
rudder system chc·, r.. !'he right pedal ·ccmed eaSier to push down than the left 
pedal. although tl!<.' ,!rtterencc seemed .uhtlc. I then performed about 7 tests in 

which I inputted·' itc~rd left rudder. W;th one <'r '"'' e.xceptiom. this mput 
triggered a rudder rn c·rsal m the pedal, lrnmc'draiel\ after my input, the left 

rudder pedal heg'"' '"'"'mg outwards rnlli rl reached the upper slop. The motion 
was slightly sltnvcr ::J,rn an input! \\or,ill e\peLt from a human. The motion wa.s 

steady and cont111ud v. 1thout pause'" matter I ill\\ liard I pushed to counter rt 
( "unrelcntin{' v. :t-, ,; ,Jc~cnption that .~t the till\.._, -.,ecmcd to capture lll)

rmprcssionl. Altc·r !h left pedal rcaehc·d the· uppet stop. I released mv own 

pressure on the· JlLd, t.e. "stopped ri~lrtrn;c" the lll<ltion.l The action of the 
rudder sy':'tem cndt\J ,dmo.-.;r immed1~tt' h and UK· rudder pedal..., returned to the 
neutral posltrPn ( lr ,,rhsequent trrals. , ... ,topped llghtrng" the rudder motion 
earlier. befure till' kr: pedal had reach< d the uppc·; stop. Agam. the rudder motion 
,;topped almost tllill<t ,Irately a.s soon a: I stopped applyrng pressure. no matter 
\\here the pedal \1 ,,, l<lCated. and the J"•Cdals rctumed I<' neutral. 

Dr. Brenner·~ memp '-'(lPl ,i 

fhc third denJon--.;J.::;,;n n.:pre<..,entcd a idll"l ot lflc .--.~._·unJdary ~lidc at about :10S·( off 
•Jeutral posrtron. ' ]< rlormcd about<) :rllrls. When lJm>vcd the pedals slowly and 
,teadily. I was gel!c'r .,ily able to move the pedals tu therr stops Without startmg a 

reversal. SomctJ!lll> ho\\e\'er, C\Cll ~~ :-.lo\\ 1nput mitiated a rudder reversal 
.<ituatron (thJS 1111tr' "rth the right peda. 11101 tn~ t.> the upper stop. l Any abrupt 
motion on the pellai· tllltratcd an irmncdratc rudde1 reversal situatton. The rudder 

reversal motion wa• l,hler than was the case wrtilthe pm rna 25'/c posillon, 
perhaps similar t" ,, ,,:]axed or slow tll[lUI speed hy a human operator. Agam, it 

was impossible tt< ""P the motion by phvsreal iv pushrng against the rudder pedal. 
On several tnaJ,. i '' ~e·d relaxing my ir,pul momentarily before the rudder pedal 
reached the uppc1 s111p I found that the rudder rncrsal motton continued. This 
had not been true,, ilr the 259<. pm. \\hen the rclaxatron of pressure seemed to 

automatically stO]' ·'" reversal motior~ ThiS nJolron was taster, eas1er to mrtiate. 
and more difficult I·· ·-top 

42 



Tl) summarize. Dr. Brenril'! ·lUnd that whcnr·~l'- -.IH..ic ;.till' \-\LTC mtroduccd. prc:-.~mg on 

the opp<•slte rudder pedal d1u not resolve the _1-111. He stated that the movement against 
h" foot pressure was "un>t'knting_" meanmg >lle~t no matter how hard he pushed on the 
pedaL the harder it :,eemcd lilJ.t the pedal was i1e1n~ torccd a~amst his fooL In one case 
(the 25'ir off neutral "rmuatcd JamJ, the only v,av to neutralize the rudder and return it to 
ns normal state of usage v, a.' '"release all rudder pedai r'ressure In another simulated 
pm I the 50'/r off neutral I'll', Dr. Brenner found that relcasmg rudder pedal pressure had 
no effect on stopping the unulmmandcd rudckr movement. 

P!lob arc trained to· uHn\iJI,«lL'" lllfl1ght turn_, t1,, UHllhlfllfl& ;ukron rnovemem v..:ith the 

appropnate amount ot rud,h-· pedalmput. Whlic· mancuvenng an aircraft to the right. for 
C\amplc, a pilot would r<>li !lie' control wheel until the dc"rcd hank angle wa.s reached 
while simultaneou.sl] applv >n;c enough right rudder to keep the turn coordinated. Too 
much rudder resulb 1n a s~1ddmg" turn, whik l•'" little rudder leads to a "slippm{' turn. 
The act of making coordinatl!l~ turn:-. 1~ somcti1Jng thdl 1:- lltcrlllly..' taught on the fir-;t day 
uf fight training: it i:-. ~onJL'Ttllllf! that every· pJ!cq mstmctJ\ely strives to do on every flight. 

In smallc:r aircraft lil-.e a ( '''''"' \72 the need t-.11 rudder IS greater than that of a larger 
a1rcraft like ;1 Boeing 7'-- I :ke other large tra>hport ,·,ttegorv ancraft. the B737 uses a 
yaw damper to operate tlh.' n~~llJer vv·hilc in shailov. turn\ Pilots adapt to the ya\\ 
damper·, actions and lean> llut pilot input Ls thu,tllv rwt needed tor rclatrvely :,h,illmv 
turns. There arc case:-. hO\\l'\ er. where experienced pilot~ routmely revert to rudder 

u~age. A few of thu~c ~a~.-.:--.. ~l.rC ~ngine L .. nlurt---... 1\\ here the asynm1etric thrust tcmh to 

rapidly turn the aircrart 1 .. , r' f.'-"Wind takeoff an,; land1nf!"· and ca ..... c...; \vhere rapid turns are 

required or those where tl1-c i'>iot perceives tha: >oil control alone will he insufficient to 
maneuver the aircraft (a\ ;: lfll...' case of a v.:akv turbulence encounter). 

The correct pilot re~pon"L f,· ~U1 atrcraft em.::o\..~:ncnng \\at.....: turbul~~ncc w1th a n.)\\Jng 

movement to the left IS tc·, ,[''I' the roll with a rlfelit contrcd \\'heel movement. along with 
the simultaneous applicatl>ll1 <>I the nght rudder pedal i\s th>.s relates to the US Au· 427 
accident. ALPA he lines liLt!,, secondary val\\· 1am Willi a pnmarv valve overstroke 
occurred during the v.-akL' t'Ih. 1 ,unteL resulung HJ an uncommandcd rudder movement to 

the left. As the roll rate he-~·'" to mtensify to the left. the ftrst officer correctly applied 
r>;!ht rudder to counter th,- ro:i However. usm~ Dr. Brenner's remarks from above, 
:\LPA concludes that the""'''' pressure that thc· t1rst oflll:cr applied to the right rudder 
pedaL the more likely it hcca:ne that the rudde1 reversal would not clear. The situation 
was perilous: the more the· an craft turned to the left. the stronger the first officer's 
tendency to apply increase·,] nght rudder pedal pre:-sure_ the harder he pu:,hed on the right 
rudder pedaL the more cenan> 11 became that the pm would not clear. Thus the upset 

sequence hccame ineVItable 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, 



I. Analysis of CVR- SpL·<·l'l• and Physiologi,al .:l.sp~rh 

l his section ~rill shuH· ff/1 

1 The ,VTSB Human Pn ', '11'/tll/cc Grout' ju1 !Ill.\ ucndent .\ought indcpcndcn! CXf'Crts 

to assist with t.uwJr,~m:, Uit !ln.;h!rrPH' s .\jJ•'t'1·h and hrcoJhmr. fWIIcrns and muscular 
c AJ:'r I ion. 

The.\e analyses u/iol\, 1 .1n~utors /tl n iliWlt (_ 1 t'11 mnllhcrlcrds r~f sires.\ and 
ph_nical exertion diU II!:. ··11 up.\{'[ tTni! 

Although evidctu t .\/1.., · ., thur rizc uipW,-'1 md /In! ~~tjicer were .\urprisecl h\ the 

sudden and WlC_\fN'( r~" ,ifun; ot'thc (J/rC!tlf.'. t'\ idcn1 t' l!ldiuJtcs that !he element of 

.surprise inmu:diurel\ ru,,•i\cd an mcn!uSe(. inel of arousal ~rirhin the cap!ain which 

'f\'ould lwn! aided Jun . . ·, 1 ·q ;nohlnn .\oll·tll-.! 

unreco\·erah!c, uml f.!:t ,1 \t(i,t_;t'.\ url' tn.\O( .d;t•d 1\'tth I!Icn·used per./(Jrmance due to 
the increased arou.,u ,,, ,,;, 

lv'otuntil tdiel·llu· fJ'''' 'ICI!' the wu rufi ~~ :l.\ (leu!·\ unnTo<·eruhlc. did rhc stress 
/ere/ t~f hoth tTi'HfliC''t!, , /!/(Tease /('.\!(i.;t 3 lhr lii.t.:ht·st /ere/. Considering thai 
lfeaflt \Ul.\ c/nnfl (flf.!',,r,t 11i t/rl.\ reSflOil.\C 'I U!ldcry{,/lt(iah/c (/lld ercdfcfah/c 

'r r .flrS! (~tficCJ HU ~l!ll'l!lfJ(ffil:.' fo OfJt'rdf{' the tfig!Jt COII!rOfS Ln.dence .\ugge.\f.\ flf,, 

througlwut !he UfJ.i('/ 't 

until the aircrc~ft \\(/\ 
, 'd. und thur rhc , lifl/U/11 01u no! atll'!NfJl to take O\ er controls 
,;-ji Jl!/l'cCOlCI"Uh 

Bect~use the CUfJlotn · ui ltHk satura!c 1 111 d!IC!!Iflltnt: lo controlrhe a ire n~lf. iT 

likeir allowed mort_ ( tit' ( Oi.f.llitn·c resou ( t'.\ ro he (lr·t·oted to tn·ing ro denplwr rhe 
emergencY SlflUl!WII :ilt.i ,-n\·oA.t' a plan fo! tt < Ol't'!' 

.\. To /Jeltt:'r under.Hwit_. 1rst (~Uicu· .\ tl.t/1 H/[Hni j/Jgll/ unllro! manipulatums ALPA 

:·;uperimposed iJ?/r 1nn, 1. "1 ·t1 tn m1 the repor1 , 1 rom rile expert.\, the CVR transcnjJts. the 
FDR data and data}~ 11 ·Ju, Perfornum<·t (Jrt!lljJ 'I Kllwmatic Study. 

'J Wlu!~ lislening lo Ill< A.f!ll VolCe Reco dcr I ('\I< rh1· crperts noted three grunts or 

explosive cxhalatum·· ' 1 ·PI rhe first of.ft('(:'! 

10. ALPA cross rejeren< ,: l'i''"' exhu/allon1 , uh fh,· i:llli'IIIUIIi stud\· andjimnd rhal the 

ji'rsi one correspon<J ,.' 11 uh the control H trec//}('t!IX rotated sharply to the nght. 

ALPA concluded lha. :111. gnml occurr~d '' lwn lilt' f<rs/ officer exerledjt!I'C<' /o 
orerride the autopilt· { rlfl!Jl(/JI(}" mudt' 
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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 
forceful; 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: I) 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.7 

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 l - 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 I is characterized by about a 30 
percent increase in fundamental frequency of speech, I 0 percent increase in amplitude, 
and 5-l 0 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, J. (1996) "Speech Analysis in Russia." in Methods and 
Metrics of Voice Communications (eds.) B.G. Kanki and O.V. Prinzo. DOT/FANAM-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 ... 

o. 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 amplitude and fundamental frequency of speech 
• increased frequency of breathing 
• 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 ofthe 
FlO'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 130Hz to a high of 169 Hz, with an 
average of 149Hz. 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 210Hz. 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 I level of 
stress. ALP A'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 caB 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. Bel an states that once the captain entered Stage 2 at 1903:10.6 he remained at that 
level until1903:18.1. 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 ('puB') and finaBy, 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 I 
lasted 13.1 seconds. Dr. Belan states that during Stage I a person's performance is 
typicaBy 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 roB. 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/0 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/0 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/0 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 modem 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/0) was inaudible throughout the routine 
portion of the tape. The emergency period starts with the F/0 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 abnonnal 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 
FlO 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/0. 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. Bel an: 

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 infonnation, 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 
until 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 infonnation presented above, ALPA concludes the first officer had his hands and 
feet on the respective controls during the upset period and was attempting to manipulate 
them, and the captain did not attempt to take over controls until the aircraft was clearly 
unrecoverable. We agree with Dr. Bel an'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. Bel an's and Dr. Meyer's reports, the CVR transcripts, FDR data 
and data from the Performance Group's Kinematic Study8 

Dr. Bel an 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/0 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 tum 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 ofthe 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 modem aircraft under normal conditions does not 

8 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: 

• wake affects from the preceding B727 were modeled, and are merely a "best guess" of how the wake 
may have influenced USAir 427; 

• 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; 
• 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 directinn of information derived from the kinematic study is 
acceptable for use, however we can not accept the exact magnitude 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/0 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 Perfonnance 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, infonnation 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 
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. 

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 US Air 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 I, 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 
556 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 18, 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 I been distracted by looking at a chart or checking engine instruments .. .I 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 I 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 Safety 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: 

1. Unintended acceleration has no relevance in explaining this accident scenario 

During the course of the NTSB' s investigation of this accident, the Human Petfotmance 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 US Air 427 accident. ALP A 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 defmition 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 safety, 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." ALP A notes that the flight crew of US Air 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 
attempts 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, ALP A 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 ofUA 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 ofUSAir 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' II" 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: 

I. 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 Jetter, 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 ofthe 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, 1996letter, 

... 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 . 

... I have been concerned that his letter could be misinterpreted and that the wrong 
conclusions could be drawn by the press and the public. I 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, ALP A 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. 
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u. Seat Track Damage 

This section will show that: 

1. lnfonnation concerning seat position could not be detenninedfrom 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 seat 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: 

Aircraft Performance, 
Flight Crew Human Factors, 
B737 Rudder Control System. 

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 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 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 US Air 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 Jed 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 Flight Control System 

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

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

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

• 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 
warnmg. 
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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 rudder. 

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

• The industry and the flightcrew of US Air 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. 

• US Air 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 ofUSAir 427, the lateral control 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 I 0 knots in minimum speed will increase controllability during flight 
with a hardover rudder at flap settings of "I" 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 - A TC 

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

• I 00 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 srudy that found that only 37 percent of pilot readbacks contain both the 
clearance readback and complete aircraft call sign. 
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• The captain's careful attention to A TC 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 

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

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

• 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. 

• 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 

• 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. 

• 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. 

• A secondary slide jam that occurred during the wake encounter could result in 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, 
ALP A 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 I 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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• 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. 

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

• 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. 

• 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 rolled 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 tum 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. 

• 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 

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

• ASRS conducted a special "structured callback" to assist with this understanding. 

• Altogether, information from 589 turbojet Joss of control events was analyzed. 

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

66 



• Although the events may have startled pilots, and although 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 

• Unintended acceleration has no relevance in explaining this accident scenario. 

Rudder Pedal Damage 

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

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

Seat Track Damage 

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

• 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 US Air 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. 

• 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 I 0 knots. 

• 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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