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¥ile No. 1-0031

NATIONAL TRANSPORTATION SAFETY BCARD
WASRINGTON, D.C, 20594

AIRCRAYT AUCIDENT REPORT

. Mopted Avgust 13, 1975

NORTHWEST AIRLINES, INC.
BORING 727-251, N374US
NPAR THIELLS, NEW YORK

DECRER 1, 197

SYNOPS1S

About 1926 e.s.t. on Decesber 1, 1974, Northwest \irlines Plight
6231, a Bosing 727-251, crashed about 3,2 nmi west of Thiells, New York.
Flight 6231 was a feiry flight to Buffalo, New York. The accident occur-
red about 12 minutes after the flight had departei John ¥. Kennedy Inter-
national Airport, Jasaica, New York., Three crewmesbors, the only persons
aboard the aircraft, dind in the crash, Tha aircraft was destroyed,

The aircraft stalied at 24,800 feet m.s.1l. and enterad an uncontrole
led, spivalling descent to the ground, Throughout the stall and descent
the flightcrew did not recognize the actual condition of the aircraft and
did not take the correct measures necessiry to return the aircraft to

level f£light, MNz22v 3,500 feet m.8.l., a large portion of the left hori-
zoatal stadbilizer separated from the sireraft, which mede coutrol of the

airccaft icpossidle,

The Nationel Transzortatiun Safety Board deterwiues that tha probadble
cause of this accideri was the losa of control of the alvcraft becavss the
fiightorew failed to recognize and correct the aircraft's high-angle-of-
attack, lcw-speed stall and its descending spiral. The stall w.s precipi-
tsted by the flightcrew's {sproper reaction to erronecus sirspeed and
Mach indications whict had resulted from a blockage of the pitot heads by
atmocpheric icing., Contrary to standaid operstional procodures, the
flightcrev had not activacted the pitot hesd haaters.

1. INVRSTIGATION

1.1 Hiotory of Flight

On Decesber 1, 1974, Northwest Afrlines, Inc., Flight 6231, a Boeing
727-231, K274US, was a ferry flight from Joha P, Kennedy International
Alrport (J¥K), Jamaica, Net York, to Buffalo, .lew York, ‘Three crew-
menbers wera the only persons atoard the ajrcraft,
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S | Flight 6231 departed JFK about 1914 1/ on a standard instrument departure.
Ty : After takeoff, Kennedy dogartuu control cleared the flight to ciisb to

| 14,000 feet. 2/ At 1520:21, New York air route traffic control center
(2NY) assumed zadar control of the £flight, and at 1921107, ZNY claaved

o the £light to climb to flight level 310, 3/

o] Flight 6231 proceeded without reported difficulty wuntil 1924342 ,

- vhen a crewmesber transmitted, '"Msyday, mayday ... " on ZNY frequency,
Tha ZNY controller responded, "... go ahead," and che crewmeaber said,
"Roger, we're out of control, descending through 20,000 feet."

S After giving interim altitude clearances, at 1925:21, the ZNY cons
) troller asked Flight 6231 what their problem was, and a crewmember re-
N sponded, 'We're descending through 12, ve're in a stall." The sound of
. an active radio transmitter wvas recorded at 1925:38. There were wo

‘* further ti‘ansmierions from Flight 6231,
At 1925:57, Flight 6231 crashed {n a forest in the Harriman State
. Park, sbout 2.2 nal west of Thiells, New Vnrk. No one stitnessed the crash,
o | The acctdent occurred during hours of darkness.
The gacgraphic coordinates of the accident site are 41° 12! 53" N,
tn latitude and 74° 5' 40" W, lengitude,
e R 1.3 Injuries to Pexsons
- * Injuries Crow Passengers Otper _ |
ST Fatal 3 0 0
[_f-' N Nonfatal 0 0 0 ' |
P None 0 0 |
; p RERE L.4 Damagea to Afrcraft
' -] The aircraft wvas destroyed, ,
'iv 1.4 Other Damige *
__‘ - Trees and bushes were either damaged ~¢ destroyed,
g 1,5 Ciew Information

SR The crewmenbers were qualified and certificated for the flight. The
y Lo three crevuesbers had off-duty periods of 15 hours 3\ minutes during the
' 24-hour period preceding the flight, (See Appendix B,)

%5 ALl tinves herein are aastern staxlara, based o the 24-hour clock.
3/

All altitudes herein are mean sea level, unless ocherwise indicated,

YL 2/ An altitude of 31,000 feet whick 1% matntained with an altimeter
NS : setting of 29.92 inches.
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In Octoder 1974, the first officer <dvanced from second officar in
B=707 aircraft to first officer in P-727 alroreft; he hed flown about 46
hours in the latter capacity.

1.6 Afircraft Jnfocmation

N274U8 was owped and operated Ly Nortlwast Airlines, Inc. It was
certificated and mintained Lo accordence with Pedersl Aviation Adminis-
tration (FAA) regulations and requiremente. (See Appandix C.)

N274US was loaded with 48,300 1bs, of Jet A fuel. The gross weight
at cakeoff was sbout 147,000 lbs, The weight and center of gravity (c.g.)
were within prascribed limits. The aircraft was in cowmpliance with all
pertinent sirworthiness divectives,

In the Bocing 727 airoraft, the pitot-static imstruswnts on the cap~
tain's pansl, ths pitoteatstic instruments on the first officer's panel,
and the pitotestatic inatrumentation in the £1igh: data recorder (FDR) are
connected to separate pitot and static sources, The three pitot systems
have no commott elomenis and sre completely independent. The tkroe ztatic
systeme are alco independent except for manusl selector velves in bolk the
captain's and firer officer's systems waich provide for selectior of the
FLR static system &8s an alterntte pressure tource £f sither primsry sowrce

The firet officer's pitot and stacic systems are connected to a “ach
airspeed varning switch., The wwitch activates a warming horn when it
sensed a diffarentisl preseure vhich {ndicatas that the afr-
crafe’s speed 1s excoeeding V., or My, &/ cepanding on the aircraft's
altitude. A redundant Mach ﬂr varoing system {8 incorporated in
the FOR pitot and static systems,

The pitot head for the captain's pitit system 19 located on the left
oide of the aircraft's fuselagae; the pitot hands for tha firet officer's
system and the FDR system are locatad on the vight atda of thw: fuselage.
Bach of these heads incorporates a heiting elaswnt and s emall drafn hole,
for exhausting moisturc, aft of the total pressurs sensing inlet. The
three static systemw cuch hawe & static gort losuted on either side of the
fuselage. The left static port is comnected t:0 the right staric pert to
offset sideslip effects dy balancing the pressuxss within the systsme,
Bach of the ports 1s equippod with a hoating elemnt,

In sddition to tha above systems, two Audegensat pitot-static
systems ste connectod to a mechauiem in the airarafe's lengitudinal cone
trol systes, Tha force which the pilot must exdtrt to move the elevetor -
control surfaces varies as a fuction of the dynemic pressure measursd
by these systens. The two pitoc heads for thete syatems are mountod cne
on each 9ide of the vertical stabilizer, and their design is sivdlar to
the othar pirot hoads,

87 VaxImi operating TIRIT epsed or maxizm oparating 1imic Mach.




1,7 Hetegqrological Information

" 4 Nortlwest Alrlines' meteorology department supplied the weather iue
SO formation for Flight 6231, This information included a synopsis of sur-
face conditions, terminal forecasts, a tropopause and wind forecast for
it the 300-millibar level, appropriate surfaco oVservations, and turbulance
. plots., Por tha perind 1700 to 2300, Norithwest mateorologists forecasted |
i mderate to heavy anowshowers from Laky Michigan to the Appalachian 0
Mountains and moderate to heavy rainshovers and scattered thunderstorms
east of the Appalachians.

Lo Nortitwest's turbulence plot (TP) No., East 2 was in effect and avatl.
A able to the flightcrew on the day of the accident, TP East 2 was a tri-
- angular area Jefined by lines connecting Pittsburgh, Pannsylvania, New
. ‘ York City, New York, and Richmond, Virginia, Thurderstorm cells with .
T maxioum tops to 28,000 feet were located in this area. =

e . SIGMET 5/ Delta 2, issued at 1755 and valid 1755 to 2200, predicted
R frequent woderate icing in clouds, locally seveie in precipitation above
TR the freezirg level, which was at the surface in southwestern New York and :
: N vhich sloped to 6,000 feet eastward to the Atlantic coast, y

. Tha surface weather observations at Nesburgh, New York, about 17
A miles north of the accident site, wera:

1900 ~ Estimatad ceiling -~ 2,500 feet broken, 5,000 feet overe r )
cast, visibility -= 12 miles, temperature -~ 34°F,, dew |
point == 220F,,wind == 070% at 14 kn, guats == 24 kn, B
alcimeter satting -« 29,98 in.,

! ? 2000 - Simdlar conditions to those reported at 1900 except
SR that very light ice pellets were falling,

A Amyther Northwest flight was on a similar route hehind Flight 6231, |
L ihe captain of that flight stated that he encountered icing and 1ight
e\ \ ; turbulence in his cliwb, He was in instrument conditions from 1,500 feet .
AR ty 23,000 feet, except for a few minutes betwaen c¢loud layers at an
FRUAS intermediate altitude, i

‘1\ ” 1.8 Afds to Navigation
There vere no problems with navigational aids,

1.9 Communications

Thare were no problems with air-to-ground communications,

AR 57 TASICHET 1s an advisoty of weather severe enough to b potentially
Vo bazardous to all airerafe. It is broadeast on navigational and voica
SRPRIAS froquencies and by flight service stations, It is alsc transmitted on

SRR A Service~A weathor teletype circuits,
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1.10 Aerodrous and Ground Facilities n
;.
Not applicable., .

1.11 Flight Recoxdexs

N274U8 was equipped with a Pairchild Yodel 5424 f11ght data recorder
(FDR) , serial No. 5146, and a Paivchild A-100 cockpit voice recorder 3
(CWR), serial No. 1640, Both recorders sustained superficial mechanical -
damage, but the recording tapes wvere intact and undamaged, All of the 1
FDR traces and ths CVR channels were clearly recorded,

The readout I the FDR traces involved 11 minutes 54.6 secoends of ,' A
£1ight, beginning 15 saconds before liftoff,

Pertinent portioas of the CVR tape were transaribed, beginning with
the flighterew's exascution of the pretakeoff checklist and ending with the

sounds of impact, The following transcript vas made of the flighterew's
activities betveen 1906136 and 1905151

;» First Officer: Zero, zero and thirty-one, fiftesn, tifteen .... blue. *
| ~’\ 1 b Second Officer: Bug.
' isb Second Officer: Pitot heat, . | -
1-:‘ Fixs: Officer: Off and ox. i

| 8
3 i 5' Ceptein: One forty-two is the bug.

- e

. ; , First Nfficers Or ... do you want the engine heat on?
BUR Piret Officer: Huh!
' Sound of fiva clicks, "

Alr-to-ground communications, cockp..t conversations, and otler sounds
rocorded on the CVR were correlated to tha FDR altitude, airspeed, head-

ing, and vertical accelerstion traces by matching the radio transuies on "‘_
time indicetiors on both the CVR and YIDR,

~_The FDR to CVR correlation showed that after takeoff y the alreraft X
¢limbed to 13,500 feet and resmained at that altitude for about 50 saconds, -

ST | during which tiwe the airspeed 6/ increased frow 264 kn to 304 kn, Dur{ ag

Fl v ] g that 30 seconds, the airspeed trace shwwed two aberrations in a 271-second

I period; each aberration was chsracterized by a sudden reduction in afrspeed,

AR ; These reductions were 40 kn and 140 kn and lasted for 7 and S seconds, ,
AR ‘ respectively, ,

87 AT airepecds are Tndicated sivepesds. unless othervisa wted.

TR R T T AT
ERL N i i e b ol e * i o byt o -
& L e pin
P - i -

L] . B N .

K R

N .

-




.6-

The aircraft then began to climb 2,500 feet por minute while main-
teining an airepeed of about 305 kn., As the altitude increased above
16,000 feat, the recorded airspeed began to increase., Subsequently, both
the rate of climb and the rate of change in airspeed increased. About
this same time, the fivet officer commented, "Do you reslize wa're going
350 kn and 1'm climbing 5,000 feet a minutae?"

The flightcrew discussed the implications of tha high airepeed and
high rate of climb. The second officer commented, 'That's because we're
11ght," after which ths captain said, "It gives up real fast," and "I
wvish I had my shoulder harness on, 4{t's going to give up pretty soon,"
The rate of climb eventually exceeded 6,500 feat per minute,

The sound of an overspeed warning horn was racorded as the altitude
reached 23,000 feet, At that time, thes recorded airspsed was 405 Wn and
the following conversation took place;

Captaint 'Would you believe that #.,"
First Officer: "I beliove it, I just can’t do anythirg about it."
Captaint 'No, just pull her back, lat her clisb."

ﬂ“ last comment vas followed by the sound of a second overspeed warning
rD,

The sound of th.e stall warning stick shaker was rocorded intermittente
ly lees than 10 seconds after the onset of the overspeed warning., Five
seconds later, vertii:al acceleration reduced to 0.8g, and the altituda
leveled at 24,500 feet. The recorded aAlrspeed was 420 kn,

The stall warning began again and continuad while the firvst officer
commented, "Thera's that Mach buffet, 7/ guess we'll have to pull it up.”
followed by the captain's cemmand, "Pull 4t vp," and the sound of the
landing gear warning horn. The FDR resdout shows the following:

Two seconds later (about 13 secornds after the aireraft arrived
at 24,800 feet), tha vercical accelsration trace sgein duciined to
0.83 and the altitude trace began to descend at a rate of 15,000
feet per minute, Tho airspeed trace decreasei simultanesusly at a
rats of 4 kn per second and the magnetic headirg trace chanmged from
290% to 080° within 10 seconds, which indicated that the ajrcraft
was turning rapidly to the right.

A slight buffet chat occurs when-an airerafs exceeds its critical
Mach rusber, The baffer is caused by the formation of a rhock wava
on the a&irfoil surfices and a ceparation of airilow aft of the shcck
wave, The change from luminar flow to turbuilent £low aft of tho
shock wave causes i high frequency vibration in the ¢ciatrol surfaces
whizh is described as 'bui'fot" or "buzz,"
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1.12 Afrcraft Wrecksgs

.
T gL e g R Mol

down attitude in an area where the terrain sioped downmward about 10°, The
alrcraft structure had disintegrated and ruptured and was distorted ax-

tensively, Thera was nn evideuce of a preexisting malfunction in any of ll
the aircraft’s systems.

three pieces of light structure from the left stabilizer, the entire air-
eraft was located within an area 180 feat long and 100 feet wida., The

above components were located between 3735 feet and 4,200 feet from the
main wrockage.

craft noseup., The landing gear and spolilers were ratractad. The wing
tralling edge flaps were extended to the 2° position, and the Nos, 2, 3,
6, and 7 leading edge slats were fully extanded, which corresponded to a
trailing edge flap selection of 2°,

pylons, The No, 2 engine remained in its mounting in the empsannage. The
engines exhibited fupact damage but iittle rotational damage. The speed
sarxvo camd in all three fuel control unite were at or near their high
spaed daetents.

betwean statlons 50 and 60, The inboard section remaired attached to the

-7-

As the aircraft continued to descend, the vertical acceleration
trace increased to 1.5g. The aircraft's magnatic heading trace
fluctuatad, but moved basically to the right, Abouc 10 seconds
after the descent began, the ‘Mayday' was transmitted.

Thicty-three seconde later the crew reported, 'We're descending
through 12, we're in a stall,”" About S seconds after that transmise
sion, tho captain commandad, "Plaps two,...," and a sound similar to
movement of the flap handle was recordsd. Thers was no apparent
change in the rate of descent; however, the vartical acceleratfion
trace incressed immediataly, with peaks to +3g. The recorded air-

speed decreased to zero, and tha sound of the stall warning became
intermittent,

Fiva seconds after the cartain's command for flans, the first
officer eaid, "pull now .,. pull, that's it.," Ten sezonie later,
the peak values for vertical acceleration increased to +5g. THe
rate of descent decreased slightly; however, the altitude continued
to decrease to 1,09C feat =~ the alevation of the terrain at the ace

cident site. The aircraft had descended from 24,300 feat in 83
seconds,

The afrcraft struck the ground i{n a slightly nosedown and cight wing-

Except for both elevator tips, the left horizontal stabilizer, and

The horizontal stabilizer trim setting was 1.2 units of trim air-

il 5, H

The Mo, 1 and 0. 3 engines were soparated from their respective :

The outlboard section of the left horizontal stabilizer had separated

T W g KL W X
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vertical stabilizar, 7The left elevator hetween stations 78 and 223 re-
mainred attachsd to the separated sestion, The right horizontal stabilizer
was attached to the vertical stabilizer «xcept for the tip section from
station 188 outboard., The right slevator, from station 188 indoard, ree
mained attached to the horizontel etabilizer,

The three atritude indicators were damaged on irpact. The indicators
showed similar attitude information -~ 20° nrsedovm, with the wings alwost
level, .

The two pitot head heater switches were in the "off" position and the
switches' togsgle levers were bent aft, The damsge to the switch levers
and the debris deposited on thes was that which would be expoztsd 1.£ they
had been in the "off" position at dmpact. A new switch with Lte toggle
lever in the "off" position, when struck with a heavy object, exhibited
internal damsge similar to the demage found in the internal portions of
the right pitot heater switch.

Four of the five pitot head heater circuit breakers were operable and
‘tere electrically closed, The awillary pitot head heater circuit breaker
was jammed into its mounting structurs, and it was electrically open.

The left elevator pitot head was lying c¢n the frozen ground; when re-
trisved, at least eight drops of water dripped from the pressure inlot
port., After axposure to sunlight, mors wator drained from the port, The
captain'n pitot head was retrieved and closred of “rozen mud, The pres-
sure inlet port was filled with dry wood fibers. After exposure to eune
light, wet wood fibers were removed from the interior of the inlet ;ml:',:=
and myieture was prasent on the irner surface of the port., Tha copilot's
pitot haad and the awxilary pitot head were crushed ond damaged severely;
they could not be checked for water content, The right elevator pitot
head remained attached to the vertical stabilfzer. The head was in good
condition and contained no wkter or ice,

The engine anti-ice switches for the Nos, 1 and 2 engines were in the
“"open" position, The switch for the No. 3 engiue was in the "elosed"
position and the switch handle was bent aft. Tests of the bulb filaments
of the engine anti-ice indicator lights showed that all three lights were

on at impeet,
1.13 Mediial and Pathological Information

The three crewmesbers were killed in the crash. Toxicological rasts
diaclosed no evidence of carbon mnoxide, hydrogen cyanide, aleohol, or
drugs in any of the crewmembers, '

1.14 Pire

Thexrs vas no fice, aither during flight or after im act,
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1.1 Survival Aspects

The accident was not survivable, C HEA

1,16 Tests and Researcl |

1.16,1 Pitot Head Examinaiion and Icing Tests

A metallurgical es.amination of the uveparated heater conductor wire in
the pitot head from the first officev's pitot system showed that the cira e
cunference of the wire was reduced before the wire broke. The metal in o
the wire had not melted, and there were no sigus of electrical ecirrent
arcing or shorting,

A pitot head of the saas type that provided pitot pressure to the i
first officer's airspeed/Mach indicator was exposed to icing conditions G
in a wind tunnel., With the pitot heater iwoperative, 1 to 2 inches of L
ice formed over tha pressure inlet port. During the exposure, a thin
film of water flowed into the pressure port, some of which flcwed out of SR
the drain hole,

Blockage of tho drain hole by ice seemed to Geperd on the lew,th of g
time required for ice to form and block tha total pressure inlet pore, -
The longer it took for ice to form and block the total pressure port, the -
more likely it became that the drain hole would be blockes: by ice. Also,
the greater the angle betwean the longitudinal axis of the pitot head and r
the ralative wind, the greater the likelihood that the drain hole would E-
become blocked with {ce. 1

Constant altitude pressure measurements showed thau when the total
prassure inlec port was blocked by ice ard the drair hole temained open,
pressure changes occurred that would cause a reduction of indicated air- N
speed., However, when both the total vreceure port: and drain hole were y %
blocked, the total pressure remained constant, which would cause indicated .
airspeed to remain fixed. Also, abrxupt and small pressure fluccuations
occurred shortly before either tha prossure port or drain hole becama SN
hlocked by ica, - T

In an effort to roproduce the apparent inconsistencies between tles -
airspeed and alt{tude values on the FDR traces, tests were conducted with FARLE
an airspeed indicator and an altimeter connacted to vacuum end pressure Trmbd
soulces, By altering the vacuum to the altimater and to the airspeed RN
indicator, the altitude trace could be reproduced, tHowever, following _ :
ascent above 16,000 feet, tha FDR airspeed and altitude values could be E
simultaneonsly duplicated only when che total preesuve to the eirspeed
indlr :or was fixed at its FDR value for an altimeter reading of about
15,675 feet and an indicated airspeed of sbout 302 kn,
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1,16.2 Aircraft Performence Analvzie

‘Following tha accidsut, the Safety Board requested that the aircraft
anthifacturer analyze the data from the CVR and ¥DR to detexminut (1) The
consistency cf these data, paxticularly the airspsad and altitude values,
with tha theoretical purformance of the aivorsaft; (2) the significange and
possibla reascn for a simitanecus activaticn of the overspsed and stall
varning systemst aud (3) the body. attitude of the aircraft durfog its
final ascant and descent., The following are some rasults of the wanue
raoturer's porforwance anilvsiss o

The airspeed end altitude vilues which were recorded were consistent
with the aircraft's predicted cliud performance until the aivoraft raached
16,000 feet. 7The simultaneous increases in both airspeed and rate of ase
cent which were recorded thersafter exceeded ths thooretical performance
capabllity of a B«727+200 series aircraft of ths same weight as M274US,
Consequently, the recorded aivspeed values were suspected to be erroneous,
and it appeared that they varied directly with the chinge in recorded slti«
tude. The recorded airspeeds corralatod within 5 perceat with the thed-
retical airspeeds which would bte expected 1f the pressure measured in the
;{étggo system had remained constant after the aireraft's climb through

’ feet,

The indicated airspe’s’ of the aircraft when the stick sheker was
first activated was calculated ¢o ba 155 kt as cueyared to the 410 kn
recordad by tha FLR. The decrease in iirspeed from 305 kn to 16% kn as
the airoraft climhed from 16,000 faat to 24,000 feot (witkin 116 seconde)
i¢ within the alroraft's theoreticel climb power performance., The aire
craft's pitch attitude would have been about 30° noseup as <*igk shaker
spead was cpproached, The otall warning stick shaker is a:ti.-ited by
angia of attack instruzintation which is completaly indepen...t of, and
therefore not affected by errors in, the aircraft's airspeed measuring
.YQCMv

Vertical acceleration reduced slightly as ths aiveraft levaled at
24,800 feet prohably because the pilot relaxed tha back pressure bsing
applied to the control colum. 7The stick shaker ceased moaertarily; howe
ever, the aircraft continued Lo decelerate because of the drag induced by
the high body attitude, ind the stick shaker resctivated. Booing persone-
nel interpretad the sound of the landirg gear warning horn on the CVR to
indicate that the thrust levers had beon reterded to ille, The ascond re-
duction in verticel accelerstion =« to 0,8g which was coincident with a
sudden descent and a rapid megnetic hosding chang» »« was probably ceased
by an aerodynamic stall with & prchable loss of ls“sral control.

Theoretical relationships of angle of attack, velocity, snd drag were
compared to the recorded rate of dasceut and load factor to ¢ tersina the
attitude of the airoraft after the stall, The compariscn shuaad that the
sivoraft atteined an angle of attack of 220, or greater, during the
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deacent., Transicent nosedowvn attitudes of more than 60° would have been
required to achieve the measured descent rate with an angle.of attack of
270, The variations in load factors, which averuged about +1,5g, were
attributed to variations in th: sircraft's angle of bank,

The aircraft was probably exceeding 230 kn, with a nosadowm attitude
of about 50° as it descended belcw 11,000 feet, wnen the flaps were exe
tendad te 2°, Tha momentary cessation of the atick shaker iwdicatsad that
the angle of attack had teen reduced to less than 13°, The increase in
vertical acceleration to 2,5 was attributed to the aircraft's being in
a tight nosedown spiral with & bank angle betwaen 700 and 80°,

With a normally operating elevator feel system, and a stabilizer trim
setting of 1.2 units aircraft noseup, the pilot would have to exert a pull
force of betweet 43 and 50 1bs, to achieve a 2,5g load factor at 5,000
faat and 250 kn, 1€, howaver, the elevator pitot system was blocked so
that the system sensed & zero indicated airspaed, a pull force of less
than 30 1bs, would have pioduced the same load facto.. After tha aireraft
had descended through 5,000 feat, the load factor reached peak values of
+5¢.,

The manufaciurer'’s eangineers stated that tha aiveraft's structural
limits would have been exceeded at high anglos of sideslip and load face
tore approaching +5g. They stated that a consoquent fatilure of the
elevator asseublies could have produced an aerodynamic flutter which
could have, in turn, caused the elevator spar to fail and the left hori-
zontal utabilizer to separate. With the afrcraft at a stall angle of
attsck when tha horizontal stabilizer separatad, an uncontrollable nos&up
pitching momont would have been produced, which could have resulted in
an angle cf attack of 40° or more.

1,17 Other Information

1.17.1 Pretekeoff Checklist

Northwest Afrlines' opsrational procedures require that the fligat-
orew make a pretakcoff check of certain items., The second officor 18 ree
quiced to read the checkliot items, und the first offfcer must check the

items and respond to the second officer's challenge, Included on the
checklist ara:

Second Officar First Officer

Flape 15, 15 (25,25) Blue
Marked B:g — (C, FO) Numbers Set
Xce Protaction OFF (ON)

Pictot Heat ON

Praessurization (C, FO) Zero,

Normal Flags

Pt G e s g g
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Company pilots stated that the checklist {s used only to check that
the required action hds already been performed; it 1e not used as a list
of iteus to be accomplished. With regard to the activation of pitot head
heaters, it was the first officer's duty to tura the two switchas to the
"on" posttion shortly after the engines hal been started and to check the
asmster readings on ths verions hoaters to confiru their proper operation,
After checking these itews, he was supposed to leave thbe pitot heater
switches on and to check that they were on during the pretakeoff check.

1.17.2 Airspesd Messuring System

When an aireraft moves through anair mass, pressure is created eshead of
the aircraft; wvhich adds to the existing static pressurs within the air
mess. The added pressure, dynamic pressure, is directly proportional to
the velocity of the afrcraft. When a symsatrically shapoed object, such as
a pitot head, is placed {nto the wmoving aivstream, the flow of afr will
separate around the noee of the object so that the local velocity at the
nose 1s zero. At the zero velocity point, the airstream dynanic pressure
18 converked {nto an incvease i{n the local static pressure, Thus, tha
pressure measured at the nose of the object 18 called total pressure, and it
18 equal to the sum of the dynamic pressura and the ambient static preseure,

In an aircraft airspesd measuring system, the total »ressure is
measured by the pitot heal and ie transmitted throvgh the pitot system
plunmbing to one side of a differential prezsure measuring instrument (air-
speed indicator). The ambient static pressure 16 measured at static
ports which are mounted in an area that’‘is not significantly influenced
by the moving aivstream, The static pressure measured at thesa ports is
transmitted to the opposite sido of the differential pressure measuring
instrument, 1In effect, the differential prew.re instrument (wvhether it
be an airepaed indicator gage, a flight data recarder pressure transuite-
ter, or a component within an air data computer) eubtracta the ambient
static pressure measurad by the static system from the total presaure
measured by the pitot system, The resultant dynsmic presaure 48 a
direct measurament of indicated airepeed,

Since the smbiert static pressure 1s a component part of total prese
sure, any change in static pressure would normally result in an equal
shange in both the pitot and statié¢ prassure systems, Therefore, a change
in ambient static pressure, such as that encountered during a changa in
altitude, would normally hive no effect on airspeed msasurement. Only a
change in dynamic pressure produced by a change iu the aircraft's velocity
would cawse & change in the ind.. ated airspeed, 1If, howaver, only ore
sida of the asirspeed iudicator sensed a change in the avbient static pres-
suri), an erroneous change in i{ndicated airspeed would result, even though
tb4 sotual dynamic pressure remained unchsrged, Such a condition wouid
cccur 1f either the pitot or etatic system was blocked or was otherwisa
tendered insensitive to external predsura changes.
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In the event of a blocked pitot or sticic system, the diraection of
the indicated sirspeed error would depend oa which of the systems was
blocked and the direction of change in the awbient static pressure,
Undez conditions wheve the pressure ia the ntatic system increases with
respect to the pressure in the pitot systom, the indicated airspeed will
reed low erroneously, For the opposite condition, where the pressure in
the static syutem docrasses with respect to the pressure in the pitot
gysten, the indicated airopeed will read high srronsously. - The latter
would exiot 4 the pitot head was dlocked so that a cunstant pressure
was trapped in the pitot system while the aivo:aft was ascending. This
1s becauss the sratic syetem presawre would decreasa and the resultant
differential pressure would appesr as an Lncreanse in dynamic pressure.

Indicated airspesd error may also octur when the pitot system bee
cowes insensitive to changes in total prussure in such a mamner that tho
system veute to an uzlent static presiura source. The pressure measured
by the pitot system will equalize with the pressure in the static system.
and the dynamic pressure (indicatad sirspesd) will decrease to zero. The
vent source in a pitot head which can produvie thie kind of error is the
molsture drain hole which s located domrstrean from a blocked total
presaure senaing inlet,

1,87.3 B~727 Stall Characteriatics

miring ite type certification process, the B~727-200 serfes aircraft

demonstrated stall characteristice which mot the requirvements of tha Civil
Air Regulations, parts 4b. 160162, The significant vequirements definad
therein are: (1) That, at an angle of attack measurably greater thar - ha*
of maxisnm 1L{ft, the inherent flight characteristice give a clexr indica-
tion to the pilol that the aircraft is stallad -~ typical indicacions are
a nostdown pitch or a roll vhirh cannot be voadily arrested; (2) that ree
covery from the stall can bs eclected by nornal recowsry techniques starte
ing as soon as ths sircraft fuo stalled; (3) that thexre is no abnormal
noseup pitcling and that ths lingitudinel control force be positive, up
to an including the stally (4) \hat a eafg recovery from A stall can be
effected with the oritical mginu fnoperative; and (5) that a clear and
distinctive stall wvarning be apparent to the pilot at: an airspeed at

least 7 percent above the stalling aivepa=d,

The certification stall tests, conducted with the aireraft in atl
operatirg configurations and with the most adverse weight and o.g, condie
tiona, demonstrated that as tha aivoraft vas slowed and its ving angle of
attack was increased, the buffat produced by aixrflew sepsration from the
ving provided a natural warning of fspending stall. With the landing
flaps axtenied, however, the airspeed margin provided by the buffet warne
ing was considered to be insufffoient, Consequently, a stick shaker syse
tem was installed to provide an artificial warning for all configurations,
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In the ciean configuration, 8/ the stick shaker activated when the
angle of attack resched 13°, When the aircraft was slowed further,
natural buffating occurred at an angle of attack betwuen 16° and 18°,
The boffet was deacrited as "quite heavy" whan the speed was reduced to
within 2 to 3 kn of the spnrd associnted with maxisum lift, When the
angle of attack for maximum 1ift (ubout 22°) was yoached, there was a
tendency for the nose to drop if the pilot relaxed pressure on the cons
trol columm, Also, lateral stability was roduced hoticeably, which ine
creassd the pilot's workload in maintaining wings-lavel £light,

During certification flight tests, the angle of attack was increased
to 259, after which recovery vaes effsoted by relarting the pull force on
the centrol column, With the use of engine thrust ducsing recovery, the
altitude lost was restricted to about 2,000 feet.

Up to the onsat of stali buffet, the longitudinal control foreces
needed to effoct atall entry increased as tho angle of attack increased,
At higher sngles of attack, up to and deyond the angle for maxiwum 1ift,
the pull force requirad to waintain a noseup pitching woment decxeased.
™: forces did not ravorse, hovever, and, with normal trim, a reduction
in puil force resulted in a decreased angle of attack,

The B«~727 longitudinal control gsystem 18 capable of developing the nosaup
pitching moments neaded to obtain angles of attack ruch higher than those
assoclated with stall, Por an alrcraft having the same weight, c¢.g, loca~
tion, and stabilirer trim setting as N274US, the manufacturer's analysie
showed that an angle of attack of approximately 37° could be attained if
a continvous pull force wes exerted to hold the control column aft.

Like other ajreraft which have horizontal stabiifizers located near or
on top of their vertical stabilizers, the B-727 does pass through a range
of high angles of attack vhere longitudinal instability occurs. Thie ine
stability causaas the airorvaft, when no coantrol force is applied, to pitch
to even higher angles of attack. longitudinal instability 4s caueed by
degraded horitontal stabllizer effectiveness when the aircraft's attitude
is such th»- the horirzontal stabiifzer is enveloped by the lowe-emergy tur
bulent air in tha wake from the wings, When these high angles of attack
are veached, a push force ¢n the countrol column 18 roqidred to reduce the
angle of attack. Yor a B-727 witl: an aft c.g, location and stabilizer
trim {n the cruive range, wind tunnel data show that a nosedowm pitching
mousnt will decrease the angle of attack and stall recovery can be attained
ty applying push forcas to the control column,

A stick pustvae 18 & davice which will apply & force to move the cone
trol columa forws 3d when the angle of attack for maximny 11ft is exceeded,
The usefulness of! & stick pusher is controversial since it can effect pri-
mary onntrol of thae aircraft., lowaver, a etick pusher 1is reaquired on
B»727 and other aircraft registeéred by the United Kingdom, That stick
pusher is designed so that ite sction can be vverpowered by a pull force
of about 80 1bs., on the pilot's control columa,

}f Without landing gear, flaps, or spoilers axtended,
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2, ANALYSYIS ANU CONCLUSIONS

2.1 Asalyels
The aircraft was cixtificated, squippad, and maintained in accorde
ance »ith regulatione and procelures, The aircraft weighed ocub~

stautislly less than its authorizsd maximum weight for takeo!f,

Although the spaed servo came in all three angine fuel controllers
wra positioned for high anglne revolutions per min:te, the engines were
producing very *fttla thrust at impact as ev! lenced by the sbsence of sige
niffcant rotational dumege to the evgines. Probably, the throttles had
been advinced shortly.before impant, but there was eithe: fnsufficient
tine for the engines to accelavate, or acceleration watr iimited bLocause
alxflow into thye engine inleto had been distorted by the extrem: angle of
atiack and probable sileslip.

The flightcrew was properly certificated and sach crewmesber had ye-
ceived the tralning and off«duty time prescribed by regulations. There
vas no evidence of medical or physiological problems that might have
affacted their psrformance.

Tha conversations recorded on ti:a CVR vevealsd that, following ascent |
above 13,500 feet, the flightorew becams concerned and puzzled by the ap-
parant performance of the airoraft because of the indicated airspesd and
the indfcates rate of ascent. The FDR airspeed add altitude traces pro-
videl investigators an {nsight regarding tliese conversations. Tie atre
spea! trace incressed rapidly afier the aircraft ascended above 16,000
fect vhila the rate of 3limb continuad to indreass aud oventually reached
& paak value of 6,500 feet {or minute, The Boeing Company's analysis of , :
the afr and rates <f clizb values that registored sbove 16,000 feet :

showed that these values were incompatible with the airoraft's perforsance
capabilities, ?

ry

sy E—
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Analysis showed that there was a direct reiutionship between .ae afr- i
spead and altitude values. This relationship was bascd on the assumptions %
that (1) the totsl pressure moasured by the FIR pitot system remained con- i
stant after the aircraft ascended sbove 16,000 feet, and (2) the pressure !
ssatursd by the YDR atatic system varied according to the yecorded altie !
tude values, Thesa assumptions were substantiatod by the tests which -*
deterwined that the FDR airspeed and altitude traces c-uld be reproduced

only if the total prossuze to the airspeed indicator was held constant
during ascent above 16,000 feet.

s e e o anal o

Although the pitot systesw for the captain's and first officer's air
spead Mach indicators and the FDR airspesd instrumentation ars thrae sepa-
rate and complately independent: systems, it {s vessoneble to conolude that ;
ail three systems vere sensing nearly identical and erroneous total prese | |
sures. This can be consiuded because the fifghtcrew made no reference to
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any differenca bitwoan the airspeed readings on the captein's and firet
officer's indicatore, and cthe firet officer's refarance to ",..going 340
kn ,.." corresponded closely o the airspeed vilue recordad cu the FIR at
that time, Additionally, the near simultansous activation of the owr=
speed warning systems ternds to prove that the first officer's afrspred was
close to the value rocordod on the YDR vhen the aircraft neared its peak
altitude, '

The exronecusly high airspeed ndications were czused by & complete
and nearly simultaneous blockage of all three pitot pressure systems.
Moreover, sinca the only copmon elements imong the systems ware the
desigi features of the pitot heidls and the environment to which they ware
exposad, the Safety Board concludes that the pitot heads were blocked by
fce which formed around the hemds and closed the drsin holes and the pres~
sure iniet ports. The conclusion Ly supported py ths aixspeed aberrations
that wars racordad while the aiverait was £lying level at 13,500 feet and
by the moisture which was found {n tha pitot hesds whan they wers recowvered
and examined, Additionally, it is knowm that icing conditfons exidted in
the area through which Pitght 6231 was flying, and it 1s unlikely that
any other type of! blockage or ssltunction would simultanecusly affect the
three independent systems,

The formution of ice on the pitot heads should have been prevented by
electrical heating elemente which era activated by tha picot hester
switchos located in the cockpit. The Safety Board conoludes that "tha
heating elemants were never activated becauss the pitot heater ewitches
were not in the "on" position during the flight, This conolusion iz sube
stantiated by the position and conditicn of the swii:chas in the wrackaga,
the internal d+wage to the right switch, and the lack of evidunce that
electrical current was present in the haster circuit to the pitot head in
the first officer's pitot system at the time of impact,

The Safety Board was unable to determine why the pitot hesad h. iter
svitches ware not placed in the “on" position befors departure. It is
clear that the flightoraw performed the prevakeoff checks required by
Nortlwest's operational proceduras, However, the proper checklist sae
quence was not followed, and Lt 1o possible that the first officer posi-
tioned the switches improperly bezause of an omission in the sequencs
and his fnexperience as a B~727 copilot,

While resding the checklist, tha second officer called "bua" and,
before raceiving a rosponse from either the captain or firat officexr, he
omitted the 'ice protection” call and cslled "pitot heat." The first
officer apparsntly rurondd to both the omitted call and the "pitot
heat" call by saying, "off and on," but following the captain‘e response
to the 'bug' call, the first officer actked whether the engine hea’ was
nesded. The captain may or may not have responded with & nod or hand
eignal, but the sound of five clicks wus recorded and the fivst officer
returned to the task of setting his airspead bug,
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The five clicke may have besn the movesent of the pitot heater
owitchee to the "off" posicine and the movement of the engine anti-ice
switches to the "on™ poeition »+ a reversal of thwir normal positisns,
This casweption is supported Dy the position of the eugine antieive and
pitot heater switches in the wreckage, the conditfon of the lighte as-
sociated with the engine anti-ice switches, and the lack of any referance
during the flight ¢o the need for engine anti-ice.

Because of the flightorew's commmnis concerning afreraft porformnce
and the absance of comments about pczeible inst:vusent error or airspeed
aystem {cing, the Scfety Board consludes that the flighterar sttributed the
high airepeed and the high rata of clisd to the aircraft's relatively low
gross veight and to 2n encounter with umssunl weathar, which included
strong updrafts. The Clightorer's xnalysis of the situation must hawe
besn strongly influenced by these facters and by the fact that beth afre
spoed instruments were indicating esscntially the same valuss. NHowever,
the aircraft's attitude as it neared the top of 1t3 ascent should hawe
wvarnid them that the aircraft's performance was abnormal because its
noarly 30° noeeup attituce was t 25° higher than the mormal «lisb
atticude, and at such a high noseup attitude it would have been lapossidle
for the airspeed to continus to increass even if influenced by extrems up-
draftd. ‘ecause tha use of attitude references is a fundamsntal of {vstrue
went flylng, whoch is streseed in Northwast's flightoraw trafuning program,
the Safety Bouard contludes that the flightcrew iwproperly relied on airs
spoad indications as & weans of determinirg ajrcraft performance,

Although the activation of tile overspeed warnin: systeme prodbably
reinforced tho flightorew's belief that they were tsking approyriace
action, the operation of the stall warning stick shaker should have
nlerted tham that the aircraft actually was spproaching a stall, 7he
fivet officer apparently misinterpreted the control column wibration pro=
duced by the stick shaker as Mach buffet bascause vhin the stick shsker
began, he'commented, "... there's that Mach buffac.” The captain spparsute
ly agreod with this interpretation because he then commanded, "pull it wp,"
The almost sismuitanecus activation of the stell md the overs '
systems undoubtodly created soms confusion; howswer, the differences be-
twesn stall buffet and Mach buffet are substantisl and the former should
Nave bsan easily recognizoed, Again, though, At appears that the flig*t-
cx\y rolied almost exclusively on the alrepeed iadfcators and their
related varting systems %o assess the airerafe’s pexformance.

Even aftor the stall, as manifestad by the repid heading change
(banked attitudy) and the sudden descent, the flighteraw failed to recoge
nize the problem for s nusber of seconds, They contiouad to exert back
pressure on the control coliam which kept the sfroraft at a high angle of
attack. They probably were having difficulty with lateral comtrel, and
the aireraft ontered into a spirellisg descen: to the right, during which
the actual airspeed o the airéraft degan to incresse rapidily.
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The erroneous airspeea indications, the steep noseduwm attitude, and
the proprioceptive sensations asvoclated with the posative vertical accel-
erativn forces undcubtadly contribvuted to c.nfusion which prevented the
flightcres from recogniring the tiue conditiun of the aireraft, Addition-
ally, it is probable that the nostiom and basked attitudes of the air-
craft were so stoep that the horirc. referancas in tae attitude instrue-
ments were nearly hidden. This would have mule the lateral attitude of
the aircraft difficult to detersine. However, had the ptlote concentrated
more on the attitude indicators, am! paxticuarly the position of the Yaky
peinters', 9/ they probably could have raturnad :i.a airvcraft to level
f1ight had they tiken appropriate corrective antion within 30 to 40
seconds afrer the stall,

Probably because of the low airsmpeed {ndicaticns, the captain decided
that the alroraft vas in a scell, e transedtted: 'We're descending
through 12, we're in a atell,” and he called .for the fleps to'be extended
to 27 =~ & proper step in the stall re:avery procedura, Howover, the
actual indicated airspeed at that time was probdatly {n excess of 230 kn
and increasing rapidly; consequently, although the stick shaker ceased
ogeratton momentarily, the extension of the £laps had 1ittle favorable
effect.

Bven after the pilots decided that the aircraft was stalled » the
Safety Board believes that they continued to react primarily to the high
rate of doscent indications and proprioccestive sensations becauss they
continued to exert a pull force on the coatrol coiumn, This is substantie
ated by the increasing vertical eccelaration forces as the descan* cone
titwed. However, because the winga wera rot leveled firet, the afreraft
continued to detcend rapidly in a spiraliing, sccelerated stall,

Since the pitot heade for the e¢lavator feel oystem were probably
blocked by ice, the force required of the pllots to move the elavators
would have been increansd while the alrcraft was above 16,000 feet. Howe
ever, vhen the aircraft descunded below tha: altitude, the force required
would have been dininished, As the descent ¢ontinuod below 5,000 feat, the
actual indicated airepsed probably exceeded 350 kn while the airspeed
sensed by the elovavor fool system was probably neer zero. Consequently,
conditions were created in which high verticul acceleration forces could
be produced with relative ease. As evidencoed by the FOR acceleration
traca, high vertical ncceleration forces were produced below 5,400 feat.

As the aircraft centinued its descent through 3,500 feet, the high
vertical acceleration forces induced vero sufi'icisnt to causs the failure of
the left horizontal stabilizar, Thereafter, the aircraft probably rolled
to a near winga«level atcitule, pitched up to mn extremaly high angle of
atteck, and continued to duscend inan uncontrolladle stall to the ground,

§7 "X trlangular index which 18 positioncd sbove the movable horizon and
vhich moves in the opposite direction from the aireraft's banked
attitude to indicate the mumber of degreed of bank,

el
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During the Safety Board's {uvestijjatiur, imncidents Lnvolving po.sidble
pitot=atatic system icing were reviewed. Altiuugh vone of thess inci-
dents rasultod in a catastrophic acoilent, it becems clear thet pitot ox
static syatem lcing ducing flight can and does occur. Also, the rasultent
exfects on pressure-opersted flight ’‘netruments can produce at /esst -
momentary confusfoa smng the crevmsbders,

While all of the Liighearews frvolved in these imcidends reverted to
attitude flying until the caude of the Loing could be elimiuatad or instrae
ment £light could be terminatad, Lt was appicent from thess incidonts that
soxte pilots who understood the basic principlec of sirspeed measurement
failed to analyze the poesible results of a blockage of the pitot or
static systessd, The pilots often failed to detarmine the mg:opc roasons
for an increasitg airspoed fndicstion; they attributtd s indications
to unusual weather phenomena.

Although unususl weatler pheriimna such as mountain waves, extresms
turbulcnte, and vertical wind shaar can produce significant eirspsed
deviatfons, these phenomina ususlly ave of short duration ard cause erratie
or abrupily changing airspeod indicationd rather steadily invreasing,
steadily decreasing, or fixed airepnad indication.., Also, the sircrafc'e
attitude during ancounters vith thesa phanowena is fimportent tn determine
ing airspeed tranis and poseible sources of errov, Consequently, the
Safety Board believes that potential pitot-static system problems and
attitude flying as a temporary remady for these problems should be reem
phasized fu instruuent flying craining prograws, and the Safety Board hus
nate & recommendation to this affect to the Adminietrator, Fedaral
Aviation Adednistration.

2,2 .Conclmiog
(a) Pindivgs

1. All mexbers of the flightorew were properly certificated
and were qualified for their rvespective duties,

2, The aitcraft had been properly maintained and was aine
worthy for the flightj its gross weight and ¢.g. were
vithin the prescxibed limits,

3. 1There was no evidence of & system malfunction or failure or.
of a stractural defect in tha afreraft,

4, The flightorer had adequate weather tnformition for the
flight,

5. The FIR vertical acceleration trace indicates tLst only
1ight trbulence was encoumtered,
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9.
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11,
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13,

13,

16,
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The waather conditions encountered during the flight were
conducive to the formation of moderate afrfreme ice,

The aircraft acaumslsted sufficient ice during its fligh:
to block completaly the drain holes ard total preasure
inlet porte of the pitot heads; the static ports ware not
affected by the icae,

The pitot heads bacamo blocked at an altitude of about
16,000 feet.

The ice formed on the pitot heads hecauss the pitot head
heater switches had not been turnsd on bafore Plight 6231
departed UFK,

The complete blockage of the pitot heads caused the cockpit
sirspeed indicators to read erronecusly high as the afrerafc
clisbed abowve 16,000 fsot and the static pressure decreased,

The flightorew reacted to the high airspecd iniications by
increasing the noseup attituls of ths afreraft which ine
creased the rate of clisb, While this caused tha indicated
airdpeed to increasa mora rapidly because the statfe pres-
sure decreaced more rapidly with the {ncreased rate of
¢limb, the actual sirspeed was decreasing.

The airspeed overspeed warning and stail warning stick
shaker operated similtaneously because of the blocked pitot
heads and the high noseup attitwle of the afrerafe,

Tue flightcrew misconstrued the operation of the stall f
warning stick shakcr as Mach buffat,

The flighterew continued to increase the noseup attituda of
the aircraft followirg the oporation of the stall warning
stick shsker,

The aircraft stalled at an altitude of 24,800 feet while in
a noseup attitude of about 3¢,

Following the stall, the aircraft entered into a right
spiralling diva at a high rate of descent, Throughout the
doscent, the flightorew reacted primarily to airspeed and
rate of descent indications instead of attitude irdications,
and thus fafled to initiate proper recovery techniques and
procedures.
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17. In ap effort to recover the aircraft from a high rate . ¢
descent, the flightcrew exerted excassive pull forces oa
the control columas which iuduced high vertical acceleration
forces and caused the left horizontal stabilizer to fail.

(b) Probable Cause

The National Transportation Safety Board determines that the probable
cause of thie accident was the loss of control of the ajrcraft beccuse the
flightcerew failed to recognize and correct the aircraft’s higk-angle-of-
attack, low-speed stall and its descending spiral, The stall wae pre-
cipated by the flightcrew's fsproper reaction to arrounecus airspeed and
Mach indicat-ons which had resulted from a blockaga of the pitot ‘heads by
atmospheric icing. Contrary to standard operationsal procedures. the
flightcrew had not activated the pitot head heaters.

3. RECOMMENDATIONS

At a result of this aceident, three recommendations wera made to the
Mndnistrator, Pederal Aviation Administration., (See Appendix D.)

BY THR NATIONAL TRANSPORTATION SAFETY BCARD

/o] FRAMNCIS H, McADANMS
Manhor

Js/ 10UIS M, THAYER
Mcabar

Je/ 1SABEL A, BURGESS
Membor

John H, Reed, Chairman, and Willian R, Raley, Member, did not participate
in the adoption of this repnrt.

August 13, 1975
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APPENDIX A

Investigation and Hear:

1. Investigation

The National Transportation Safety Board was notified of the accident

about 1933 on December 1, 1974, The Salety Board immediately dispatched
an investigative team to the scene. The following morning the team
established investigative groups for operatiorsfritnesses, air traffic

coatrol, weather, structures, powerplants, systems, f£light data recorder,
maintenancs records, and cockpit woice recordar,

Parties to the investigation were; The Foderal Avistion Administra-

tion, Northwest Airlines, Ino., The Boeing Company, Air Line Pilots
Association, International Assoclation of Hachinists and Aerospace
Workera, and the Pratt and Vhitney Division of the United Aircraft

Corporation,

2 . Hear 1m

A public hearing was held at Bear Mountain, New York, on Pebruary
12 and 13, 1975. All of the parties to the inwsstigation except the
Pratt and Whitrnay Aircraft Divieion were parties to the hearing,

Pqecedlng page blank
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APPENDIX B

Arerew Information

Captain John B, Lagorio

Captain Lagorio, 35, was employed by Northweet Airlines on January
17, 1966. He held Airline Transport Pllot cortificate No. 1406609 with
airplane multiengine and eingle-engina land rativgs, commercial privi-
leges and a type rating in the B-727, He held Flight Sngineer certifi-
cate No. 1682555 and a valid first-class medical certificate which was
ispued with no limitations on August 22, 1974,

Captain Lagorio had accumulated abdout 7,434 flight-hours, of which
about 1,373 were in the B=727. In the 30-, 60~, and 90-day periods pre-

cading the acoident, he flew about 58, 122, and 185 hours, respectively,
all in the B«727,

Captain Lagorio was advanced from firat officer to captain on August
5, 1969. He completed hie last genaral refresher training on Jatuary 15,
1974, and his last B=727 refrosher training on November 15, 1974, He

pu:od a proficiency flight check in the B«727 sis. lator on Novesbar 15,
1974,

First Officer Walter A, Zadra

First Officer Zadra, 32, was employed by Northwest Airlines on
January 8, 1968, He hald Commercial Pilot certiffcate No. 1624729 with
airplane mtltiengine and single-engine land ratings, and an instruwent |
rating. He held Flight Engineer certificate No. 1834609 and a valld
firet-class medical certifi~ate which was issued with no limitations on f
July 9, 1974,

Firet 0fficer Zadra had flown about 1,550 hours as a pilot or firet
officer and about 3,152 hours as a second officer (flight engineer) of
vhich about 1,244 hours were in the B-727, He upgraded from second
officer in B~707 aircraft to first officer in B«727 aircraft on October
16, 1974, and he had flown about 46 hours in the latter capacity, In
the 30-, 60-, and 90-days psriode preceding the accident; he flev,
respectively, about 46 hours as first officer in the B-727 and 23 and

76 hours as sccond officer in the B-707.

Pirst Officer Zadra completed general rafresher training on January

7, 1974, and he passed a first officcr proficlency check in the B=727
on Octobar 16, 1974,
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Second Officer James F, Cox

Sacond Officer Cox, 33, was employbd by Northwest Airlines on
February 2, 196%. He held Commercial Pilot certificate No. 1643627 with
nultiengine land and instrument ratings. He held Flight Engineer (tarboe-
jet povered) certificate No, 1920999 and a first-class medical certifi-
cate which was issued with no limitations on March 1, 1974.

Sacond Officer Cox had.acquired about 1,938 Lours of flying time
as a second offficer with Nortlwest Airlives, including about 1,611 hours
in B=727 aircraft., 1In the 30-, 60-, and 90«day perivic pieceding the

accident, he flew about 45, 113 and 180 hours, respectively, all in
B=~727 aircraft,

Second Officer Cox completed gensral refrasher training on Jantary

ib,klwls, and he passad a second officer proficiency check on April 10,
974,




.26 -
APPENDIX C

Alxeraft Information

N274US was manufactured by The Boaing Company on December 2, 1969,
and it was ssaigned serisl No. 20295, It had accumulated about 10,289
hours of time in sorvice.

N274US was powred by three Pratt and Whitney JT8D-7 engines.
Pertinent engine data are as follows:

Pro2eion Serial No.  Total Time Time Since Heavy Maintenance
‘ 649153 18,641 houre 3,044 hours
2 654070 14,818 hours 2,234 hours
3 648988 17,612 houvrs 1,193 hours
Al) of tha required maintenance inspections and checks on the aire

craft had been performed in accordance with Northwest Airlines approved
dtrect‘.vaﬂg
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NATIONAL TRANSPORTATION SAFLYY BOARD
WASHINGTON, D.C,

APPENDIX D

ISSUED: Merch 20, 1975

F&mrdcd to: T
Honorsble Alexander P. Butterfield
Mnainistrator

Federal Aviation Administration SAFETY RECOMMENDATION(S
Washington, D. ¢. 20591 (s)

AeT5-25 thru =27

'--.-Q-'4.--”-..--...‘.ﬂ‘-..ﬂﬁ-...--‘-..-C

The national Transportetion Safety Board is investigating the
Northwest Airlines, Inc., Boeing 727, N274U3, aircraft crash vhich
occurred near Thiells, New York, on December 1, 1974. The Board's
continuing investigation has revealed that ice” blocked the pitot heads.

A prelininary review of the evidence in this acoident suggests
the possidility that the crew concentrated on air daia instrumentation
to the exclusion of sirveraft attitude indfcetions. The timely use of
the attitude information may have prevented the stall and subsequent
crash,

About 5 minutes before the rapid descent, the rlight data recorder
(FDR) recorded aberrations in the airspeed trnce. These aberrations
ware caused by the cloture of the ram air inlot end the drain hole of

- the pitot mast., These aberrations were verified by wind-tunnel ioing

tests of a pitot mast and pneumatic tests of an altimeter and airspeed
oystem. Theso tests produced ajrspeed/altitude traces similar to those
recosded on the yDR.

The Safety boaxrd i3 wware of other incidents in which an airerarlt
encruntered difficulties while flying in freezing precipitation because
of a lack of pitot heat, In these incidents, the flightcrews recognized
the problem and took corrective action.

Evidonce in thie case iadicates that the pitot heater control
switches were not on, although the heaters were capable of operation.
The airecraft had been flyivg in ¢louds end freezing temperaturea.

Recently, one air carrier reported that it is operating its pitot
heatar system continuously and the failure rete is minimal, 1.e., one
element feiluré per aircraft per year., Several other air carriers aie
actively considering the institution of a similar procedure, end they
bgneve there would be no adverse affect on the life of the pitot heater
elements.
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APPENDIX D

Honorable Alexander p. Butterfield -2 .

The Natioral Transportation Safety Board balieves that corrective
action is necessary and recomsends that the Federal Aviation Administration:

1. Iesue an Operations Bulletin to all aip cari‘ier and
general aviation inspectors to stress the ne'd for
pilots to use attitude information when question:hle
information is presented on instruments that are
dependent on the air data system. Tha information in
thie Bulletin shouwld be disseminated to all operators
for incorporation into their operations procedures and
training programs. (Clase 1)

2. Issue an Alrvorthiness Directive to require that a
varning system bu installed on transport category
airoraft which will indicate, by vay of a warning light,
when the flight instrument pitot heating system ie not
operating. The varning light should operate directly
frcm the heater electrical current, (Claes 2)

3. Amend the applicable Federal Air Regulations to require
the pitot heating system to be on any time electrical
power is applied to an aireraft. This should also be
incorporated in the operator's operations manual. (Class 2)

Our stalf is available to assist your personnel in thie matter, if
desired.

REED, Chairman, McADAM3, THAYER, BURGESS, AND HALEY, Members, concurred

in the above recommendat ions,
Byfgaohn % Reed

Chairman
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APPENDIX D

THE SECRETARY OF TRANSPORTATION
WASHINGTON, D.C. 20%90

Harch 13, 1975

- Honorable John H. Reed
Chairman, National Transportstion
Safety Board
800 Independence Avenue, S.VW.
Washington, D. C. 20%91

Dear Mr. Chairman:

This 1s to acknowledge receipt of your letter of Hnrch 12 enclosing
& copy of a safety recomendation to the Faderal Aviution Administrator
concerning the Board's investigation of the Northwest Airlines, Inc.,

Boeing 727," N274US, aircraft crash which occurred near Thielle, New
York, on December 1, 1974,

- i

e s W,

, The recomsendations are receiving attention by vhe Department's
: Assietant Secratary for Environment, Safety and Consumer Affairs,
! as well as other appropriate Departmental officials.

Sincerely,

Hillfas T. Coleman, Jr,
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APPENDIX D

- PEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

*

I—

WACHINGTON, D.C.

OrrICR OF
THE ADMINISTRATOR

MAY 271975 Notation 148]

Honorable John He Reed

Chairman, National Transpovtation Safety Board
800 Independence Averme, Se W

Wachington, De G0 2059%

Dear-Mr. Chaiimsny

This is in response to your letter of March 12 which transmitted
NT3B Safely Recommendations A-75-25 thru 27,

Becomendation Nos 1.

1ssu? en Operations Bulletin to all air carrier and general aviation
inspootors to atress the need for pilots to use sttitude information
when questionable information is presented on instruments that are
dependent, on the alr data systeme The information in this Bulletin
should be disseminated to all operators for ingorporation into their
operations procedures and training progrems. (Glass 1)

Ax Carrier Operations Alert Bulletin 75-3 dated February 13 covers

this subject. A Part 135, Aiv Taxi Bulletin, is being prepared, ¥e

:;; a‘i:o considering the iemnce of an advisory circular on the
Ject.,

Becomendation Noe 2

Issue an Airworthiness Directive to require that. a warning system be
installed on transport category aircraft which will indicate y by way
of a warrung light, whon the £light instrument pitot heating system
is not operating. The warning 1ight should operate divectly from the
heater elsotrical current. (Olass 2)

Comment

We do not concur in this recommendation. Some current asreraft have
oyoling types of pitot heaters. These oycle on anl off as controlled
by thermontats or timers. Warning 1ights would flash on and off with
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2 .

the cycling. We consider this as distracting and possibly detrimmdal

to safoty. Other aircraft in which the pitot heat is controlled dirsctly
by a simple on~off switch could be modified by sdding a power rel&y and :
warning lights We do not consider this necessary or desiratle. Operation
of pitot heat is on cockpit checklists and is well coveroad in operatims .
panuls and crew training, In addition, the effectiveness of additioral -
warning 1ights among the meny warning ﬂghta prosently installed in the
cockpit 18 of doubtful value.

Becommendabion Noe s

Amend the applicable Federal Air Regulations to require the pitot heating
systen to te on any time electrical power 1s applied to an sirciaft.

’fhis sbm):ld also be incorporated in the operatorts operations meanusle
Class 2

Compmente

This reccamendation is considered to apply to all types of alrcraft in
gsorvice and to Zuture designss We propose to delete from consideration
those adreralt which eare limited to VPR flight only since they are not
required to have any deicing capabilities,

Retrofit on existing sircraft presents meny problems snd we do not
consider the recommendation practicel for general adoption. Some
¢yclio installations will not tolerate continuous hest anxi wovld have
to be completely replaced, Continuous heat would be unsafe in many
c.rcumstances such as extended parking with clectrical power one As
you mentioned, reliability would be reduced lexding to more frequent
unsafe conditions in flight, We do not comsider retrofit of existing
adroraft practical or feasibles

For new designs the recommendation may be feasible because the installations
can be safe and rellable by design of interfasing electrical power systems,
positioning of pitot tubes, and construction of pitot tubes. A repgulatory
projuct leading to a Notice of Proposed Rule Making end subsequently a
rule requiring an appropriately designed pitot heating system is being

established.
A
amee B, Dow

Sincerely,
cting Administrator
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