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¥ SA-409 A File No. 1-00L40

. NATIONAL TRANSPORTATION SAFETY BOARD
- © WASHINGTON, D. C. 20591
- AIRCRAFT ACCIDENT REPGRT

Ador’ ~d; = November 12, 1970 ' '
' NORTH CEX AIRLINES, INC.

CONVAIR 580, N2O4S, O'HARE INTERNATIONAL AIRPORT
CHICAGO, ILLINOIS, DECEMBER 27, 1968 .

SYNOPSIS

North Central Airlines, Flight 458, a Convair 580, crashed while it
wes on gn instrument approach at O'Hare International Airport, Chicago,
Illinois, at approximately 2022 c.s.t ., on December 27, 1948,

The aircraft struck the side of a hangar, located adjacent to the
approach end of the runway, in a near-inverted attitude, and was de-
stroyed by Impact and resultuut ground fire. Twenty-seven of the 45
, pereons on board the aircraft, including the pilot, copilot, and an

sdditlonal crevmember who was occupying the observer's seat, were fa~-
~ +tally injured. Ore person in the hangar also received fatal injuries
as a rasult of the accident.

At the time of the approach, the reported weather conditions were
£00-foot ceiling, sky obscured in light rain and fog, with the recorded
.rurway Visibility (RVR) 2,800 'feet variable to 4,500 feet.

According to information obtained from surviving passengers, and
the f£lignt data and cockpit voice recorders, the approach was normal
until the aircraft had descended to approximately 210 feet above the
¢levation of the airport about 4,500 feet from the threshold of Runway
14R. At this pint, the aircraft entered a sustained climb for approxi-
mately 11 seconds, at which point 'go-around procedures were Initiated by
the esptain. However, the climb continued and the airspsed dropped off.
to the point where aerodynamic control of the aircraft was lost.
Raccvery was rot effected and the aircraft impacted the hangar.

The Mational Transportation Safety Board determines that the provabdble
cange of thie accident was spacial dlsorientation of the captan praecipi-
tated by stmospherie refraction of either the approach lights Or land-
ing lights at a critical point in'the approach wherein the crew was

transitloning between flying by. reference to fllght 1nstrwnents and" by
vigual referenca to the-ground.—-. - - % -
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1. INVESTIGATION

1. l Histor[ of the Fligg_

~ Jet Convair CV-580, N20L5, was & regularly scheduled passengcr tlight
originating in Minneapolis , Minnesota, and terminating at O'Hare
International Alrport, Chicago, Illinoise with en route stops at
Wausa.u, Green Bay, Ma.nitowoc , and Milwa.ukee, Wiaconsin.

| (‘ North Central Airlines , Inc. (NCA) Plight l\t58 an Allison Prop-

| ‘The flight deperted Minneapolis on schedule at 1615 -/ on
December 27, 1968. The flight operated routinely through Wausau,
Green Bay, Manitowoc, and Milwaukee although it arrived in Milwaukee
-1 hour and 2 minutes behind schedule. This was due to an accunm,l.ation
' of dela.ya caused by en routn wea.ther and cargo ha.ndliq | :
: Flight hSB e parted the ramp at Milweukee at 13&8 P 1 hour and 3
minutes behind sc“edule., Takeoff was at 1953 on an Inatrument Flight
Rules (IFR) flight plan Lo O'Hare Alrport, to maintain 9,000 feet, The
Y flight procesded without incident to the Chicago area. At £009, after
*. having been cleared to descend to 6,000 feet by the Chicago Air Traffic
F Control Center, the aircraft was handed off to O'Ha.re Approa.ch cantrol.

“he appreach controlle advised the flight tha.t. he was in ra.da.r
7+ contact, and instructed 1t to twrn left to & heading of 090° for a
¥ radar vector to the Instrument Landing System (ILS) for Runway 1LR.
7 He advised that runway visual range (RVB% was 4,500 feet for-that run-
T way. The flight was then cleared to descend to 3,500 feet, whersupon
it reported leaving 6,000 feet. The controller concluded this exchange
;. of communications by 1natmcting Fli@t 1+58 to slow the a.:l.rcrart to 180

. AL zo:.:., Ve .L‘.'.L.Lbub was lOBLIUCGEQ VO TUrN rzgm'. o .l.au ror

. = gpacing and te reduce speed te 16@ knets. Flight 458 acknowledged and
= reported reaching 3,500 feet. Bubsequent to this, the flight was turned

© ™ Jaft to & heading of 050° and then to the right to a haading of 0%' in

ordar to ef*ect spa.cins for other a.pproa.chin.g t.rafﬂc.. |

b & At 201%, tha rlight was 1nstructed to turn risht to a hea.dma of
% 100% and to maintain this heading until it intercepted the ILS localiser
% for Runway 14R and thea to fly the localizer inmbound. The flight was
© then cleared for an approach, and was requested to maintain 160 knots
until reaching the outer marker (Romeo). The flight was further adviged
i " Emt its present position was 14 miles from Romeq 5d_that the EVR was--
..7"_ mﬁw-“‘ ot i it o AR e 1 S 1 1k, 4 Bt S

. - " At 2015, a new RVR vs.lue of 2 600 faat was prov:!.dad to the flight.



At 2017, Fllght h)8 vas advised that it was 3-1/2 miles behind
t traffic which was 4 miles from Romeo, and was instructed to contact
b O'flare Tower on 118,1 MHz at Romeo. At 2019, the flight reported at
. Romeo to the Tower, and was advised that it was No. 2 to land and that
tht. RVR was by, 500 f'eet.

At 2020, Flight 458 was cleared to land. The acknGWledgmsnt of
this clearance wag the last communication from the aircraft. .

The accident occurred alt 2022:23, as determined from the cockpit
voice recorder tape. The aircraft impacted the main door of a hangar
ocated approximately 1,000 feet from the left edge of the runway and
proximately 100 feet longitudinally southeast of the threshold.

There were only three ground witnesses who actually saw the air-
aft Just prior to its impsct with the hangar. One of these witnesses
¢ driving southbound on an airport road near the approach end of Run-
yay l4R. His attention was drawn by the sound of an aircraft (loud
1glhe noise) which appeared to be comlng from the vicinity of the
jpproach end of the runway. He continued to hear this noise for approxi-
#ately 5 seconds and then saw the aircraft in flight proceeding in a
rtheast direction toward the hangar. " When he first saw the ailrcraft,
. was at an altitude of about 100 feet and in an approximate 50° bank
p the left. The aircraft was in & nose-high attitude but appeared to
b, settling rather than climbing. The ailrecraft appeared to be unstable
pd not in a "normal” left turn. He observed the left wing contact the - -
tup approximately 100 feet in front of the hangar, spending up a shower
' sparks. This was followed almost immediately by the aircraft's
Jatting the hangar door in a near-vertical bank and then continuing
0 the-hnngar in an inverted poaition.

Another witneas was driving northbound on the same road when he
uggard the sound of an sircraft. He estimated that the aircraft passed
over his automobile at a very low altitude at & point directly im front ;
'ug%tha hangar. He described the engines as being very loud. Immediately
,;@xer this, he glanced to his right and saw an explosion and flames as
tpe alrcraft struck the hangar. The only other witness was in & truck

pr the southwest cerner of the hangar. He heard a "whoosh" sound and
saw the eircraft coming toward the hangar. He estimated that the
raft was in a 30° to 45° left bank and in a nose-high attitude,

it was "trying. to get.back in the air." He stated that the left
Waig of the aircraft was sheared off when it struck the hangar door. and
thnt the rest of the aircraft continued on into the hangar bay. o

All of theae witnesaes sbated that the visfbility 1n the arel or
ccident gite and-the approach eng,o; Runway 14R was very,restnicted
‘Pog and s’ light, misting rain. o ,

PR T R ZEi
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- The captain of a Jet transport aircraft, which had landed on Runway
R approsimately 2 minutes before the accldent, testified that the

ach was normal for a low-visibility approach. He stated that the
lot reported the approach lights in sight when the aireraft was at
ltitude of approximately 350 feet, and that he took over visually at
% altitude of about 200 £ et. At this point, he had the threshold and
funway lights in view and landed the aircraft without difficulty.

- Another airline captain who had landed on Runway 14R approximately
1/2 minutes after the accldent, testified that his approach was
upletely normal and that he atarted seeing ground lights at an altitude
sprroximately 300 feet and that shortly thereafter, the strobe lights
me into view. He further stated that at 250 feet, he observed the run-
pay:dights and landed with no problem. He estimated the'RVR to be about
600 fest once beneath the fog 1aypr. | | E

Wﬁoth of these pilots stated that no icing, turbulence, or wind shear
ocountered during the app“oach. e

,gﬁwhe-surviving'atewardess testified regarding her recollections of
#iight and the approach into QO'Hare. GShe stated that the entire
apad been performed in a routine manner up until the final stages

p approsch into Chicago. The first thing she noticed out of the
vas the "power being added" and that "it Just appeared to be
-go-around, as climbing out." She also stated that the pitch-
he gireraft appeared to be normal for a go-around but that it

a8 If the englne did not have quite the power to pull up. Following
_qip&ication of power, the aircraft rolled from side tc side two or
:times, She related that when the airplane scarted to go from side
, there was a feeling, ". . . I can't describe it, if 1t was

y or vhat., It was Just -- the sound, and the feeling Just waan't
1% ilu not right." : _ :

f&ather paesenger stated that the approach seemed normal, that he

gn esome lights on the ground, and that following this, the nose of -
raft rose sharply and that the engines were “"gunned" and sounded
were going "full blast." He stated that the airplane began to
olently and that the right wing dipped and then the left wing
sharply at which point impact occurred. He also made the obser-
at the landing lighte were on during the approach and, that at
tima the aireraft pulled up, they appeared to get brighter.

of ﬁhe other surviving passengers gteted that the approach into
eemed to be normal until the sound of the engines euddenly ine

nd the nose of the aircraft came up. It was the congensus. that

aft.started to-climb-and ‘that 1t rolled from side to aide prior

';nal impact seguence, _ _
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" Others statud that tlheir first indication of trouble wes the rock-
g of the wings and the roar of the engines, whlch was followed by the

it 0D 2 by

_'1'_."'2 Igiuriés to Persons =

o In urtes Crew - Passengers " Others
CFatal. 3 ah o,
~ ¢ Nonfatal 1 S 17 SR T 3/

None_ o B ¢

-;"‘*' Pcst-mor*‘em ex'lminations of the flight crewmembers revealed no
evidence to indicate any preexisting disease that would have affected
‘the performance of their duties. There was, however, a minute trace

%ﬁpectm of an undetermined basic drug compatible with Pheniraminc

rghlorpheniramine fouad in the tissues of the captain. This basic

is Lonunonly tound in over-the-counter antihiatemine cc:mpounds.

5 AG the time of the a.c.cident there were a number of airline .
'oyees , as well as a boys' drum and bugle corps group, in and around
théPimain hangar bay area. Scven of these boys sustained varying degrees
of ‘§njuries mainly consisting of burns and small lacerations. One of
th ?*ﬂboyc succumbed to the injuries » or complications thereoi‘ 9 da.ys _

_. .‘}__‘j‘The aircre.f.'t was destroy:d by impa.ct with the hanga.r and subsequent
,md fire which resnlted in & few areas because of spilled fuel.

jthe -_ﬁuin doors and surrounding door structure. Additional damage was
;;:ncurred by some of the 1nterna1 hangar pa.rtitions and aeveral pieces

'e capta.in, copilot, and flight attendant were properl.r cerbiﬂ-
ested and qualified for the operation involved. (For detailed 1nfomtion,
son Appentix B.) | | ; |

accorda.nce wifh the defirﬂition as prescribed in the ﬁvnﬁ Hon

“‘Riles of :the -NI'SB, -Part -430.2 "Rules Pertaining ‘to Aircrsft Accidants
oa o™, 'Fatal injury' means any injury which results in death within

- f-days." “Therefore, the fatality that occurred i reported herein as
a’honfatal" injury due to the technicality of classifioation.




: _4. b Aircra.ft Infoma.tion

, The aircraft was properly certifit.ated and had been maintained in
accordance with all company and FAA requlrements » (For detailed infor-
: mtion, see Appendix C.)

‘I’hc alrcrafl welghl aad center of gravivy (c. .) at the time of the
approach, as compuved by Board investigators followlng the accident, were
determined to have been approximately 52,315 pounds and 26.42 percent

- mean aerodynsmic chord (MAC), respectively. Maximum landing weight for

~ the GV=580 1s 53,000 pounds, and the a.cceptable C.g- range IS between
22 1 percent s.nd 31+ 0 percent MAC,

gy - ?"W‘?""F”WWW-’W‘-“?” R

'l‘he a.ircraft was fueled with avia.tion Jet type ”A” kerosene. B

\iL.T Meteorologica... Infomation
": % At.the time of the accident the weather in the Chicago area was
' characterized by low cloudiness with the vislbility considerably re-
- g¥ricted by light rain and fog. Surface winds were light north-northe
_euterly, and the ‘bempere.ture was a.bove freezing.

S Officia.l surfaee weather obsewations at O'Hare Alrport taken before
md after the accident were as follows:

1535 - local observatlon |ndef|n|te celling 200 feet,

- sky obseured, visibility one-quarter mile, light drlzzle
light rain, fog, temperature 40° K, dew pomt F FE, wind
ok0® at b5 knots, altimeter setting 29.36 inches, RVR Runway
ILR.1,400 feet variable to 2,000 feet.

2020 - ceiling 200 indefinite, sky obscured, visibility
one-quarter mile, light rain, fog, temperature 39' F.,
dew point 37 F, wind 010° at 6 knote, altimeter.getting
29.35 inchee, RVR Runway 14R 2,800 feet variable to 4,500
foet, .

2050 - ceiling 200 feet indefinite, sky obgcured, viaib:.lity
one-quarter milo, light rain, log, temperature 39° F., daw
point 37 F., wind 010° et 6 knots, altimeter 29,34 inchas,
RVR for Runway 14R not.obtainable.

The. Peoria 1800radiosonde observation at- lower levels (below
5,000 feet m.s.1.) showed e.ground-based, ‘- approximately £° C.
..j.nvarsigg, top_near.2,500. feet and atable air_ above.. .The.air

wap saturated, Temperatures were above freezing.

e, e
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Flight b 58 eutabli shed radio communication with the center at 1958,
3. wi:teh Lime the area altimeter setting of 29.39 inches was provided.
R valucs for Runway 1UR were also provided to the flight during the
: proach. The last valuc was given when the flight reported over Romeo
] ) At 2019:30, at which time the RVR was reported to be 4,500 feet.

. Durlng the hour prior to the accident, the RVR values for Runway
IR being meesured and reported to arriving asircraft evidenced variations
er 8 conslderable range, including, but not necessarily limited to,
§200 feet to 4,500 feet. These fluctuations were noted by the weather

E Jerver on duty who, about 2000, notified the FAA systems ma.intenance
- hnician ot this obs ervation. ‘

'I‘ests were performed on the RVR but: the aystem vag not ta.ken out -
Bervic.e until after Runway ‘l&R vas no. longer being uaed for la.nding
leyarting aireraft. |

’ﬁe tests ahowed that the RVR was functioning properly a.lthough
__ re was an error in display equipment, the effect of which would

@icate an RVR value 200 to 4OO feet below that which actually existed '
r the ,atnoapher:e being measured. -

Al;:hough o NoTaM 3/ had advised that RVR was out of service at 2130,

imstiga.tion revealed that it had not been taken out of operation
: 11 after Rumy 1bR was no longer in use.

A Iater NOI'AM advised that the R‘VR was back in service st 23].5.

ﬁto Ravigation

Mﬂg the hour preceding the accident and for & quarter-hour there-
r, approaches were being cuuducted to both Runways 14L and 14R.
ngaircraft vere being advised by 0'Hare Approach Control to expect
L8 sprroach to either runway. This was being done because of the
114ty in the RVR values being reported for each runway and the prox-
hese values to the minimums prescribed for the- appro&ch.

& Nrallel ILS e.pprouches were not in progress for these runways;
BF, the two final approach courses were being treated as a ainsle
pe _},ﬁh regurd to aircraft uepo.utions.

arting aircrart were uains Runway th for takeoff. There
aft or vehicular traffic known to be or detected on radar

ate ares of the appmch end or Rtmwa.y lll-R during the time
Va5, 0 on the approach,

Tw b
e b L




_ Tae last aircraft movement on Runway 4R prior to the accident wes
Hthe arrival of Northwest Airlines Flight 231 (MW 231), a Boeing 727.
Accordlng to the recordlng of Alr Traffic Control Communicatlon between
thls aircraft and the 0'Hare Tower and Approach Control, NW 231 was
o.1/2 miles ahead of NGA 458 when the latter wes 7 miles outboard of
% omeo. NW 231 reported over Romeo at 2017:50, or about 1 minute 36
fseconds prior to NCA 458%s report over the same point. It is estimated
k(with accuracy deemed tc be within plus or minus 5 seconds) that Nw 231
Ptouehed down at 2020:25, or about I minute 58 seconds prior to the time
Bof HcA l+58’s impact with the hangar door

t

A1 components of the ILS serving Rurvay 1L4R were in operatlon at

thé time of the accident. These MAVAID's were flight checked by the
FIA the following morning and were found to be operatlng within pre-

| %ibad tolerances..

?"';‘frhere were no reported outages of any of the ILS components by any
flights Utilizing this system prior to or following the accident.

et

dfMme 110 approach procedure for Runway 1L4R grovides that the minimum
slng-altitude over the outer marker is 2,140 feet,m.s.1. Glide

Jope. interception altitude is 2,200 feet m.g.1, Glidepath angle is
85 o loealizer (@M runway) magnetlc heading is 138°., Missed- -approach
Sroogdure prescribea, initially, a right turn to a heading of 155°, a

¥ to 1,500 feet, thence a right cllmblng turn to 3,500 feet, and
urn to the DuPnge VOR via its 085 radial.

mate.m.e from Romeo to the runway threshold is 5.3 nautical miles.
jldepath transmitter is located 1,250 feet southeast of the runway

M’ cations | .

-::lc'amﬁhications with NCA 458 were routine and in accordance 'v-vith
ed prozedures. The lest communication from NCA 458 wag with
proach Control when the flight reported over the outer marker

a.nd Ground Facilities

1R 18 11,600 feet J.ong and 200 feet wide. The elevation at
threshold is 661 feet m.s.1l.; published field elevation is 667
runvay is served dy an IL8 with an apsociated standard con-
"A" approach 1ighting system with sequenced flashing lights.
is equippod with higheintensity edge lighting, centerline
- down -zone -1ights . -~According to-the local controllers
the tower during the time that NCA 458 was executing its
&% the lights wers being operatad at maximm latansity.

L




: i.Ll Flibht Recorder B -\v_ff‘“ﬁ--

& - N2OLS was equipped with & United Control Data, Division, Model FA-S42
i <1lght daha recorder (FDR)

: * The recorder was recovered completely intact aﬁd with no evidence

5 «f meohanical damage. The foil medium was minutely examined from the

gvoint of taksoff at Milwaukee to the accident for evidence of mechanical

‘ ;¢u'e, parameter malfunction, abnormality in the traces, and styli align-
pent; all with negative results. The recording medium was readable and

',lwparametero were functioning throughont the flight. '

“A data graph was plotted for the period 8:55 minutes prior to, until,

@nd ‘{ncluding the time of accldent. It shows that the final descent

pogmenced about 3 minutes and 32 geconds prior to the accident from an

t¥fude of 2,350 feet r.s.l. A fairly constant deszent rate, averaging

05 Peet per minute, wes mainteined for a period of 2 minutes and 58

ofids, bottoming at an altitude of 875 feet m.s.l. During this period,
sfeed reduced from 142 knots indicated airspeed (KIAS) to a fairly

ant 122 knots during the latter atages of the descent. Heading

jhanges varied from a maximum of 10° near the midpoint of the descent to

8 than 3° near the end, with the average heading during this time being

"t this point, 34 seconds before impact, the descent stops and a
egins. The readout shows that the climb wus maintained for approxi-
24 seconds, peaking at an al.itude of sbout 1,620 feet m.s.l.

g this climb, the airspeed depreciates from 122 KIAS to 80 KIAS and .
ing changed from 138° to 100°. The altitude trace then drops

ertically while the heading trace shows & repid movement (turn)
ft culminazing at 3lh° . .

%ited Control’ corporation Model v-557, Berial No. 1973, cockpit
order (CVR) was installed in N201+5 |

CVRuevidenced no gigna of damaga from imgnct or fire excapt for
ing.on the exterior surfaces of the dust cover and the front and
l.“”The_tapa mngszine_wan removed ;nd was round to hglin gqod~

-

“-scription ot the last 9 minutes .of the cockpit aran micro=

AM) recording vas made. (See Attachment No. 1.) Interspersed’

fre air/ground sommunications relative to this flight audfor- -
forment - which “Wers: transcribad £ron "the capiain‘a aad “eopildt's

8 13 of the CVR.

£134°. Only minor fluctuation in the vertical acceleration trace was -
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Voic*‘s of the crewrnembera were ldentified by several flightcrew

prapnnel o.' NCA who were familia.r with the voices of both the captalin
‘ d -..opilot. . .

i

- An estimated flightpa.th was constructed, using the flight data
cor!der Information in conjunction with the projected ILS glidepath
% localizer course. The flightpath was plotted from the point of
pedt back to the outer marker, using an approximate groundspeed
mined from the IAS and the estimated winds during this period.
elation of the CVR information was accomplished by using the real
ieli-established for the CVR communications in conjunction with the
determined time base of the estimated flightpa.t.h plot. (B=e
chmmt No. 2 ) | .

Inasmuch as the flightpath plot is primarily dependent. on FIR
pation and the applied wind, any undetermlnable factors aftectling
various recorded parameters will, similarly, affect the accuracy of
Je Thyout. Therefore, in this context, the presentation represents
Wyoa reasonable facsimile of the fina.l approach maneuver u.nd 18 not
!or finite mea.surements or values. :

. 1rcra.ft Wreckag_

_f!'he aircraft impact marks left on the hangar door and surrounding

o ghowed that the aircraft was in an inverted or near-inverted position
‘thé point of initial contact. The aircraft impacted the west side of
at an mngle of 29°, or on an approximate heading of 345°

e hangar door separated from the structure, with the lower part
door rotating inward and upward while simultaneously rotating in
tal plane approximately 90° in a clockwise direction. The torn
orted door came to rest on the hangar floor with the inside of
facing upward. Fortions of the aircraft a’cructure_ were found

v ghe door., ‘ . - |

.,;fe

ALl of the aircra.f’t wreckage was found in, or in the immediate

Mfy of, the hangar. The main fuselage section was found inside
m rear of the hangar in an inverted position. Both wings and
Blents separated from the aircraft et impact., The right wing and
e were found outside of the hangar door in the vicinity of the
genter support beam. The left wing was fragmented with pleces
m the ramp area at the hangar door and across the hangar floor
d bty the fallen hangar door.. The separated left engine vas
he rear of the hanger near the main fuselage section. Frag-
“burned-pieces of the cockpit trea ‘and forward cabin section
in the vicinity of the hangar door. The empennage, excapt
1light control cables, was separated from the reat of the atw
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: Becauge of the extenslive breakup of the left wing and the flight

] numrtmem areas and becaus: Of the ground fire damage, the preimpact
wtegrity of the flight control cable systems could not be determined.

vever, no evidence of a preimpact failure or malfunction of the flight

Pntrol systems was observed, and all or the cable breaks showed general
garacteristica consistent with overload failure.

4 ' - The left and right wing flap drive motor and gearbox assemblies -
@re examlned and showed a corresponding flap extension of 13° for all

ng flap assemblies. The flap position indicator in the cockpit was
: ; overed and showed a flap setting of 15°.

3 rin J&ck measurements showed settings of 1-1/2° aircraft noseup
Mm and 3/4° aircraft nose right trim at impact. Tke nose gear.and two
n |andlng gears had separated from the aircraft at impact, and based
B the examination of the actuator pistons, all three landing gears were

‘the retracted position at impact. The landing gear selector valve
covered in the gear up position.

.- ;:_'-'i"l"he right wing landing light was recovered in the extended position;
p lens was broken. The position of the left wing Landing light at
pact could not be determined because of impact and fire damage.

-ﬂ'mure was no evidence of preimpact failure or malfunction of the
aulie end electrical systems. The standby electrical inverter was.

fatively free of impact damage and had no fire damage, There was no
e:tion of rotatlon at impact.

,-?ﬁ'ious components of the autopilot and flight dirsctor systems
were tecovered included the following:. autopilot amplifier units,
and elevator servo units, Nos. 1and 2 vertical gyros, Nee. 1
ititude controllers, Instrument amplifiers, Nos. 1 and 2 flight
pieomputers end indicators, Nos. lend 2 course indicators, and
Y fate gyro. Testing of these components at the msnufacturer's

" mrevea.led no evidence of any malfunction prior to Impact.

; m were no identifiable pieces of the autopilot pedestal eontroller
. t?m the wrackage,

th for deicing 4s provided by 34th-atage bleed Sir from each engine,
e :mpply is controlled by a firewall bleed shutoff valve, Both
and right bleed shutoff valves wore recovisred in the elomd

; ‘I'ho five yneumatic anti-icing valves were ecovered IN the open

utimeters (Kcllm threo«-point.er) sustained extensive damage
sact and fire,”. The barcmetric seales were found with ssttings
and 29,37, reapectively. Bacausa of tha daxage, functional tasie
. pouibls.



The two flight directors and Ebth course indicators were rocoverod

. in the wreckege. The instruments, as found, disclosed the following
‘_lnionnatlon- | L ' '

T'Captain s flight director indicaforL Collins Modgl 329B-'A, S/N 1188

~Left bank. of 105 110

Nosedown piteh - 17° ‘

Glide slope and localizer flugs - out of view
Gyro and computer flags —-in view

fffxarst Officer's flight director indicator, Collins Model 329B-7A S/N 1368

- Left bank of 110° - 115°

Nosedown pitch ’
x11de slope and locallzer flags - out of view
Gyro anrd computer flags - in view

D

ain's course. indicator, Colling Mbde;_gglAwéA S/N 2&&6

;.'Uourse setting - 138°
*. DME window - 003 miles
¢ Compass card - 330°
Compass flag ~ in view
(tliide slope flag - in view :
% VOR=LOC flag - in view = = '
“LOG deviation bar ~ right of aircraft symbol 2-1/2 dots

-ig;ggép Officer’s course indicator, Collina Model ;;;A—GA S/N 2258

Courae setting - 139°

.IME window - 002 miles

ompass card - 334°

Course flag - 138°

Compaas flag - in view -

1ide slope flag = in view

‘VOR-LOC flag ~ in view - '

100 deviation bar - right of aircraft eymbol 2-1/2 dots

' The two vertical gyro assemblies were recovered. The No. 1 gyro
ed extengive impact damage. Damage to the outer gimbal (roll)
er gimbal (pitch) exhibited positions at impact equivalent to

gximately 70° left bank and pitch down of LO®, The No. 2 gyro had

b damage to the main cover only. No altitude information was

d. Testing of this gyro with electrical power showed normal

. ) St e e
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. The DME was recovered with a channel digital reading of 86, which
l., ‘the O'Hare TACAN ta.tion.

Both engines and propellers were recovered in the wrecka.ge ares
Eiand were removed to the NCA hangar at O'Hare Airport for detailed
& uxamination and docwnentation of the specific engine ccmponente and
;: aecessorie,s. -

ci A second—-phase examination was conducted at the engine me.nu:fac-

JF turer's facility wherein specific components of bnth propellers, engine

P torquemeters, and safety couplings were disassembled and examined. The
B -turbire inlet temperature and horsepower indicator gauges for both engines
' -'were also examined, Subsequently, the left engine was completely dis-
kangembled a.nd examined at the same facility.

<: Inspection of the compressor and turbine sections of both engines
t-‘.ithe NCA hangar revealed compressor blade bending in a direction
posite to engine rotation along with rotational damage to the early
ages of compressor blades and stators. Extensive foreign debris damage
k:visible throughout the first two compressur stages. All blades of
Pihe: compressor and turbine assemblies were fully intact and attached to
Mr respective wheels. The turbine assemblies were inspected. No
:localized overtemperature, or indications of operation at an over-
temperature condition was found. Deposits of light, bright, metallic
Poaterial were noted on the turbine inlet thermocouple of the left engine
d'on the first~stage turbine vanes of the right engine. A full dis-
sembly of the left engine and functional testing and/or disassembly
he left engine accessories at the manufacturer's facility revealed
Physlcel evidence of any transient engine power 1nterruption, engine
ctions a.nd/or mecha.nical fallures until impe.ct.
g

Examination and disa.ssem'b]y andfor functional testing of the ve.r:loue
pnents related to the left engine fuel system and to propeller -
; l‘uling 1ndica.ted no pre:lmpe.ct fa.:i.lure or. me.lmnction.

e engine/ propeller safety couplinge of both engines were inspected

he coupling for the left engine was completely disassembled. EFEoth
8 were found fully coupled, ‘with no evidence or ratcheting or

Dus decoupling. N .

i'he hOreepower indicator potent:lometere for both eng:lnel were
d :I.n deteil by the engine me.nu.re.cturer. _

- right engine 1ndicetor case vas bed:ly cruehed e.nd the pointere
shed against the dial at a horsepower indication of. 3,550 h.p.
ot the potentiometer was pulled from the outer casing. The manue
r's evaluation of the horsepcwer indication as found ia the '
meter was 3.457.73 h.o. - :
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L . The left engine potentiometer was only slightly damaged. The indi-
ator pointer for the Large scale was detached and the pointer for the
#small scale was set at 700 h.p., The manufacturer's evaluation of the

thorsepower indication a8 determined by testing of the potentiometer wes
(3,%26.60 h.p.

B .. The turbine inlet temperature (TIT) gauges were recovered from the
Preckage and examined. The left TIT gauge read 976° C., and the right
TP gauge read 960° C.

;| Al components of 'the left propeller were found inside the hangar
pxcept for blade No. % which was located outside of the hangar approxi-
wtely 280 feet northwest of the impact point. All four propeller blades

aad broken at the hub due to impact.

The No 1 blade socket wes flattened to the extent that the blade
iner nut could not be removed. The propeller »lades, fixed splines,
baque pistons, and other related parts were remov.:@ from the remaining
lade ssgemblies. Distinct impact marks were notec an each fixed spline.
Y relating these marks to torque piston position at impact, the follow-
P Approximate blade angles were established:

~ Blade No. 2~ £06

Blade fﬁl 3 " h2.8°

Blade 4 - “39“.

-Ahe master gear tor the left propeller was pijch locked in a
lon which corresponded to blade angles of

¢ right propeller assembly wasg found Just outside of the main
door with the four blades still attached. All blades were ex-
yely bent end damaged, Measurements taken OF the distance between
¥ marks odserved on each of the fixed splines, which corresponded tO
p-DELL reverse position, and impact marks on each of the fixed splines
plated t0 the following approximate blade angler at impact:

' Blade No. 1~ 45.1°

' .MQ 2" 1}5.2'
. Hlade M). 3 - &L
‘Hlade No. 4 - 45.3°

* master gear for the right propeller vas pitch locked in a position
pading to a blade angle of 39.4° . .

L e
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4¢ut of ignited fuel from the ruptured fuel tanks. However, the -

] a‘r deluge {water sprinkler) system was activated by these fires and
Wiwized the fire damage within the hangar.

B ~¥ost of the forward fuselage and cockpit ares (outside of the hangar)
j destroyed in the postcrash ground fire. The rear fuselage area
eived extensive-to-moderate fire damage. - ' ' '

e main cabln area, from fuselage Station 435 to 760, was extensively

from impact but was virtually free of fire damage. Only light
wa.g noted on the bottom skin, - - w '

GSurvival Aqg_cts

' éﬁhis accldent is classified as partially survivable. The cockpit
8 the forward fuselage, encompassing seat rows 1 through 5, were
ivable. The fuselage area at rows 6 and 7 was consiGered s
ihnable area of survivability. The rear fuselage section from
-rows 8 through 12 was consldered to be a*ﬂurvivable area., '

,VIVABILITY STUDY o o - . . |

The Human Factors Group made a study concerning the damage sustained

reraft interior and seats on impact as related to the aspecta
bility. ' .

tyhfour double passenger seata were 1nata11ed in this alrecraft.
¢ seats were found intact in the aircraft (8A and 8B, 9A and

nd 10B, 12A and 128, 12C and 12D). All other seats separated
fastenings in various failure modes. The seatbelts of the

e seats remaining in place were intact and unbuckled except

The buckle of 12D was fastened; the outboard segment of the

eparated from the seat rear frame. There were no visible -

eg or head impact dents on the backs or bottoma of these

e center armrests of these five double seats were bent to the

rying degrees from 80° on 12C and 12D armrest to 6° to 8* on
ammrests. All seat cushions on these seats were intact.

neenger seats forward of rov 8 separated, or partially sep-

m their fastenings. The arm/leg structures of 21 seats were
the wall attachment pointe. Nineteen arm/leg structures were
hed at :the floor fastening points. The floor bolts were.
ectly into the fuselage structure rather than to seat trackn.
tructures, ‘backs and bottoms. aeparated_rrom~the-arm¥103~--"
“Documentation on all seat structu es from row 7 afi through
wed that separation of seata wag in an upward, sidewarad (left),
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B and forward direction. An .exception wag noted on the mount bolts of one

BB seat leg/arm structure. This seat found on the hangar floor, which

3B 'showed the treskaway to be in a right direction. This was a B seat
Larm/leg Structure at the aisle end. Parts of seats found outside the

Faircraft were thrown clear during breakup, of the aircraft. Other loose

3B seat parts were removed from the aircraft by rescue workers. Seatbelts

@& \ere intact on most of these seat parts.

HE

£ The window eXit at seat Row 9 on the right side of the aircraft wes
2 ﬁd during evacuation. It wes 8 feet from the lowest point of the exit
Fta:-the hangar floor. The passenger loading door, window exits at rows
53°4nd b on.the left snd right sides, and the window exit between rows 5
Pudd 6 on the right side were torn away in the crash sequence.. The window
bexit between rows 5 and 6 on the left side was damaged, and blocked by
bouteide wreckage. The galley access door was blocked by outside wreckage.
bandle on the galley access door was turned three-fourths of the way
rd the open position.

~ An opening in the forward section of the fuselage was large enough

ss through, in a crouched or crawl position, in the area of seut

p 3, 4 and 5. The area from seat row 6 aft including the lavatory
uf et compartment was intact with buckling and twisting of the

slage from rows 4 through 6.

The left side of the fuselage, at window level, was pushed imvarad
ximately 18 inches from iow 7 through row 11. This was an area of
fuselage that came to rest against a conveyor truck and other ground

vice equiment that wes located Inside the hangar at the time of the
ﬁent. .

The tail section of the fuselage separated aft of the bulkhead of
uffet and lavatory compartment. The lavatory and baggage cempazrte
had flame damage. The plastic wall covering on the lavatory side
elted. The access door between the lavatory and baggage area was
ng from the.bulkhead. This door apparently was removed after the
because there wes no direct flame damage Or heavy sooting inside

avatory area. The luggage side of the buffet and luggage ¢omparts=
hulkhead bad fire damage.

The cobkpit area was heavily damaged by impact and posterash fire
ittl e information could be obtained fram the recoverad.zockplt eseats.

iis accident shows that a direct relationship existed between the
y of- Injury euetained by passengsrs and cabin'crewnembers and the
nt system (sestbelt; seat attachment) failures. In this partially
ble accident, occupants whose seats and restraint systems remained
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fact. sustalned the least overall degree of injury. Conversely,

ialitics and most severe injuries were generally assoclated with
;huws of' the occupant restraint aystem. _

IH§Testa and Research

" YORTEX STUDIES

At the request of the NTSB, studies were made Dy the FAA and the
folial Aeronautics and Space Administration (NASA), langley Research
E, to determine whether Flight 458 could have encountered airplane

1ling vortices generated by other preceding aircraft operating
) th and 1LR. o

the FAA gtudy, simple calculations of Vbrtex movement, as
by wind, were made for all landing and departing aircraft
g on these runways during the 1O0-minute period immediately pre-
the accldent. The only VORTEX selected for more precise cal-
wag that of Northwest Airlines Fiight 231 (NW 231), a Boeing
f¢h Lmediately preceded NCA 458 on the approach to Runway 14R.
from the other aircraft were considered unable to reach the

<h of NCA 458 or would have required transit time of aufficieht
to dissipate below vortex hazard conditiona.

3ghtpatl infoma.tion for NW 231 and NCA 458 were derived from
pta recorder plots obtained for both aircraft. Equations used
2 culations were standard rom, baaed on state of the art dsta.

tions of the vertical a.n:l la.tere.l movement of the vortices
b{ NW 231 indicate that they would have been rignificently

ightpath of NCA 458. Because the flight profile of NCA 458
ove the vortices of NW 231, neither precise computations of
ietence, nor the effects of the vortices on NCA h58 after
-1/2 minutes old was made in this study.

udy eonducted by NASA used the rollowing 1nromtion suppl:l.ed

g of KW 231, 137,000 pounda, a.nd, » Alrspeed of NW 231, 1!+o_ |
0.10' a.'b 6 knots. .

= vmnt of the vortices shed by the B-T27 was eomputad by
fiaxd procedures and equations. I/ According to these computa~

rtices shed by the B-727 were well below, and to the right

: tpath of the CV-580. The proximity of the CV-580 to the -
R the time (0221152) at.which- the final--climb commenced was
o ‘be about 190 feet above and 1’{0 raet to the laft of the

daam Ak M -

i 1. The flightpath of NCA 458; 2, the flightpath of NW 231;

T SR
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beft vortex of the B-727, The right vortex would have been approxi-
Wrately 320 feet away. Simplified computations of the effect of the
portices on the aerodynamic response of the Cv-480, at this point,
ndicated that the induced roll rate on the cv-580 would have veen
Jess than 0.03° per second and the induced vertical acceleration, less

0. 01 g,

L A check was also made in this study to determine whether the Cv-580
jowld have encountered vortices shed by aircraft taking off ad landing
m the parallel Runway 14, It appeared that. for extreme conditions
ﬁircraft assumed to he using 14L (large aircraft, low speeds, maximum
1ght it would take the vertices shed during approach or takeoff

‘h- at 8 minutes to reach the vieinity of Runway 14R during WhICh time
he maximum vortex velocity would have decayed to the order of 4 feet
jer second and the center of the core would be at a height of about

0 feet,

FLIGHC DATA RECORDER EXAMINATION

‘At the request Of NTSB, NASA conducted a detailed examination of
ight recorder record for the purpose of determining if the CV-580
tered atmospheric turbulence during the landing approach and \

r or not the recording showed any evidence of abnormal Plight

5cteristics.

. Under microscopic examination, 1t wag shown that the acceleration
# oscillated sinuously during the approach and that it does
ain rapid high frequency oscillations that would be expected if
ence Were present. Also, up until the final seconds of the

h (28.10 on the flight recorder record), the acceleration trace
e to be normal and does mx suggest the presence of any unusual
disturbance. The study indicated that subsequent to thie time,
creased levels of acceleration are associated with the increase
beequent loss of altitude which precede8 the crash.

sover, the acceleration trace was examined for approximately
ous landing approaches for this aircraft and these traces were
ed with the trace of the subject landing approach. It was shown’

he acceleration0 experienced during the landing approach of
458 are X uncommon eince accelerations of scmewhat similar

existed on other flights a8 depicted by the trace; The comparison
r auﬁgests that of the 40 landing approaches exe.mined, the approaci
.t. 58 appurs to have been made N the smoothest alr.,

e‘_emina.tion or the e.irspeed and . s.ltitude trace8. for the landing
ch of Flight 458 aid not reveal anything unusual-prier to the -
befors the crash, _




- gt
o S A 1 T ——————
R e T

| - 20 ..‘7'_.". |

' ; J\hhilouail}, o detwllcd examination was made of the flight re-
P ler record trom the NW B-T27 which landed just ahead of NCA 458,
a.:uraLttrluthu of' the ncceeleration trace are similar to those found

fother landings of this aircraft, in smooth ‘air, and do not appear to
unu,ulL. _ :

---vv“ SOUND SPECTOGRAPIIC EXAMINATION

E.ﬁhu Board ruquested that the General Llect“¢c Conqxumy conduct &
gy!ot' the trequencles and waveforms of sounds recorded on g copy
blie CVR tape of NCA 458 to determine whether both engines were
‘;tinw at thelr normal governed speed, and whether required engine

¥recponse was rapld and sustained from the initial application of
uuriL meacr. : . . .

Mince cngine sound pressure leve: data were not available, the
otich usad for the initial examinavion of the copled tape was to
ioh the deteetable engine sounds on the basis of frequency

on and expectod pressure level. Those to be monitored'were-

(1) Sts.ge 1 and 2 c:omp-essor Bla.de 'Passing
.- . Frequency (7602 Hz);

- {2) RMain Reduction Gear Tooth Pasaing
: ‘-Frequency (7371 Hz),

(3) Engine Revolutlon Frequency (230 Hz)
"‘(l rev.)

(%) -Propeller Blade Passing Frequency (68 Hz)

tape was void of freguencies above k, 000 Hz; however, freqpen-

sponding to l/rev. and the propeller blade pasaing frequency
t&ble . . - . .

WO detectable engine frequencies were analysed with both a

2.4 Hz bandwidth filter, which substantially improved the

noise ratio. It was not possible to separate the signals to
h individual engine operstion. The tape contained substantial

d a high noise level, which could potentially conceal or
ansient . cnanges in freqnency.

riginal CVR tape was then examined. The aignul to nuine ratio

tially better than that of the copy. _Improved frequency -- :
wai obtained by use of a 1 Hz bandwidth filtax. Tape fluttsr
resent on the original tape, Neither the 1/rev. signal nor
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5'_the blade passing frequéncy could be separated to indinaterthe presenée

3j«ot two unique signal sources that could be asgsoclated with engine
§ operation. : e

. No apparent changes in either frequency signal could be detected
- ‘which would b2 indicative of a substantial change in power leve'.. The
| tape flutter ves sufficlently pronounced so that transient changes could

j potentially be obscured, hence, engine operation could not be positively
{-demonstrated by use of this technique only.

g The determination was then centered about an analysis of the
} -propeller blade passing frequency waveform and pressure amplitude.

The waveform demonstrated clegr'evidence'that the two.projellers
jere generating the signal, resulting in an amplitude "beat" with a
eriod of abcut 15 seconds. 1Tnis represents a near perfect synchroni~-

vtlon, and a valid explanation of why the signal source freqnencies
iuld not be separated in earlier attempts..

Allison Division of General Motors Corporation offered data that, -
| the propellers shift vhase angle or bresk -synchronization, a sub-

ntial increase in sound pressure level cceurs as a strong "beat" fbr
Jew seconds. -

"The signal waveform demonstrated no evidence of strong "beats,

t would be indicutive of a phase angle shift or break of propeller
chronization, throughout “he examined reg*me. (See Attachment No. 3. )

A l&rge change in reﬁative sound pressure level, associated with

14 power increase, was detected approximately 21 seconds prior to
act. During this power level increaae, no evidence of any strong

changes ve.s apparent.

It was alno noted that at approximately 28 seconds prior to 1mpact,

er increase in the sound pressure level had occurred and remained
his velue until the rapid power 1ncrease commenced.

“Thia observation ia indicative that the blades did not break syn-

zation and even more finitely dld not exhibit a significant change
ade phase relationship even with the increase in power level and

“the unusual-change in aireraft attitude just prior to impact.
580 'UALITAEIVE FLIGHE TEST

' qyalitative rlight teat wag conducted on Septeﬁber 18 1969, in ,
hmcgnyyaéngirlinns Convaizr 580, NTTM3U, to. determine whather the -
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. ihﬂm characteristics of the Convair 580 in the approach and go-around

fonit' 1rurat.long substantiated the agsemblage of information from the
Bt data recorder and the cockpit voice recorder, and alsp to demon-
PWirate the baslc aircraft stebility and control in the gOvaround.con-
Wiguration, The flight test indicated the following:

}  a. The Convair'SBO will follow the profile derived from the flight
< gata cockpit voice recorders with no pressures applied to the control
yoke if an increase of approximately 800 h.p,/eng. is utilized to

g__effect the level off and initiate the climb phase prior to appli-
- cation_of maximum avallable power. ' - . :

' b. The nose of the Convair 580 tends to pitch up with the appli-
. .oation of meximum available power. The test {ndicates the indicated
... Birspeed at application of maximum available power can be maintained
y exerting a force in the order of 47 pounds on the control yoke
i when the alrcraft is at its fore or gft c.g. limit and a force in
 *.the order of 25 pounds in the mid-c.g. range. ' |

“'c. The Convair 580 will maintain a heading when the aircraft 1is
£iown stick-free and the application of maximum available power

“oecurs with the wings level. If the application of maximum avail-

" able power occurs with the sircraft in a 10° bank angle, the bank

,,ymgle,will continue to increase.in'thatjdirecticn during the ensuing =

4. The Convair 580 exhibited heavy prestall buffet and the
‘secovery characteristics were positive. Elevator, rudder, and
‘a{leron controls were effective in the deep buffet region of

Juring the inveatigation,.qonsideration was given to the poasi-

iy of inadvertent operaticu of the ILS test circuitry, actuated by
tSuttons, located in the front of the VOR accessory unit in the

¢k. The inadvertent actuation of this circuitry could possibly
2 erroneous indication of the flight airector command bars for

flot to fly "up" and to the "left."

flight test was performed to evaluate the reaction of the aireraft

n a coupled mode on autopilot and actuating +he test ciroultry.

tellation was the same ap that in the atrcraft involved in the
testfréVaaled+that-with~the:aubopilot“caupled.sndﬁtﬁa”ﬁéiﬁ“"
actuated, the aireraft would follow the command bars up and

oft or down and to the right. T4 wag also natad Annins she

—-.—....—-m-s..,_-—v—?
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B the captain's side utilizing the 51 Rv=1. The 5L RV-2, mounted on
e tirst officer’s side, did give a flag warning.

It was noted that in the fly-up mode, the command bars would assume
positlon calling for an aircraft attitude of 4° noeeup and 10° left

. 0 'Y

OPIIDT S’I‘UDY

- As part of the investigation the Board considered the possi’bility of
b sutopllot malfunction during the approach that could have resulted in
} extreme noseup trim condition unknown to the flighterew. Specifically,
} was of interest to know: (1) what type of failure would be necessitated
thin the autopllot system to cause an unscheduled and extreme nczeup
ator trim condition; and, (2) if such & condition could occur, what

fact would the resultant forces have upon the controllability cf the
e r&.ft. ' ‘ _

At the request of the Board Collins Radio Company, the manufacturers

autopllot instelled in NEOL\S , prepared & report on the functioning
i the AP-103F" autopllot system with respect to the operation of the
X N and trim-tab servo units. L .

1 ;-It was shown that the primary (elevator) servo providea the means

‘ he autopllot to move the elevator control surfaces, and that elec-

nic circuitry within the autopilot amplifier determines the cammands

jt cause this servo motor to run. The elevator command will be either

oy down, as determined in the amplifier unit, at which point a current

i1l be Qlrected to one of the two servo motor circuits causing the
to run in the directlion of desired elevator movement. The force _

$ of the motor is increased by servo gearing to obtain the necessary
to move the elevator. The maximum torque that the gervo may put

limited by the torque limit clutch. In accordance with flight

rtificatlon requirements, the power output of the torque limit

1s restricted so that it cannot produce a force in excess of one

nal g ba.sed on the znoat adverse a.nticipated flight conditions.

¢ tr:l.m servo receives 1ts commands directly from the ecircuits that

the primary servo motor. Whenever the voltages at these two

are different (indiceting operation of the primary servo) a

will also flow through the trim motor causing it ta operate.
-then drives the trim tab by means of a chain and sprocket

'- l.n enga.ge clutch and 8 slip clutch arra.ngcment._
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e speed at which the trim motor ruhs is directly related to the

imu out.pul. of the primary servo 5/ and is similerly governed by the
)twi dtlfvtcntlal in the primary servo circuits.

b Typlcal opcration of the combined action of the autopilot elevator
;oaum automalic trim is as follows:

;t(l) Rlevauor command calls for noseup attitude.

' (2) Current flows through ‘the noseup circult of the servo motor ,
- causing deflection of the elevator in the called-for direction.

The servo holds the surface in the proper position tO maintain
the commanded attitude.

ﬁe(éi At the same time, the trim servo begins to run and deflect the
= trlm tab in the indicated direction.

f{(h} As the +rim tab moves, s tck force is removed from the main
g servo. :

T'T'S') Ewentually, the tab will be poaitioned 80 that all stick force
is relieved and the elevator command is satisfled.

£ (6) At this time, current flow to the primary servo up circult
- ceases, equallizing the voltage at both points of the servo.
Tre trim motor stops running and the tab malntalns the
- proper aircraft attittde.

t can be seen that Independent operatlon of the trim tab motor

om the primary servo would require that the voltage leads to the
¥y b motor separats from the circuitry leading to the motor windings -
% ‘primary servo. It would. then require that these sane two leads to
Am tab motor make contact with separate and disesimilar voltage
_ls elsewhere in the system, These different voltage levels would
bdo ve sufficient to run the motor, yet not too. great or the nor
D damaged and mt operate. The speed of tim tab movement weuld
pendent upon the voltage difference measured across the trim tab
Folarity in the proper direction would alao be requirad to run
rina apecific direction. _

auto_pllot would then sense the effect of trim tab movement due
ma.lﬁmction a.nd cormand 'che elevator to move in a direct:l.on to

e' J-~580, the torqueTImit is T?ﬁ‘_i’neh pounds. When thia“limit
eached, “the- maximim- trim. +teb speed: (7% per minute) ocoursi —A-

w gear ratio between the trin motor and the trim tab prevents the
Briance of trim speed with alrspeed.
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eintain the proper pitch attitude. The elevator should continue

o act in this manner until the torque output of the primary servo

praches that seh in the torque limit clutch. At this point, the

riary servo would not be able to compensate for additionai move-

ent of the trim tab. The amount of trim tab deflection at this point
puld be dependent upon the flight condition of the airecraft. The .

rim tab will continue to move, so long as the motor is running, until
L reaches ite mechanical limits (12° noseup tab, ~9° nosedown teb),
pereafter, the trim tab motor will continue to run and the serve

jlp clutch will begin to slip. The slip clutceh design 1s such that
i ¥ill continue to slip, with the tab at 1ts limit stop, for a period
-several hours. : . :

" It should also be noted that the two pitch trim menual control
pele, located on the pilot center pedestal in the cockplt, move any

fe the trim tab is moving. There is no audible signal associated
ph the movement of the pitch trim tab. :

§ In addition, a flight test was conducted in s North Central Air-
85 CV-580 to determine the stick forces required to overpower the
jipllot while in.the "coupled" ILS approach mcde of operation and -
aricus stick force pressures in the noseup trim regime.

ith the aircraft "coupled" on the ILS in the landing configura-

B (larding gear down, flaps set at 28°, airspeed 118 KIAS, and a

pint rate of approximately 500 feet per minute), increasing amounts
fressure were applied to the control yoke to the point where the .
Mlot could no longer retailn the aircraft on the ILS course. _ !
Mrements of these forces showed that it required 32 pounds of . - :
jure in the roll axis, and 70 pounds of pressure in the piteh axis, ’
Brpover the autopilot and cause the aireraft to deviate from the “
gtive localizer or glidepath course. | : :

Bn another test, the aircraft was manually flown on the ILS,
§ gear down, flaps set at 28°, airspeed 118 KIAS, and a descent
¥ approximately 500 feet per minute. In this configuration, and
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- whille maintaining the established glide slope descent, five units of

- noscup trim _6_ were required to maintaln the descent with zero stick
| force pressure. Increasing amounts of noseup trim were applied and
- the resultent stick forces (pilot input) necessary to maintain the

| previously established glide path and performance were measgured.
| They were as follows: | - B

o | Noseup Trim Measured Stick Forces
S5Units . gemo.
6" I L 20 - Pounds -

‘. B 7 1 . . B . Lo - L 28 .“ ':i.\ ‘
S8 M e e

B T R T S R

S R B
0120 (full ncseup trim) - 0 "

# The pitch trim tab 1s actually & servo trim tab end its angular

i relationship to the elevator is, in part, determined by the position
. of the elevator. For this reason, an accurate correlation betweea

§ the angular tab position and the pitch trim unit indicator in the
§ cockpit, in flight, ie not possible. o

- In accordance with NCA maintenance procedures the piteh trim tab on

@ oll of their CV-580 aircraft is adjusted to zero degrees deflection

g under static conditions with the cockpit pitch trim indicator reading
-%exo and the elevator in a neutral position. Sample comparisons of

 the cockpit pitch trim indicator, from zero to full noseup {12 units) ’
| and the position of the trim tad were made on two NCA CV=580 air-

i creft with the elevator locked in a neutral position. ~ In general,

 for the lower eettings (O-6 units noseup), it was found that the

tab deflection in degrees corresponded, approximstely, with the

jnabered units on the cockpit trim tebd indicator. For trim settings
of 6 to 12 units noseup, the trinm tab deflection vanged from.1/4°. .
to 1° less than shown on the indicator. o I |
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2 ANALYSIS AND CONCLUSIONS

2.1 Analzsis

: All of the evidence obtained during the investigation, including
- the statements of the surviving Stewardess and passengers, indicate
i that the flight wes routine and that the approach was normal until
1apprOX|mater 35 seconds prlor to the crash. At this time, the air-
plane was approximately 4,500 feet from the approach end of the Runway
IR, slightly right of the centerlinc approaching the middle marker,
and about 210 feet above the runway elevation. The landing check wes
fdompleted, the flight hed been cleared to land, and the first officer
phad the approach lights in sight at the 1.20'clock position. At this
kpoint, the flight recorder shows that the aircraft commenced a sustained
blizb straight ahead. The aircraft gained approximately 230 feet of
y gtitude in 11 seconds (1,244 feet per minute), at which point the
aptain issued the commands associated with a go-around, i.c., maximum
pover ond flap retraction to 15°, The aircraft continued to climb an
;iltimma.l 500 feet in approximately 13 more seconds (2,308 'feet per
isinute) with an attendant decrease in airspeed to 80 knots. At this
yint, the aircraft was well within the stall-buffet regime and the FDR
titude trace shows an abrupt end rapid loss Of altitude and a sharp
Burn to the.left, culminating with ground impact.

8lightly more than 2 seconds before the pesk altitude had been

pached, the captain called for the landing gear to be retracted. Sub-

qupnt examination of the aircraft wreckage confirmed that the landing
was retracted and that the flaps were. positioned at 13° at impact.

Investigation of the ILS facility serving Runway 1R showed that
gl coaponents of this system were functloning normally during the time
R the approach. This was further verified by flighteyews Who had

Blized the ILS before and after the accident and reported normal
tion of the faeillity.

'l'hra poagibility of airplane icing which could have affected aero-
Banic characteristics of the aircraft was also explored. Althougn

B existing weather conditions could have been conducive tO airframe
g, there were no comments by the c¢rew found on the CVYR that would
joate any problem of this nature, Further, flighterews who had cone
bed approaches during this period reported that no airframe ioing
observed during their respective approaches to the airport.

!bmination of the aireraft atructurs, systems, and components
jpled no evidence of any failure Or malfunction prior to unpact,
» were no comments by the erew recorded on the CVR that would.
ta ARy malmr'é’ciozf 62 the alrcrdft Or componsnta. Mamanvew

et bt
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m. qm (_1ptum 8 md tirbt officer's f‘light directors and course
fuiientors were recovered With readings compatible With the impact

bt L Ltude zmd hewdting, which indicate that these primary flight ingtru-
ont, s were functloning re rmaliy throughout the approach and final

: CCIdcnt M&Neuvers.

k Extensive examination of both engines revealed no evidence of
failure or malfunction Prior to impact, and further indicated that
fonsiderable power was being developed at the time the aircraft struck
hangar. The propeller blade angles at impact of approximately 42°
prrelatc the readings on the TIT gauges and both horsepower indicator
otent; iometers, all of which indicates that the engines were producing
rsepuwr at or near the full power regime at impact.

¢ Additionally, a sound spectral study of the CVR tape wgs conducted
¥ the General Electric Company in order to determine, to the extent
ssible, the aniount and continuity of the engine power for an inclusive
i; tod of'time before and including impact. (See Attachment No. 3.)

4 The beginning sound of impact, as recorded on the cockpit; area
rophone 0222:23.8), was designated as zero time on the signal wave-
fu. The previously determined real time vagse of 28 minutes &8 seconds
er lift-off wes used as zero time for the integration Of the pertinent

ght data. recorder parameters with the signal waveform analysis.

| Usmg the zero times cited above and the signal waveform chart, an
sts of engine power management versus aircraft operation was made
he Allison Division, General Motors Corporation.

This analysis indicates that during the time period -189 to -27

ds prior to impact, when the engines are known to be functioning
f;;"- In phase synchronization, ahort-term sound level. changes in
Border Of 2 to 4 decidele (db) are observed. This agree8 well with
Bexpected variation in noise produced by engines operating in phase
. oniza.tion. The trend toward siightly higher average noise levels
(hence altitude) decreases i0 also to be.expected.

A some time during the peaidod commencing 97.5 seconds to 594

s prior to the sound of initial impact, the captaln stated "About
Rhundred on ‘er Gerr?" to which the copilot replied, "Okay, nine

b de“ It was during this time perlod that the flightcrew appar

;o thaAa
g 11z?ghb8t91 ngmg&%t confi tlon, "owar setting norma.ll:,r
" .
pproximabely 28 aeconds berore impect, an’ 1ncrease in ralative
 pressure commensurate with a small power increase was noted.
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8 This increase in sound pressure level remained essentially constant
- entil 21.4 seconds to impact. At this point (21.4 seconds before
@ impact), a rapid increase in the waveform trace height commenced,
@ vhich was equivalent to approximately b.7 gb increase in about 1.8
@l seconds. This increase coincided with the CAM-1 recorder reguest for
' "Nine Seventy One, Four Thousand."

N While it is not possible to judge absclute horsepower levels from
L cabin sound data, the changes in power indicated by short=term sound

k level changes snowld be reasonably accurate. A 6.7 -db level change is

} equivalent to a change of approximately 4.&7 which is within the full

i pover regime of the engine.

“u.rther examination of the waveform trace |nd|cates by virtue of
%he consistent trace height, that this power increase was sustained
thout interruption from time -19 seconds to -9 seconds. The further
L . increase in noise level from 6.7 t0 8.7 db may be accounted for aelther by
E changas | n phase angle or by a small increase in power with time.

Puring the time perlod which comenced with the rapid increase in
Henglne power, and through spproximately the -9 second mark, the air-
»i" - had apparently entered the stall buffet regime. Thus the study

Lindicates that throughout this time period both propellers continued

operate in phase synchronization producing a constant power of the
gnitude previously cited.

D.xring the last 9 seconds, the sound trace height became less con-
; istent, but maintained a relatlvely high level. While the trace height
Bs less consistent, there is no evidence of an overall degradation of
fngine sound level that would be indicative of 8 transient engine stall
gecursing during this time period.

B The findings Indicated in this study as well ae the physical

fridence revesled during the engine examination all lead to the coneclusion
kat both engines were capable of normal and continuous operation through=
bt tho approach and would not have been e causal factor in any phase of
e accident maneuver.

The possibilities of atmospheric turbulence or aircraft trailing

1cea initiating and/or sustalning the final climb maneuver ere also
an extensive consideration during the investigation.’

Vor‘bex studies contucted by NASBA end the FAA both indicate that
ra were ‘po aircraft trailing vortices in the approach area utilized

NCA 458 that could have been a factor in the, pitehup and climb; .Both
-'" es-were in. agrae-nent. ‘that- the primary-sircraft of concern-was-the- -
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» icés generated by the B-727 would

ﬁhfﬂf.. It was fom"(l th t

I been suffielenily removed flam the flightpath of NCA 458 so
$ o present a probiem.

| In this respeet, the Board ucknowledges thut information regarding

generat.lon, movement, and dissipation of aircraft trailing vortices
gtill sub)ect tou further regearch, The computations utilized to
Jin these findings, whille in accordance with present day state-of-
gart dotn, pooslbly do not vonsider some heretofore unknown factors
f oy or may not be relevant in accurately determining this infor-
bn. liowever, N th's cage and based on the calculations at hand,

g belleved that the “Lightpath of NCA 458 was removed from all
Bces to the extent tnat any minor variations that might be applied

I'iﬁcment ot' the analysis would still not place any vortex in a
30)

to be conaldered a factor.:in 'the accident.

Rt addltion, a study of the flight data recorder readout shows that
orrosch wae made in relatively smooth air with no appreciable amount
gbulence indicated. This is corroborated by the surviving stewardess
Rescngers Who aleo indicate that the approach was relatively smooth
-aft.er the pullup was commenced.

he probability of inadvertent actuation of the ILS test circuitry,
ng In Or contributing to the accident, seems negligible. This is
By true becaume this test circuit affects only the coamand var of
ght director and not the accuracy of the attitude portrayed.
P, if an erroneous "fly up” signal is dellvered to the ccrsmand bar
) the ILS test circuit, a simultanecus "'turn left' signal would also
Hved, The magnitude of theee two signals would be only 4° noseup
i'left bank . At this point in time, the £iight recorder readout
b reflect this type of a maneuver. Actuation of the "go=. ouna"
‘ould drive the command bar to only an 8° noseup pitch attitude,
it was shown during the flight test that approximately 20° pitchn

ttitude would be required to duplicate the final climb performe
58. o

i)

lidition to the foregoing, it is difficult to actuste there
y acmdent within the sphere of normal cockpit sctivity.

aaibility of some unknown aircraft characteristic, auoh 53

@ contrul force lightening or rasversal, ox exaesrive pitch

s explored in.qualitative flight terta pérformed , Inthe
fone Of.thege characteristics was evidenced in the testa and.
Ind ‘that aileron, rudder, and elsvator controls were: erfcot:hn
a1l phases of the simulated accident maneuver including tht
it regime, The aircratt did sxhidit a noseun nékahisma bo—bos
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@ith high power applications, but the nose attitude could be easily
@otrolled by moderate pilot forces on the yoke. However, pilots should
W aware of this characteristic to avoid the possibility of an over-
PWotatlon during a go-mound or missed approach.

In the flight test, i1t was noted that an application of power to

,600 h,p. duplicated the initial climb performance depicted on the FIR
padout, of NCA 458. Following this, full available power w6 added,

japs were retracted.to 15°, and, at 85 KIAS, the lunding gear was

ptractied « The entire mancuver was performed with no pilot, pressures

plied to the control yoke, and it was shown that the resulting aircraft
poformauce very closely duplicated the final flight performance of NCA 458
b to stall buffet'entry. |

- A comparison of the results of the test flight mancuver, therefore,
b the recorded performance of NCA 458, indicates that little or no
ot control forces were applied from the moment NCA 458 initially
mienced a climbing departure from the ILS approach path until. the

pll occurred..

- In fact, a similar small initial power application at the beginnin
jitie rounaout and climb wes shown on the waveform analysis for NCA 456.
8 ocours as the flight.was approaching "minimums' and 1s probably in- ,_
jative of the pilot's anticipated procedure to arrest or reduce the
et rate at this point. As In the flight test, thie approximate .
er lavel remalned until the final full power application is made. /\

L From the above end in conjunetion with the 'lack of any evidence that
114 indicate any problem witi; tne aircraft, approach aid systems, or
eraft controllability, it appears that both the captain and the first
jeer falled to recognize the aireraft's nose-high attitude (in excess
o during the final stages of the climb) and took no positive .action
Qover the nose. Similarly there are no remarks on the ¢vr that would
jeate that the crew nnelarmed at the aircraft's attitude prior to

Bloss of control. o \/

)

Congidersple emphasis was placed on the readout and evaluation of
ICVR convereations in an altempt, to reconstruct the operational
pucc OF events that occurred during the approach.

[Based on converesation recorded on the CVR just subsequent tO the
that the flight passed the outer marker (0220:03), it is believed
an autopilot "ecoupled” ILS approach had been plmnned by the.orew

pa commenced at thio time, The comment "captured.(' follewed by .
01 fly-the -glide path,!-indicates that the-autopllot was-coupled- .

o glide slope and waa following signals flom the ILS, Thers wers
bther remarke DY the crew specifically rannawmi-- o

pounlad? memo.so 2
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determine the point at which the autopilot was disengaged; however, in
‘he absence of any evidence to the contrary, such as crew conversation ¢
or apparent. cxeursions from the glide slope or localizer to indicate
this event, it ls assumed that a fully coupled approach was continued

to the polnt where the descent stops and the climb commences. This
position algo colncldes with the approximate point where the flight was

approaching minimums and, similarly, & logical point for the captain
to decouple the autopilot and either continue th

e approach by visual
reference or execute a miseed approach. B

oo A e W

P e 3

03
. 1
&

Autopilot decoupling can be accomplished by the captain by depressingz
either the sutopilot disengage button or the "go-around" button, both
locuted on the control yoke, or by using

, the. ON~OFF switch at the control
box iocated on the center pilot pedestal. o - o

|
3
:
:

h
5

] \&‘ The Board considered the possibility of an autepHot matfunetien
b dwlin

g the approach which could have resulted in an unscheduled and
. wdetected extreme noseup trim condition. It was postulated that such

. & condition would have produced a pitch transient when the autopHet
| was disengaged, thereby causing the initial departure from the glide-

The studies indicated, however, that the possibility of & mal- .

function of this type occurring within the autopilot system was extremely
j remote, and that if such a malfunction should occur, the resultant forces
jon the control surfece would only require approximately 70 pounds of
kstick force pressure to overcome the full noseup trim condltion and
fcontinue the preestablished descent. -

Additional factors which further refute this premise are: (L)there
bas N0 evidence found In the recovered components of the autopilot to
gndicete any failure or malfunction prior to impact; (2) trimejack
encurements showed only a 1-1/2° noseup trim setting at impact as

hposed to a full (12°), or near full, setting that would be expected

ir this situation had occurred; (3) the FIr acceleration and altitude
paces showed no abnormal excureions (spikes) such as would be expected

b the event. of a sudden pitch transient; and, (4) there were no couments
) the crew found on the pointing to, or even suggestive of, this

be of ocecurrence. - . . .. L Too o

The only clues found that point to the possible reason for the
bxplained climb and loes of control were the two corments recorded
ithe CVR. ' The first (0221:41.h), just prior to the climb, was &

pok by the captain,{"Sure wish [you'd, he'd, or they'd 7 turn those
Pr," and the second (0222:22,7), Just prior to impact, was & remark

b by the crewmember. in the observer seat; **"".['n’e“‘“li‘gh‘x‘.“i"‘(!‘o‘iilikl) it up.'i
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Fui e 1k W way U puaj.b.).vc.l,y ac bermlm.ng wnetner tne crew was reierring
Rio the runway approach lights or to the aircrecst's landing lights, but

Bit i reasonably certain that elther or both initiated the chain oi‘
B Eventa that led to the accldent.

though 1t was established that the landing lights had been
Pextended and turned on during the approach, no determination could

fbe made as to the exact point at which this occurred. However, accords-
;ing to passenger testimony, it is relatively certain that the lights
$ere on prior to the initiation of final maneuver. the
gients were turned off, and if so, when, could not be determined.

At 0221:54.6, approximately 3 seconds after the climb commenced,
Phere was an expletive uttered by the captain which is indicative of
e qouncern Or irritation on his but 'for about 8 additional
Seconda the aircraft continued to climb until the sound of the full

wer application (increased ambient cockpit noise) is heard. Only
Wen (02£2:03.0) did the pilot call for "go-around” power.

It 1s believed that during these 8 seconds the pilot suffered /\

Mevere spatial disorientation which precluded his effecting a succeasful
ERCOVEIry . -

. §& Based on the conversation between the pilot and copilot just pre=-

- Qaiog the climb, ". , . [pilot] 'See the runway yet?' . , . [ copilot/
-Ho, ot yet' . [Eopi ot] TFhere, you're high' . ..," 1t is presumed
jat the captain at this point Looked out of the cockpit in an attempt
o observe the runway and continue the landing. There is nothing te

pdicate that he did see the runway or associated lights, and it is
teresting to note what during this period of time, the autopilot was

perently decoupled and initial climb comenced. This is followed by
e pllct?s remark indicative of concern.

Conslidering the crew's remarks concerning the "lights," it is noted
gt one of the surviving passengers stated that the landing lights were
" »+ «(then they came real bright as he started -~ | dou't know if
rit a cloud bank, or what it was, a fog bank -~ but' they got real

gh‘c ea he tried to make this =" take the plane back up in the air
i N to get away from the landing.'’)

‘The bases of the clouds were estimated by other pilo‘oé‘tb ve been
proximately 300 feet, with fog restricting visibility velow,|'It is,
refore , most probable that NCA 458 reentered the cloud lase within

onds after the pilot went "vipual."/! it would have been at this mort \
t

tieal point that the landing 1ight refraction in the atmosphere ani
 the cloud base would Mave had ite most brilliant and damaging effec
hin the cockplt The level: or duration of thia 417wt -rs
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level of' the cockpit ambient lighting cannot be determined aml,
Lheretore, o reasonable estimate of the effect of the refracted

Il1lamination on the pilots visual acuity (ability to see the flight
{natruments) can bc made.

Further, 'there is no way of determining the possible erfecte, if

dny, trom the approach and strobe lights if, in fact, they played any
part at all.

However, based on the remarks by the crew, the observations of a
surviving passenger, and %heevents that occurred, 1t appears that there

ls a dlrect tle In between asome degree of |nten5|ty of refracted Ilght
and ki apparent disorientation suffered by the pilot.

gn {s known that pilot8 have experienced spatial disorientation in
re transition fiom visual to instrument flight conditione, from sudden

encounters with marginal visibility, and in entry'to rotatlonal MAnsuUvars,

In such cases, 1t has not been ynusual for pilot confusion concernlng
attitude and altitude to rasu.lt%,

The various comments recorded on the CVR between 0222:02.3 and
0222:18.6 clearly ldentify go-around activity and a rapidly growing

g sense of alarm pousibly caused by the diminishing airspeed and vibration
f as the aireraft entered stall buffet.

the final comment by the observer (0232:20.7) explains hie version
W of how they got into this fatal maneuver. s comment about the lights
R could have been with reference to either the approach lights Or landing
g lights. In either case, the comment would be compatible with, and in

M oupport of, conditions leading to spatial disorientation and posaibly
@ to the pr}.mazv reason for the pitchup and sustained climb. )_

, Despite the difficulties associated with spatial dieorientation,
Rit i s difficult to believe that both pilots could sit through this
Wrancuver, particularly in the area of stall buffet, without scmehow

4 realizmg the nature of the problem, (It can be seen that the copilot,
fauring the later stages Of the climb, wae occupied with setting the
@go-around power and monitoring the flap inddc for until the flaps were
Mrositioned at 15° as ordered by the captainy) 9There duties concelvadly
gould have prevented him from monitoring the flight instruments and
thue detecting the nose-' igh attitude and precariously low airspeed.

Wy the captain did not overcome him initial disorientation and,
¢ leaet, Llower the nose of'the aircraft, unless he was temporsrily
linded by the aforementioned 41llumination, 1s more’ mmm 4o-ration=

‘_ 10" .-
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Although the captain is considered to have been an experienced
pllot with a total company time of 10,973 hours, his total time in
cv-s&, model aireraft was only 123:00 hours, ‘a1l of which wes accrued
since April 17, 1968. He had accrued a total time of 54 hours in this
type aireraft as Captain, of which 46:19 hours were flon in the
previous 90 days.

He had been released from high landing minima = / Just 3 days "before
the accident, As previously stated, the captain had accrued 54 hours as
captain in the CV-580 which necessitated a substitution of 46 landings
to qualify him for low minimums and, thus, meke him "legal" to conduct
this flight. His accrued instrument time in the last 90 days was 14:20
hour:; ; An avera.ge of 1ess than 5 hours per month,

It 1s, therefore, reasorable to conclude that the ca.ptain had
r}‘lative 'y minimm experience in the CV-580 aircraft, particularly
under Instrument conditioms. It cannot be determined. if this aspect
va8 & factor in the accldent, although the progress of the alrcraft
into an tmminently dangerous condition may have beeh recoghized soonew
iy & captaln more famlliar with .the flight handling characteristics

("feel“) a.nd flight dlreutor instrument displa.y of this type aircraft,
b, 2 CQnrlusiona | o | |

(a) Find % | |
:L The Crew was properly certlflcated and quallfled.-

2. The fllght was proper_ly dispatched.

federal Aviation Heguiations, 121.052 Landing weather minimums:

i IFR: all certificate holders. (a) If the pilot in command of an
- ‘airplane hag not served 100 hours as pllot in command in operations
under this part in the type of airplane he is operating, the MDA or
“DH end visibility lending minimums in the certificate holder's
-operations specification for regular, provisional, or refueling
atryorts are increased by 100 feet and one-half mile (or the RVR
squivalent), The MDA or DH and visibility minimums need not be
increased above those applicable to the airport when used as an

. alternate airport, but in no event may the landing mininmma be

F 'lesn than 300 a.nd l. ‘ : _

4 (b) The 100 hours of pilot in command experience required by

- paragraph (a) of this section may be reduced (not to exceed 50

i percent) by substituting one landing in operations under this part
E in the type of airplane for 1 required hour of pilot in command

g experience, if the pilot has at least 100 hours as pilot’ ih command

ﬂf '{ﬂn+}"ﬂ‘)‘ farre AdwmTama o o
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Weather conditions were above minima for the selected
approach procedure.

Longitudlinal separation between this .flight and others
was maintained above minimum Standards.

Novigatlon aids, approach aids, and communications
facilitles were operating within prescribed tolerances.

‘RVR equipment for Runway 14R wss functioning nomally

withln established limits.

The approach wes normal until 35 seconds prior to the
crash, or when the flight wes in the vicinity of the
middie marker. At this point, the flightcrew had the
approach lights in sight at their 12 o'clock position,
the aircraft had been cleared to land, and the final
landing checklist had been completed in preparation
for a landing.

In the vicinity of the middle marker, the aircraft
commenced a rate of climb of about 1,244 feet per minute,
straight ahead. Some 11 seconds later, after gaining
about 230 feet of altitude and with the airspeed down to
about 105 KIAS, the captain called for the application
of full available poner (971° or 4,000 h.p.), There-
after the aircraft gained an additional 500 feet of
altitude and the airspeed decreased to the point where
control of the aircraft was lost.

Tho aircraft impacted a hangar located approximately
100 feet southeast of the threshold and approximately
1,600 feet from the edge of Runway 1uR.

There was no evidence of any failure or malfunction to
the aireraft structure, powerplants, or components
prior tOo Impact.

Sound spectrographic analysie of the CVR shaved that no
parer interruption to either engine occurred during the
approach up urtil time of impact.

There was no atmospheric turbuence or wingtip vortex
encountered by Flight 458 during the later portion of

the approach which could have resulted in, or contridbuted
to, the final elimbing departure from the II8 approach
rath.
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13. Qualitative flight test of the ¢V-580 revealed no adverse
flight characteristics during the duplicated climb
meneuver including the stall buffet regime. Pogitive
alleron, rudder, and elevator contnnlvae avallable
throughout the maneuver.

14.: Comments made by the flightcrew during the latter stage
of the approach, as found on the CVR, indicate that
"1ights," either on the grcund or from the aircraft,

- were s factor which resulted in spatial disorientation

of the pilot and the subsequent 1oss of control of the
aircraft ! . -

(b) Probable Cauae

x ,
_ The Safety Board determines that the probable cause of this
fecident was spatiasl disorientation of the captain precipitated by
Mmospheric refraction of either the approach lights or landing lights
% a critical point in the approach wherein the crew was transitioning
Fetveen flying by reference to flight instruments and by visual refer—

%2 to the ground.,
| 3. nmommm .Q!_ﬂﬁ

| In connection with this accident, the Safety Board recommends to
e Administrator of the Federal Aviation Administration that: ¢

Section 121..652 of the Federal A-.iation Regulations be amended
to prohibit & captain from being removed from "high" minimums
- until he has accrued 100 hours as pilot-in~command in type and
~ that 50 percent of this time may be reduced by 1 hour for one
lending that is made by conducting a published approach proce-
dure. Actual or simulated IFR approaches accrued under Part

121 Training Program.would be accepted for such aubstitution
clted. , | .

*" ms NATLONAL mnspoa'mmu SAFETY ‘BOARD:

Jol  Jomy u, REED __chairman
/sl OSCAR M LAUREL | _Member
v, .-...FRAmIS u ucwms o Member -

st “‘LOUIS 1, THAYER Membat




APPENDIX A

INVESTIGATION AND HEARTNG

] 1. Invquiggg;on

The Bosrd recelved notification of the accident at approximately
2045 c.s.t., on December 27, 1968, from the Federal Aviation Admin.
istration. An 1nvcstigat1ng team wms irmediately dispatched to the
scene of the aceident. Working 8roups were established for Operations,
Alr Traffic Control, Witnesses, Weather, Human Factors, Structures,
Poweroiants, Systems, Maintenance Records, and Flight Recorders.

§ IBrties to the Investigation included: North Central Airlines, Inc.,,
{ the Federal Aviation Administration, Alr Line Pllots Assoclation, and
- ﬂgf Alllson Division, General Motors Corporation.

2 Hewring

4 A mablic hearing was helgd by the Bafety Board at Chicago, Illinois,
gon April 15, 1969. - - | _
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APPENDIX B

FLIGHTCREW INFORMATION

Captain Marvin A. Payne, aged 39, was employed by North Central
Airlines on July 24, 195/, and wes upgraded to captain on the Allison-

i Convair {CV-58C) in September 1968. He possessed airline transport
pilot certificate No. 1281390, with type ratings for the Douglas ¢-3,
© Conualr 3%0/4k0, and Allison-Convair 34%0/440. His last first-claes

medical certificate was dated August 21, 1988, and wes issued wlth no
walvers.

Cagptaln Payne had accrued a total of 10,972:50 hours pilot time
at the time of the accident. H had accrued 123:00 hours since
April L7, 1968, in the model aircraft involved. At the time of the
acaldent, he had accrued 53:59 hours as captain, of which 46:19 hours

~Ward in the last 90 days. Captain Payne had been released fram high

- minlmwas on December 2h, 1968, 3 days prior to the accident. In

! accordance with FAR 121.652, a.captain must have 100 hours as pilot-in-
cormand in type prior to release to low minimums or this total may be
reduced (not to exceed 50 percent) by substituting one landing in o p
erutiong in the type of airplane for 1 required hour of plloteine
command experience, if the pilot had at least X® hours as

' ~in-command of another type airplane in operation under this
Captain Payns's total time of pilot-in-command of 53:59 hours

| required substitution of 46 landings to qualify for low minimum sp-
| proaches. He had accrued 14%:20 hours instrument flying time in the
[ lagt 90 days.

!

Captain Poyme had satisfactorily completed his last proficiency

check in type equipment involved on September 20, 1968, and pagsed
“his last Line check on September 24, 1968.

Ne had a rest period of 24;00 hours within the 24=hour period
preceding the flight.'

First, Officer Gerald R, Levalley, aged'24, was employed by North
Central Airlines on April 11, 1966, He held commercial pilot certifi-

{cate No. 1611210, with airplane sipgle-engine land and instrument
{ratings.

Hie last first=-class medical certificate was dated November 21,
1968, and was issued with no waivers, First Officer LeValley had a

{218:53 hours 90 days preceding the accident. Hie last

total of 2,421:00 pilot hours, of which 526:00 hours were in the Allisons
Convair (CV-580) as first officer. First Officer LeYalley had flown

proficiency' check
was atisfactorily .completed on'Maren 11,1968, L

First Officer. LeValley-had-a:rest.period of-24 hours within the'

|2k«hour period preceding the flight.



APEENDIX c

ATRCRAFT HISTCRY |

. The aircraft was originally menufsctured as a Conveir 440 on
- October 8,-1956. The aircraft was subsequently converted to the
- Allison-Convair on July 10, 1968, and was placed in service by

~ North Central on August 9, 1968. At the time of the accident, the
- @lreraft had accumulated a totel time of 27,180:40 hours, of which
- 1,07%:%72 hours were accunmulated since date of conversion.

12045 W i - i hich were
NZO45 was powered by two Allison 501-D13D engines w
equipped with Aeroproducts ASLIFN-E06A prope[lers.

\ The aircraft records indicate that N2O45 had been maintained in
. accordance with all company procedures and FAA directives. There were

» no aircraft discrepancies reported prior to departure from the flight's
- origination point at Minneapolis, Minnesota. : ' |
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ALtechment

 NATTONAL TRANSPORTATION SAFETY BOARD
Bureau of Aviation Safety
Waahington, D. C.

TRANSCRIPTION OF PER’I‘INE.’IW CCMMUN'ICATIONS FROM COCKPIT VOICE RECORDER,

" I T A T T

'i‘ime {cvr) |

.- & Source

- cAM-2
CAM-1
caM-2
CAM-2

© CAM-1

62114-: 06
ORD AR W

RDO-2

NORTH CENTRAL AIRLINES CONVAIR 580, N2Ol5
CHICAGO, ILLINOIS, DECEMBER 27, 1968

LEGEND

Cockplt area microphone source of conversation or sound
Radio tran.aission from B2045, or source of sound
Voice identified as Captain

Voice identified as First Officer

Voice identified as Additional Crewmember

Voice unidentified

O'Hare West Aurival. Radar

O'Hare Tower Local Control

Northwest Airlines Flight 231

American Airlines Flight 254

Northwest Airlines Flight 716

Trans World Airlines Flight 28

Eastern AIr Lines Flight 229

Nonpertinent word

Unintelligible word

Words enclosed in parentheses are subject to further
interpretation

Content
Both needles are on the, uh
Both on Romeo now

Romeo

Markers set up

- 0On mine?

North Central four fifty eight turn right heading one twenty,
intercept the fourteen right ILS, fly it inbound, clearcd for

the spproach, one sixty till Romeo, RVR four thounnd, position o
| from Romeo is fozirteen m:lles I _ ,

Roger ’ Hort.h Cenural ‘Four fifty eight R thnt haading ons two
zero, toke over on the annraanh. nAna adfwvée sa Poe--



RVR fourteen right North Central four five elght two thousand

N ’Duwn Lo .twunty-f‘ive': hundred
TAM- Fm)ilz'tec:zn 'miles ng . o
CAM-': * K e
.CM.X - Sound of larndi.ng gearl_waxi'nihg ho_rn
CAM-2 | Comin' in on' the localizer
0215: 30,0 |
ORD AR W
‘ s51x hundred
RDO-2 | *,°k5Y 
ORD AR W - What do you need,’ twenty fo_ur'i_‘
CAM-1 Yeeh
CAM’-E.’ ~ Now wait a -mli-nuté noir
CAM-L . Yean o
RDO-2 o 'Ah, yes sir o
0215:h1.5'r“  o .

RD AR W - Okay | |
EAM—é | No, we can g0 to eightlzlehén E.
JAMQI | flighteen?l B |

AM=-2  (We can)_ ‘7 | | |
AM-1 Shbws twenty-;_four ‘in my boﬁk :
%A.M-E I got eightgen_ in rmy' boqk
ML Hveyw
im-a i’gs, Sir

W2 Right here -

-2 Pl 118

M1  Okav



CAM-2

Capi-?

CAM-1
CAM-2
CAM-1
CAM-3.
CAM-2
CA%:L |
CAM-2
CAM-1
CAM-2

CAM-1

0217:26.5
ORD AR W

RDO-2

w217:37.6

JRD AR W -

e
g R
e e L

pre maayem e
[N

A

As long as they got ell components working

Twenty-five hundred feet ve are

All components are working, We're good for elghteen hundred,
Marv = | S | o

How sbout the glide path?
Gotta have center line ~n Louehdown

Both of then:

What date on that, Jerr?
" Huh?

- What date you got on your = -7

= -on the approach plate, December twenty, sixty- eight

'der what mine 1is

We're about five out from Romeo

: Yeah

North Central four fifty-eight is three and = half behind
traffic that's four from the marker, and the tower is one
eighteen one at Romeo, RVR is three thouoand eight hundred

.. Four fifty-eight, one elghteen one at the marker

> Roger
‘Four for the lockon
One fifty-fivé’s the missed approach, uh, thi.rty—five hundred
Dovm to twenty-two hundre’d

 Fifteen degrees

Okay, you got It, two two hundred
We. got RVR .twa thousand eight hundred now -

We got twenty-eight hundred rym -~ = -



- . f,,

- - = comlty up on the outer mar}m

N Sontud nl lnnding gear wgrnlng horn
t,\.i T ‘[‘-mnt‘y-tuur | ._F
CAM-1 o Gvar und landir.g check
F o CAM-s o I_ ’I‘hey re. buth on now
k CAM-2 ..)muker's on |
} CAM-:" . T D temp trim is three .capsl'
i CCAM-. | ~ Three gre-:-en',. bra’kes':‘ .
. CcAM-1 i_;.'Off S |
o2 Yaw damﬁef o
o cix,1 L ofe. what are *7
t E_CAM-S | .'Landing LhECk S complete
_‘CAM-.l | o One twenty? | \
| CAM-2 N Ah, one fifteen
| " CAM-1 - . '. Twenty-éight R |
[ " CAM‘.- | R Sound of outer marker ceaaes abruptly
. CAM-2 N Twenty-eight coming | |
0219:22.8 e |
ORD LC - Northeast two ‘three one report the)ligl}ts -
0219:26.6 | o T
RDO-2 7. '.North_ Cent_ral four fiif_ty elght's at Romeo
'0219:28.8 | o | | |
ORD IC - North Central four f:lfty eight nmber two fourtean right,
,. L the RVR forty-five hundred A
(RDO-2 . oOkay |
| CAM=2 o Pret.ty good

](EAH-I 'A..'.‘Y@‘h o e e i

CAM-1  one fifteén, huh?

,CAM«2 o One MfMftoan



AR
ORD LC'

0219:41.1
CAM-2

CAM-1
CAM-2
CAM~3
CAM

JAM

22002,6 . S - , | S
- North Central.fqur_fifty-eight cleared to land fourteen right

IRD
\DO-2

AM=?

¥ LC

EA4
) o’
5¥E5§L2

231

20:45,5 "

tUIIWlJ
D IC

ke b |

Cantra on It Gy
) PN B L.

;I goﬁ the 1iéh£u Lwo thiftyeone'

- Thank you, two thirty-one, clear to land

Below the glide, path = = =

; ",'I""' -yeah- - -

- = " =n little bit
Never captured the son of a buck
Sound of click

Two clicking sounds,. close together

Four fifty-eight

Ceptured

" Sound of elick

She'll fly the glide path

Chicago, American two fifty-four approaching, ah, fourteen
left ready for tnkeoff?

Areetican twe fifty-four, okay, let ne how when you're right
up at the runway

Wilco

Northwest two thirty-oné & left turn off , ybu'ré appfba;:hing
the taxiway now, left turn there, call ground one twenty one

. nine as you clear

oy

I R

.......

'kay, and tell them you're off fourteen right

AT aad .t



* A |
A ty

CAM-1
ORD IC
CAM-2
AA2SY

0221:30.9

CAM-2

CAM.
CAM-3
CAM-2

CAM-7
CAY-1

0221:46.4
CAM

CAM-1
CAM-2

0221:51. 7

CAM-2

 (Beginning to rain) ,
'_Sure wish * turn those # offq_/

ce ML Seven sixtedn roger change over
_ ; .

American Lwo fifty four taXi.into position fourteen left

ard hold

'Pbﬂltton and hold American, uh, two five four, we're Just
_:cumlny up to make the, uh, Tirst xight tur1 right now

.About nine hundrﬂd on er, Gerr?

Okay, nftel departuxe it'1l be a lef+ turn to zero nine zero

- Okay, nine hundred

Understand zero nine zero after takeoff

%

~ Sound of click

| TWA tventy-eight's Romeo inbound

TWA twenty-eight, OfHare, number two, continue approach

Least they're runnin, us in pretty:tight

| TWA . twenty-eight

' Ah, you're coming up on five hundred feet & hundred and

eighteen, sinking five, occasional ground contact

Three closely apaced clicks

“ Pretty good

Four hundred feet, one eighteen, sinking five, approach
lights twelve o'clock in nlght

 Govad’ V& HJ.HQHHJ.Q.LQ wiper O'Demtiﬂﬂ ﬂnmnnnnq o

| 'See the runway yet?

Z;NO; not YBt "iuiﬁf?;;f

There, you're high



0221:57.7
CAM-2

ORD IC

0222: 03,3
CAM

0223: 03. 0
cAM-1

BAZ29
AA254

. 0222;11.5
e
Cav

LORD IC

CAM-1.

L 0220:20.7
i CAM(3)

0222:22.5
CAM-2

1 02e2:23.8
by o

Thoo2.11.7

0222:17.2

it 0222.18.6

Sound of click

#

O'Hare Tower, Bastern two twenty-nine's ready

.On = hur 1red -

Eastern two ﬁwénty nine up to the'runwaygbut hold short
Sound of ambient cockpit noise increases

NINE SEVENTY-ONE, FOUR THOUSAND, FLAPS FIFTEEN!

TWo twenty-nine

American two fifty-four is, uh, on the runway an-nd ‘about
to hold in position _

Sound of clicking commences

GEAR P! ! !
Okay, I'll have a»‘i*'el'ea“ae for you just shortly
Okay

You GOT NINE SEVENTY-ONE ON 'ER? 7 7
YOU GoT TT AL, DAD 11 !

The light # 1t up!

WE'RE GONNA HIT! ! !

Bound of impact begtns . -

End of .ec ordi.ng



