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16. Abstract

At 0456 mountain standard time on Novembor 18, 1979, Transamerica Airlines' Logair
Flight 3N18, a lockheed 1-188C Eleotra, departed 11} Air Force Base, Ogdon, Utah, with
three crewmembers and 27,552 lbs of cargo, on un instrument flight rules (IF' ) flight to Nellis
Air Force Base, Nevadn, After departure from Hill A¥RB, and while climbing from 12,000 to
13,600 feet, the flight indicated to Salt Lake departure control that they had lost all electrieal
power, the flight requesied no-gyro vectors to visual flight eonditions and clearanee for an
immedinte descent to a lower altitudo, During the descent, the aireraft attained a high
airspeed and high rate of descent and disintograted in flight. ‘Mhe three erewmembers were
killed, and the sircraft was destroyed, The wreekage was dispersed along a path about 1 1/2
miles long on nn abandoned aicport about 4 nmi south of the Salt Lake City International
Airport,

The National ‘T'ransportation Safety Board determines that the probable cause of this
necident was a progressive failure in the wireraft's eleetricnl systein loading to the disabling or
orratie porformance of some eriticul flight instruments and flight instrument lighting while
the flight was operating in night instrumant ineteorological conditlons, As n result of these
coiditions, the flighterew could not resolve the instrumentation anomalies to determine proper
aireraft attitude referonce, and became disoriented and lost vontrol of the alreraft, The
corow's offorts to regain control of the aireraft imposed nevodynamice loads which exeeeded
design limits of the aiversft and coused it to break up iy fight,
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NATIYWNAL TRANSPORTATION SAFETY BOARD
WABHINGTON, D.C. %0594

AIRCRAFT ACCIDENT REPORT

Adopte: August 96, 1980 _ .
TRANSAMIERICA AINLINES, INC.
LOCKHEED L-188, N850V
SALT LAKE CITY, UTAH
NOVEMBER 18, 1879
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SYNOPSIS

At 0456 mountain standard time on November 18, 1979, Transamerica
Airlines' Logair Flight 3N18, a Lockheed L-188C FElectra, N859U deperted Hill
Air TForce Base, Ogden, Utah, with threc crewmembers and 37,552 1bs of cargo,
on an instrument flight rules (IFR) flight to Nellis Air Foree Base, Nevada, After
departure from Hill AFB, and while climbing from 12,000 to 1‘3 60 feet, the
fiight advised Salt Lake departure control that it had loqt all ele:*t, ical power,
the flight requested no-gyro vectors to visusl flight cenditions and clearance
for an immediate descent to a lower sltitude. During the descent, the alrcraft
attained a high airspeed ond high rate of descent and dismtegmted in flight.
The three crewmembers were killed, and (he aireraft was destroyed. The
wreckage was dispersed along a path aboui 1 1/2 miles long on an abandoned
airport about 4 nmi south of the Salt Lake City International Airport.

The National Trensportation Safetly Board determines that the probable
eause of this accident was a progressive fallure in the aireraft's electrical system
leading to the disabling or erratic performance of soine critical flight instcuments
and flight Instrument lighting while the flight was coperating in night instrument
meteorological conditions. Au a rosult of these conditions, the flighterew could not
resolve the instrumentation anomalies to determine proper aircraft attitude
reference, and became disorienied and lost control of the aircraft, The crew's
efforts to regain control of the aircraft imposed aerodynamis londs which exceeeded
design limits of the aireraft and caused it (0 break up in flight.

1. PACTUAL INFORMATION

A 2 o o it

1.0 Hisiery of the Plight

About 0432, 1/ the craw of Tennuomerics Airlines Y ooale Flight 3N18 called
Hill Air Foree Hase {AFB) ground eoantrol on frequency 12‘i 2 l‘»‘mz, af-z(iw;efi ‘iimt
they were starting engines, and requested instrument flight rdes (IFR) clesrance to

17 AN times horein sre mountsin stedecd, based on the 24-hour eloek.
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Nellis Air Foree Base, Nevada, The flight was cleared to takeoff on runway 14,
The tower advised the flight, "We have light rime icing from nine thousand to fiight
level two zero zero over the entire local flying urea.” The crew acknowledged the
advisory.

At (442, the Hill AFB ground controller cleared the flight as follows:

"Cleared to Nellis s filed; aftor departure, turn right heading one
six zero, proceed direct Salt Leoke, direet Mormon Mesa snd then
dirget Nellis. Maintain flight level two zevo mero. Contact Salt
Lake departure on one two slx point eight, squawk one ope zero
zero,"

The ground coniroller {old the nrew that the local wenther was estimated
2,500 1 broken, 6,060 ft overeast; visibility 16 miles; winds 180° at 10 kng, and the
cltimeter was 29.88 inHg. The flight acknowledged these communications.

Shortly thercafter, at 0445, the tower controller advised the crew that the
flight was cleared for {akeoff and amended the clearance to maintain 11,000 'ty
the crew acknowledged,

UH AR AT R AT T S S R SR SRR TS LS ey, ST

Shortly after takeoff, the flight advised &slt Lake City departure control that
it wos airborne and was leaving 5,600 ft, clitnbing to 11,000 ft. Salt Lake City
departure requested the flight to soleet transponder code 5101. Salt Lake City
departure then requested the flight to delete the 11,000-ft restriction and clesred
the flight to climb to flight level 200; the crew acknowledged the transmission.
Shortly thereafter, Salt Lake City departure cleared the fiight (o proceed direct o
the Salt fake City VOR and to resume {ts own navigation oo course. Ahout
0451:29, when the aircraft wes near the Salt Lake City VOR, the Jepsriure
controlivy requested the flight to seleet transponder code 1100. The flight
sckrowledged the transmission.
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Conversations hetwaen the Seit Lake City departure and center controllors
diselosed that they had observed the secondary radar retuen of ihe aircraft, with
ite transponder code on 1100. Aceording to the departure contrelier, the aireraft
flew almost directly cver the Salt i.ake City VOR, At 045%:43 the flight reporied
thet it was out of 11,000 ft. The controller then asked the flight to turn left to e
heading of 180° ‘The flight scknowledged the heading. At 0453:34, the cockplt
voice recorder (CVR) recorded sounds of a power interruption. Two seconds lntar,
the captain sald, "lost evorything.” The captain end first officer then Ficussed the
loss of an electrical bus, after which the first officer said ". .. I dun't have Ry
heading veference at all" und the captein indicated that he alvo had ne headingy
red erence,

EEARY S G PR DTN e L mten g s R s < aL e

At 0453:4%, Salt Leke City departura cafled the flight and advised it fo
rezume 118 own navigation on course snd to report ite altitude, When thers was no
response from the crew, Salt Lake departure control eablad sgain at Pa53:53, and
sgain, there was no response from the erew, Boih of the controller's tranemissions
were recorded on the aiveraft's CVR.  About 0454, the caplsin ashed the {iest
offleer if he had & flastlight. The first officer replicd, "yosh I got a feshdiynt®

ST S AT R R i S R RIS I 33 Ve

AR A b ana R A ek T




e T

oo 3 REAFRANNE T T winE e i

A R RIS T U S TR s, PR iy T

I
N
P
4
Ay
,; H
.
b=
Tt
-
3
# -
P M
<4
&
¢
2
e
i
)
E
L
b
ol
g—
5
ur
i
i
3
§
¥
I
5
s
L3
ki

e

At 0454:10, the first officer said, "Ah, we're boost out too! At 0454515, the
captain sald, "yech give us the boout,” and the second officer said, "you got it." At

0454:19, the captain said, "no, get the boost off,” followed by "go ncedle, ball,
airspeed,”

The depseture controller stated that when he saw the aireraft's tacget about
i mile south of Salt Lake City International Alrport, he was no longer receiving a
secondery radar return from the flight and that the sutomated rader terminel
service tag for the aircraft displaved a "eoast mode.' About 0454:22, the
departure controiler calleq the flight; the first officer transmitted 4 seconds later
that all electrical power on the aireraft had bLeen lost. At 0454:33, the {light
stated that a deviation from its heading and a descent were needed.

At 0454:43, the flight reported descending through 12,000 ft. About the same
time, the secend officer made a statement that sounded like . . . we've still got
B." Five seconds later, the controller advised the flight to maintain 11,000 ¢ for
terraln clearance and to continue in a right turn, At 0434:58, the flight indicated
that it would need hesding information from departure control, According to the
CVR, at 0455:08, the first officer said, "no, you're in a right turn,” and the captain
responded; "you help me, help me, help me fly the airplane.” The first officer
replied, "okay," and at 0455:17 he said "300 on the heeding."

About 045%:34, the controller advised the flight to desecend at the pilot's
diseretion and to maintain 8,000 ft. The flight replied, "Okay, what we need is
some VPR weather, point us toward some VFR weather if at all possible,” At
0455:43, the captain said "olay help me, I'm elimbing."

At 0455:44, the controller sald, "I'll take you north of Salt Lake, and [ should
be able to get you down to about 8,000 to get you parallel to the airport. For the
present time, maintain 8,800 for terrain, . . " The lest communication from the
flight to the controlior was at 0455:58 when the srew transmitted,
"Desvending. . . " At 0455:59, sounds of the airoraft breaking apart were recorded
ot the CVR, and 3 seconds later the recording stopped.

About 0458, the Salt Lake City tower controller observed a glow in the siy
throwggh the tower cab windows, haard an explosion, and saw two (ireballs duscend
out of the overcast to the southwest. The wsircraft crashed sn an abeandoned
airport, about 4 nmi south of Salt Lake City international Airport,

The accident occurrad about 9458 during hours of darkness; the eoordinates
of the ceash slte are 40° 43437 N, 1127 00148 W,
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Darege to Alrcraft

The: aireraft was destroyed,

1.4 Othar Damage

None,

L5 Pezsonnel Information

All flight personnel were cwrrently certificatod and quelified for flight in
accordance with current Federal vegulations. (See appendix B.)

1.8  Aberaft Informstion

Logeir Plight 3N18, a Lockheed Electra (1.-188), NB858U, was owned and
operated by Transamerica Airlines, inc., and was powered by four Detroit Diesel-
Allison 501-D13 turboprop powerplants. (See Appendix ().

The aireraft's basic operating weight was 56,000 lts; there were 21,500 lbs of
payload and 16,000 1bs of jet-A fuel on board et takeoff. Takeoff gross weight was
9,500 1bs and the c¢.g. was 28.3 percent mean aerodynamic chord. The maximum
ailowable te'eoff weight was 116,000 1bs. The No. 3 generator control unit (GCU)
and an ammeter were replaced by Trensamerics maintenance personnel at Hill AFB
before the flight departed on November 18, 1978, because of a flight log comment

regerding the ammeter indication on No. 3 generator on the incoming flight, There
were Lo recwrds to indicate that a functionsl eheck of the GCU was performed by
mainienance personnel befure the aireraft departed.

1.7 Metevrological Informution

The crew of the Logair flight was briefed on the en route and terminal
waeather at all stops by the Hill AVB weather office. A Department of Defonse
Form 175-1 "Flight weather briefing' was completed and furnished to the crew,

Selt Lake International Airport observations at 0453 weve: Cleuads-~2,000-1t
scaitered, mensured §,200-ft broken, 7,500-ft overcast; visibility--10 miles in
light rainshowers; temperature--41°¥; dewpoint--38° ¥; wind-~180° at 7 knotss
altimeter setting--29.87 infg, Remarks were: celling ragwed and lowering,
precipitation heavy 1o southeast,

A Selt Lake Uity International Aieport specin observation at 8802 fndieatod
Closds——2,000-ft  scattered, measured 2,80&»& broken 5,500-ft  overvasts
vistbility--10 miles in light rein; wind 180" at 5 knots; altimeter seiting--29.88

Infig. Hemarks worer celling ragged, precipitation heavier to soutlicast,

A repoet from & pilot of a corporate jet afveraft who was flying ot or saar the
altitude of Na580 about the time of the accident indicated that wsome icing
cunditions existed,

o R ATt e kb 0a Sk potnes E TR g AEE R T b BBt sy ciR b vian g
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Alde to Navigation

Not applicable.

1.9 Communiestions

The controller at Hill AFB stated that when the flight first began to taxi the
tower received garbled and week transmissions. Because the flight's radio
transmission was barely distinguishable, the controller advised the erew of the poor
teansmissions. Later, however, after the aircraft was taxied from the freight
icading area, the crew asked the tower controller il the transmissions were belng
received. The tower controller advised, "a lot better," and gave the flight its
departure clearance. Controller personnel in Salt Lake departure control reported
no difficulties with the quality of air to ground corimunications while they were in
contact with the flight,
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1.10 Acvodrome Information

R

Not applicable.

111 Flight Recorders

The eircraft was equipped with a Fairchild model A-100 cockpit voice
recorder, serial No, 1488, ‘The tape was in good condition and was transeribed at
the Safety Board's Laboratory in Washington, .. (See appendix D,)

The aireraft was equipped with & Fairchild model 5424 flight data recorder
(FDR), serisl No. 5653. The recorder was recovered from the wreckage and was
troughi te the Safety Board's Laboratory, where it was read out.

The readout was started at & point where the aircraft was turning onto
runway 14 at Hill AFR for takeoff and continued to the end of recorded traces—a
total of 9 min. 38.4 see. To convert pressure altitude to mean sea level, gltitude
information was based on the elevation of the approach end of runway 14, at Hill
AFB--4.782 ft. No other corrections were made t0 any parameter,

‘The final portion of the aircraft FOR foil tape was damaged. This damage
created dirriculties in the readouwt of the final heading, altitude, and normal
acceleration traces. Hetween 0454:11 and 0454:46, the DR heading trace was
ervatic, similar to the erratie heading vaviations which appoesred during the takeof?
roll and the previous landing. Thete vavivtions are considered 1o be an instrument
mstfunction or a loose cloetrical somnisciion to the FUR stoce the aiveralt was

incapable of producing the mdicated turn rates as bigh as 120 deg/see turn rate.

The FDR information, pertinent melcorologlcal datr, and air traffic control
information were wsed to compute the sicorafi's probable flight profile. The
pertinent portion of the flight profile includes the final 4 1/2 minntes of flight and
algo includes seleeted CVR  transmissionn, (See appendix B.)  The profile
terininates close to the time of breakvp as indicated by sueh a sound v the CVE,
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Electrical power interruption, indicated by a negative spike on the FDR's g-
trace, and a 1-second loss of power to the CVR, cceurred at 0453:34, at an altitude
of 11,800 ft, and about 6 1/2 minutes after liftoff. The aireraft had passed the Salt
Lake City International Airport and was on a magnetic heading of 162°% It then
entered a right turn and continued to elimb,

1.12 Wreckego and Impact Information

The aircraft wreckage was scattered along a north-south path about 1 1/2
miles long. The right inboard wing wus found in the southwestern part of the
wreckage area, It had separated from the wing's center seetion and had sustained
fire damage. The bottom wing planks were intact at impact; howaver, the top
planks had been destroyed by fire. The. flap had been destroyed by fire. The
jackscrew measured 28 3/4 ins. between the trunnion pivots. The outboard wing
had separated in flight. It was not damaged by fire, Its tip had separated from the
leading edge and was found nearby. Some wing planks had fragmented. There was
evidence of upward bending at the inboard end.

The inboard and center sections of the left wing were found in the main
wreckage ares which was aboat 400 ft from the southern end of the wreckage path,
The inboard section was damaged by fire, and the flap had been destroyed by fire.
Its jackscrew measured 20 ins. between pivot points, The outboard wing section
had sepavated in tlight and was not damaged by fire. Some planks had fragm.ented,
There was evidence of downbending at the inboard overlond separation of the
outboard wing.

The vertical fin, the upper portion of the rudder, most of the left horizontal
stabilizer, and 3 ft of the right horizontel stabilizer remained together, There was
no five damage.

The right outboard horizontal stabilizer was located 1,000 ft northeast of the
empennage. It was not damsged by fire. A 6-ft x §-ft portion of the inboard upper
skin had separated. The inbosrd sepacstions were bent downward, A 3-ft to 4-{t
section of the left horizontal stabilizer was found near the right outboard
herizontal stabilizer; it was not damaged by fire,

Pieces of elevators and the lower rudder were rocovered northwest of the
empennage; they were not damaged by fire. There was evidence of overtravel at
the hinges of the elevetor upper surfaces. A pieee of right outboard clevator way
found at the north end of the wreckage pattorn, All control surfrees recovered hod
sepaeatad due to overload,

The nos2, cockpit, and cacgo flovr portions of the fusclage were within the
main wrechage aren. The fuselsge had hit the ground inverted at a near 30°
nosedown aititude.  Portions aft of the flight engineer's panel weee Jamaged
heavily by fire. Beversl lsvge soctions of skin had been strippad off the balkheads
in flight and eame to rest north of the main wreckage. These sections were not
burned,  The pressure bulkhiead and the fower aft fuselage hed separated in flight
and were found with no fire damage ity the main wrockago distribution aven. "'
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upper aft fuselage failures were typleal tenslon-type failures, whiie the lower
{failures were compression-type failures. The taileone had separated and was found
near the wing leading edges. It was not damaged by fire.

The left main landing gear was located in the main wreckage arca. The gear
and its attachments to the nacelle had been damaged heavily by fire; the tires were
destroyed, The right gear was located about 20 ft west of the right inboard wing
The gear had separated from the oleo strut below the nut which holds the piston in
the cylinder; it was not damaged by fire, The nose gear strut and the gear doors
were found in the main wreckage and showed only stight evidence of fire.

AN engine and propeller components were recovered at the aceldent site,
The No. 1 ongine was located some distance away from the main wreckage. The

examination of engines anxl propellers disclosed no evidence of preimpact distress
or malfunctions,

The power feederlines from the No. 2 generator to the nacelle firewall
showed heavy fire damage, especially on the neutral, or ground, feederline. These
units were recovered from an area in the center of the ground fire. Solidified,
molten aluminum was found throughout, The No. 2 generator ground feeder was
found froe of its attachment to the goenerator. The lug which atteches the feeder

the generator was still attached to the terminal board. The other two
generators were found attached to the No, 3 and No. 4 engines, There was no
avidence of electrical malfunction or distress on these units,

The majority of the cockpit instruments were destroyed beyond rocognition.

The captain's horizon flight director was recovered, it indicated an inverted, 30°
nosedown attitude,

The directional gyros were not recovered. One turbine inlet temperature
gauge indicated a value in the normal range for an operating engine., A control
boost "OFF" warning light contained a hot-fractured filament,

The sileron and elevator flight control boost units were recovered; one unit
was some distance away from the main wreekage and the cther unit was near the
main wreckage. They were both in a mechanical de-boost position. The units
contained hydraulie fluid,  Vhree ecleetrieslly driven hydraulic pumps were

reeovered In the main wreckage are.. ‘Two punips were damaged by fire and heat,
cne pumyp was undamaged,

N o B BB &E -ﬁ:
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Postmortem and toxicological examinations of the flighierew disclosed no
preexisting meadical problems or other abnormal conditions,

The aircerail was subjected to some ground fire,




115 Survival Aspects

The neeident was not survivable because impact forees exceeded the limits of
human tolerance,

1.8 Tests and Reneareh

1.16.1 The Electrical Bystem

The Allison turboprop engines operate at a constant speed for all flight
regimes (13,820 + rpm). The generantor speed is, therefore, constant and produces
power at 400 U, whick eliminates the need for conventional constant-speed drives.
Three generators are installed, one each on engine Nos. 2, 3, and 4. The aireraft
was not equipped, nor wus it required to be equipped, with a generator on the No, 1
engine. Generator No. 4 has a two-speed gearbox that permits it to be driven at

400 Hz at the normal in-flight engine rpm and at low-gpeed ground idle,

Primary electrical power is supplied by the three engine-driven, 60KVA,
J-phese, 400-cycle generators, The generators are not paralleled. A grounded
neutral system is provided which gives phase-to-ground voltage of 115 volts.
Power transfer relays are electrically and mechanically interlocked to prevent
more than one generator from being connected to any one bus at the same time,

Eleetrical loads are assigned to buses based on their priority, Systems not
necessary for safe flight and certain redundant items are supplied from bus B,
Systems not necessary for safe flight but considered highiy desirable, plus certain
redundant items and most flight statior cquipment are supplied from bus A, Both
bus A and bug B can be powered from two of the three genarators,

Systems considered essential for continued safe flight are supplied by the
essential a.c. bus and can be powered by any one of the three generators, If all
generators fail, equipment eritical for immediate descent mnd landing is
antomatically powered from the inverter bus which ix powered from the battery
and emergency inverter, ‘The 1188 Eleetra "abbreviated emergency procedures!
checklst does not incorporate procedares for electrical system faflures because of
the sutomatie fentures of the system.  The Elecetra operating manual, however,
does contain trouble-shooting chartys with recommended in-flight procedures for
certain electrical sysiem discrepancies. The diserepaneios listod in these charts do
not include the symptomy diseussed by the fighterew on the CVR of the aceident
aiperaft,

The 1188 has an mitomatic transfer sy: fem which controls the povwer {low
from the generators to the boaes as deseribed beiows

{n)  Normal operation (three gonerators vequired)
gonceator No. 2 supplies bus 13,
generator No. 3 supplies bus A,
essential a.e. bus is suppliod from bus A, und
goenerator No. 4 is a spinaing rescrve,
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If generator No. 2 fails:
generator .Jo, 4 supplies bus B,
generator No. 3 supplies bus A,
essential &.a, bus is supplied from bus A, and

gencralor No, 2 is off-loaded,

If generstor No. 3 fails:

generator No. 2 supplies bus B,

ganerator No, 4 c;um‘)lms hus A,

ossential a.e, bus is supplied from bus A, and
generator No. 3 is off-loaded.

If both generator Nos, z and 3 fail:
generator No. 4 supplies bus A,
essential a.c. bus is supplied from bus A.
bus B i3 dead, and

generator Nos. 2 and 3 are off-loaded.

If generator No. 3 fails and a bus A lockout oceurs:

generator Wo. 2 supplies hus B,

essential a.c. bus is supplied from bus B,

generator No. 3 is off-loaded,

generator No. 4 i8 a spinning reserve available to bus B and/or
essential a.c. bus, and

bus A is dead and locked out from transfer,

Using available data, a simple schematic was drawn depicting the pertinent
electrical system configuration of N859U at the time of the accident, (See figure
1.) Because of the many chrages made to this system throughout the life of the
airplane, it is possible that scme differences existed between the system as
depicted on the diagram and the actual electrical system on the aecident aircraft.
Tests of the systems and components of sister ships of the aceident alreraft were
performed to identify some of the differences.

Ground tests of the 1,-188 weather radar system, using conditions of decaying
voltage showed thai radar scope brightness, tairget position or range varied and
sweep stopped eompletely at 95 volts,

Data received from the munufacturer of the HZ-4 Flight Direetor System,
and the VOR units also indicates that erratic and unpredicetable displays can be
expected when electrical supply does not meet specified voltage and frequency
requirements,

During the investigation of a previous occurrcnee involving momentary 10ss
of control of a Boeing 707-321C aircraft using the same type of flight director
instrument, the Board found that within sever seconds of an electrical power
failure the instrument displayed a bank to the left of about 20° causing the pilot to
make corrections for the false indication and placing the uircraft in a right wing
down/diving attitude. This characteristic of the HY-4 unit was not generally
known to flightcrews and existed in such units bearing serial numhers beiow 3000,
The serial number of the unit instelled on the captain's side of N859U was 1870-D,
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L1262 Ground Tests on Transamerion 11688

s sy

To develop & better understanding of the interrelationship of the various
fiight instruments, warning flags, and electrical power transfer systems on
Transamerica's L-188%, tests were conducted on two sister-ships, N854U and
NBGOU, at Miami, Florida, on January 24 and 25, 1980. During the tests, the entire
electrical systemm was tested with engines operating, and the numerous flight
station instruments and displays were observed. With the loss of power to the
priority A bus, the copilot's herizon flight director, gyrossy i compass indicator, and
pictorial deviation indicator waore inoporative with power fatlure flags visible, The
copilot's turn-antd-bank indientor remained operative but flight instrument integral
lighting was lost. The pllot’s horizon flight director, gyrosyn compass indieator,
pictorial deviation indicator, and turn-and-bank indieator remeined operative.
However, with a flight direetor function sclected;, a flight dirextor warning flag
was displayed and the steering bars were centered in the pilot's horizon flight
director. The pilot's picetorlal deviation card and command bars were inoperative,
and a VOR-inoperative flay was displayed. A VOR-inoperative flag was also
displayed on the pilot's gyrcsyn compass indicator and the integral lighting in the
pilot's flight instrumenrts was lost. With four exceptions, the preliminary schematie
is believed tc have reflecied the configuration of the sister =hips' elsetrical
systems. The exceptions weres (1) vertical gyro 1 and directional gyro 1 were
connected through the flight instrument emergency relay and instrument master
relay No. | rather tnan directly to the essential a.c. bus, {2) the instrument master
switeh had a junper wire which energized the flight instrument emergenscy relay in
either the "NORM" or "EMERG" position, (3) the instrument panel emergency white

lights were connected directly to the essential d,c. bus, bypassing the flight station
lighting override switeh, and (4) the turn-and-bank 1 on N859U was connected
directly to the essential a.<. bus rather than to the inverter bus,

Because of the uncertsinty of the effeet of a defective neutral ground eireuii
on generator operation, a special test was performed on sistership N860U, The
purpose of the ground wire {rom generetor neutral stud "T-)" is to provide a ground
path for single-phase loads back to the "WYE'"-connected three-phase generator,
For three-phase baianced loads, such as motors for pumps and fans, the ground is
unnecessary. lHowever, for single-phase loads, such as livhts, instruments, and
phase-to-ground feeder faults, the ground is necessary to provide a low-impedance
path back to the generator neuiral.

Before testing, the ground wire was removed and tied back from generator
No, 2's neuteal stud "I~0." The No. 2 engine wesd sterted with generator No. 2
switched off, and with generator No. 3 powering privrity bus A and the essentisl
a.c, bus, generator No. 2's switeh was placed in the "TEST" position, which
produced excitation and 117-volt a.e, output at no load. When switehaed "ON",
generator No, 2 picked up priority bus I3 normally becauwse the loads were all
balanced three-phase loads. Priority bus A faillure was simulated in an attempt to
duplicate suspected conditions in the accident aircraft. The essential a.c. bus
immediately tranaferred from the dead bus A to bus B; the latter continued under
power from generator No. 2. There ware no abnormal indicstions,
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Additional tests were condueted on N8540 to determine the amount of
inerease in the coritrol wheat forees with all hydraulic pumps in the "OTF" position,
After switehing all pumps "OFEF" 51 seconds elapsed before aileron contro! became
stiff.

1.16.3 Tests of Generntor Control Unils

Generator control upit S/N 5331264 had been removoed from the secident
arersft just before its Iast flight. It had been installed in the No. 3 generator
position and, according to maintenance personnel, had been cemoved as u
precautionary measure. The maintenance was performed beenuse of a compleint
regarding the ammeter for the No, 3 gencrator, which was reading #ero on the
preceding fiight, Examination of moisture spots on the inner surface of the unit's
cover revealed a hot spot on one wide of the miearta mounting board around a
diode. 7There was evidence of excessive heat in a solder connection that was
covered v ith a plastic sleeve, and several connections appeared poorly soldered,
Sputs of splattered solder were noted on the surface of the mounting plate and on
wires. The unit was later tested at the manufacturer's facility. The tests diselosed
no discrepancies The unit was then subjected to & magnetic field of about 1.24
kilogauss, No efiect was noticed on the operation of the unit.

In order ‘o obtain a sample of the quality of overhauled generator controt
units, three units from Transamerica's spare parts stock were tested. Two units,
$/N 52704198 and S/N 5260511, were tested because they had been removed from
sireraft {or meintenance reasons. One unit had a broken resistor; the other unit
performed normally, A unit removed from stock, S/N 5329304, was tested and was
found to function within specifications,

LA7 Other Information

1.7.1 Integrated Plight Instrumoent System

The L-148 is equipged with on integrated flight instrument system which is
displayed on the pilot's and copilot's flight instrument panels. The integrated
system consists of three instruments on each panel--the horizon f{light divector
(HF}L;), the pictorial deviation indicator (PDI), and the gyrosyn compass indicalor.
(GCD,

The HFD receives and assimilates gyro and navigaticn radic signals, Attitude
indications are recelved from the vertical gyro and navigallonal radio information
may be introduced through the HFD computer. The stiitnde sphere shows the
attitude of the aireraft as related to the horizontal axes of filght,

The PDI presents ¢l wnavigation redio beam and VOR radial deviation
information and the aireraft's heading relative to the seiected course,

The pilot's GCI receives heading signals from 1t~ No. 1 compnss system
(directional gyro 1) and the copilot's GCI receive signaly {-om the Neo. 2 coimpass
system (directional gyro 2). A switch arvangement is provided so that both




SRERARE BT BN 45 ki o 1T NN Y mbre S

-1 3

indieators can be switched to either the No, 1 or the No. 2 directioral gyro in case
one of the gyros is inoperative, The aircraft's magnetic heading it shown on the
face of the instrument and the desived heading can be manually set, Two radlo
navigation pointers are provided for VOR and ADF bearing informatior. A
VOR-ADY seloctor switeh is provided to select the desired function.

The pilot's flight instruments and the center panel instrumaents are normaily
lighted by integral lights which are powered by the priorily A bus. Secondary
Lghting is provided by red flood lights connected to the priority B bus or by
emergency white lighte connected to the essential d.e, bus, The red flood lights
are controlled by a switeh/rheostat on the lighting control panel which is located
above the pilot's station, 'The emorgency white lights, including nedestal floor
Hghts and a white dome light, are normally zontrolled by the flight station override
switeh, a 3-position switeh located on the same panel. This switeh must be in the
"bright white" position to euergize the emergency white lights, On N859U, the
instrument { anel emergency white lights were controlled by a separate switeh,
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1.17.2  Standby Attitude Indieating Systom

An independently powered standby attitude indicating svstem, designed to
provide attitude indications on large turbojet aireraft in the 1t of major failures
of electrical systems, is not required cn large turboproe  ‘ieraft and was not
installed on the accident aireraft.

Gt FPETIREY

2. ANALYSIS

The aircraft and flightorew were properly certificated, There was no
evidence that adverse medical or physiologicul factors affected the fiighterew's
performance, According to CVR comments and air traffic control
communications, the firsi officer was flying the aircraft during tekeoff and the
tirst portion of the flight.

The evidenze clearly indicates that an electrical system maifunction
developed shortly after the flight devarted Hill Air Force Base. It is not ciear how
the malfunetion was first manifested to the crew. The flightorew was having
difficutty with the radar displays on both radar units. 'Ifiere were also remarks on
the CVR regarding the captain’s VOR indications, The capiain concluded at that
time that his VOR was not reliable but ‘i1t the first offlcer's "sopesred® to be
right. Because the radar and the first o”% er's VOR are powered by priceity bus A,
the Board believes that these difficulties were not coincicanta! hut rather were the
first munifestations of a progressively decaying voltage condition and an indication
of an insidious onset of the major electrical problems that followed. ‘The Boerd is
also inelined to believe that the erratic hahavior of the radar snd VOR during the
early phase of the flight probably created a state of mind among the flighterew
which made it extremely difficult, if not impossible, for them to rely on flight
instrument displays &fter 8 bus failure occurred. Unexplained deviations in the
aireraft's heading from a point shortly after liftofll until electrieal power transfer
from bus A to bus B took place further suggests the existence of & decaying voltage
condition which resulted in unreliable attitude and heading information on the first
of ticer's MNight instruments.
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The departure coniroller stated that he lost the secondary redar retuen from
the aireraft shortly efier the flight passed over the Salt Lake City Akgport.
According to the flight profile, the captain commented "lest everything” about the
same time. ‘Therefore, the Safety Board conecludes that o definite eleatrical
malfunciion ogeurred at 0453:34, when electrical power to the CVR was
interrupted. Correlation of CVR, FDR, and alr traffic control information
disclosed that the interruption was of about 1 second duration with regerd to the
essential a.c. bus, betwuse both the FDR and CVR continued to funetion from this
bus without further interruption until the aireraft came apast in flight,

CVR conversations after (453:368 indicate the filghterew recognized the loss
of an elsetrical bus but were uncertsin as to which bus was lost. Bussad on the
Board's anaiysis of vrew comments and of the electrical sysiems, it was concluded
thet the inoperative system was priority bus A, including both flight station
extensions A, and A,. The first officor stated thar he had no heading referencs,
and the capt&in appa;emtly lost the intagral lights on his flight insiruments when he
asked for a flashlignt, ‘Thirty-four sevonds after the captain eommented "lost
everything,” the first officer cvinmented, "ah we're boost out too."

Since it is normal operating prosedure to shut off one hycraulic pump after
takeoff, the Satety Board concludes that after takeoff the flightorew shut off the
No. 1 pump which, when coupled with the loss of the No. 2 pumip on priority bus A,
would have eliminated the hydraulic boost for the flight controls. Ground tests
discloned that about 51 seconds clapsed between the loss of hydraulic bocst and
flight control stiffening. Therefore, since the time would be less under the
aerodynamic loads encountered in flight, the Safety Beard concludes that all
¢lectrical power to priority bus A was lost.

The design of the L~188" automatic transfer system provides for, in the
event of a fallure of the No. 3 generator, that priority bus A be sutomatically
powsred by t! No. § generstor, However, i) priority bus A is locked out by the
unider voltage protection ~ircuitry within the No. 3 gonerator's control unit, the bus
is completely inoperative and the essentiel a.c. bus is transferrad to priority bus B
which is powered by generator No. 2.  Consequently, since the aireraft's
transponder and integral instrument lights and the coepilot's gyrosyn compess
indicator reimained inoperative, the Safety Bosrd concludes that priority bus A was
locked ot by @ system matfunction,

Testn showed thal a dissonnectod ground wire on the No, 2 gmerator such as
was found on the acecident aiveraft had ne effec) on the aperation of either priceity
bus A or pricvity bus B, or on the transfer of the esential a.c. bus o bue B when
bus A was failed. Additionally, there was no svidence of malfunction or distress in
the Nos. 3 snd 4 gencrators. Further, since s malfunetion in either of these
generators should have grodacad a trip Jight which would have been plainly visibie
to the crew, and since there was no mention on the CVR of a trip light, the
malfunction apparently involved a fault on the prierity A bus wideh prevented
either the No. 3 or No. 4 generator from providing power to the buv. Accourdingly,
all equipment powered by the bus would have been incperative. Becauvsa of the
peatancident condition of the control components of the eclectrical system, the
rossolt or reasons for the fault on the priority A bus eould not be determined,
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The evidence sizo substaniiates that the conential &, by was powered,
spperen’ly by the No. 2 generator through priority Lus B, because after the belef
loss of power to the CVR and FDR both continued to function. Also, the second
officer made a stetement that scunded like "we've still got B.7 With the ezsentisl
a.C. bus operative, electries]l power should have been aviilable to the captain's
horizon flight dircetor, gyrosyn compass indleator, and turn-and-bank indleator;
also, the first officer's turn-and-bank indicator should heve been operative.
Mo eover, bacawe of the jumper wire betwezen torminale of the flight instruniont
master switch, the captain's gyrosyn compass indleator and the first officer's
turn-and-Lank indicator should have bean operative aven if the instrument mester
switch wap in the normal position. 8ince FDR hexding information is obtained
through the No. 1 compase system sud the FDR heading trace was continuous, with
regard to electrical continuity, the Safety Board concludes that the captain's
cotapass Indicator was functional and was providing refiable heeding information.
Also, the close correlation between the posterash attitude indications (30°
nosedown and invertud) on {he captain's horizon flight director and the alrcrafi's
impact attitude indicate t18¢ the horizon flight director was functioning properly
et impact.

The flight instrument panei red flood lights and emergency white lights
siould have been available to the captain and first officer through the flight
station extension of priority bus B and the essential d.e. hus, respectively.
However, the availability of the lights would have Zepended on the positions of
their control cwitches/rhecstats, Apparently, the switches were off, at least
initially, because the captain aesked for a (flashlight, Because the
switches/rheostats are on the control panel above the captain's head and because
there were no further comments on the CVR about obtaining lighting other than by
fiashlight, the Safety Board concludes that the red flond lights and emergency
white lights probably were not turned on and the captain and first officer wers
relying on the flashlight for flight instrument panel illumination.

Under the circumstances, following the complete loss of priority bus A, the
flightcrew was faced with a confusing situation in a dariensd cockpit, while flying
at night over mounteinovs terrain and in instrument meteorological conditions.
The first officer's flight instruments, with the exception of the alrspeed indicetor
and turn-and-bank indicator, would have baen incoperative with appropriate warning
flags indicating this condition,

Purther, the captains horizon flight director and pictorial daviation
indicator, alibough operative, probably would have displeyed warnings relaled to
fuilures of thelr fiight dirvetor funations. Similarly, VOR-inoperative flags would
have sppesred on hiz pictorial deviation indicator and gyrosyn compass indieator,
sithough the latter's heading funciion would have remalned oprrative, These
displays, coupled with the loss of iategral iights in these instruments, probably
caused him to believe that his flight instruments were also inoperative or at least
unrellable. This is supported by hiv negative response to the first officer's queries
of whether he had any heading referance, by his subsequent command to fly by
raference to basie flight instruments ("neadle, boll, airspead™), and his reguest fov
directional assistance ("give us gyro headings, we have no gyros™).
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The caplain apparently took sontrol of the slroraft because at 0454:28 the
fivst offlcer began mak iy the rodo travamiselons to the departuve controller, Thin
is further suppcrted by the fiest officer's comment at 0455:05, ™no you're in a right
turn,” and by the caprsin's request for help in flying the alreraft. It s uot knewn
whether the oaptain wan esking for zsistance becauwse of the loss of hydrauwiic
boost or whother he wanted smistonce in intergreting the flipght instruments.
However, sinee the firyt offfeer had the flashlight and was making the radio
transmivsions, the auplain pe-dably wanted ilumicetion of, and essistanse n,
interpreting the flight (neteuments, This is supported Dy the first officer's
comment, "Three mero ziero on the heading."” Sinee tra FDR heading at that thse
wan sbout 330° . 3 slnce a 30° reading evror would mot b unuensl onder the
extoting circumsinnces, the Safety BSoard concludes that the fivet offises was
illuminating the raptain's instrumonts with a fleskijgiht and wag veadins the
nireraft's hending from the capiain's gyrovyn compass indicater,

The cuptain obviously became disoriented shortly after the first officer's
commant ahout the aiversft's heading and slmost immedietely after the departive
controllz® transmitted "...stop furn,” About 0455:39, the FDR eltitude truace
indicates 1hat the zirerelt was descending through about 9,700 ft at a rate of about
12,600 ft/min. Simultancously, the g-trace was about +2.9 g's and the indicated
airspred was at 270 kns and was inoressing rapidly. At 0455:43, while still
desoendivg rapidly, the cepisin said, "Okey help me, "m ciimbing.” This indieatas
that the captain was totally disoriented and that the aiveraft wes out of control.

Vithin the {ollowing 10 to 13 seconds, the altitude traon stopped, followed by
the al'speed trace, and iugh g-t'orces ware recorded. At 0455:%9, the soumds of

sivere/t disintegrotion wera recarded on the CVR and 3 sesonds later all reccrding
ceased, Extrapolstion of the altitude trace indicates that the eireveft broke apert
at as altitude of about 7,200 It, or ahout 3,000 't ebova the groand,

The Sefety Board b dieves that some sspects of this aceident merit further
disawsion, The woight of the evidsice lndicates that the captain may have rade
qu'sk judgment regarding the extent of the eolectrienl molfunetion ("ot
evarything™) and sithough ha afterwirds disunsed the logs of a bus, he did ot alter
Wi originel assessiment ss indivatad by his continued reminders to use basie
tmrwnent references, However, ai determined in the investigation, even with the
luss of bus A, the flight instruments on the captein's instrument panel should hava
veen funstional. Thus, thes question must be raised as to whether the erew showid
have been abie to disgnose mmd react properly to the total electrical/Mipht
Instrument situation under the plvem conditions. 1t is apparent from thwr eonmonts
on the CVR that from the time of the eloelirical power malfunetion, the esptain
was primerily and continuomly coovpied in siterapting to maintain control of tha
sireraft. There were only minime) ecnmesnts coneerning the dectrisal problum, It
ig, thevelure, conceivable that the perplexing and insidioue cneat of the slestrical
syviem maifunction, such a3 a progressive voltage decay, may have lod the
flighteraw to dowbt the rolisbility of sli of their electrically powered flight
instruments. The immediney of having to meice thade judgments becawse of the
night instrument meteurolagicnl conditions and with the instrument lights suddenly
besoming inoperative mady thelr task one of considerable magnitude. In view of
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the behuvior of the horlson lndicator, which would ficet have Indieatad s 26° Loft
wingrdown attitwde, $iw Noard botieves that the alveraft was plecad Iy an wawanled
right wingdown sliitude before Uie A hus power Joas had coeurred or that losd mua
clearly indlestad to the Nightersw. Thus, the Hmiied assessmentsy of the slectrient
probiams by the orew at found on the CVR may be due, either fully or in pert, fo
the compounded siluntion they were facing,

The foregolng dissumsion of the crew's reapows to the elsetrical system
probiems is based almest entively upon the nformation coitainsd on the CVIL,
Shiwes e crow's varbal comments and coekplt soumds do not provide o coplate
indieation of crew petiony and communications, the full extent of their efforts to
inlarprot daplayed sysiems and to degnose and romedy the problem cinnot e
determined trom the investigation. In tight of the incompleteness of Mz evidenea,
tha Salety Board cannot vesch & conclhiwion as to the extont of the erpv's Pespoive
to the omergeney, but oan conclude thut thelr offorts did not sveednd in coping
with the emergency situation in time to avert u complete o of costrol, While
the Board doos not fully understand the apparant lack of asiive invelvement of the
flight epinesr in some form of definitive obeervations and corresponding remanrks
relative (o the displays on the electrical control panal duelng the entergerey, it s
very likely that some anslytical assessment of these displays wes baing po. "ormed
by bim, but this i3 not evidant on the CYR,

Although not reguired in eivil turboprop trensport aiveraft by curcsnt Fedevsl
Aviatien Regulations, thy Sufety Board bulieves that an independiently powersd
standoy sttitude indicator is an indispensable instrament under the sonkiitions and
ciccumstances of this socident. With the loee or assumed s of cucirically
operated flight instrumentation and eookpit tighting in instrumant matecrclogion
conditions, the pilot's mein concerns ave to keep the aireraft under contenl and to
kewp it In loved ce nenr loval flight while analysis of the electricnt protaems can be
conducted. With an attitede indicator that is indepandently powased, the pilot can
be reasonalily confidunt that it ia scourate, relisble, and uraifecied by eloctrival
probloms.  Cousequenitly, ho not only hus » valuable instrument to rely on for
maintoining alroraft contral, but he slao lws an instrumeat thet oan be wed to
casuss the jurlormanee of the normal flight instruments, The Yallely Beerd
believas that this aceldent probatdy would hive beeny avoided hed an indepaidientiy
power it atandty attitiidn indicator been instilled in NEIOU,

3, CORCLUERMNS

Tha flighterew was properly cartificated and qualified for the Plight,

T™he airernft was properly ecertilicated and wan malntelned in
socardense with esisting rogulations.

An elostrical system malZunetion oovurred while the wsircraft was
olimbing betwoan 12,000 and 13,000 It; the first offlcor waw flying the
alveraft when the malfunetion ooouwered,
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The flght wes operating at night in istrument meteortiogios
conditions when the sloetriesl system mealfunction ceeurved,

The difticultions with cndwr and VOR systems Immediately after tukeoff
were the result of & progressive voitage decsy in the buy A system.

The horizon flight @ector displayed unrelinile attitude information
before there were clear jndications of an eocivical system
manfunation,

The eloririeal system maifenction involved e lockout of pelovity bus A
following lackout, all equisment powerad from this bus wi incperative
includivyg the firat officer's horizom divector, pictorial deviution
incloator, and gyrosyn compess indieator, 88 well as the intogral lights
in the pilots' flight Instri.owts,

Whon the malfunction oecurred, the emential s.c. bus wae transferred
from priority bus A to pricrity bus B, which involved & brief
interruption of power to the emential a.c, bus.

The insidione onset of the elesiricsl cystem malfunction caused the
ceptain not to rely ci flight instrument displays,

The captair's hovizon flight director, gyrasyr compass indicstor, end
turn-und-bank indicatir were aperative at tne tima of impact.

Following lockout of pricrity bus A, flight instrument panel lighting wan
availatle from emergancy white lights and from rvd flood lights; these
lights wer'e not on before the lockout desurred.

Aftor the electrical malfunction, the ceptain took controd of the
alroraft,

The vaptain became spatially dsoviented and et eomtrol of the
mireraf’t,

The alrorsits structural design loads and s maxhinum alrspeed wers
éxvesded, wnd the aireraft beoke apart in flight about 3,080 ft above
the growd,

Tho airerult was not equipped, nor was it required o be eguipped, wich
an indapsnduntly powered siandby attitude indicator,

Had the alresaft boen squipped with an independently powered standby
attitude Infientsic, the sccldent peobably would have been svoided,
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‘The Naticnal Transportation Safety Beard determines that the probable cav. e
of this accident was a progressive failure in the aircraft's clectrienl system leadi.
to the disabling or erratic performance of some critical flight instruments anu
flight instrument lighting while the flight was operating in night instrument
meteorological conditions. As a result of these conditions, the flighterew could not
resolve the instrumeniation snomalies to determine proper aiveraft attitude
reference, and became discriented and lost control of the aireraft. The crew's
efforts to regain ¢ontrol of the aireraft impuosed aerodynamic loads which exceeded
design limite of the alrcraft and caused it to break up in flight.

4, SAFRTY RECOMMENDATIONS

As a result of this accident, the National Transportation Safety Board on
March 13, 1980, recommended that the Federal Aviation Administration

Amend 14 CFR 121.305()) to extend its applicstion to all large
turboprop aireraft to require an additional attitude-indicating
instrument which operates from & source of power independent cf the
normal electrical generating system, (Class I, Priority Action)
{A-80-19)

See Appendix F for the FAA's response to this rscommendation and the
Safety Board's reply to their response,

BY THE RATIONAL THANSPORTATION SAFEITY BOARD

/s/  JAMES B. KING
Chairman

/s/ PQ.:T'E‘.ICHA A. GOLDMAN
Member

/s/  G. . PATRICK BURSLEY

VA Tt =

Rambay

S Mt Y el GRS RS

Rt

ELWOOD T. DRIVER, Vice Chalrmen, ¢ not participate. FRARNCH H,
MeADAMS, Member, fiiad the following dissent.

Momber MocADAMS, Dissenting:

In my opinion, in the interest of preventing similer accidents from oncurring,
thve Board should have smphanized that in the event of e partial elwotrical laliure
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or interruption, pilots should not assume, as this crew apparently did, that these ig
a total loss of power. In this case the captain's flight director, gyrasyn COMPASS,
and turn gnd bank indicator were operative, and with such instruments functional
the aircraft could have been flown safely, The crew should have adequately

analyzed the extent of the power failure and determined which instruments were
operative.

/8/  YHANCIS H. MeADAMS

A8 Ty 708, B9 G i st

Menmber

August 26, 1980
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5. APPENDIXES

APPENDIX A
INVESTIGATION AND HEARING

ot

KR R IR

2

Investigation

The National Transportation Safety Board waes notified of the aceident at
0600 o.s.t. on November 18, 1979, and immediately dispatehed an investigation
team to the scene. Investigative groups were established for operations, air traffie
control, alreraft systems, structures, weather, powerplants, witness, cockpit voice
and flight data recorders, and aireraft records.
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Parties to the investigation were the Federal Aviation Administration, U.S.
Aiv Force, Transamerica Airlines, Inc,, Loekheed Aircraft Corporation, Detroit
Diesel Allison Divison of General Motors, and Air Line Pilots Association,

Public Hearing

TS

The National Transportation Safety Board did not hold a publie hezaring nor
were depositions taken during this investigation.
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APPENDIX B
PERSORNEL INFORMATION

Captain Marvin U, Dic:

Captain Dick, 46, was employed by Transamerica Airlines on May 5, 1977,
He held a valid Airline Transport Certificate No., 1415334 with gireraft single wid
multiengine land *atings. He was type rated in Nockheed L~188, 1~382, Curtis
Wright C-46 &nd Arnsstrong-Witworth 650 aireraft, Captain Diek had a valid
first-class medical certificate without limitations issved or: June 11, 1979,

His total flying time was reported to be between 15,000 and 20,000 hours
with 6,000 hours in I-188 gireraft,  The last proficiency check was on
September 18, 1979, The last line check was on July 25, 1979,

First Officer Harry H, Gardiner

First Officer Gardiner, 35, was employed by T ansamerica Airlines, Ine., on
April 30, 1979, He held a valid Airline Transport Certificatse No. 2149366, Flight
Engineer's Certificate No, 155342331, He was rated for multiengine land, 1L-188
and CE-500 aireraft, and held a valid first-class medical certificate without
limitations, issued on January 30, 1979,

His total flying time was 3,140 hours, with 2,715 hours in 1.~188 aireraf t; last
proficiency check was on May 31, 1979,

Second Officer Jack M. Johnston

Second Officer Johnston, 54, was employed by Transaineriea Airlines on May
7, 1972, He held aireraft and powerplants Certificate No, 1017744. His total
flying time was 14,866 hours, with 8,176 hours in I.-188 aircraft,

He held a first-class medical certificate issued on March 14, 1979, with
limitation to "wear glasses for near and distant vision." The first-class medieal
certificate reverted to a second-class certificate after 6 months from the issue
date. Only a second-class certificate is required of a second officer,

His last proficiency check was on January 25, 1979; the last line check on
May 9, 1979,
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APPENDIX C
AIRCRAPT INFORMA'TION

Loeckhead Electra (1.-188), N598U

The aireraft S/N 2016 was manufactured on March 28, 1960, and was
exported to the Netherlands on April 28, 1960, and kept in service by KLM until
May 28, 1968, when the aircraft was imported intc United States, and a Certificate
of Airworthiness was issued under transport category.

The aircreft was converted into cargo configuration on October 7, 1968, and
underwent extensive mecdifications at Lockheed Alireraft Service Company using
Master Drawing List SDR 8708 authorized by supplemental type certificate No.
BA1754WE datad July 28, 1968. This cargo modification was performed for
Universal Airlines which operated the aireraft until May 4, 1972, when Saturn
Airways purchased the aireraft.

The aircraft was registered to Transamerica Airlines on December 1, 19786,
All maintenance inspections and component changes had been completed within
their specified time limits,

The aircraft had a total of 41,764 operating hours.
The eaircraft was powered by 4 Allison 501-D13 engines and Hamilton

Standard Model 54H60-125/A7121B-2 propellers. Serial Numbers and operating
{imes were as follows:

Engines No. 1 No. 2 No. 3 No. 4

Serial No. 501120 501442 500521 501436
Date of Insp. T 16/24/79 10/15/79 7/19/79 10/8/79
Time Since Insp, 176 Hrs. 237 Hrs. 723 Hrs, 4,055 hrs,
T.S.0. 2,492 hrs 5,739 hrs 723 hrs 4,055 hrs

Propellers

Serial No, 214985 216993 2149838 215205
Date of Inst. 7/13/77 9/1/79 7/18/79 T/18/79
Time Since Insp. 4,433 hrs 445 hrs 724 hrs 724 hrs
T.5.0, 4,493 hrs 6,135 hrs 724 hrs 3,331 hrs

The aircraft hud been maintuined in accordance with cxisting requirements.
All upplicable Airworthiness Directives had been complied with,
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APPENDIX D
TRANSCRIPT OF A FAIRCHILD A-100 COCKPI! VOICE RECORDER
S/N 1488, REMOVED PROM THE TRANSAMERICA 1,-138 WHICE WAS
INVOLVED IN AN ACCIVENT AT SALT LAKE CiTY ON NOVEMBER 18, 1979

LEGEND

A e W it

Coclpit agaa microphone voice or sound source

Radio transmission from accident aircraft
Voice identified as Capiain
Voice identified as Firs¢ Officer
Voice identified ss Flight Engineer
Voice unidentified
Unintelligible word
Nonpertinent wor:
Break in continuity
Questionable text
Editorial insertion
- Pause
TWR Tower transmission
DEP Departure control

Times expressed in Greenwich Mean Time
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INTRA-COCKPIT AIR-GROUNG COMMUN]

TIME & TiNME &
SCURCE CONTENT SOURCE

CiM ({The captain noted that there were no
flaps and that the DG rotated and stabilized
on 035, the taxiway heading. and that the
turn and bank =35 operationalj)

{(Two power interruptions were noted
when engines were dropped to low
idle})

Battery swiich zasn’t on

Oh

{{Taxi gut was routine);

Everybody ready

-

60 ahead and bring thes up

{{Sourd cf incrzased RPM})
Log Air eight five nine winds are
one aight zsro, om2 zerg clear for
takeoff, I have amendment to your
clearance, 27ter departyre azintain onz
one thousand *

Log Air eight five nine cisared for
takeoff, after departure m2intzin
one one thousand
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COBTENT

Takeo™f check complete-

Let's see sixty knotc one 2ieven one
teenly four hundrad feel, gear in the
weil, any abori will be initiated by
you, by you

&

AIR-GROUKD COMMUNICATIONS

TINE &
Souncs CONTENT

1i46:00
RDO-2

That's correct

Ah HiY] Tower, Log Air eigh: five
nine, ah radio check

A lot bettzr sn that transs tter
Ah can wou read this transmitter
okay?

Yeak that ore'z fipe

Oxay

d XIINIdIV
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INTRA-COCXPIT

I s WA AT AN

LERE

] tight TiTYy rine; contact departure
control

200-1 Eight Tifty nine

1147:44
£200-1 A‘Er eight fiva ning

1147:51
s 32 iog Air eight five nine Salt Lake

deperture, radar contact, verify aliituge
leaving, verify clisbing ic one oo

thousand

Leaving fifty six for omg cne
thsucand

KiGNEddY

L
&

Yup

a
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INTRA-COCKPIT

Timi §
SOURCE CONTENT

CAN-2 Radar

N2 0. have anrtatng sver hers at all,
we Zatter ---

What scope yoy on fifiy?

AIR-GROUND COMMLHICATIONS

TiME ¢
SOURCE

. ive ning ok five
£ one ini idens

12g Air three forl: twe -c-

Log Air eight Tive nine delete he
titude reatriction, cliad ame
intain flight level See 2evD zaro

2}
iy

ive Riae s Cleaved to tan =g

{{Comversation fram Log 4Air tarse
forty two})

0 XKINSddV
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1149:5¢
CAN-2 Yosh
1149:55

Can-1 Don't want to get
teft ti1} we 38t

Eight Fifor o it

((Conversation fram Log Alr three
3ty o))

Ah tomithing Wwong Rere wilh our
"7

{{Fonversatics fro= Log Rir
th2e forty twe)!

{{Conversation ram tuo 2iasty sevan})

Yours spoedrs 1o be iiohf, uings
tiz e wesg
» e [ {Conversation froe seves TF})

LR

2dars not working for @

J XIINB4dV
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sa't {doing) mothing

That's aot haes

Yo s8¢ my picture looks like 1t's am
& hundred and 7if%y a1l the time *

Yoah, nise d00s too

1151:29
BEp

1151:37
CAN-1

P othisk we juit 20t on top of

the laver
1157:8%
ey

¥e 90! msre of it
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19TRA-COCRP1T

TI%E &
SOuRCE

Yook, w2 3 star

The #udar i+ sbsolutely =urthless
i{Conversation frem Sabrgiiser})
{{fesversation frem 7F))

Okay Log Afr elexl Five ni=:, say
21 ti tude

We're out 57 eleven thougand

Tur= left haadiaj to one iix 2ore,;
eight *ivg oing
0= six Zers

{{Conversation from Log Air ikete
forty tee2))

4
0
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ANTRA-COCKPLY AlR ;
A-COCKPIT ALR-GROUND Covomms!czi1oas
CONTENT

d XIKINSdS Y
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mi‘i;i“’ht Tivg ziag, resums own
nivigition on cowrse, cay your
21tibide g

ve &Y dithammisT. !

Have &xy Daading roference?
1153:53
oEP Log Air Cight Tive aine, resums
T
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TINE &
SQURLZ

LA You 9ot a Tiashlight?
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Ne're boose! Sut aren’t wel

Yaah give us the boost
You got it

N, ges the boost off
v {gued move)

{Okay} Log Lir Tive nine Salt L2ke

ga sagdie bail airspeed

Ibrr. gighc 7ive afae has 1ot
11 alectrical power 2 Ue
afvcra¥®e

a XiiNdddy




INTRA-COCKPIT AIR-GROUKD COMMUNICATIONS
S MUt LLA JORS
Ti®E &

ad XIGHHAAY

CONTENT

CORTE SOURCE CoMTZMT
ZIREERG 2EFLE bty

1154:30
Okay let’s (start) DEP Log Alr Cight five nins, %5 vou went
0 land 2t 3alt Lake?

1154:32

w2 Ak we want ah mais cyre we're on
2 bedding wha- | need seviatiom
from our heading we'll recuire ~--
and & descent

All right. you zppesr to be hezding
due ast 0w, say your aititude

Ah we're haading ah, we'rz 21tituda
# we're {3till got) "8" ¢ of slever tweive theusand, row
descending throus: twelve

#intain one * thousand €or terrain
Log Air eight five nine tnd contimue

tr 2 righi turn

Okav we zh

{{Xeyed microphone))

Bive us ayre headings. we have no
ovras
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IN"RA-COCKPIT ATR-GROUND COMMUNICATIONS

TIVE & TIME &
SUURLE CONTENT SOURCE LONTENT

1154:58
RDD-2. - Yeah and we'll need gyro heedings
the whole way

CAM-? I'11 keep an eye on the west
1155:01

DEP Roger Loz Air eight Tive nine, do
you Wish vectors back 1o Sait Lake?

You're in a left turn now

LRSS b e oA R S BT, T AR R N B K

*

RO

o

HEIES A

No you're in a right turm

STV

You he’lp me, held me, help me

fly the 2irplare )
{{Conversation from Log Air three

forty %=c})
4
(A2 Okay

1155:18
LAN- What have we got

CAN ({Buiidup in 2irspeed becomes evident)})

1155: 17
CAM-2 Three :zere zerd on the heading

11585:18
CAM-1 e need a heading of 2 ~--

{ XIANEddV
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INTRA-COCKPIT

TIME &
SOQURCE CONTENT

1155:29
CAM--1 Three ane zerc

1155:43
CAM-1 Okay heip me, I'm climbing

CAM-1 Okay

AIR-GROUND COMMUNICATIONS

TiME &
SOURCE CONTENT

1156:39
RDO-2

Log Air eight five nine stop turn

ight five nine, roger

Are you able to maintain your
altitude eight five nine?

tight five nine, we are ah descend-
ing, do you want us to maintain
altitude?

You can descend at your discretion
maintain eight thousand for tervain
Log Air eight five nine

Okay, what we need is some VFR
weather, point us towards some
VFR weather if at all possible

I'11 take you




INTRA-COCKPIT AIR-GROUND COMMUNICATIONS

TIME & TIME &
SQHRCE CONTENT SOURCE CONTINT
' {{Aircraft mike keyed))
CAM-1 Help me, {'m, I'm ---
North of Salt Lake and [ should be abie
1155:50 ts get you down to about six thousand

CAM-1 Needle ball airspeed tc get you parallel * # * present time
maintain eight thousand for terrain Log

11585:53 Air eight five niner
CAM-2 I got you in a right turn

1155:58
RDO-2 Descending

RDO-~2 Desc--

1155:59
{{Sound of breakup stari:})

{{Restoration of power to recorder))

tcg Air three forty twe

{{Loss of power to recorder))

(I XI(NdddV
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APPENDIX E
PROBABLE FLIGHT PROFILE
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APPENDIX ¥
FEDERAL AVIATIOL ADMINSTRATION RESPONSE TO
SAFETY RECOMMENDATION A-80-19

DEPARTMENT OF TRANSPORTATION

et 3 =
FEDERAL AVIAY."H ADMIMISTRATION z"{'“»j /55

WASHINGTUN, H.C.

PV A T2
June 11, 1980

. RPLE
St £
\‘d'

The Honorable James B. King A THE ADAIL B CtATOR
Chairman, National Transportation
Safaty Boavd
BOO Independznce Avenue, BW, NS
Washington, D.C. 20594
aghington, A §20 95
Dear Mr. Chairman:

This 1s in vesponse to NTSB Safety Recommendation A--80-19, issued hy
the Board on March 13, 1980, This recommendation resulted tion the
Board's investigation of the crash of & Transamerice Airline, |~]B88,
N859, at 0447 mes.t., on November 18, 1979, While climdinr from 12,000
to 13,000 feet following departure from Hill Alr Force Base, Utah, the
erew advieed Salt Lake Center that all electrical power had been lost
and requested an lmmediate descent to VFR conditions. During the
descent, the afrcraft attained a high vate of descent with excessive
airspeed and broke up in flight. The Board believes that had N59U had
a third attitude-indicating instrument aboard, the crew probably could

heve svoided the high alrnpeed and descent rates which contributed to
the aircraft breakup.

Accordingly, the Board recommended that the Federaul Aviation
Administration (FAA):

A-B0-19. Amend 14 CFR 121.30G5(])) tu extend its application to all
large turboprop aircraft to require an additional attitude-indicating
instrument, for bark and pitch, operating from a source of power

independent of the normal electrical gencrating system as is now
required on all large turbojet aircrafe.

Comment. We do not concur with this recommendation, and it is our

belief that a third acttitude-indlicating instrument snould not be

required on all large tuxboprop aircraft due to lack of flight control or
electrical problems associated with this type of sircraft.

On June 11, 1969, FAA i{ssued Notice of Proposed Rule Making (KPRM) €9-20,
Additional Attitude Instrument in Larae Turbojet Adrplanes. This notice
did not consider xequiring a thivd attitude indicator en turboprop
eircrait nad the preamble to Awmendment 1201-4%7, published in 35 FR ¢,
January 8, 1970, did not discuss the feasibiliry of requiring sn

additional attitude indicator in other than turbo jet-powered afrcraft
(ropy enclosed),

K158 response to Notice §9-26, dated Suptember 10, 1969, concurred with

the proposed rule, as written, without further comment or any suggasted
revisions {copy enclnsed).
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1t 18 our understanding vhet the Boerd bas not, as of this data,
publishnd an sccident report ideotiiying, the ceusal factor for this
accideant, Accovdingly, we are not able to say, positively, wbit the
#ctuil cause wes. However, wi do not beliszve that Transamerica Alviines'
1~188 aiveraft axparienced a complere electrice)l nower fatllure due 2o the
fact chat the cockpit voice recorder ¢id not rellect & loss of total
electrical power. The covkpit voite recorder factunl veport transcript
prepared by NISB (copy enclosed) states that a proliminavy snalysis of
the power spectrur gave fio clues a6 to the exact nature of the electrizel
problen meationvd on the radio. The systesm Group Fasctusl Report of
Investigation (copy enclosed) states that no positive svidonce of an
electrical melfunciion wag found during thelir fnvestigation of this
uwceldent,

A revivw of ail L~188 accidents from 1942 to 1979 did not revesl &
problen with the aircrafv's electrical systems or an sccident thai was
celated to a problem with flight insiruments. There is no known case of
a totel slectrical failure in the L-188 aircralt.

In the event of a total elecrrical power fallure, l.e., lozs of all
engine~driven generators, the pilot's horlzen, turn and bunk indicators,
as well as the white instrunent lights, thase e)ements sra all
4utonatically posered directly from the hattecry. This 13 accomplishad
without further action from the flightcrew us jong 0s the battery switch
is in the "on” positicn,

Wa believe it would be prudent for the Board to pursue further invesiiga-
tion in order to clarify and resclve thesc aforementionsd points.
Depending upon the {indings resulting from this Investigation, we believe
it would be advisable to again consider what action 1s sppropriste when
the final accident repori {8 published.

Sincegery,
] * (d i
J?'éww{. n//:a*@g‘

anghdrne Bond
Adwiniatrator

Enclosures
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SAFETY BOARD REPLY

AUG 27 190

Honoirable Lanrhorme Lond
Mainiatratoy

Padovel Aviation Admin.stration
Vashingten, D.C. 10%9)

Doar My, Bomil

This tn fn referenge ro hntioas! Tesnaportation Rafery Toard
Safuty Necormandation A-3C-19 ani pour rewponne deted hune 11, 1980,
The fiafoty Board recomwnded towtallsticn of an indapundently powerad
stchicude indiciting syutem on lurme turboveop atreraft. The recom-
myidation was fosued during the Ssfety Devrd's investipricion of che

Trensemarice Alvlimen L-188, NOSOU. sucidmt naar 8alr Leke Cley, Ursh,
on Movember 18, 1979,

While the Safuty Noard's fiuwectirntien of the kecident has not
vinnad Jown the exact axtent, there war avidonce of aw olectrical avaten
discrepancy of sufficicnt severity to couse at least roartind end/or
fatermlttent malfunetionlns of some primary atticuds~fudicaring fn-
strumeate. The Safety Board lelioves hat, under *he exicting inacrumant
woteoroiogical conditicns tnd vithout tha sid of flight concrol hasat
iyorens, Lha crev war not able to datvrmine rapidly vhich toserwent was
oot functimning rormally. Tifs var {ndicoted by an unidentificd pernon’s
corment an che cockpit wolice rocoeder “wou're fn o left turn nea,

followed chortly thereafter by t'ie Cirue officer sayineg, "wo vou've in &
right tum,’

The statement in the Systeir Groun Chelrmen's Fagewal Report of
lovestipacion that no peadcive evidmee of sn clectrical welfunction
wae found,” elearly sefers (nlv to phyaical evidence ohtainable from tha
rameing of en alreraft vhiich was desteoyad aad mev: rely turnod after
iepast,  Other fantual daka confiym o never latertuntion. Sracifically,
avidance of tha power Intecruptfon 4n contalingd in the cechpit volce
tecorder at 1153-34. end the Intcrvuption s sorroboreiad by the clesriy
percapuiizle nepative ' apdlc en the fitple Jlate racovdina.
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APPENDIX F

lwwpcnbis Langhorne Bond

W beltave that 3duce & lorge flwt of agiug turboprep stirviafe
wiil seswis 2m opsnation for sowme tise 1o which they wiil ofcen be
gsdjeited te veriows “Supplemsmstal Type Corrifiests” wodificatisss, they
wex Jihaly o be proos to electrical systen malfweticws vhish, in neny

o rmat, will e Aifficuit wo ddentify and corvact. Thia was ovident

v dueing the axemination of the history of 159U and sister atrezeit., 1In
iy mdftior, tha Bcard balleves the! a presendcer in o larps turboprep

VY sirveraft should be afinsrded tha savee lewel of safety as a pasecuper in i
wurBojat streralt.

While the (-180 alectviecal syatns hisiory eftad by FAN vas vacouvaging,
tin Boxrd's teiccmmndrtion was not intoadsd te bw limited o L-JE8
strcrnft enly, bud to All lerge turboprop sixeraft.’ In fact, the
sfidicdon of an indepumdantly povered atidtids tfodicsting sysien vould be
s wolcona addinion to say alveraft wish ie cortificaced to operate
undar insteweat £311ght vvlos conditiove.  Alvicoush this 18 wit hatue
reconzendad, Lhe Bosrd helicwes that an FAA Adeisary Cireuiexr indicating
tlm inceeaned lavel of safaty pruviddd by such & sysvem wnld In
sppropriote.

12 fe matewortinr that Tranvemerico Alviines Yoe., even in Zhe
sheentt of any regulatocy ruquliressnt, bhas seds & decision o
install s fodependently nowrad attitude indicating eystem £ 1tw L-L88
sirveval’t floer. This carvier's safaty oriented Iniciative f6 o w
highly comeicndud.

Pording the FAR's furthar response, Safety Necommandation A--80-19

” will bs saiutained fn an “Upeu--linzcceptabls Action'' status.
A Sincorely vours,
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