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SYNOPSIS

On July 11, 1961, at 1136 M.S.T., a United Air Lanes DC-8 crashed during its
landing roll at Stapleton Airfield, Denver, Colorade, None of the 122 occupants
was severely anjured as an immediate result of the impact; however, there were 16
passenger fatalities as a result of carbon monoxide poisoning when the aircraft
burned. One other passenger, an elderly woman, broke both ankles during evacua-
tion of the airplane and later succumbed to shock. In addition, the driver of a
panel truck, whaich the aircraft struck after leaving the runway, also suffered
fatal injuraies.

After experiencing hydraulic difficulties followang takeoff from Omaha,
%braska, the crew of N 80LOU continued the flight to Denver, using procedures
set forth in the flight manual for abmormal hydraulic situations. When the flight
arrived in the Denver area, preparations were made for landing., The ejectors were
extended hydraulically, however, when an attempt was made to extend flaps to 25 de-
grees the hydraulic pressure dropped te zero. The hydrauvlic system selector was
then placed in the No. 3 position (flap and gear downlock), and the approach was
containued. After touchdown, the throttles were placed an the i1dle reverse thrust
position and when power was applied, an uncontrollable deviation from the runway
occurred,

Subsequent to this accident, extensive modifications to the DC~-8 hydraulic
system were made mandatory in an Airworthiness Darective 13sued by the Federal
Aviation Agency. Another Airworthiness Directive required that all DG-8 aircraft
be equapped with a throitle thrust brake interlock to prevent unintentional appla-
cation of asymmetric reverse thrust.

The Board determines the probable cause of this accident was the asymmetric
thrust which, during a hydraulic emergency, resulted from the failure of the thrust
reversers on engines Nos, 1 and 2 when reverse thrust was selected. A contributang
factor was the failure of the first officer to monmitor the thrust reverse indicator
lights when applying reverse thrust,

Investigation

Flight 859 originated in Philadelphia on July 11, 1961, and proceeded
Eneventfully to Chicago., Captain John Gro--¢, First Officer Arthur F. Putz, and
Second Officer (Flight Engineer) James M. Beabie took over the flight crew duties
for the remainder of the trip to Omaha and Denver. Normal preflaight preparations
were completed at Chicago and the flight to Omaha was uneventful.
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At Omaha the airerafi was servaced to a tolal of 39,000 pounds of fuel.
The gross weight was calculated Lo be 192,901 pounds, which was under the gross
takeof f weipht for the proposed flight, and the center of gravity was within

limits.

After normal flight preparations were completed, ramp clearance was received
and the engines werc started. The aircraft was pushed back from,t?7 loading dock
by a tug, and the flaght taxied out for takeoff which was at 1012.=

The crew stated all aircraft operations and systems were normal during taxi,
takeoff, and climb, As the aircraft reached about 20,000 feet altitude in the
vicinity of Wolbach, Nebraska, both the first and second officers said they felt
a very slight yaw to the rght. At the same instant, the captain said he felt a
brief tapping in the control whecl. The crew then noticed the manual reversion
lights were indicating the hydraulie boost controls had reverted to manual system
and the hydraulic fluid quantity gauge indication was decreasing rapidly. They
sa1d they immediately isolated all hydraulic sysiems by placing the system selector
lever in the No. 1 position, and placed engine-driven hydraulic pump bypass switches
to the "off" position. The reading on the hydraulic quantity gauge stabilized at
the midpoint of the low range of the instrument,

The captain, who had been flying the aircraft manually, turned the controls
over to the first officer while he and the second officer evaluated the situation.
After consulting the aircraft and operating manuals and a UAL traiming bulletan,
they decided they had an abnormal rather than an emergency hydraulic situation.,
The captain said he therefore elected to continue to Denver but 1f he had thought
it was an emergency situation he would have returned to Chicago to take advantage
of the longer runway at that airport.

The crew said the senior stewardesses in the first class and tourist sectaions
were briefed on the situation and were told they would be informed of any change in
conditions in adequate time for any emergency preparations which might be necessary.

During the time the flight was continuing to Denver the crew contacted the
company dispatcher and discussed the situation. Air Traffic Control and airport
persomnel were advised that the condition was not an emergency but that 1t was
abnormal.

The second officer calculated their expected landing weight, maneuvering
~8peed, approach speeds, and threshold speeds for normal flap and no flap conditions.
. In addition, he informed the captain of the maxamum en; ine pressure ratio data for

go-around and reversing.

As the flight progressed toward the Strasburg Intersection, the captain and
second officer continued to monitor the situation and review the procedures to be
followed during the landing. As a further precaution, after starting descent into
Denver, the flight requested permission to hold at 15,000 feet at Strasburg in order

to check out the hydraulic system in preparation for landing. Clearance was given
to hold at 14,000 feet.

E/ A1l times herein are Mountain Standard based on the 2li~hour clock.
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The crew then tried to extend the EJeCtOTSE/ by letting the airstream blow
them back. This was unsuccessful even when they ancreased speed from about 180
knots to 260 knots. This action undertaken by the crew was of no value because
the system 1s designed to prevent, by mechamical means, blowback of the ejectors
under aerodynamic leads. After reducing speed again, they turned on the auxiliary
hydraulic pump. Pressure built up to 3,000 p.s.1., steady blue laghts indicated
the ejectors had extended properly, and the hydraulic fluad gquantity indicator
remained constant.

The captain then called for 15 degrees of flaps. The flap control was place!
in the 15-degree detent and the flaps extended. At the same time the slot extend
indicator light came on and then went out, indicating that the wing siots were open
and locked. The hydraul:c pressure gauge indicated 3,000 p.s.1., and the guantity
remained constant. After completing the approach descent checklast, the crew re-
quested clearance to the airport. The clearance was received and the captain took
aver the controls as the aircraft departed Strasburg toward the outer marker. The
flap handle was then placed in the 25-degree detent. At this time, the hydranlic
pressure fluctuated rapidly and then fell to zero; the hydraulic fluvad quantity
gauge indication fell to a point about 1/8 inch from the bottom of the scale. The
second officer aimmediately called for the flap handle to be returned to the 15-de-
gree detent and turned off the auxaliary pump. The second officer said he decided
at this time that the hydraulic flwad level was Just below the taller standpipe of
the auxzliary pump supply line,

It was then decided to allow the gear to free-fall, and this was done. The
three green landing gear indicator lights came on, indicating that the gear was
down and locked. At this time there was zero hydraulic pressure and the quantity
remained constant. The hydraulic system selector control was then placed in position
No. 3 and the ecaptain said he called for 25 deprees of flap. The awxiliary pump was
turned on, the flap handle was put in the 25-degree detent, and the flap extended to
25 degrecs. The captain said he had decided to use runway 26L so as to avoid flying
over the city and becauss he could make a flatter approach to the field. After the
final checklaist was completed, Captain Grosso called for L0 degrees, and hO degrees
of flap was obtained. He announced to the passengers a normal landing was expected
and they should not be alarmed at the rescue vehicles which they might see waiting.
The captain kept the approach speed at approximately 155 knots so as to be prepared
for a no-flap landing in the event that aerodynamic loads should force the flaps to
return toward their retracted position., Approximately one-half mile from the thresh-
0ld he reduced airspeed and called for 50 degrees of flap. The handle was put in
that detent and flap extended to 50 degrees. The aircraft crossed the runway thresh-
old at a speed of 125-128 knots and a normal touchdown was made at about 120 knots.
It was later determined from the flight recorder data that touchdown was about 1,650
feet from the threshold.

The crew stated that their normal procedure after touchdown was to place all
four power levers into the idle reverse position, without command, prior to touch-
down of the nose gear. When the first officer felt the nose gear on the runway, and
on the captain's command, he would apply reverse power to engines Nos. 2 and 3, and
then to Nos. 1 and }i which could be used dafferentially for directional control.
This, according to testimony, was the procedure followed.

2/ Engine thrust reversing assemblies.
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The crew stated that everything was normal after main landing gear touch-
down. The power levers were brought to the 1dle reverse position, and all four
amber revelse indicator lights came on. The first officer saig as the nosewheel
touched down he applied reverse power to Nos. 2 and 3 englnesz and was reaching
for power levers Nos, 1 and L, He felt the aircraft lurch to the right, looked
out the window and saw the aircraft was going off the runway, so he immediately
advanced power levers Nos. 3 and i to the forward thrust range. He said thas
action had no effect on the aircraft track, and 1t continued to skaid across the
grass strip, turning until 1t was heading approximately northeast when 1t it a
newly constructed tsxiway and came to rest.

Captaln Grosso said that touchdown was normal and that he called for reverse.
He said when the nose gear touched down the aircraft swerved to the right. He im-
mediately applied full lefi brake and full left rudder. The anti-skid foot thumper
s1gnal was activated and he eased off brake pressure to prevent loss of hydraulic
pressure from the brake accumulator.

When this action failed to straighten the landing roll he knew the aircraft
was going to leave the runway. He said he used the emergency airbrakes to slow the
airplane as much as possible before leaving the runway. He said that just after the
airrcraft left the runway he heard a loud snap and felt the aarcraft drop right wing
down. The aircraft then continued to skid off the runway, turning to a northeasterly
heading before hitting the raised concrete taxiwav,

The second officer said he had been instructed by the captain to watch only
Lhe flap indicator during the approach and to warn ham immediately if the flaps
started Lo come up. He was further instructed to swivel his seat immediately to the-
side upon landing and to call out brake accumulator pressures. He said the approach
and landing were normal. The second officer said that after touchdown a series of
events occurred which he could net place in sequence with any degree of certainty.
He saw ejector indicator lights blinking, heard a foot thumper, saw the captain
reach for Lthe emergency airbrake handle, and saw that the aircraft was heading about
30 degrees off the runway. The last brake accumulator pressure he recalled seeing
was 2,200 p.s.i.

As the aireraft skidded across the grass strip between the runway and new taxi-
way, the second officer unbuckled his seat belt and started back to the passenger
loading door, anticipating an emergency evacuation of the aireraft. A violent lurch
of the aircraft pitched him into the observer's seat but he regained his footing and
proceeded to the forward passenger loadang door, arriving there about the time the
aircraft came to rest on its belly. After opening the door and anstalling the emer-
gency slide he began to help passengers to the exit., He noticed a fire burming on
the left side of the aircraft and the cabain beginming to fi1ll with smoke.

The first officer and two male passengers jumped to the ground from the forward
loading door and held the uminflated slade to assist other passengers out of the air-
craft. Meanwhile, the caplain and second officer were making repeated trips into the |
smoke~f1lled cabin to assist passengers to the exat. Finally the captain and second !
officer could find no other passengers in the first-class section. By thas time the
flames completely covered the front passenger loading door.

3/ The first officer subsequently stated that he had not noticed the amber indi-;
cator lights and did not apply any reverse thrust on any engine. '



- 5 -

The senior stewaraecss 1n the [irot-class section described the moti.as
during landing as a turn to the left and then to the rignt. When the aircraft
had come to resl, she got up to open the gailey door but, saw flames outside to
the right of the fuselage and therefore did not attempt to open this exait. She
then went back to ensure that the divider door between the first-class and tourist
sections was open. The stewardess was attempling to 1ift a parilvtic passenger out
of his seat when the second officer came up to assist. She then assisted other pas-
sengers through the emergency cver-the-wing exits until the second officer told her
to get out of the azrplane.

The junior stewardess in the first-class section said she hooked the forward
loading door emergency slide and then got out to assist passengers,

The senior stewardess in the tourast section described the landing as the
hardest she had ever experienced. The stewardesses opened the rear galley exat
and i1nstalled and inflated the emergency slide. They then assisted passengers out
and away from the burning wreckage.

Several goundwitnes:~s, some of them pilots, who saw the airecraft during
landing stated that the approach appeared to pe normal. They said that the wings
were level, and the touchdown, accompanied by olue-whiite smoke from the tires, was
normal,

One witness said the aircraft rolled straight down the runway for a distance
of 700 to 800 feet and then started to swerve to the raght wath the left wing higher
sthan the right. This witness aleo sald he had the impression there was considerably
more black smoke on the right side than on the left,

Another witness described essentially the same thing except he did not see any
black smoke from the aircraft. In addition, ne added that, as the airplane swerved
off the ruway, the left wing 1ifted quite hagh.

One passenger who was seated in the forward lounge had a good view of engines
Nos. 1 and 2. He said he heard the power cut and the aircraft touch down on the
runway with what he described as a hard landing. He said he also felt the nose gear
touch down and immediately thereafter heard power reapplied. This witness stated
positively that the thrust reverser buckets on both 1 and ? engines did neot close.
At the tame he heard the sound of power he had the impression of aceeleration amd
thought the prlot was executing a go-around. He said the aircraft then swerved and
he could see they were going off the runway.

As previously mentioned, the crew had alerted ground persomnel of the abnormal
si1tuation. Under such circumstances the airport firefighting personnel are alerted
and the fire trucks take up standby positions on the ramp near the passenger terminal.
In accordance with this plan the fire trucks took up these positions. The aireraft
came to rest approxamately one mile from this point. There was substantial variation
1n the estimated elapsed time between the accident and the firefighting personnel
being 1n position to fight the fire. Eyewltness estimates of the elapsed tame prior
to the arrival of the first fire trucks varied from S to 10 minutes, and up to 15
mnutes before any effective equapment was 1n position.

The members of the Stapletlon Airfield firefighting crews stated that their
equipment was moving to the airplane before it had come to rest and that foam and
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fog were being applied to the fire withain one to two minutes. The Aurora Fire
Chiefl, who had been nolified by Lhe Aurora Police Department, said his equipment
arrived al the scene about 6 to 8 minutes after the crash. Ic also said that when
he arrived the Stapleton crew vas already fighting the faire. Lowry Air TForce Base
and Buckley Field had been advised of the accident immediately and had dispatched
thear firefighting and rescue personnel Lo the secene. Their equipment arrived with-
in about 15 minutes and also 1ssisled 1n Tighting the {1re. It was estimated Lthat
1t took approximately 30 minute: to biing the fire under control.

lnvestigation revealed that the airplane had slad in a curved path to the
right, off the runw.y, across a grass strip, hit the raised edge of a newly con-
structed conerele taxistrap, and had come to rest on the taxistrip about },950 feet
from Lhe threshold of runway 26L and 0O feet to the risht of 1ts centerline. Tire
marks on the runway were clearly vasible as werc the iracks across the intervening
grass strip. It could be seen that the path of the aireraft over the ground curved
from a westerly to a northwesterly neading while the aircraft's heading changed
from approximately 260 to 0°6 deprecs marnetic.

All four tires on the riphl main landing gear werc blown out. The skid marks
made by these Lires were visiblc contiinuously, curving off the runway to the right
and across the grass section to ‘he point whore the gear lalled and separated from
the aircraft. The marks 1cft un the tunuay by the lefi main landing gear tires
were intermittent and werc not discermible as the aircraft curved ofl the runway
and across the grass section. Threc of the lires blew oub airing the skid and the
fourth, the forward outboard, was rupturcd by impact wath the taxiway after the left
pear had failed and separated [rom the aarcrafi. The tracks left by the nose gear
tires were identified on the runway and into the grass to the point where this gear
farled and separated from the airplane. An additional track to the right of the
gear track through the grass divider was determined to have been made by the No. |
engine nacelle.

The No. 1 engine was torn from 1ts pylon at the lower firewall. The engine
and nacelle were found under the forward left baggage compartment and had sustained
savore fire d wuge in addition to the mmpact damage. The low pressure (Nl) compres-
sor blades and vanes showed no evidence of rolational damage. The high pressure
(Na) compressor had extensive blade and stator damage from the 12th to the 15th
stage. Severe damage was noted to all turbine wheels. All blades were broken but
no evidence of overtemperature conditions was found. The sound suppressor was
c¢rushed into the nozzle case. The thrust reverser was separated from the aircraft
and the thrust reverser buckets were in the forward thrust position. The thrust
brake selector valve was extensively damaged; however, 1t was possible to determine
that it was in the raverse thrust position. The lower portion of the pylon was
consumed by ground fire except for the ejector actuator and 1ts steel and titanium
fittings. The ejector actuator was fully extended. All damage to the engine appear-
ed to be the result of impact ani/or fire,

The Wo. 2 engine, which scparated from the aircraft, apparently passed under
the forward portion of the fuselage and came to rest about hO feet to the right of
the nose. Thais engine sustained light-to-moderate fire damage but severe 1m§act
damape. Rotational dama,e to the Nl rotor was moderate with damage confined to
the first and secomd stages of the compressor. The Mo cempressor was intact and
undamaged and could be rotated freely. Al1 blades of the turbine wheel assemblaies
were broken and bent opposite to the direction of rotation, however, there was no
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Mndication of overiemperature or in-oervice damage. The sound suppressor was
separated from the crzine and severely cumaged by impact. The thrust reverser,
which also separated irom the aircrait, and the thrust brake selector valve were
found 1n the open or forward thrust positions. All damage appeared to be the
result of impact and/or fire.

Engine No. 3 was twisted outward on 1ts pylon, and the structural attachments
failed by ampact. There was no fire damage and only laght impact damage to the
engine. The Nl and N, compressors were intact and rotated freely. All turbaine

wheels and blades were also intact and lhe wheels could be rotated freely. The
thrust reverser was separated from the a-i1eraft. The thrust brake selector valve
was positioned for forward thrust. A}l accessories were intact and appeared to
have been lightly damaged from impact,

The No. li engine was located about 175 feet to the right of the axreraft. It
had sustained light-to-moderate impact damape but no .ire damage. The first stage
of the Ny compressor had 1ts heaviest dama, and greatest blade and vane inter-
ference between the 5 and 7 o'clock positions. The N, compressor was intact and
could be rotated. The turbine wheel assemblies were intact with ne over-iempera-
ture indications. The sound suppressor uas erushed into the turbine exhaust case.
The thrust reverser, which had sustained lapht damage, separated from the aircraft
and was found aft of the right wang. The thrust reverser buckets were i1n the for-
ward thrust position and the thrust brake selector valve was also positioned for
forward thrust. All other damage appeared to have resulied from impact,

No evidence was found in any of the four engines to indicate any in-service
failures of bearings, gear trains, accessoriles or accessory drives.

The cockpit power lever positions, as noted at the scene, were- No. 1 -
slightly off reverse idle in reverse direction; No. 2 - full forward thrust;
Mo, 3 - foruard i1dle position, reverse lock down; ind No. L - 1dle reverse. The
fuel shutoff levers were off, except No. 3, whicu was one inch from the off
position.

The extensive fire after impact destroyed a major portion of the left wing
and left side of the fuselage from the cockpit area aft to the rear passenger
loading door. In addition, the entire inside of the cabin was gutted. The fuse-
lage area aft of the rear passenger loading door was cr.shed inward, due to con-
tact with a surveyor's panel truck parked 300 feet from the runway centerlane.

In addition, the torce of this impact distorted the lower frame of the loading
door and rendered this exit inoperahle from the inside.

It was determined that the landing gear was down and locked prior to separa-
tion from the aarcraft, Tt was also determined that ithe main landing gear doors
were open at impact. The flap sections were extended symmetrically to 50 degrees
and the wing slots were open. The ground spoilers on both wings were in the re-
tracted position. The in-flaght spoilers on the right wing were also retracted;
however, the left wing i1n-flight spoiler actuating cylinder piston was fully re-
tracted, corresponding to the spoiler exiended position,

Both left and right wangs were stall attached to the fuselage, however, the
left wang was largely consumed by fire. There were very few scrape marks or gouges
on the lower skins and relatively few dents or buckles. The bottom of the right
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wing was ruptured spanwise about I or 5 feet. This damage permitted the remain-
1ng fuel in the affected tank to drain ontoe the ground. Fire damage on the ripht
wing was confined to the trailing edge and flap. The empennapge was intact and the
control surfaces undamaged.

Because of the nature of the oririnil en route difficulty encountered by the
flight, attention was concentrated on the entire hydraulic sy=tem. A1l svisiang
lines and actuators were documented on the scene. Many were then shipped Lo the
UAL Engineering and Overhaul Base in San Francisco for detailed study by the vowd.

The hydraulic rescrvoir was found antact. On disassembly 1t was lound that
the heat of the ground fire had left a mark on the inside of the reservoir 1n such
a manner that 1t was possible to determine the height of liquird in the tank at the
time of the heat application. This mark represented a quantity of 3.37 pillons. Tn
addition, the quantity gauge float assembly evidencced the same tyvpe of mukinr, 10—
dicating 1t was half submerged in fluad., Tt was found that downward movirwni ol Lhi
float arm was restricted by interference with a baffle plate duc to inouliicieni
clearance. As a rcsult, a decrease in the hydraulie fluad quantity would nol br
reflected on the quantity indicator at the flight engineer's station.

T e AT T Ly TR YT
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The YNos. 1, 3, and L ejector control valves were ported to the extend position.
The No. 2 ejector conirol valve was not found. 1

A1l wheel brakes and associated components were examined for evidence of
malfunction. Nolthing was found to indicate any such dafficulty. Brake clearawes }
were wilthin prescribea limits. Hydraulic actuators, anti-skid controls, and air-
Lrake controls were in an operable condition except for damage caused by separatior. §
of the landing gear from the aircraft.

The torque lank apex bolt of the left landing gear assembly and the upver :
portion of the landing strut pistons were broken. These breaks were examined and
found to have been caused by ampact forces. There was no evadence of fatigue, §
corrosion damage, or defective material. The entire right landing gear was scparaﬁm%
from the airplane. The torgue link on this assembly was intact. The bogie lock
mechanisms on both main gears were undamaged and in the locked position.

The nose gear and strut were torn from the aircraft. The right nose steering
cylinder was bulged. The left nose steering cylander had separated from the cap at
the threaded connection. Hydraulic lines to both cylinders were intact betwcen the
gland valves and cylinders. The nosewheel steering control valve and inlet check
valve restrictor unit were intact.

anicn A

A11 other systems of the aircraft were examined. Although extensive damage
occurred during breakup and fire, no evidence was found to indicate malfunction of
any of the systems. Fire damage to the No. 2 engine-driven hydraulic pump rendered §
1t 1noperative and 1t could not be tested. The No. 3 pump was found to be undamaget
and operated within allowable limlts during functional bench test. In the featherwaé
or bypass, position the pump produced a pressure of 350 p.s.i., and a rate of flow
of 6 gallons per minute.

iy

During the investigation the possibilaty of reverse nosewheel steering was
encountered. To demonstrate this condition, a simulated loss of system pressure |-
and a failure of the nosewheel steering inlet restractor check valve were requireddﬁf
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In static tesis wath the torque link dasconnected, pressure line disconnected
at the control valve, control valve neutril, and nosewheel steering accumulator
charged, there was no movement of Lhe oteering collar. With left rudder pedal
movement, the collar rotated to the rirghl and wath right rudder pedal movement
the collar rotated to the left, indicaling a reversed steering condition.

Taxi tests were then conducted at 80 and 118 knots. In these tests a
momentarv movement ot lhe nosewheels of two or three degrees opnosite to the
rudder movement was noted. However, in all cases, directicnal control of the
airplarie was easily maintained with brakes or rudder. Tt was subsequently deter-
mined that, 1n any event, the inlet restrictor check valve from N BOLOU was capable
of normal operat-on,

An extensive investigation of the crash injury and emergency evacuation aspects
of thls accident was conducted. It was learned from the survivors and from the
pathological study of bodies that the deceleration of the airplanc was not exces-
sively high and that no apparent traumatic znjuries were sustained by the crew or
passengers as a result thereof. Sixteen of the deceased were found in the fuselage
after the fire was brought under tontrol. These fatalities resulted from carbon
monoxide poisomng. One passenger, an 87-year old woman, broke both of her ankles
during the evacuation of the airplane and subsenquently died in the hospital as a
result of shock. The other fatality was an individuwal who was part of the ground-
work force on the airport when the airplane hit the panel truck during its ground
slide.

The crew members opened the forward left main entrance door and the aft right
‘ralley door, while passengers opened both of the overwing exats on the right side
of the cabin. Through these exits 106 of the occupants evacuated the airplane. All
of the 39 {irst-class passengers, three flight crew members, and two stewardesses
evacuated through the forward lefthand door or through the overwing exits. Sixty-
two of the 78 occupants of the tourist section evacuated the airplane utilizing the
two door exits and the aft overwing exit on the right side. The entire evacuation
was complicated by the dense smoke throughout the cabin.

The Denver weather at 1140, four minutes after the accident, was: Measured
5,000 feet broken, 19,000 broken, high overcast; visibility 4O miles; temperature
73F; dewpoint 48F; wind north-northeast 7 knots; altimeter setting 30.10 inches.

Analysis and Conclusions

The hydraulic system of the DC-8 consists of many component parts, actuating
units, connectors, seals, hoses, and many feet of tubing running throughout the
aircraft. The crash and fire damage sustained by N 80LOU was so extensive that 1t
was impossible to determine where the failure occurred which resulted in the im-
tial loss of hydraulic fluid. As to the source of the leak, 1t 15 possible to
elimnate various systems which were either isolated by the crew or were not
utilized in normal flaght.

The powered aileron and rudder systems were i1solated and the horizontal
stabilizer trim system was not used. The bogie unlock system was 1solated by the
control valve being closed. The power brake valwve isolated the hydraulic brake
%ystem. When the auxiliary hydraulic pump was operated, the fluid loss continued;
therefore, the leak probably was not in any of these systems. In addition, one-way
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check valves in the hydraulic system normally prevent auxaliary pump pressure
from entering the enpine-draven pump hydraulic lines. Thus 1t can be seen that
the leak probably was not i1n these lines or in the engine-driven hydraulic pumps.

The systems which conld not be i1solated were the bogle trim, the landing
gear retract, the ejector control valve and actuator, the inboard spoilers re-
tract, the wang flap up, the wing slots closed, and the main landang gear door
actuators on the closed side. Any one or more of these could have been the source
of the loss of fluid because they received hydraulic pressure from the general
system any time 1t was available.

Followang the initial loss of fluad the crew reported that the hydraulic

quantity andicator was about 1/8 inch from the bottom of the gauge. The hydraulaie
reservolr holds 10 gallons of fluid but the minimum fluid level which the float ;
transmitter in the tank will sense 1s 3.5 gallons. The quantity gauge dial pre-
sentation consists of an arc of 120 degrees waith a "low"” and "normal® segment, thei
low end representing the 3.5-gallon level and the high end representing the 10-gal-
lon level. A change of one gallon of fluad withain these 1limits would be reflected‘
by 18.5 degrees of movement of the quantity indicating needle.
When the crew extended the ejeclors no change occurred in the indicated |
fluad quantity level, although about 3/h gallon of fluid would be removed from the
reservolr. Also, when the landing gear was allowed to free fall, about 1.6 gallons
of fluid would have been returned to the reservoir, yet no increase was registered
on the quantity gauge. From these indications a1t appears that the hydraulic fluid
level must have been below the lowest level measurable by the float transmitter.

It also appears that the 1nability to get 25 degrees of flap was because the
flurd level at that time was below the taller standpipe supplying fluid to the
auxiliary hydraul:ic¢ pump ainlet,

The procedures followed by the crew to prepare the aircraft for landing were
the approved procedures based on the information available to them during the
flight. The shift to the No. 3 position of the hydraulic system selector was
proper and necessary to ensure positave flap actuation during the approach. In
thais position there was no pressure avallable to the general hydraulic system, nﬁd&
powered, among others, the ground spoilers, nosewheel steering, and the rudder.
Hydraulic braking was available from the brake accumulator.

The ejectors were fully extended and remained so durang the approach, as
evidenced by the four steady blue lights of the ejector indicating system. The
evidence available to the Board indicates that after touchdown the thrust reverser|
buckets on the left side of the airplane dad not rotate to the closed position.

As stated before, one passenger watched the ejectors and stated that the buckets

did not close. These buckets must be closed to deflect engine thrust in a forward
direction. They are actuated by engine bleed air which 18 directed to the bucket
by means of a pneumatic gland coupling when the ejector is fully extended. The
gland coupling consasts of a connector on the engine pylon and a slide valve
mounted on the ejector which mate and compress about 3/8 inch for complete couplisx
when the ejector mechamism extends to the full aft position. If an ejector does n%
extend fully or af i1t should move forward as much as 3/8 inch, its gland coupllngﬁ@
w11l not be engaged and the thrust reverser buckets will not close, 1
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Hormally Lhe ojeclors are operated hydraulically. There i1s also an
emergency provision for extending the ejectors by use of the air bottle system.
That oyslem wis not used., Also, the two methods are essentially similar with
compressed 1nert gas being substituted for hydraulic fluid under emergency
conditrions. Each ejector mechanism has a control valve which ports system pres-
sure to 1ts actvataing cylinder to extend or retract the ejector. Each control
valve incorporates {wo spring-loaded poppet plunger type valves which are solenoid
actuated alternately to eirther extend or retract., These valves are tested praior
to service to operate with 3,000 p.s.1i. applied and the leakage rate, after a
three~-minute seating time, to be wathain specific limits. During this test, leak-
age is greater at low pressure and decreases as higher pressures tend to seat the
poppet valves more solidly. For this reason, following loss of system pressure,
the unseataing tendency will permat internal leakage to the return lines. Any
internal leakage of an ejector conirol walwve, under these condiftions, has the same
effect on the adjacent system. This 15 because both ejector contrel valves, on
el1ther side of the aircraft, are supplied by a common pressure line which jncorpo-
rates two opposing one-way check valves. One check valve permts the introduction
of flurd pressure and the other permits high pressure air to be introduced as an
alternate method of ejector operation. Any leakage by either the one-way check
valves or the ejcctor control valves will relieve the hydraulic lock feature which
1s designed to hold the ejectors in the extend position when system pressure is
lost, and permit both ejectors on the same side of the aircraft to move forward
from applied forces. These forces include pressure in the system return lines,
aerordynamic loads, and the forward shifting tendency upon touchdown and during
rollout.

From crew testimony 1t appears that the blue lights for the ejector indicat-
ing system were on steady, indicating all ejectors fully extended, untal the air-
eraft was on the runway. At the time of touchdown on the runway, the second officer
recalled sceing ejector lights blinking, indicating cne or more eJjectors were in
transit.

A representatave of the aireraft manufacturer testafied that at high airspeed
the aerodynamie loads acting on the ejector are in the aft direction. He also said
that at speeds of about 120 knots in the approach configuration these aft acting
loads would be negligible.

Based on all the foregoing information the Board believes that the ejectors
for enganes Nos. 1 and 2 did shaft forward after touchdown and prior te the position-
ing of the power levers in the 1dle reverse detent. It 1s also believed that the
amount of forward movement was so sllght as to be unnoticeable to the passenger ob-
serving, but sufficient to disengage the pneumatic gland coupling. As a result,
when the crew po=itioned the power levers for reverse thrust, the thrust reverser
buckets were not closed. This allowed engines Nos. 1 and 2 to develop forward thrust
while engines Nos. 3 and L} were producing reverse thrust during power applications.

There 1s also recorded evidence of asymmetric thrust during thas landing. The
flight recorder trace contained unusual fluctuwation in indicated altitude beginming
about. 6 seconds after touchdown. Examination of many other altitude traces made
during normal landings of DC-8s disclosed no example of similar aberrations; however,
wn detailed readouts the altitude traces of two D0-8 landings in which asymmetrie
seversing occurred exhibited almost 1dentical aberration of indicated altatudes.
These landings involved FAL Flight 841 at Miami, Floraida, on July 12, 1961, and UAL
Flaght 855 at Chicago, Illinoas, on June 1, 1960,
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The 1apidly fluctualing indicated altitude, while the airplane 1s at

conslant altitide, obviously results from the asymmetrically disturbed airflow
On the DC-8 this causes pres-

at the static ports duriny a.ymmetric reversing.
sure fluctuation in the static pressure Jine.

Tn order te understand clearly the sequence of events which took place
during this landing, & comprehencive analysis was made utilizing flight recorder
data, tire skid marks, and crew 3tatements. This wais conducted 1n two phases,
static and dynamle.

The ctatic phase was initrablcd by relating the aircraft's flaght recorder
heading data to the path 1ndicited by the ground survey. Since agrecment between
thase two Independont sources of fnformition was good, the groundpath was judped
to be a reliable basis for the inaly,is. The aircraft heading change wath respect
to tlme ylelded the yaw rate from which anpular acceleration about the aaircraflt's
center of gravity wus oblained. Using this angular acceleration and the moment of
inertia of the aircraft about its vertieal aris, the net yawlng moment was computed
By utilizing a plot of nel yawinj moment versus time, it was possible to evaluatie
the magnitude, direction, and {une of occwrrence of the applied yawing moments
acting during this 1anding. An cxaminatlon of this plot revealed that at 3 scconds .
after touchdown, a smoothly inereasingr, nose-ri;ht yawing moment began and developed
Lo a maxiumim value of 200,000 {ool-pounds at approximately 6 seconds. Between 7 and.
! seconds a nose-lelt yawing moment developed to a vidue of 100,000 foot-pounds, but
was of inautfleient duration Lo arrcet Lhe right Luin to any appreciable degrce. By
10 geconds o nose~riht yowinge momonl, had developed Lo a maximum value approdaching
L, 000,000 fool- pounds.,

The above juosullo, consldercd in conjundction with crew statements, led to the
Followlng nLaomptions which wore wsod in the analor computer study-

1o AL Louchdown sn unbal amce of torces Lo Lhe ripht developed.

2. Ruddeor control and oryemeiric braking were applied 6 seconds after
touchdown.

3. herodynamde braking was apnlicd aboul, 8.5 scconds after touchdown.

o A Yarpe, unbalaneing yawing moment, developed after 8 Lo 10 seconds from
touchdown, forcing the airerafl Lo tho right and ofi the runway.

5. Rell due to yaw croated a ripght wing~low altitude of about 8 degrees,
aporoximately 11 seconds after tonchdown,

The sccond phase or dynamie portion of the analysis was then conducted utiliz-
Ing an anilop computer to compare the infermition derived from the sbatic analvsis
with a variety of landing conditions which might possibly have led to the acerdent
The dnformation for these oimilited landing conditions was obtained from engine
manufaclurerts and f11ghl test data. These simulated conditions, in all feasible
combinations, included the wlfect~ of forward and reverse thrust situations, rudder
and wheel brace applications, deradynamic braking, and induced rolling moment.

From the results of these siudlcs, 45 well as other information available ta
the Board, it 1s concluded that:



- 17 -
1. All lour envines were at or near jdle forward thrust at touchdown,

2. A1l {four power levers were placed an Lhear reverse i1dle detents 2.5
to 3 seconds 1fier touchdown.

3. The Lhrust reversers for enines Hos. ] and 2 were inoperative.

e Maximum conlinuous thrust was initiated on the inboard engines 5 seconds
after touchdown.

5. Full manu:l rudder control and differential braking were initiated 5 to
6.5 seconds after touchdown.

6. Maximum continuous thrust was 1nitiated on the outboard engines 5.5 to
6 seconds after touchdown.

7. The application of maximumm continuous power to all engines resulted 1n
high asymmetric thrust forces causing an uncontrollable lal.eral deviation from the
TUNWaY .

The Board has studied four other occurrences involving DC-8 aircrafi which
left the runway on landing rollout. Tn one of these cases an outboard engine thrust
reverser did not operatle properly and the thrust reverser huckets blew open. The
other cases involved loss of general system hydraulic pressure and other commen
factors. [t L3 belaeved that all of these aircraft left the minway as a result of
Jasymmetric thrust. 1In one of the cases the cibin steward wais vatching the thrust
reverser buckelt. and stated that they did not close on the landing roll. In the other
cases the erew members did not recall noticing the laghts which indicated that the
thrust reverser buckets were closed when reverse thrust was selected.

From a1l the evidence a1t 1s concluded that in the subject case the farst
officer applied reverse thrust without checking to see 1f the amber thrust reverser
indicator lights were on. The normal procedure for reversing requires that these
lights be on before inereasing power for reverse. Subsemuent to the accident the
need for close momitoring of these lights was re-emphasized by the company.

The crew's original diagnosis of the trouble was correct ain that an abnormal
hydraulac situation existed. Very shortly after departing the holding pattern at
Strasburg en route to runway 261, the abnormal situation abruptly developed into an
emergency condition without the crew being cognizant of the jact. Thas occurred
when 25 degrees of flap was selected with the hydraulic selector in the No. 1 posi-
tion. When the complete loss of hydraulic pressure occurred, lhe crew should have
been aware that an emergency situation had developed and that a normal landing could
not be expected.

As a result of this accaident the manufacturer made several modifications to
the DC-B systems. These modafications, some of which were instigated by the Cival
Aeronautics Board, were made mandatory by the Federal Awviation Agency throucsh the
1ssuance of Airworthiness Directives. These included: a dual source of hydra:lic
povwer for actuation of 2ll wing spoilers during lunding roll; increased brake accu-
mulator capacity; A dual source of hydraulic power for the r.dder power svstem: a
‘source of power to actuate nosewheel steoring when the airplane hydraulic svstem
is being operated with the hydraulic system selector handle 1n the No. 3 positaion;
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additional hydraulic flumd reserve capacity with chanpes 1n the fluid reservoir
gquantity indicating system; dampers wherever necessary in the hydraulic system to
1imit pressure surges to acceptable levels; and the installation of a power lever
thrust-brake 1nterlack system to prevent application of reverse thrust until the
thrust reverse bucketrs are in the reverse thrust position. This intorlock also i3
designed to return a power lever to the i1dle detent position should the correspond-
ing huckets move from lhe reverse thrust position.

Probable Cause

The Board determines the probable cause of this accident was the asymmetric
thrust which, during hydraulic emergency, resulted from the failure of the thrust
reversers on engines Nos. 1 and 2 when reverse thrust was selected. A conftribut-
ing factor was the failure of the first officer to monitor the thrust reverse
indicator lights when applying reverse Lhrust,

BY THE CIVIL AERONAUTICS BOARD:

/s/ ALAN 5. BOYD
Chairman

/s/ ROTERT T. MIRPHY
Vice Chairman

/s/ CHAN GURNEY
Member

/s/ G. JOSEPH MINETTI
Member

/s/ WHITNEY GILLILLAND
Member




Inv-,bipation and Healing

The Ciwvil Acronant s Board wis notafred of Thie accident shorlly sf'Ler 1t
occurred. An anvestigabion wig wnndabed 1 oavcnr in e wath section fol (g 1( )
of the Federal Aviatiun Act of 19%% 4 public hearing wae hcld wn Denver ,
Golorsdo, September 20 21, .., 23, . and 26, 19t

Air Carrier

United Air Lines, Inc., holds a currentlv of{ective cert ite of public
copvenlence and neecedsily 1.5ued by the ¢avil . opantics Board and an air carrier
operating cerlificats 1ssued by the Federal Avialion Agency. These authorize

operation over a number of ronte. including the one here involved

Flight Personnel

Captain John Grosso was employed November 5, 1940, and promoted to Captain
February 16, 1945. MHe had 3 total of 17,631 flying hours, of which 168 were 1in
the DC-8. He holus a currently ef fective ailrline Lrarsport pilot certificale with
a type rating in the DC-8. His last first-class FAA physical examination was
January 17, 1961.

Mr. Arthur F. Putz wais employed by United Air Lines Augnst 18, 1948. 4. a
flight enginecer. He qualified Jannary 11, 1951 as a first officer and was premotl
Lo captain September 25, 1959 He had a total of 9,839 flying honrs, of which 1.
were 1n the DC-8  He holds a currently effective airline transport pilot ceri:f-
icate with type ratinps in the CV-240, CV-340, and CV-44C, and the DC-6 and DC-/.
His last first-class FAA physical examination was June 12, 1961.

Mr. James M Beatie was emplnyed September 11, 1946, as an apprentice mechan.c.
He became a line mechanic July 24, 1950. and was assigned a. a flight engineer
January 25, 1951  He hao a botal of 8,416 flying hours, of which 215 wers n the
DC-8. He holds a commercial pilet certificate and 1nstructor's rating as well as
a flight engineer's certificate. His latest second-class physical examination
was January 31, 1961.

All four stewardesses had satisfactorily passed the carrierl's ground train-
ing course in emergency procedures,

The Aireraft

N 80400 was manufactured June 10, 1961, and had accumulated a total of
124:39 hours up to July 10, 1961 No major checks had come due on the aircraft.
All flight log discrepancies had been corrected with the exception of one item -
Tuly 10, 1961, reverse slew on No. 3. This 1tem was car—ied as deferred. The
powerplants installed on the aircraft were Pratt & Whitne: model JT3C— and all
hnd accumulated 124 29 hours oxeebt No. 1, which had o total of 499:31 by rs



