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ACGIDENT INVESTIGATION REPORT
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PIEIMONT ATRLINES, DC-3C, W 39474,
CHARLOTTESVILLE, VIRGINIA, OCTOBER 2, 1957

The Accldent

On October 2, 1957, at approximately 1211 ,]-'/ the landing gear of a DC-3
collapsed as the aircraft was being taxied to the ramp. The aircraft, which
was leased to Piedmont Aiarlines by the U. 5. Navy Department, sustained sub-
stantial damage. No one was injured.

History of the Flight

N 3947A departed Washington, D. C,, at 1130 as Flight 8. Its destination
was Knoxwille, Tennessee, with intermediate stops scheduled at Charlottesville,
Lynchburg, and Roancke, Virgima; Bluefield and Pranceton, West Virginia; and
Tri-Cities, Tennessee.

The gross takeoff welght was 23,85 pounds, well under the maximum allow-
able of 25,346. The load was correctly distributed within the allowable center
of gravity Iimits.

The flight to Charlottesville was made in VFR weather conditions and was
routine and uneventful. The copilot was flying the aircraft from the right seat
and the captain was performing the duties of copilot. As the flight approached
Charlottesville the wind was determined to be southerly and the crew elected to
land on runway 21. A nommal landing and rollout was made wath the copilot still
handling the flight controls.

After the landing roll was complete the aircraft was turnmed around on the
runway and taxied approximately 300 feet to a taxiway. A 90-degree right turn
was then made and the aireraft taxaed an additional 531 feet. As the aircraft
approached the ramp the captain took over the controls. At this timé both main
landing gears collapsed. No fire occurred; however, the aircraft siustained sub—
stantial damage. The crew and the 14 passengers deplaned immediately.

Investigation

The cockpit of N 3947A had been secured by the crew immediately following
the accident. Inspection revealed that the landing gear selector valve handle
was in the NEJTRAL position. The mechanical latch was locked in the POSITIVE
LOCK position. The hydraulic fluid level in the right gauge was nomal. The
hydraulic system pressure gauge indicated 750 pounds pressure and the landing
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gear pressure indicated zero. When the battery master switch was turned on,
the landing gear warming light indicated a red or unsafe gear condition. The
landing gear warning horn properly sounded when the throttles were retarded
past a point about one~third of their full travel.

Each main landing gear on the DC-3 consists of a wheel assembly mounted
between two shock absorber struts which are attached to a truss. The truss is
hinged to allow it to retract or extend the wheel when hydraulic pressure 1s
directed to the proper side of an actuatang strut. The upper end of this strut
attaches to the nacelle structure and the lower end attaches to the movable
truss on the landing gear. When the landing gear selector handle in the cockpat
is moved, hydraulic pressure is darected to the actuating strut which either
extends or retracts, thus actuating the landing gear.

A spring-loaded safety latch 1s installed in each nacelle on the forward
face of the front spar. When the landing gear i1s fully extended the latches
engage a hook slot at the lower end of each actuating strut piston, thereby
lockaing the landing gear in safe landing position to the front spar.

The latches are controlled simultanecusly through a system of cables and
pulleys operated by a single control handle on the floor in the cockpit. The
latch control system is connected by levers to a catch on the landing gear selec-
tor handle in such a manner that the latches must be raised manually before the
landing gear selector can be moved to the UP position to retract the gear.

The safety latch control has three posationss UP LATCH, SPRING LOCK, and
POSITIVE LOCK. When the control is moved to the UP LATCH position, the safety
latches (spades) in the nacelle are raised clear of the hock slots on the ends
of the actwuating struts. The gear can then be retracted by raising the landing
gear selector handle to the UP position. When the selector handle is retumed
to NEUTRAL, the latch control handle automatically moves to the SPRING LOCK posi-
tion. TIn this position the safety latches are returned to the full down position
and are held in place by gpring tension. As the gear extends, the hooks on the
ends of the actuating struts raise the latches which are then dropped into the
hook slots by the spring tension when the gear is fully extended.

When the latch contrdl i1s placed in the POSITIVE LOCK position a cable
actuated piston exerts a pressure of 100 pounds/square inch on the latches, whick
prevents them from being withdrawn from the hook end slots.

Several signal systems are incorporated intc the landing gear mechanism, A
warning horm operated by microswitches scunds whenever either or both throttles
are closed, if one or both wheels are retracted or unlatched, or if the landing
gear selector handle 1s not in the NEJTRAL position. Warning lights are operated
by a switch comnected to the landing gear selector handle., This switch is also
connected to the switches on each landing gear. When both wheels are down and
locked and the selector handle i1s in NEJTRAL, a green light comes on in the cock-~
pit. If either wheel is retracted or not locked or the selector handle is not in
NHJTRAL, a red light comes on.

If for any reason the safety latches cannot be engaged it i1s still possitle .
to land and taxa the DC-3 safely. The landing gear selector handle is placed in
the DOWN position. Then the gear has fully extended and the landing gear pressure
has built up equal to the system pressure (750 pounds/square inch), the landing
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gear selector handle is returned to the NEUTRAL position. Hydraulic fluid
pressure 18 tlms trapped in the down lines against the actuating strut pistons
preventing their retraction. In this condition the warning horn will sound and
the red light will stay on since both are connected to the safety latches. When
brakes are applied the resultang rotataive force will have a tendency to cause the
landing gear partially to retract, movaing the pistons up in the actuatig strots
and resulting in an mcreased pressure in the landing gear down lines. If care is
not exercised, the increased pressure could becane high enough to rupture the down
line and allow the gear to collapse.

Examination of the aircraft revealed that the left landing gear was in the
Mally retracted position and was not damaged. Its mechanical safety lateh was
found to be undamaged and in the full down position.

The rght landing gear #as also found in the fully retracted positaion.
However, the inboard side of the wheel axle had broken through the nacelle struc—
ture and was forced upwards four inches beyond ats nommal travel. Its mechamical
safety latch was also found an the full down position and undamaged.

When the aircraft was raised the mechanical safety latches were tested.
Both were found to be rigged properly and held in the POSITIVE LOCK position
under proper cable tension. The mechanical latch cockpit control was then placed
in the SPRING LOCK position and the landing gear allowed to fall. The left land-
ing gear locked dom with slight hand pressure. The right landing gear fell to
the full down position but the mechanical safety latch would not enter the strut
end hook slot to lock the gear down.

The right landing gear actuating cylinder hydraulic down line was found to
be ruptured. The hydramtic fluid which had been trapped in this line was found
in the nacelle and on the pavement darectly below the nacelle. It was determined
that the rupture of thas line resulted in loss of the landing gear hydraulic pres-
sure, allomng the aircrafi to setile abruptly. The weight of the aircraft then
forced the gear up beyond 1ts normal travel and the severe twisting moment to
which it was subjected bent the actuating strut end hook. This slight bend caused
& binding which prevented the mechanical salety latch from enterang the strut end
hook. When the strut end hook was replaced this gear would lock in the down posi-
tion with slaight hand pressure,

After this repair the landing gear was cycled a mmber of times and it
operated normally each tame, The gear warmng system was also checked and all
indications were proper and normal during each coperation.

A careful inspection of the entire landing gear system showed that 1t was
operating properly. All clearances were found to be within their respective
tcolerances, Rigging of eables and pulleys was vproper and no binding or mal-
function conld be found. With the exception of the above noted damape, all com-
ponents of the system were i1n good condition.

It was determined that all damage noted was the result of the collapse of
the landing gear. No mechanical defect or irregularity could be found which
could have interfered with the proper operation of the landing gear. In addi-
tion, no malfunction in the operation could be induced which would cause the
landing gear to operate incorrectly.
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The airceraft was then test flown and the landing gear cycled several
times. Each time the gear was extended it would lock down properly and the
warning system indicated correctly. In several of the tests the mechanical
latch handle was placed in the POSITIVE LOCK position before the landing gear
was lowered. In every case the strut end heok raised the safety latch against
the cable tension of the latch actuating mechanism and permitted the latch to
position itself correctly in the strut end hook and thms lock the gear down
nomally,

The crew stated that the flight had been routine. They said that in pre-
peration for landing at Charlottesville they had followed the usual checklist.
The landing gear was lowered and each pilot checked vasually to see that the gear
on his side extended. The hydraulic pressure was allowed to build up in the land-
ing gear system to 750 pounds/square inch. The mechanical latch on the cockmt
floor was then engaged and the gear selector handle was returned to NEJTRAL. Bolh
pilots stated that after the gear was extended the green "gear safe" light indi—
cated the landing gear was down and locked; further, that both throttles were
closed on the flareout before touchdown and that 1f the gear had not been locked
at that time the landing gear warning horn should have sounded. At no time durding
the landing, the rollout, or the taxiing to the ramp dad the crew note any indi—
cation of an unsafe gear condition. However, samiltaneously with the collapse of
the gear at the ramp the warning horm sounded and the red warning light came on.

Both pilots were also positive that the gear had been properly extended and
locked. Both testified that the landing gear controls had not been moved after
the gear was lowered and locked and that no contrcols were moved after the gear
collapsed at the ramp.,

Analysis

The landing gear on the DC--3 is relatlvely uncomplicated in design and its
reliability has been proved by many years of successful use. It is also foolproof
in operation providing all cables, pulleys, struts, elc., are properly rigged and
clearances are correct.

The examination of the landing gear on N 3947A showed that no defect existed
in the system prior to the collapse.

Both safety latches were found in the POSITIVE LOCK position with the hooks
withdramn. In addition, the safety latch contrel in the cockpit was latched to
the floor. In order for both gears to collapse as they did both safety latches
would have had to have jammed in the UP LATCH positaon. Thas possibility is
extremely unlikely and no evidence was found on either latch mechanism which
could have caused a double failure such as this. In addition, the latch spade
mechanism is actuated by a cable and palley arrangement and 1f one or both of the
Latches had hung up it wauld have required considerably greater than nomal force
to latch the cockpit control. Further, even if by some almost impossible chance
one or both latches had mung up and the cockpit contral could be properly latched,
the red "Unsafe" warning light would have come on in the cockpit and the warning
horn would have sounded. This would also have been evident during the examina-
tion of the aircraft because for such to have been possible the rigging of the
latching mechanism would have had to have been improper. It was not.
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It would have been impossible for the landing gear to retract with the
safety latches properly engaged i1n the hook end slots without considerable
damage to the latch mechanisms or the hooks. The only damage noted was a
slaght bend in the actuating strut end hook for the right gear. This damage
occurred as the gear twisted when it was forced up beyond 1ts nommal travel by
the abrupt setiling of the aircraft. Here again, even if this damage had been
present prior to the collapse it would have been evident. First, if the gear
would not lock down, the red warning light would have stayed on and the warning
horn would have sounded. Second, the left landing gear would not have been
affected and would have locked down safely.

The hydraulic dovm line which was found ruptured was determined to have
burst as a result of excessive pressure. This line could not have failed be-
fore the rear was extended for landing. If it had, when the gear selector handle
was placed in the DOWN position the hydraulic fluid in the main system would have
been lost. When the aircraft was examined the hydraulic fluid level was nomal.
In addition, a small amount of hydraulic fluid that had been trapped in the down
line was found under the arrcraft on the ramp, indicating that the line had burst
after the aircraft had reached this point,

The failed hydranliec down line also indicates the way this aceident happened.
In order for the line to have ruptured as 1t dad, the landing gear selector handle
had to have been in NEOTRAL with the latches in the UP LATCH position. In any
position other than NBEUTRAL, excessive pressure, built np as a result of the par-
tial collapse of the gear, would have been relieved through pressure relief valves.
Farther, if the safety latches had been engaged 1n the hock end slots the gear
retraction would have been prevented by the mechanical latch.

In summary, the Board concludes that for this accident to have occurred in
the manner indicated by the crew a number of simultanecus mal functions would have
had to have occurred. First, both safety latches would have had to hang up and
then seat themselves properly after the cdllapse. Second, the cockpit latch con—
trol would have had to have been misrigged and then have corrected itself when the
latches were forced to the full down position after the gear had collapsed. Third,
the three microswitches operating the landing gear warning system would hawve had
to have not only failed but would have alsoc had to reverse normal functions, giving
a green gear safe light instead of a red unsafe light. This condition also would
have had to have corrected itself when the aircraft settled. Fourth, the landing
gear warming horn would have had to have been inoperative and ther have corrected
itse].f-

In the absence of evidence to substantiate any such malfunctions, the Board
mst conclude that no mechanical failnre cccurred which even contributed to the
cause of this accident.

Findings
On the basis of all available evidence the Board finds that:
1. The aireraft, company, and crew were properly certificated.

2., The flight was routine and no mechanical dafficulties were experdienced
by the crew.
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3. According to the crew the landing gear was extended and locked
properly as the aircrafi was prepared for landing and a green "gear safe'
indicator light came on in the cockpit.

4. A normal landing and rcllout was made,

5. As the aircraft approached the ramp bobth main gears collapsed.

6. Several sumltaneous mal functions would have had to occur for the
landing gear to collapse while a "gear safe condition was indicated.

7. FExamination showed there was no malfunction in the landing gear,
landing gear safety latch mechanisms, or landing gear warning systems.

Probable Cause

The Board determines that the probable cause of this accident was that
the cockpit landing gear safety latech lever was accidentally or inadvertently
moved to the UP LATCH position while the arrcraft was being taxied to the ramp.

BY THE CIVIL AERONAUTICS BOARD:

/s/ JAMES R, DURFEE

/s/ CHAN_GURNEY

/a/ HARMAR D, DENNY

/s/ G. JOSEPH MINETTI

/s/ LOSIS J. HECTOR
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"1vestl£’a'ﬁlon and Taking of Depositions

The Cxvil Aeronautics Board was notified of this accident on the afternoen
t of October 2, 1957. An 1nvestigation was ammediately anitiated in accordarce
* muth the provasions of Seciion 70R (a) {2) of the Tiwil Aeronantics Act of 1937,
" 25 mended. Depositions, ordered by the Board, were taken in the CAB offices in
¥ashangton, D. C., on November 12, 1957.

Jyr Carraer

Prearont Aviation, Inc., the parent company, conducts a reneral aircraft
s3les and service type of operation, The company is incorporazted in the State of
forth Carolina with its rrincipal offices in Winston-Calem, North Carolina, In
Decenber 1047 the company established the Piedmoni Mirlines Civision. The commany
operates under a currently effective certificate of public convemience and neces-
sity 1ssued by the Cival Aeronautics Board and an air carrier operating certificate
1ssued by the Cival Aeronautics Admnistrataon. These cerbifieates anthorize the
company to transport by air persons, rroperty, and mail between various points in
the continental United States, including the route involved.

¥1ieht Personnel

Captain Howard Coe Kelly, age 43, was employed by Piedmont Airlines March 22,
1942, He had accumulated a total of 12,110 fiyang hours, of which E,282 were in
IC-3 equamment. Captain Kelly held a valid airman certaficate wath an airline
Fransport rating and type rating an the DC-3, 15 lrtest six-month croficaency
_owneck was May 28, 1957, and has last en roubte creck was April 24, 1957. de had
mssed his CAA physacal May 20, 1957. Captain Kelly had flown 46 mimtes in the
rrecedang 24-hour peracd and 2 hours, 28 minutes total in the preceding seven days.

Copilot Fred Kozak, age 22, was employed by Predwont Airlines ¥arch 17, 1953.
HJe held a valid airman certificate with commercial privileges, airplane single-
engine land, and dinstrument ratings. ¥r. Kozak had a total of 2,095 flying hours,
of which 1,871 were in the DC-3, s latest copzlot nroficiency check and instru-
ment certification was in Augnst 1957. His lasi CAA pnysical was passed January 25,
1957. Mr. Kozak had flown 46 mimutes in the preceding 24-~hour period and nine hours,
four minutes total in the preceding seven days.

The Arrcraft

Douglas DC-3C, N 39474, company 1dentification 56V, manufactured Jamary 1944,
¥as omed by the U. S. Navy Department and lessed to Piedment Aviation, Inc.,
Winston-Salem, North Carclina, the operator. It had a total of 7,780 flying hours,
and a total of 3,929 flying hours since owverhaul, The total time on the landang
gear was 7,780 and the total time since the No. 4 naintenance check, when the last
landing gear retraction test was performed, was 639, Several minor landing gear
discrepancies were corrected at that time. The landing gear rmgging and micro-
Smiches were anspected and passed on the last No. 2 inspection performed Sept-
Stber 21, 1957. The aircraft had flown €4 hours since that check. The aireraft
T35 equipped with Pratt and Whatney engines, model R1830-92, and Hamlton
“tandard propellers, model 23E50.
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Adminiatrator of Civil Aeronautics April 7, 1958
7
Civil Aeronautics Board W

Report of the C.A.B. on sn accident which oceurred on October 2, 1957,
at Charlottesville, Virginia, involving an aircraft opersted by
Pledmont Airlines,

There is transmitted a report on the investigation of an aceident which
occurred on October 2, 1957, at Charlettesville, Virginia, involving a DC<3C,
N 3947h, operated by Piadmont 2irlines.

(Signed) M. C. Mulliz -

H, G. Hulligan
Seeretary

Attachment

C
"?;}: Deputy Administrator-CAA



