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A COMPARATIVE DIGEST OF THE GERMAN AND AMERICAN REFQRTS
OF THE HINDENBURG ACCIDENT

By

R. W, Enaight,
Acting Chief, Air Transport Section

SUMMARY
This report presents a comparative discussion of the
. German and American reports, and gaives the results of the investi-
gations made to determane the possible cause of the destruction of
the Arrship "Hindenburg" on May 6, 1937, at about 6:20 PM, at the
Naval Air Station, Lakehurst, New Jersey.

It 18 observed that both investigating bodies covered the
samp hypothetical peints i1n much the same fashion. While the Cerman
Commission report 1s briefer than that of the Ameracan Accident Board,
the basic conclusions are not far apart. It 1s noted that the actual
cause of the fire still remains mmknown,

The two reports are appended hereto.

INTRODUCTION
The "Hindenburg® misfortune occurred at Lakehurst, New
Jersey, during the evening of May 6, 1937. It was caused by fire,
and resulted 1n the complete destruction of the airshap, death to
36 passengers and members of the crew, and i1njuries to numerous
others.
Exhaustive inquiries were launched Jimmdlately thereafter

to determine, 1f possible, the cause of the fire, which broke out in

the stern just as the airship was preparing to land.
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The Secretary of Comwerce, pursuant to the Air Commerce
Act of 1926, as amended, appointed an accident board composed of the
following members, all of the Department of Commerce:

South Tramble, Jr., Solicitor

R. W, Schroeder, Bureau of Air Commerce

Dems Mulligan, Bureau of Air Commerce (now Director
of the Bureau)

Those designated as technical advasors were:

Commander C, E. Rosendahl, U. S. Navy

Colonel C. deF. Chandler, U. S. Army

Colonel Rush B. Iincoln, U. 5. Army

Colonel Harold E. Hartney, Technical advisor to the
U. 5. Senate Commttee on Commerce

Hon. G111l Robb Walson, Director of Aeronautics for
the State of New Jersey

Hon. Grover Loening, Aeronautical advasor to the
U. S, Maritime Commisgsion

At the irvatation of the Secretary of Commerce, the German
Ambassador designated General-leutnant Friedraich von Boetticher,
German military attache, as an observer at the investigation.

Members of the German Commission appointed by the
Reichsmimster for air General Oberst Goeraing, to investigate the
accident arrived on the fourth day of the hearings. They were:

Dr. Hugo Eckener
Lt. Colonel Joachim Breithaupt
Profeesor Guenther Bock
Professor Dr. Max Diekmann
Director Dr. Ludwmg Duerr
Staff Engineer Friedrich Hoffman
During the hearings they appeared as cbservers ard

tegtified as witnesses, but later they conducted their own investiga-

ticn and released a report of their findings.

b
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DISCUSSTION

1. General

The two reports concur on general information concerming
registry, airworthiness certification, ship's log, crew, passengers,
cargo, and operation. Likewise, they are in agreement regarding the
details of the last flaght from Frankfort, Germany te Lakehurst, N. J.

The Arerican report goes i1nto more detail concerning
meteorological conditions exasting pricr to and duraing the landing
approach. Thig report states there were scattered thunderstorms in
eastern New Jersey of a local character and not severe, but conditions
prevailed at the time of the airship's arrival which caused the
Commander of the Lakehurst station to recommend, by radie, at 5-12 PM,
a delay in landing, At 6+08 PM he again radiced the ship, recommending
an i1mmediate landing, and the airship approached the mooring mast
headed approximately into the wind after a few turns made necessary

by variable winds. The ship had passed through considergble rain.

2. The Landine Operation

The two reports are in general agreement waith regard to
the valving of lifting gas, dropping of water ballast, dispatch of
6 men forward due to continued tail heaviness, dropping of the landing
ropes, control of the engines, and various other operations and

maneuvers which are a matter of record.
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3. Radio

Both reperts state that the shap!s radio transmtters had
been turned off about 15 minutes prior to the fire and, therefore,
were lnoperative.

The ship's radlo operator was listenmang in on the 278 lalo-
cycle frequency, and testified at the hearing that he did not notice
any interference which could have been caused by improper bonding or
shielding. While not mentioned by the German Commssion, this is

considered a gpgnificant element of the American report.

4e Flutter of Quter Cover

Mention of the fluttering of the outer cover on the upper
port stern, Just prior to the conflagration, as testified to by a
witness, is to be found 1n both documents.

Much importance was attached to this part of the testimony,
gince the fire appeared to originate in the vieinity of this flutter.
It likewise helped both bodies of investigators to arrive at the most

probable cause of the accident.

5. First Appearance of Fire

Both bodies of investigators are in completz accord with
regard to the first appearance of open flame, concluding it teo have
been on the top of the ship, forward of the vertical fin, over cells

4 and 5.
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POSSTBLE CAUSES

A. Ceontributory Causes

1. GSabotage

The conclusion that nt evadence of sabotage could be
found is drawn in both reports. The German document goes a step
further than the American report, however, by sayingj "But the
possibality of deliberate destruction must be admtted in view of
the fact that no other originatins cauge can be proven". It gives
little consideration to the possibility of an incendaary bullet
causing the fire, as this type of 1gmition would not result in an
explosion and thas means of attack would be too easily detected.
It discounts the possibility of time-fuses or other releases from
within the ship, due to close supervision at all times, and 1t
elimnates other pogsibilities, such as "attack from aireraft®,
by stating they “eannot be considered’.

2. Pregence of a Combustible Mixture of Hydrogen and
Air through Thffusion

The reports concur generally on this subject, pointing
out thet the awverage rate of permeabilaty of about one liter per
square meter per 24 hours would be 1nsufficient to account for a
combustible accumilation of hydrogen and air within the ship, caused
by normal seepage. This is further substantiated in both documents,
which peint to the effectiveness of the ventilating system. They

further state that the system had a chammey (draft) effect that
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should have evacuated such e quantity of gas from the shafts.
The German report further states that, because of "the good
ventilation of the airship, it is completely out of the question,n

that such a rich mixture could have formed through normal daffusion.

3. Staclang of a Valve

The German report discusses the possibility of a pas
valve failure, stating with certainty that the automatic valves did
not operate during the latter part of the flight. It mentions that
"1t 15 not completely excluded™ that one of the maneuvering valves
may have become stuck during valvaing operations some minutes prior to
the dreopping of landing ropes, thus allowing hydrogen to escape into
the shaft,

The American report points out the possibility of
defect or failure of the valves, but states that no testimony is
agvailable on this subject.

The latter also dismasses as extremely remote the

possibilaty of failure of the ventilating system, which :s in

agreement with the German Commission,

4 Entry of a Propeller Fragment

Both commissions concurred in the belief that no
propeller breakage occurred until impact of the engines with the

ground had occurred.
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5. Lealdng of Gag Cell

Both reports discuss as a significant pessibllity
the breakage of a steel brace wire which could puncture one of the
rear gas cells, through which the gas could flow into the space
between the cells and outer cover, resulting in the flutter mentioned
previously. The German statement reasons that this assumption is
supported by the ship's telil-heaviness during the last turn, alsc by
the feet that gas was valved twice from forward cells, and that con-
gldereble water ballast was dropped from the rear, to correct thie
condition.

Both statements mention that shear wires had broken

before with varying effects, but had caused no seriocus damage.

6. Major Structural Failure

No mention 1s made in the German report of the possi-
bility of e mejor struectural failure in the stern, which would cause
hydrogen to be laberated by the rupture of a cell and the forceful
breaking of en electrlc lead or metal part, thus producing & spark.

Little welght 1s given to thls possibility in the American report.

B. Ignition of the Gas Mixture

l. Mechanical Causes

Both statements are in agreement that, although con-
ceivable, 1gnition or a spark caused by the breaksge of a tension
wire, or by friction of wires or other metal members of the ship due
to failure is extremely remote, and such a hypothesis 1s unsupported

by the evidence.
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2. Chemical Causes

Again the reportsagree, that although such a gas
mxture could ignite while flowing over metals which have a catalytice
effect, it 18 significant that no such metal was 1n that part of the
ship where the fire originated. The American report further states
that evidence 18 inadequate to support the theory of & flame being

produced by spontansous combustion.

3. Thereodynemic Causes

Technical reasons of similar nature are given in both
gtatements virtually eliminating the possibility of fire being caused
by sparks, hot carbon, or by the heal of exhaust gases produced by the

diesel engines.

L. Eleotrical Causes

(a) Broken Contact

Lengthy discussions of this subject are contained
in both reports, which differ in some respects, but which are similar
1n conclusions. Both concede that 1t would have been pessible, al-
though highly improbable, that the "deterioration" (American report)
or "dirty condition" (German report} of the contact rollers which
transferred current between the fixed part of the pressure metér and

the movable resistance element might have produced a spark ignating

the gzs 1n one of the pressure metera. This possibilaty 18 further
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daiscounted in the German report whaich calls attention again to the
gooed ventilation within the axial walkway, and which is substantiated

by the American findings.

(b) High Frequency Inductance

The posmability dascussed at length in both
reports, that electrical high frequency induetance or high frequency
1mpulses traceable to radio transmission caused the igmtion, was
dismissed as being highly amprobable. The shap's transmtters were
an "off" position. Only the local direction transmtter of 15 watts
(low power) on the Lakehurst Station was in operation, and i1t was at
a distance of about 1800 feet from the eirship. Both reports stated
that the strength of this electricel field i1s so infinitesimal that

it could not cause an electrical discharge.

(¢) Electrostatic Causes

In principle, the reports agree in the technical
discussions on the gubject of electrostatics, They explain thet an
airship, as a body, is regarded as carrying an electric charge
‘(positive or negative) depending upon the circumstances. For this
reason, the airship 15 bonded or connected "so that electrically 1t
becomes one complete metallic wholeW. This 13 done to preclude the

possibility of an electric spark jumping from one metal umt to another.
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Net mentioned in the German report, but
gpecifically menticned in the American findings, was the fact that
the electric wires at the stern electric lamp of the airship were not
bonded. Even though one witness at the hearing indicated that a static
charge could have been produced at this point, the American report

congadered 1t highly improbable.

(d) Ball Lightning

Mention is made in both reports of the possibility
of ball laghtning, which 18 said to "gpread and split into segments,
gome of which continue for a distance along objects on which they
alight. "

This was brought out an the American report for
"what it might be worth", but it was considered entirely remote in
both statements, dus to testimony of witmesses that no lightning was

present.

(e) Brush Discharge, or St. Elmo!sg Fire

This was the subject of a lengthy discusaion in
both reports, resulting in comparable conclusions.

To both investigating bodies it appeared that g
steep potential electrical gradient exasted. The German report mentions
that suc; a condition would be particularly applicable over the fin of

the airship, stating further, "Between ship and atmosphere, the
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occurrence of a brush discharge or St. Elmo's fire could be well con-
ceivable, As a hydrogen-air mixture burns nearly without ecoler, under
the gaven circumstances the first ignition could have happened on the
upper part of the vertical stabilizing fin and could have quickly
spread to the leading edge of the fin on the ship's body."

Both reports agree that the so called tims constant
of electrical discharge from ship to ground could be from a small frac-
tion of a second to well over a minute, The time element in this case
would depend upon the conductivaty of the ropes, which were dry when
thromn out, but which slowly becams damp and thus becoming better
conductors of electricity. The German report states that the free
electricity of the infilux charge of the airship can flow to the earth
rapidly, and that the ship very quickly assumes earth potential, but
that the free electricity of the humidity or d;.mpness layer (water on
top the ship) cammot flow off so quickly and harmlessly; "it jumps
over the framework in the form of a spark i1f the tension difference
18 high enough and starts the catastrophe in the presence of inflam~—
mable gas mixture,® It cites tests that were made at Air-electric
Test Station Graefelfing, "during which the electric earth field was
reprosented by an artificial one, and during which those conditions
wore logically recreated which probably were present during the landing
and 1n many cases igmtion of the hydrogen-air mixture could be pro-

duced,”
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T s theory 1s likewige substantiated in the
American report, fyrom a conclusion drawn by Dr. V. J. Humphreys of
the U. 5. Weather Bureau, who made a detailed study of the problem.
Hls findings stated that a brush discharge, or several of them, could
have occurred only after the landing ropes touched the ground and that
this would have continued for some time, although it would have been
invisible in the daylight. Quoting his report: nthat such a discharge
likely would have 1gnited any mdequately rich stream of leaking hydrogen
that reached it; and that from the point of ignition the flame would
have shot back to the lesak, there quickly would have tmornt a larger
opening and set going a conflagration of great violence and rapidity.®

The German report further points out two improbable
causes. The first i1s a division of electricity caused by the rumning
engines, one charge remaining on the aireraft and the other disappearing
with the exhaust gases. The other is the possibility of electrical
charges and ignitions belng cauwsed by the escape of lifting gas carrying
solid or fluid partacles along the opening edges with sufficient speed
to ignite. Both of these hypothetical possibllaities were dismissed

as being unfeasible under the conditions exlsting.

CONCLUSION
In its conclusion, the German Commassion's report states
that: "In gpite of thorough questioning of all witnesses, in spite
of thorough-going inspection and search of the wreekage, « « « « » «

evaluation of all pictorlal documents giving testimony of the
I27Z9
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sequence of the fire, no completely certain proof can be foumd for
any of the possibilities cited above." It reviews the operation
record and states that everything possible was done to prewvent the
occurrence of such an accident.

The German report again makes reference to the possibilities
of criminal attack, stating that if they camnot be coneldered, the
following explanation of the aceident appears to be the most probable:

Turing the landing approach & leak developed in gas cell
4 or 5 in the stern, perhaps through the tearing of a wire. Leaking
hydrogen then entered into the space betwsen the cell and outer cover,
cauging an inflammable mixture of hydrogen and air to gather in the
upper reer part of the airship.

1t was coneluded that 1gnition of the gas could have come
from two sources:

(a) Brush discharges due to atmospheric electrical
disturbances.

(b) A spark caused by equalization of tension between
wet spots on exterior, and £he ship's framework, the latter being
better grounded than the covering after dropping the manila landing
ropes.

0f the two ignition pessibilities mentioned above, the

Gorman Commission believes the latter (b) to be the most probable one.
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The conclusion of the Amerlcan report concurs with that of
the Germans'! In expressing the opinlon that e leak occwrred in the
vicinity of cells 4 mnd 5 causing a combustible mixture of gas and
air to form in comsiderable quantity. It does not, however, hazard
an opanion as to the cause of the leak as the German statement does.

Pertaining te the ignition of this gas mixture, the American
conclusion makes no reference to the possibility of the equalization
of tension theory (b) which the Germans considered most probable, but
concludes that the most likely cause was brush discharge {a).

Attention is called to the similarity of the two reports
up to the final sentences of their cenclusions, which reflect a
difference of opinion as to the most probable cause of the spark that

ignited the mixture of gas and air resulting in the catastrephe.
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REPORT OF THE GERMAN INVESTIGATION GOMMISSION
ABOUT THE AGCIDENT OF THF AIRSHIP RHINDENBURGR
ON MAY 6, 1937, AT LAKEHURST, U.S.A.

A. PRELIMINARY REMARKS:

Immediately after receiving news of the accident to the
airship REindenburg® at Lakehurst (U.S.A.), an investigating com-
mission was appointed by the Reichsmimister for Alr, General-Cberst
GOERING, composed of:

Dr. Dr.-Eng. E. h. Buge Eckener,
Darector Dr.-Eng. E. h. Duerr,
Lieutenant-Colonel Breithaupt,
Professor Bock,

f. Dr. Ph nat. Dieckmann, and
Avigtion Chhief Staff Engineer Hoffman.

It was the mission of the commission teo investigate the
cauges of the airship catastrophe in cooperation with the American
Commission appointed by the Department of Commerce. The (German in-
vestigation commssion received the fullest assistance of all Ameracan
aunthorities in its work. After the return of the commission from U.S.A.,
a series of tests were made in the laboratories of the German Institu-—
tion for Aviation Research (Versuchsanstalt fur Luftfahrt), Berlin-
Adlershof, the radio telegraphic and air electriec testing stataon
GRAEFELFING and of the LUFTSCHIFFBAU, Friedrichshafen, to investigate
thoroughly the conditiomns which may possibly have been the causes of
the fire. Followlng is the report of the result of the accident in-

veatlgation and of the experiments made in congequence thereof.
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B. (CENERAL TNFORMATICN:

The airship 1Z-129 (®Hindenburg®) was constructed by the Luft—
schiffbau Zeppelin in Friedrichshafen as the 118th airship and was placed
in coperation at the begimming of 1936, After a large number of test
flights, the airship on Mareh 19, 1936, received its airworthiness cer-
tificate from the Reichsminister for Air (Inspection Department for Air-
craft}. After aceceptance by the DEUTSCHE ZEPFELIN REEDEREI, G.m.b.h.,
the airship made & total of 55 flights In the year 1936, in the eourse
of which 1t covered about 300,000 kilometers (186,420 miles), crossed
the ocean 34 times, and transported a total of about 2,800 passengers
and more than 170,000 lnlograms (374,782 pounds) of mail and cargo with-
out accident,

Before the airship resumed its flight schedule in the year 1937,
it was subjected to reinspection by the Inspection Department for Aireraft
and 1ts Aarworthiness Certificate was renewed,

The construction of the shap and its most i1mportant data may
be seen in Illustration No. 1.1

C. THE LAST FLIGHT:

The airship departed for the first 1937 North Atlantiec trip
from Frankfurt am Main (On The Main) on May 3, 1937, at 20,15 (8:15 P.M.)
Central Furopean Time, with a crew of 61 persons, and was under the com—
mand of Captain Pruss, who had commanded a large numher of previous trips

of the airship; on board were also 36 passengers. In addition there were
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carried 108 kilograms (239 pounds) of mail, 148 kilograms (326 pounds)

of freight, and 879 kilograms (1938 pounds) of passengers' luggage, and
two baskets containing dogs. At the landing approach at Lakehurst there
were =till left 8,500 kilegrams (18,739 pounds) fuel o2l, 3,000 kilograms
(6,614 pounds) lubricating oil and 21,900 kdlograms (48,280 pounds) water
(for exact distribution, see Illustration Yo, 2.1,

The crossing of the ocean was uneventful except for retardation
by opposing (head) winds. New York was flown over at 14.00 o'clock
(2:00 P.M.) Eastern Standard Time, ({See Illustration No. 31}, From
there the course was set for Lakehurst, which was reached at 15.00
(3:00 P.M.). But the landing was not made then as a wide electric
front was approaching Lakehurst from the west. The subsequent course
of the smp was along the shore-line i1n advance of the electrical front,
which slowly moved off towards the north after reaching the coast.

The airship was in continuous commmication wath the Lakehurst
asrological station regarding weather conditions. When proceeding on a
southeastarly course in the direction of Atlantic City with the electrical
front to starboard, the ship received a radio message from Lakehurst
at 17.12 (5:12 P.M.), to the effect that the weather conditions now were
surtable for a landing approach. Consequently the airship turned around
and headed towards Lakehurst, thereupon entering an area of increasing
rain. At 18.08 (6:08 P,M.) 1t was suggested by Lakehurst that the land-
ing be made as socn as pessible.

D. THE LANDING OPERATION AND SEQUENCE OF THE FIRE:

When the airship approached the Lakehurst station from the West-

Southwest at an altitude of 200 meters (656 feet), the lower cloud level
13zZag
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over the station was 600 to 900 meters (1,969 to 2,953 feet), and slight
rain was falling, But the sky showed signs of clearing {rom the west.
The barometric pressurs was 755 mllimeters (30 inches), air temperature
16° ¢., relative humdity 98%. The grownd wind was light and variable.

On first passing over the field (see Illustration No. 41), the
commander of the alrship noticed that the ground crew was drawm up to
correspond to a wind direction from the East, and that the landing ap-
proach therefors had to be made over the mooring mast in the wegterly
part of the field. The airsihp therefore went beyond the field shout
5 to 6 miles, smmg 1n a wide turn, and then approached from this direc-
tion towards the landing mast. Sance, in the meantime, the wind had
shfted towards southeasterly, the airship veered off to port to be sble
to approach into ths new direction, and after completion of this sscond
turn approached the mast from a nortberly directionm,

The maneuvers executed during the landing approach have been
laid down in Illustration No. 4.1 During the execution of the large turm,
about 10 minutes prior to the dropping of the landing ropes, gas was
valved from the five forward gas cells twice for 15 seconds and once for
5 seconds. For the same reason water was dropped three times at frame 77
for a total of 1,100 ldlograms (2,425 pounds). The enginea, after com—
pletion of the first large turn, were placed on "idling ahead®, During
the approach i1n the last curve, several brief engine maneuvers were ex—
ecuted. About 2 minutes prior to the dropping of the ferward landing

ropes, all engines were brought to "full speed astern® for the duration
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of about one minuta. Afverwards, the formard engines were placed on Midle
ahead®™ and the rear engines on "idle astern®. Wath the exception of a
ghort burst of "full zhead®™ on the forward engines, the engines remained
this way to the end.

The distribution of the crew at the moment when landing ropes
were dropped appears in Illustration Ho. 5.1 Dus to the teil heaviness
of the ship, 6 men had been sent to the bow from the midsection during
the landing approach in order to trim the ship heavier by the bow by this
means,

At the momert when the forwerd landing ropes were dropped, the
control car had an altitude of 90 meters (295 feet) above sea level,
that 18, about 60 meters (197 feet) over the ground. First the starboard
landing rope and lmmediately thereafter the port landing rope was
dropped. The pert rope was at once comnected wath the rope of the haul-
ing-in winch car because the ship began to drift toward the west, which
then tautened considerably, whereas the starboard rope was held by the
landing crew, The main bow cable, which served to connect the’shlp to
the meooring mast bad been let out about 15 meters {49 feet) at the moment
when the fire broke out and was therefore still far away from the
ground; the handling ropes at frame 62 also had been lot out. The
pendant at frame 47 was just being paid out at the moment of the bhegipming
of ths fire and had only run out a few meters (yards). ’

Immedlately prior to the beginning of the fire, fluttering of
the outer cover on the upper port side between frames 62 and 72 enclosing

cell No. 5, was observed by one witness (R, H. Ward), As the ship had no
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headway on and the propeller slap stream had to pass far below the
point of the fluttering, this wave motion of the outer cover had possibly
been caused by gas which was escaping from a gas cell.

At 18,25 (6:25 P.M.), sbout four minutes after the dropping of
the landing ropes, the fire broke out at the stern of the ship. The
testimony about the locatlon of origin of the fire is, to a great extent,
widely divergent. The explanation for this 18 to be found, in the first
place, 1n the very speedy propagation of the fire 1tself, and then in the
different positions which the different witnesses held at the landing of
the ship and 1n the great slze of the ship itself which made a comprehen-
sive view very difficult. Evaluating the testimony of witnesses wath
these facts in mind, the conclusion 1s to be reached, that the first firse
started on the topside of the ship and specifically in front of the
leading edge of the vertical stabilizer over gas cells 4 and 5. From there
it spread forward sbout 20 to 30 meters (66 to 98 feet) 1n the course
of some 15 seconds untll the first explosion took place, The further
progress of the catastrophe can be seen from photographs 61 to 111,
(NOTE: In Photographs 71 and 81, two falling water ballast tanks can
distinetly be seen, which had been torm loose from their fastenings
by the shock connected with the explosion).

Between the first appearance of the fire and the contact of
the main body of the ship with the ground, there elapsed about one

half mirute,
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E. CAUSES OF THE GONFLAGRATION:

It appears from all testimony of witnesses that the landing
of the airship was executed 1n a completely normal manner according
tv the opinion of all experts, and that the behavior of the whole crew
prior to and during the catastrophe was exemplary; furthermore, there
1s no indication that the ship, prior to the landing approach, had per-
haps not been in a faultless techmiczl condition.

The #hip mas completely demolished by the fire as photographs
12 to 14 show. A thorough inspection of the wreckage therefore did not
yield any clue to the possible cause of the fires. Although, furthermeore,
the landing was filmed from several points, that part of the airship in
which the fire started was net included thereby, as the preparations for
the landing were mainly st the bow of the ship and the cameras were all
aimed in that direection. Amateur pictures of the stern of the ship im—
medistely at the beginning of the fire also could not be procured. The
enly course remaining then, 13 to draw conclusions from the testimony
of witnesses as to the possibllities of the origin of the fire, and to
determine by theoretical and experimental analyses which of these possi-
bilities can be considered and which have te be exeluded.

For clearing up the accident, investigations were conducted
fundamentally in two directionas:

I. Has the ship been the victim of a criminal attack?

II. Did s series of physical or other eircumstances combine

in such a way that a fire could result?
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To clear the first question, the location of the accident apd
the wreck of the airship were thoroughly investigated for suspicious
cluss by the German and Amerlcen Commissions and their experts. Further-
more, the crew members were thoroughly questioned am to whether they had
noticed anything out of the ordinary in this connection. Outelde of thias,
all suspicious angles, expressed In mmerous commudcations to the German
and American Commlissions were Iinvestigated.

As causes for a deliberete destruction, the following possi-
bilities can be conocelved of:

(a) Devices which were faatened to the inmide of the ship,

(b) Effects originating from outside the ship. '

The attachment of devioces which by way of timsd detenaters
or other releases are able to gause an exploslon had neasssarily te be
effected prier to or during the flight., It ia proven that the Buper=
vieion of the ship and all persons in eontset With the ship prier %o and
during the flight had been dons very sirletly and thereughly, ee thah bhe
introduotion as well g8 the attashment of sush fereign objeets Within Hhe
ship was very nearly impossibls,

As an sffeot from the outelde on the airehip, eheeting Wwith &n
incendiary bullet ocan be considered., Ia view of the numersus PePscns
present and the Amsrioan enolosure of the field, enly shets freR nearby
seem possible out of ailetwed gun in & group of pergene Worieag tegether
or shots from & long range weapon. In any cage the danger of debdeetisn
would have been very great on seoowmt of ths larzs number of peepls pred=

ent. Against ignition by mn inoendiary bullet, there militetes the fash
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that a heavy explosion occurred during the conflagration. But as experi-
ences with kite balloons during the world war have demomstrated, balloone
get off by an lncendiary bullet burn generally without an explosion, as
large amounts of explosive mixture cannot form. All other possibilitaes
of explanation as for instance, attack from aireraft cannot be considered.

Proof of the execution of an act of violence as described abowe
could not be found in spite of thoroughgeing investigation. But the pos—
s1bility of deilberate degtruction mst be admatted in vaew of the fact
that no other originating cause can pe proven, On the other hand, based
on the 1nvestigation and the experiments made, the unpremeditated ignition
as a consoquence of wnfavorable ¢ircumstances, possegses perhaps greater
rrobability as the origan of the fire. But af this possibility is ac-
copted, then two main premises must be met simultaneously:

1. The presence of a combustible mixture of air and gas.

2. The occurrence of an ignition to set this mixture afire.

In the follewang, both cases will be investigated separately.

1. Development of an inflammable hydrogen - alr mixture.

a, DIiffusion of the hydregen through the eell wallas.

The walls of the gas cells consist of twe cotton cloth layers
between which a gas-tight fi1lm is imbedded and they possess a mean per—
moability of 1 liter/per square meter (1 quart/per 11 square feet) in 24
hours. As a puraty check on April 28, 1937 shows, the purity in all gas
cells was wniformly good; 1t can therefore be assumed with certainty that
the gas cells at the time of the last flight were in favltless condition
and the fabric of the cell walls showed no objectionable permsability

dus teo ageing.
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The lower limt of combustability of a hypirogen—air mixture is
at a content of about 15% in weight of hydrogen in air. Because of the
good ventilation of the airship, it is completely out of the guestion
that through normal diffusion of the hydrogen tlrough the cell walls such
a rich mxture could have formed as was claimed by one witness.

b. Sticking of a valve.

Between each two cells a gas shaft leads to the topside of the
ship, where 1t is covered by a hood opening rearward. The draught
appearing at the hood causes a strong ventilation of the gas shaft and the
interlor of the ship: in this 1t 1s assisted by the chimmey effect of the
air warmed in the interior of the ship and risang in the shaft., Above ihe
axial walkway, from each gas cell two valves opsrate out Into the gas
shaft, one of which opens amtomatically upon reaching the pressure-height,
whereas the other one 1s mamually operated from the control car for man-
euvering purposes. As the ship during the latter part of the flight was
only about 80% full, it can be asserted with certainty that the automatie
valves did not operate during this period. The maneuvering valves on cells
4 and 5 where the fire first was observed, were operated for the last time
about 10 minutes prior to the dropping of the landing ropes. It seems not
completely excluded, that one of these valves got stuck during this action
and gas could thus sscape inte the shaft.

The degree of fullness is kept under observation in the control
¢ar by means of a precisipon pressure meier, which records as the lomer
lamit of exactitude, differences in the anflation of 0.2 meters (8 inches)
in height, In an 80% full gas cell therefore, with sufficient attenticnm,

the escape of about 100 cubic meters (3,531 cubic feet) of gas can be
1728
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recognized, Whether the preeision pressure meters were observed during
the latter period of the landing approach with such an attention could
not be determined. It may be stated however, that fallures of the man-
euvering valves on the alrships N"Graf Zeppelln" and "Hindenburg®™ have
naver been observed, except once during a flight to South America in the
year 1936 when an sutomatie valve got stuck, the ;cnstructlon of which
afterwards was changed.

¢. Entering of & propeller fragment.

In the wreckage of the airship a propeller fragment of 30 centi-
metera' (12 inchea) length was found at the pert moter, and was covered
up by cuter cover fabric and was unbwmed, But after thorough investiga-
tion, thls plece of propeller was in all probability only torn off after
the motor and propeller hit the ground. This is indicated especially by
the fact that the four blades of the rear port propeller had been broken
off in various almost evenly differing lengths as must be the case if a
rumning motor hits the ground. This cobservation coincides also wath the
tegtimony of the witness Dsutachle who was 1n the rear pert engine car
and who did not cobserve any vibration of the engine przor te the crash,
as would have 1o have been the case In the hreaking of a propeller,

d. Leaking of a gas cell.

In order to prevent the gms cells from coming into direct con-
tact with the framework, a system of steel wires is placed within the
framewerk, and the cell walls bear against such wires. It sometimes, though
very rarely, has happened that a wire of this wiring system has parted.
But up wntil now, this never has had any consequences with respect to

gtrength of the aurship or the condition of the cells., It is newvertheless
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conceivable, that by chance a ware of the system tore during the landing
approach of the ship, and that the sharp end of the wire caused a leak
in ome of the rear gas cells through which gas could fleow into the space
between cells and outer cover, This assumption is supported by the faet
that the ship appeared to be strongly tail-heavy during the last turn so
that a part of the crew was sent forward from amdships and also that gas
was twice valved from the forward cells and & total of 1100 ldlograms
(2,425 pounds) of water ballast was dropped in the rear. The escaping
gas can also have caused the cbasrved flutter of the outer cover. As
furthermore, the ventilation decreased in consequence of decroased head-
way, an inflammanle hydrogen—air mixture could have developed inside the
ghip's covering in such a mamner.

2. Igniticn of the gas mixture.

(a). Mechanical ceuses.

Ignitaon by mechanical means would be congeivable if a cor-
struction element, for instanee a tension wire, breaks ceusing a spark
thereby which 1gnites & gas mixture present at that spot, At the moment
of the first fire, the ship ne longer had headway, so that the development
of large stresses, which could have caused the breaking of a wire, 1s
totally unlikely. Tests, which have been made et the Luftschaiffbau Zeppelin
have furthermore given the result that the energy of a spark at breaking of
a wire 15 not sufficient to ignite a hydrogen-alr mixture.

(b) Chemleal causes.

A hydrogen-ailr mxture can ignite itself when {lowing over certain
atrustural materials acting as catalysts. But structural materiels wbilazed
in airships are out of the questiomn as catalysts. It appears likewlse com-

pletely out of the question, that any matter acting as a catalywt, as for
12728
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instanes sponge platinum could get to the spot where the fire was first
observed and could remain thers active for any lengthy period.

{¢) Thermodynamec causes.

Causing of fire by exhaust gases or flying sparks from the
motors was Investigated extensively in jolnt experiments of the
Luftschiffbau Zeppelin, the D.V.L. and the Inspection Department for
Aircraft.

The exhaust gases of the Diesel engines of the airship have a
temperature of about 600° C at highest power output immediately efter
leaving the cylinder into the exhaust pipe. By mxture of fresh air into
the exhaust system, their temperature 1s deereased to about 500° C at the
exit from the powercar, or gondola, Only 0.25 meters (10 inches) distant
from the exhaust exit, the temperature of the exhaust gases 1s already
decreased to around 350° C. This temperature 1s far below the lowest
ignition temperature of a hydrogen-air mixture, which depends strongly on
speclal circumstances and 1s around 550° G.

Sparks present in the exhaust gases, esgpecially wmath sudden fuel
delivery, which consist in the main of glowing cil carbon particles, have
a considerably higher temperature than the exhaust gases themselves, It
would be conceivable, that sparks from the exhaust of the rear englne cars
have been carried to the topside of the ship thus igniting a gas mxture
pregent there. But according to exhaustive experiments, a hydrogen-air
mxture carmot be ignited by flying sparks even under circumstances much
more favorable than those existing at the airships apparently the heat

energy of the sparks is too small for that.
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(d) Electrical causes,
(a) Dasturbances in the electrical equipment of the airship.
The =lectrical plant is situated between frames 140 and

156. It contains two generators for 220 Volts, which are powered by a
Diesel engine each and delaver mainly the power for i1llumination, heating
and radio transformers; in addition a 24-volt generator is attached te each
Diesel engine which supplies instruments and emergency lightang through
batteries, All wiring, plugs and swliches of the lnstallation have been
installed according to the safety regulstions of the mining suthorities.
In the neighborhood of the location of the presursd first fire, there are
of electrical dcvaices only the precision pressure meters, which transmit
electrically the record of the gas pressgure within the gas c¢sll to the
control car. The precision pressure meter (see Illustration #151) contains
a membrane which rests against a plate on springs. An electrical resistance
glement is solidly comnected to the plate in potentlometer coupling, whose
relative resistances change with the position of the plate. The current
transfer between the fixed part of the pressure meter and the movable re;-
gistance element is done through rellers. It is now conceivable thet wlth
very dirty rollers a spark may appear at thle spot, which could ignite a
hydrogen-sar mxture present there. But in experiments, jeintly conducted
by the Luftschiffbau Zeppelin (Zeppelin Contruction Company) and the radio
electric testing station Graefelfing, the ignition of & hydrogen-air
mlixturs within the body of the pressmre meter never succeeded even under
¢ircumstances which were sspecially favorable for spark formation.

As furthermore, the accumilation of a hydrogen-air mixture with-
in the housing of the preoision mressure meter dues to its good ventilatlon

within the axial walkway of the slrship is quite lmprobable, a dlsturbanee
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at the precision pressure meter can be excluded as the cause of igmtion.
B. HMgh-frequency i1mpulses.

High-frequency impulses can be created under certain circumstances
through 1nduction effects by a strong short-wave transmitter working near
the airship, which lecads to an electrical discharge wathin the ship. Thas
suspicion seemed especially pertinent because the explosion happened at
that moment wheh a psndant comsisting of wire cable was pald out from the
rear of the ship. During the landings, only a local direcilion transmitter
was workang on the Lakehurst atation, whose frequency was 278 kilocyclea
and whose transmission energy was 15 walts. The airship was about 600
meters (1,959 feet) from this transmitter at the moment of 2gmxtion. The
field emergy at the position of the ship was therefore so small, that 1i
could not sause an slectrical dischargs.

According to 1nformation from the Radio Officer of the airship
gtation, other short wave stations are mot present in the neaghborhood
of Lakehurst. The stations situated at greater distances ereate only such
small field energies at Lakehurst, as approxamate calculaiions show, that
they would be insufficient for a spark discharge.

The radlo station of the airship has not operated during the
landing, As 15 apparent from the record of the radio communications be-
tween the ship and the Lakehurst station, the last communication between
the ship and the ground was exchanged on a long wave at 1810 (6:10 FM),
that 15 15 minutes prior to the start of the fire. A discharge on any

part of the ship by its own transmission equipment 1s therefore also

impossible,
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Elsctrostatic causes.

In landing an airship, the ship, floating at some altitude, is
connectad with the ground by the more or less well conducting landing
ropes in a more or lsss speedy worldng electrical equalization procesa.

The self charge and the umbound induced charge of the airship flow down
to the ground, the framework and comnected metal parts of the shlp Joined
to it taldng up the ground potential.

A1l equipotential surfaces pass out over the upper edge of the
grounded alrship, Especially over the bow and particularly over the pro-
truding parts of the sterm, 2s for instance onm the stabilizing fins an in-
creased potential gradient results. At the time of the landing therse
probably existed at Lakeshurst, strong electrical disturbances in the atmos-
phere. The fact that direction and temperatwre of the wind changed, made
the occurrence of a secondary thunderstorm probable, Under such conditions,
experiences show that an increase of the potential gradient close te the
ground has to be reckonmed with and hence, in this case especlally inereased
over the vertical fin of the ship. Between ship and atmosphere, the occurrernce
of a brush discharge or St. Elme's fire could be well concelvable., As a
hydrogen-air mixture burns nearly without color, under the given circum-
stances the filrst ilgnitlon could have happened on the upper part of the
vertical stablilizing fin and could have quackly spread to the leading
edge of the fin on the ship's body.

As experiments in the D,V.L, and In Radio Telegraphic and Air-
Electric Tests Station Grafelfing have shown, temperature discharges, which

lead to an ignition of hydrogen-air mixture can fundamentally be created
s2rab
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through brush discharges. The possibility of an igmition by St. Elmofs
fire can therefore not be set aside, but 1t 1s premised on the presence
of quite extraordinary gradients, unless assumptions are made which could
hardly have been present in the case under question.

A forther possibilaty for igmition could be given by gradaent
changes over a time period by the different electric conductivity values
of the strustural elemsnts of an airship,

A Zeppelin airship 1s constructed from structural clements of
widely dafferent electric conductivities or different electric resistances,

The framework proper consisting in the main of duralumin, the
field wiring, cable contrels, ete. are metallic conductors wath small
resistance, Between them no appreciable potential daifferences can obtain.
But the electric resistance of the gas cell fabric, the outer cover, the
landing ropes made from Mamila hemp, depends very much, as they all are
gemi-conductors, upon the water contents or the humadity. The lengthwise
and crosawase resistances of such materials can have very high values.

If one wishes to discharge = charged condenser through such a
high resistance, it always takes some tame untal the originasl charge 18
reduced to a certain fraction thereof. The higher the capacity of the
condenger and the higher the resistance, the greater also 1s the value of
this so—called Lime constant.

If the metal framework is considered the condenscr against the
earth, which is commected through the landing rope, the tame constant
varles between one-thousandth of a second and many minutes.

If on the outer cover fabric on the top of the ship there 1B
aggumed a limited wet spot caused by rain which has relatively good con-—
ductivaty (the outzide doping -s water repellent so that such assumption

can be made) then the zapacity of this spot 15 commected over the resistance
r2ra9



of the layered ocuter cover fabrid with the metal framework and one fainds
a time constant amounting in value to seconds, according to the size of the
area.

In ficld changes of atmospherie eleetricity taking place quickly
in point of time, between the wet spot which, as a conductor finds i1tself
in that atmospheric electrical field part which extends by the girder
construction of the airship from the cutsade to the intericr, and the
framework 1tself as also between the framework and the earth, potential
differences occur, the equalization of which 1a time 15 prescribed by
the respective time constants,

If the manila landing rope conducts relatively well, and the
cuter cover relatively less well, then wath sufficiently large and speedy
changes of the electrical gradient, the tension differences can be suffi-
cient fer the formation of an 2gmtion spark through the outer cover fabric.
Both conductors, airship structure and 1he layer of dampness find them-
selves within quite different conditions wath external field changes, The
free electricity of the influx charge of the alrship can then flow domm
quickly to the earth and the airship assumes very quickly earth potential,
but the free electricity of the humidity layer cannot as quickly flow off
harmlessly; it jumps over to the framework in the form of a apark if the
tension difference is high enough and starts the categstrophe in the presence
of inflammable gas mxture. During the execution of model experiments in
the Radio Telegraphic and Air—electric Test Station Graefelfing, durlng
which the electric earth field was represented by an artifieial one, and
during which thoss conditions were logically re—created which probably
were present during the landing, in many cases ignition of the hydrogen-air

mxture could be produced.
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Besides the electric phenomena caused by the exteraior field,
other charge conditioms also can appear on an airsraft. So it was pre-
viously proven by the Test Station Graefelfing and the D.V.L. that
running gasoline engines effect a divasion of electricity., The one charge
remalns on the aircraft, the other flown off with the exhaust gases. As
wag to be assumed and as more recent lnvestigations at the D.V.L. have
proven, the charge of Inesel engines is considerably hagher but si111 not
sufficient for a probable explanation of the WHindenburg" misfortune.

It may also be mentioned that wnder certain circumstances with
the escape of liftang gas, electrical charges and i1gnitions are caused,
In this case, the gas carries solid or fluad particles along the opening
edge with sufficient speed, This phenomenon plays a role in the flow of
compressed gas from high-pressure containers, but camnot lead te azgmtaon
during the exat from gas cells due to the low speeds of the flow,

Finally, the possibility was thoroughly discussed whsether
"ball lightning™ could have caused a leak in 2 cell of the ship and at
the same time igmtion. The presence of ball lightning was indicated by
the description of the first appearance of fire by several witnesses, who
expressly emphasize that the fairst fire did not have the form of tongues
of flames but rather had appeared like a barrel or a neon light. In the
literature at home and abroad, ball lightning 1s simalarly described. But
since they mostly appear in comnection with line flashes and the visible
thunderstorm had passed over Lakehurst a longer period before, this ex-

planation seems masleading,
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F. CONCLUSION.

The Investigating Commission has, in Lhe present report,
emmerated a mmbcr of peossiblil:ties, which could have caused the
accadent to the airship "Hindenburg® of May 6, 1937. In spite of
thorough questionming of all the witnesses, in spite of a thorough—going
inspection and gearch of the wreckage, and in spite of evaluation of all
plctorial documents giving testimony of the sequence of the fire, no
completely certain proof can be found for any of the pessibilities cited
above, In view of the fact that in the German Zeppelin airship traffic
in an operation period of decades no accidents have occurred while
ut:lizing hydragen as 1Iafting gas, and on the basis of all testimony
of witnesses and investigations, the commission has gained the convactionm,
that everything had been done by all parties responsible for the friction-
less execution of the airship traffic to forestall an accident. If
therefore not any one of the previously-mentioned pessibilities of
eriminal attack can be considered, the Commission can only assume as a
cause of the airship fire a cooperation of a mumber of unfortunate eir-
cumstances in a case of force majeure. In this case, the following ex-
planation of the accident appears as probable:

During the landing approach a leak developed in gas cell 4 or
5 1n the rear of the ship perhaps through tearing of a2 ware, through
which the hydrogen entered inte the space between cell and outer cover.
In this way an inflammable hydrogen—air mixture formed in the upper part

ol the ship astern.
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For the ignition of thls mixture, two possibilities are
concelvable.

(a) Due to atmospheric electric disturbances at the time of
landing of the airship, the electrical gradient near the earth was so
high that 1t led after grounding of the whole ship at the locatiem of
its highest increase, namely at the stern, to brush dascharges and in
that may to 1gmation,

(b) After dropping of the landing ropes, the surface of the
airship's outer cover became less well grounded thzn the framework of the
airship due to the lower conductivaty of the cuter cover fabrie. At
rapid changes of the atmospheric field, which are the rule during night
thunderstorms and have also to be assumed in this present case, electric
potentaal differences occurred between spots of the ship's exterior and
the framework. In case these spots were sufficiently moist, which was
especially probable 1n the regaon of cell 4 and 5 in consequence of the
previcus passage through a rain area, those differences could lead to
equalization of tension by a spark, which pessibly caused i1gnition of a
hydrogen-air mxture present over the gas cells 4 or 5.

Of the two cited explanations the one under (b) appears to be
the more probable one,

The Cerman Investigation
Commlssion.
Signatures
Footnote 1 — Illustrations end the deseriptive data pertaiming thereteo
accompanied the German report but werec not reproduced here becauss
of the lamtations of the printing process by which thls combined
report was dyplicated, These were not belleved essentizl to the

of this report.
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THE HONORABLE July 21, 1937
THE SECRETARY OF COMMERCE
WASHINGTON, D. C.

In an order, dated May 7, 1937, made by the Secretary of
Commerce pursuant to the Air Commerce Act of 1926, as amended, relating
to the investigation of accidents in eival air navigation in the Umited
States, Scuth Trimble, Jr., Solacitor, Major R, W. Schroeder, Assistant
Director of the Bureau of Air Commerce, and Demis Mulligan, Chief,
Regulation and Enforcement Division of the Bureau of Air Gommerce, all
of the Department of Commerce, were designated to investigate the facts,
condltlons and circumstances of the accident involving the airship
HINDENBURG, which occurred on May 6, 1937, at the Naval Air Station,
Lekehurst, New Jersey, and 1o make a report thereon.

Commarder C. E. Rosendahl, U, S, Navy, Colonsl G, deF.
Chandler, U. 5. Army, Colonel Rush B, lanceln, U. S, Army, Colonel
Harold E. Hartney, Technical Adviser to the U, S. Senate Committee on
Commerce, Hon. Gill Rebb Wailson, Director of Aeronauties for the State
of New Jerssy, and Hon. Grover Loening, Aeronautical Adviser to the
U. S. Meritime Commission, wers designated as technical advisers.
General-leutnant Friedrich von Boetticher, German Military Attache,
was selected by the German Amhaasador at the invitation of the

Secretary of Commerce, as an cbserver at the investigation.

I Pss
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On the fourth day of the hearings, the mombers of the German
Comnission appeointed to investigate the eccident, ineluding Dr. Hugo
Eckener, Lieutenant Colonel Joachim Breithaupt, Professor CGuenther
Bock, Professor Dr. Max Dieckmarnn, Director Dr. Ludwig Duerr, and Staff
Enginesr Friedrich Hoffman, appeared and thereafter acted as observers
and testified as witnesses. The U. S. Navy Bosrd of Inquiry was
represented throughout the hearing by an observer.

When the accident occurred, an aercnaAutical inspector of the
Department of Commerce was present. Before midnight of the same day,
other representatives of the Departmenmt reached the scene of the
accident. After a preliminary inspection had been made, public hearings
were held, from May 10th to May 28th, in the main hsngar at the Naval
Air Station, Lakehmmrrst, New Jorsey, in Asbury Park, N. J. and in New
York City.

In addition to that provided by the Department!s representa—
tives, assistance was recelived from the U. S. Navy Department, Bureau
of Investigation, Department of Justice, Weather Bureaun, Department of
Agriculture, Bureau of Standards, Depariment of Commerce, New Yaork City
Police Department, and the Bureau of Explosives, Aviation companies,
newspapermsn, newsreel representatives, snd photographers, many of whom
wore eye witnesgses to the event, and others, furnished valusble informa—

tion.

SRI2
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PART I, — THE ACCIDENT

The airship HINDENBURG was destroyed by fire
at 6:25 P.M., E.S5.T., May 6, 1937, at the Naval Air
Station, Lakehurst, New Jersey.

The airship was completing its first scheduled
demonstration flight for the 1937 season, between Frankfort,
Germany, and Lakeburst. It had departed from Frankfort
about 8:15 P.M., G,M.T., Monday, May 3, and was due at
Lakehurst on the morning of Thursday, May 6. It was due
out of Lakehurst at 10:00 P.M. E.S5.T., that night. Be-
cause of unfavorable winds encountered en route, 1ts
arrival at Lakehurst was deferred wmtil 6:00 P,M.,
Thursday evening, and departure wzs to be postponed until
midnight or later in order to reservice and prepare for
the return voyage.

The ship was owned and operated by the Deutsche
Zeppelin Reederei, G.m.b.H., of Berlin, W. 8, unter den
Linden, Germany. The flight, which was to have been one
of a series tc be made into United States territory during
1937, was authorized by a provisional air navigation permit
fram the Secretary of Commerce, and a revocable permt
issued by the Secretary of the Navy to the American
Zeppelin Tramsport, Imc,, of 354 Fourth Avenue, New York
City, as general Umted States agent of the Deutsche
Zeppelin Reederei, Gem.,b.H., for the use of the landing

field and facilities at the Naval Air Station at Lakehurst.

Notey All times reported herein, unless otherwise indicated,
are Eastern Standard Time (E.S.T.)
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In March, 1937, the German Govermment renewed
the airworthiness certification of the aireraft, reporting
that all of its safety devices had been inspected and
found satisfactory.

According to the crew list (See Appendix I)
furniehed by the American Zeppelin Tramsport, Imc., the
persomnel on board, including officers, mumbered 61, of
whom 22 died a2s a result of the accident.

The pasgsenger list (See Appendix IT), likewise
furnished, shows that 36 persons besides the erew were on
board. Of these, 13 died as a result of the mccident.
Other pessengers snd members of the crew sustained sgerious
InjJuries.

Total weight of the freight carrled was 325
pounds and wad stowsd in the main frelght compartment at
Frame 125; 2 dogs were kemneled at Frame 92, and 3 packages
were stowed in the control car. Mail was carried in a
compartment on top of the eontrol car. Of the freight and
mail only a few pieces of mail were recovered.

The grownd personnel consisted of 92 naval
personnel and 139 civilians. Practically all of the
ground crew had previous experience in landing airships.
One member of the ground e¢rew died as a result of burns

received during the acecident.
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Across the Atlantic from Germeny to the Umited
States, the flight had been wneventful, save for retard-
ing winds which were not mmusually turbulent. The route
traversed by the ship on this side of the ocean was from
Nova Scotia, via Boston, Provadence, Leng Island Sound,
New York, and thence to Lakelurst., After pmssing over
Lakeburst the first time, it proceeded te eruiss along the
coast for a few hours before retracing its course from

Tuckerton, N.J., tc the Naval Air Station.

PART TIT, - THE ATRSHIP

The airship was placed in service early in
1936. It bore builder's mumber 1Z 129 and had been con-
structed by the Luft Schiffbau Zeppelin of Friedrichshafen,
Germany, an organization which had previously built 118
Zeppelin type airsmps. Briefly described, this type of
desagn provides for a framework of duralumin metal garders
with tension wires., There 18 division by frame wirings
of the body into different compartments, into which the
gas bags are placed to receive the lifting gas; B keel
walkway to teke certain loadsj; a framework with an outer
cover of fabric to glve form, and engine cars suspended
from the frame outside the ship. The HINDENBURG was a
Zeppelin type airship, baving an axial corridor constructed

longitudinally through the center of the hull.
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During 1ts wime nepite n° operation in 1936,
this alrship had made more than 55 flishts; flown 2,764
hours, cruised 191.583 m3lee, crossed the ocean 34 times,
carried 2,798 pessengers and more than 377,000 pounds of
mail and freight, all withoul mishap.

Its length was about 803.8 feetj height, 147 feetj
maximm diameter,. 135 feet; fineness ratio (length over
diameter), about 6; total gas volums, 7,063,000 cubic feet;
normal volums, 6,710,000 cubic feet. Weight of ship with
necessary equipment and fuel wes 430,950 pounds; maximum
fuel capacity, 143,650 pounds; total payload, 41,990
pounds, and total 1ift (under standard conditions) was
472,940 pounds. Its rated crulsing speed was about 75
statute m.p.h.; its maximm speed was slightly over 84
m.p.h. Passenger space was entirely within the hull.

The control system was the conventional Zeppelin
type control, with twe rudders acting as a wnit for
horizontal control, and two elevators acting likewise for
vertical control. Emergency elevator and rudder control
wheelg were installed in the stern of the ship. An elec—
trieal gyroscopic device attached to the forward rudder
wheel provided automatic steering.

The outer cover consisted of cotton fabriec en
cortain parts of the frame; on others, linen, depending

upon stresses to which it was exposed., The exterlor
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surface of such fabric was treated wath several coats
of cellon and a mixture containing aluminum powder.

As protection against ultra violet rays, the inner sur-
face of the fabric on the upper part of the ship was
coated with red paint.

In each of the sixteen compartments of the ship
was a gas cell containing the lifting gas, hydrogen. The
middle cells were separate, whereas the two bow and the
twe stern cells were intercommurdeating. The gas cell
materiel consisted of a film placed between two layers of
fabric. Nettings were provided tc prevent 211 sharp edges
from damaging the gas c¢ells, It was stated that the
amount of gas leakage through this fabric approximated a
maximmm diffusion rate of about 1 liter per square meter
per 24 hours.

Fourteen automatic and an equal mumber of
manually operated or maneuvering valves were affixed to
the cells. A single maneuvering valve was affixed to
cells mumbered 1 and 2 and cells 15 and 16, Gas could be
releaged from the cells by mamual operation of the valve
controls located in the control car, and hooked up with
the valves by a series of wires and pulleys. This was done
wnder the supervision of the captain or the watch officer
in charge. The automatic or emergency valves were' pro-

vided to reduce the pressure of the gas ln the cells
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under certain clrcumstances. The cells were numbered

from stern to bow, from 1 to 16, The maneuvering valves

of cells No. 3, 4, 5, 6, 7, 8, 9, 10, 11, 13 and 14 were
connected to & master wheel in the control car which opera-
ted all of them as 2 wnit, and there alsc were indeperident
controls for the separate maneuvering valves so that the
gas 1n them could be released as desired.

Electrically actuated gas fullness or pressure
units were comnected to the gas cells to indicate visually
by sensitive meters in the control car the pressure and
hence the relative fullness of the gas in the cella. These
mnits were located in the ship's axial corridor, or wallomy.
The accuracy or sensitivity of this system was not definite-~

1y establaished. An appreciable amount of gas might have
been able to escape before such escape would show on the
vasual indicator unless that indicator was kept under
close obgervation. According to Witness Eckener, a cell
could lose at least 200 to 300 cubic meters of gas before
the i1ndicator would show such a loss. Such an amount 1is
only a very small proportion of a cell's content,

Between every two cells a gas shaft was provided
into which gas could be valved directly from the cells.

The shafts extended vertically from the lower walkway

through the axaal walkway to the top of the ship for
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ventilation purpeses. On the top they came in contact
with the oubside air under the protection of specially
designed gas hoeds or ventilators.

Propulsion Four Daimler Benz dieeel engines, type LOF-6,
each having a maximm rating of 1100 hp. wore used to pro-
pel the airship. They were contained in four outside
engine cars, or gondolas, and were suspended laterally om
the ship's (1 by struts. Engine-room telsgraphs provided
commanication betmeen the control reom and the indlividual
engine cars. The fuel used by the engines was a diesel
oil,

Propellers The four-bladed propellers attached to each
engine were of wood and 19 feet, 9 inches, in diamster.
The blades were armored with brass sheathing about 13
inches in width, on the leading edge, from about the 43—
inch radius to the tip of the blade. The sheathing was
bended to the shap's structure through the engine. Tests
were made with the protetype of the propellers used on
the ship., They were tested to loads 50% in excess of the
thrust to which the propellers would be subjected at
take~off, which was three timem greater than the thrust
which would be imposed at crulsing speed. They alsc
successfully withstood the blosk tests. They were limited
to 1400 r.p.m. 1n forward rotation and 1120 r.p.m. in

/azap
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reverse rotation. Thege revolutions were below the
fluttering speeds of the blades.

The electrical power plant of the ship con-
slsted of two 50 hp. diesel-driven generators with
smitchboards and distribution system. These generatora
were independent of the outside propelling enginea.

The electric generators and principal members of the
gystem were located amidships on the port side of the
keel. Current was generated for purposes of lighting,
cooking, radio and steering, There were two cirecuits,
one of 220 volts, the other of 24 wvolts. The shipts
electric wiring was of copper and was installed in
aceordance waith the rigad regulations governing the
German Mining Societies. The lead to the stern light,
which was on a 220-volt circwat, using a very heavy
cable protected by a special use, extended from the
electrical power plant aleong the lower walkway and thence
to the light. No electric wiring extended above the
equator except in the extreme nose of the ship.

The main mooring steel cable was fixed to the
tip or nose end of the shmp. The port and starboard bow
trail ropes were attached %o the ship at frame 244.5.
These trail ropes were about 413 feet in length., It is
understood that in landing the ship, 1t was the practice

to approach the ground mast from leeward and drop the
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wire cable and the two trail ropes. The main cable was
then coupled to a mooring mast ¢able leading through the
top of the mast. By means of a winch, the cable was then
reeled in, pulling the mooring cone on the ship's nose in-
to the corresponding oup on top of the mast. The trail
ropes were coupled to ground ropes and led out to the
sides to keep the ship headed into the wand and towards
the mast and to prevent it from over-riding the mast
structure. In the stern, at ring 47, an after mooring
cable was in practice let through a metal fair lead. At
ring 62 a port and starboard spader was let out at landing.
Bepides those enumerated, the ship was provaded with other
mooring or landing taekle, for such use as circumstances
warranted.

Water was generally used for ballast. The
emergency ballast was contained in fabric containers, four
of whach, of 500 laolograms of water, were suspended in the
bow and an equal number in the stern. To the right amd
left of the lower walkway were suspended a number of other
ballast tanks, some of 2500 liters each and others of
2000 laiters each, The ballast tanks could be emptied
partially or totally by the elevator men by means of
control wires connected to a ballast stand in the comtrol

room. ©Several of the fuel tanks could also be used for

S RI2G
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ballagt purposes.

The radio-room was located above the after end
of the contrel car. 1ts equipment provided for two—smy
radio telephone and telegrarbh commmications. It in-
cluded a short wave and a long wave trznsmitter, each with
200-watt antenna capacity; two all-wave receivers and two
direction findere. The frequency of the short wave trans-
mitter was 160 te 17,500 kes. The frequency of the long
wave trangmitter was 120 to 500 kecs. The frequency range
of the recenvers was 12 to 20,000 kcs, FPower for the
transm tters was obtained from a 220-velt direct cwrrent
gupply generated by the shipls electric power plant. The
receivers obtained their high wvoltage from batterles, -and
power for their filaments was obtained through a series re-
sistor from the 24-volt ship's gemerator. For the short wave
transmtter, there was a trailing antenna of 26 meters
length. For the long wave tranemitter, a trailing antenna
of about 90 meters length was used. These trailing antermas
were located direetly below the transmitters and ran through
an aperture in the keel of the ship. There was &2 fixed
antemne extending from the control car sbout 15 meters
toward the stern. The fixed antermse was used only for
receiving purpeses. In addition to this equipment, there
was located in the bow an emergency tranamitter and receiver,

current for which was obtained from a gene.ator driven by
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pedal power. This emergency set employed a trailing
antenna about 2¢ meters in length.

Lifting Gas The ship was inflated with hydrogen. According
to the evidence adduced, this gas has the following
characterastica: It 18 colorless, odorless and tends to
diffuse in all directions. The only way that hydrogen
could be detected by smell would be due to the presence
of 1mpurities as a result of the process by which it was
produced, or contamination from some source such as
rubberized fabrie., Hydrogen, for lifting purposes, has a
densaity of approximately 5 pounds per 1000 cubic feet,
depending on the temperature and pressure. Its lifting
power 15 the difference between the demsaty of air and its
om density. The density of air 13 about 75 pounds per
1000 cubic feet. Assuming pure hydrogen, its lifting power
would therefore be about 70 pounds per 1000 cubic feet.
An opimion was advanced that the general order of pressure
of the gas within the cells of the ship was somewhere
between half an inch and one inch of water pressure. It
was stated that the densaty of hydrogen corresponds te
air at a temperature of 50000 F, and that the chimmey
effect of i1ts escape through the gas shafts of the shp
was 80 very great that there was no possibility of its

moving down the shafts into the lower parts of the shap.
/azrag
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The flammable limits of a mixture of hydrogen
and air are probably between 4.5% and 62% of hydrogen.
Other experiments have shown variances from £ - 9.8% to
66%. The temperature at which chemical activity between
hydrogen and oxygen takes place is between 507° to 557°
Centrigrade. This temperature range is dependent upon
the amount of hydrogen present. fhe range of activity of
combustion will be from the lower limit of 4.5%, at which
there w1ll probably be an invagible union without evidence
of flame, A combustible mixture would be more hazardous
in an atmospheric condition of 98% relative humidity, and
temperature 50° Pshwenneiw, tnin in dry alr with relatively
low humidzty, <znce Jdry Jwdro-orygen is more difficult to
1gnite and 1ts 1gm .ion —emperature is higher. In an
explogion the flame propagates in all direetions in the
combustible range Letween 15 .o 45% of hydrogen. These
figures wers arr- ~—a sl « xmerwrentally wath glass or
metallic apparatus +wicr 221 net have effect upon the com—
bustion temperatures. Catalytic metals havang absorption
properties would e izkely bo affect the combustion at
lower temperatures. Finished duralumin would not be
expected to have materizl catalytic effect upon hydrogen.

The whc’c metallze structurs of the eraft was

bonded,
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PART ITI, — THE LANDING MANEUVER

With respect to the meteorological conditions
in which the landing was conducted, a summary of the
general weather 15 given as well as the local conditions
prevailing at Lakehurst at the time of the accadent.

The 7:30 A.M., EST. U, S. Weather Bureau map of
the vielmty, including the northeastern tier of states,
shows a disturbance over central New York and northeastern
Pennsylvania, with a cold front extending from this center
southwestward to West Vairgamia, This front separated
neutralized polar air to the east of the cold front which
had become warmer and more molst and neutralized colder
air to the west of the front. The warmer and more meoist
mass of air covered the Middle Atlantic states, southeast—
ern New York and scuthern New England,

The cold front advanced eastward during the day
from central Pemnsylvama at a rate of 12 to 15 m.p.h.,
passing Lakehurst shortly after 3:30 P.M. There was not
quate sufficient surface heating during the early afternoon
to set off a thunderstorm at Lakehurst, and i1t was not
unt1l the front passed and some slaight lifting of the air
mass occurred that a thunderstorm began. The records of
the Naval Air Station show that the thunderstorm began at

3.40 P. M. and ended at 4:45 P.M.

sar2Yy
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Telegraphic reports indicate, the thunder-
storms 1n and to the west of New Jersey were not severe;
nor were they of a well defined squall character., Between
12 P.M. and 1:30 P.M. E.S5,T., these storms extended in a
definite belt over the region of Harrisburg, Pa., northeast-—
ward te Bear Mountain, N.Y., and New Hackensack, N.Y.
Between 1:30 and 2:40 P,M. none was reported. Betlween
23140 and 3:40 P.M., Camden and Fort Monmouth, N.J,, only
reported thunderstorms. Between 3:30 and 4:30 P.M.,
Lakehurst, Witchell Field, N.Y. and Floyd Benmett Field,
N.Y., reported them., Between 4:40 and 5:40 P.M. none was
reported; and between 5:40 and 6:40 P.M., Floyd Bemmett
only reported one. Summarized, the thunderstorms in
eastern New Jersey were of a local character and not
severe,

The New York Weather Bureau office bulletin
issued at 1:20 P,M,, May 6th, follows:

1800 G.C.T. Moderate wind shift with
inereasing and lowering clouds possible
thundershowers New York and vicinity ex-—
pected 1n middle or late afterncon Stop
New York scattered cumilus and small cumulo
nimbus approaching from west - visibllity
excellent surface wind south 12 miles -

barometer 29,68 falling steadily - tempera-
ture 66,7

2 7&'?
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With the passage of the front at Lakehurst,
the wand shifted to the northwest waith gusts up to 20
knots, and was accompanied by slight inersase in
barometric pressure, decrease in temperature, heavy
showers and several thundershowers. Then there followed
a rapid decrease 1n the wveloeity of the wind and its direc-
tion betame variable. The wind at Lakehurst at 6:10 P.M,
went into the southeast and remained there for about 45
mnutes, shifting again, and then it became mostly souther—
ly. The front, after passing about 3:30 P.M. E,S.T.,
apparently slowed down to a rate of approximately 7 miles
an hour and was in the vicinity of Atlantie City, N.J.
at 8:00 P.M., 1ts direction being north northeast-southwest,
clearing rapidly after 8:00 P.M, During the afterncon
cumilo numbus and cumilus clouds developed locally and
with the approach of the front there appeared a well—de-
fined mild squall line in the west, whach moved slowly over
Lakehwrst and apparently became stationary between 1t and
the shore line until about 5:30 P.M., when it continued
eastward. B8everal heavy showers occurred between 5:00 and
6:00 P,¥,, with accompanying thunder. Visibility was re-
duced during these showers. At 5:12 P,M, the thunderstorm
then over the field was moving north, and it was believed

that by the time the ship arrived at the station the storm

ra>a?
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would have moved away from the station. The ship at
thig time was out of sight because of low visibility
and the celling, in the direction from which it was
expected to approach, was nct more than 500 to 600 feet.
Conditions at the time of the approach were:
Ceiling between 2000 to 3000 feetj clouds .7 stratus;
very light rainfallj sky showsd signs of clearling to the
westward; barometric pressure 29.72; temperature 60° F.;
relative humidity 98; surface wind light, variable and
shifting and at the precise moment of the beglmning of the
landing was southeast 1 kmot, It was expected that the
surface wind direction would geo into the west or perhaps
the nortlmwest., Reports from Trenton and Camden, N.J,
indicated that the wind was westerly and that at Camden
it was ahout 18 knots just previous to the landing of the
ship. Wind at top of the weather tower on the field was
weat 6 knots. The approach level of the ship was about
200 feet above the ground. The top of the tower is 186
feet above pea level {ground elevetion at place of landing
was about 90 feet above sea level). The inversion condi-
tion was 60° at the lower level, 59° at the second, and
57° at the third level, being temperature readings at
various levels from the top to the bottom of the weather

tower. As the ship was approaching the landing area,
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occasional lightning was viasible from the distant south
and southwest, but none was observed over the field at

this time. When the headway of the ship was stopped, a
pronounced shift of wind was felt on top of the mooring
mast, from southerly to southeast or south-southeast, This
wind was colder than the previous wind had been.

Regular reports from the ship were received as
scheduled at the Naval Air Station, Lakehurst. At one
stage in the latter part of the flight the static was bed
but 1t did not prevent communications bstween the ship and
ground stations. OShortly before arrival at lakehurst,
direct commmication was maintained by the ship with the
Naval Alr Station,

At 1:55 P.M., E.S,T., the station received a
message from the commander of the Ship stating that he
would depart from Lakehurst as soon as possible after
arrival, At 4:42 P.M., the commander of the station
radiced the ship: %Conditions still unsettled recommend
delay landing until further word from station advise your
decision.® At 4:52 P.M., the commander of the ship
replied: fWe will wait till you report that landing conda-
tions are better.® At 5:12 P.M., the commander of the
station sdvised the ship: Monditions now considered suit-

able for landing ground crew is ready period thunderstorm
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over station ceilaing 2000 feet wvasibility five miles to
westward surface temperature 60 surface wind west-south-
wes*t eight knots gusts to 20 knots surface pressure 29,68,0
At 5:22 P.M. station commander radioced ship: "Recommend
landing now." At 6:00 P.M, station transmitted to ship:
WOvercast moderate rain dimnishing lightming in west
ce1ling 2000 feet 1mprovang visibility surface wind west-
southmwest four knots gusts under 10 knots surface tempera-
ture sixty-cne pressure twenty-nine seventy." At 6:08
P.¥. station commander sent last message: "Conditions
definmitely improved recommend earliest possible landing."
This was aclnowledged by the ship.

Pricr to the accident a1l of the ship's trailing
antennas had been reeled in. No high frequency transmissicns
were being conducted when the trail ropes were dropped from
the ship. Both transmitters were turmed to the "off" posi-
tion at that time and remained so thereafter. The radio
dynamotors had also been shut off. The last message trans-
mitted over the ship's radio was shortly after the landing
station signal had been sounded, about 15 mnutes before
the fire. It was sent on the long-wave transmtter to
Lakehurst at 6:10 P.M., E.5.T. During the landing, watch
was kept on the long-wave recerver. No landing report

was transmtted from the ship to Germany while 1t was

r2y25%
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over the field at Lakehurst. One of the ship's radio-

men stated that atmospheric disturbances had heen en-
countered during the afterncon of May 6, but that such
condition improved toward evening and continued to 1mprove
during the last 30 mirutes of the flight. No difficulty
was experienced during that period in sending or receiving
either on the short or long-wave transmitters or recelivers.
Witness Herbert Dowe, ship radio operator stated that he
was on watch and actually listening to the radio untail the
fire started and that he did not notice any interference
which could have been caused by improper bonding or
shielding and that he did not receive any interference such
as might have been transmitted by local station.

There was no oral communication between persons
in the shap and on the ground during the mameuver,

The sequence of actions in branging the shap up
te the landing point 18 1n part revealed pictorially by
the track of the ship over Lakehurst, drawn on map of the
Naval Air Station, with notes on the mapneuver by Witnesas
H. W. Bauer (See Appendax III). Among other data the map
provides information respecting successive altitudes,

gpeed, operation of emgines, released of ballast and

valving of gms.
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About 10 minutes before dropping the bow trail
ropes, the engines were running full cruising speed ahead;
the ship's speed about 33 meters per second {approximately
73 m.p.h.). The altitude of the ship, according to its
altimeter, was then about 180 meters (590 feet). About
8 to 9 mnutes prior to the release of the ropes all
engines were 1dled ahead; altitude 150 meters {492 feet);
ship's speed falling off to 15 metcrs per second (approxa-
mately 33 m.p.h.). Then, in fairly rapid order the after
engines were idled astern and then put full astern to
reduce the speed to 12 to 13 meters per second (approxi—
mately 27 m.p.h.); after which all engines were idled
astern; altitude at this time was 120 meters (393 feet).
About 2 minutes prior to dropping of the bow trail ropes
all engines were put full astern for a period of about cne
mmute tc stop the shaip; after which the forward engines
were idled ahead and the after engines were 1dled astern.
When the trail ropes had been dropped the forward engines
were given a short burst ahead; then idled ahead.

Starting at a point about three-quarters of a
mile from the landing point 300 kilograms (661 pounds) of
water ballast was dropped from ballast bag at Frame 77.

Then in rapad order, from the same frame, at about inter-
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vals of 1000 feet, ballast was dropped twice again, the
second time, 300 knlograms (661 pounds) the third, 500
kilograms (1,100 pounds). This release of 1,100 kilograms
(2,420 pounds) of water ballast took place within a
preriod of 2 to 3 minutes before the trail ropes were
dropped.

Valving of According to Witness H. W. Bauer'!s sketch, gms

e was valved on the wheel for 15 seconds approximately 10

mnutes before dropping the bow trail ropes; smp proceed-
ing at full cruising speed. About 8 mimutes prior to
dropping of ropes, gas in Cells 11 to 16, first five for-
ward cella, was valved for 15 seconds; shap then proceed-
ing at 15 meters per second (approximately 35 m.p.h.).
Appromimately 4 to 6 minutes before dropping the ropes,
gas in Cells 11 to 16 was again valved for 15 seconds;
speed of ship 12 to 13 meters per second. (Approximately
27 m.p.h.). About 2 minutes prior to dropping of ropes,
gas in Cells 11 to 16 was valved for 5 seconds.

Crew as According to the elevator man who had taken over

Ballast '
the elevator helm in the landing approach, the ship was
st1ll slaghtly tail heavy after dropping water and valving
gas, consequently six men of the crew were sent forward to

the bow 1in order to equalize the weights. He was umable to

account for the tail heaviness of the ship after the ballast

222y
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had been dropped.

The ship was welghed off to the west of the
field and was found a little laght. There followed the
trimming operations that have beer described in the pre-
ceding paragraphs. There is evadence to show that the tail
of the shap was heavy during the maneuver. Witness Albert
Sammt, second in command of the ship, accounted for this
condition by saying that it was dus to the consumption of
fuel; that 1t gave him no concern because 1t was very
little. There was diversity of opinion advanced regarding
this condition of the shap. Witnessea H. W. Bauer and GC.E.
Rosendahl considered it to be normal. The latter stated
that the shaip's ta1l heaviness had been logically accounted
for, Under the circumstances in which it landed 1n a
light wind wath lattle a2ir flow on the tall surfaces and
congequently little aerodynamic 11ft, 120 pounds midway
from the tail of the ship would be felt by the elevator
man and be noticed by those in the control car who were
watching the inclinometer for that very thing; that the
condition did not exist from the time of the dropping of
the bow trail ropes duraing the 4 mnutes intervening be-
fore the fire broke out,

To other mitnesses the ship appeared heavy in the
stern, among them Witnesses Benjamn May, 1n charge on top
of the mooring mast, and W. A. Buckley, Assistant Mooring

Officer. Witness Hugo Eckener indicated, according to his

faArag
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information, that while the ship ;:ay have remained in
satisfagtory trim from the time the trail ropes were
dropped until 1t burned, such interval was a short period
of time. He dad not think that a hydrogen leak would have
bsen so large that in such a relatively short time 1t

could have been noticed. He mentions the testimony of
Witness H, W. Bauer, relating to the trimmng operations
in which a very short time before the aceident 6 men had
been ordered forward. From this he infers that shortly be-
fore the ship reached the landing pogltion it was necessary
to tram ship by putting weight forward, and that the
olevator man could hardly have noticed amybthing during this
interval because the ship had nc more forward speed., He
further stated that careful calculation showed that the
trimming moment effected by these operations amounted to at
least 70,000 to 80,000 meter kilograms (506,391 to 578,933
foot-pounds) of trimmng effect; when this effect 1s com-
pared with the trimming moment that could be obtained aero-
dynamically at full cruising speed by the use of the elevator
controls in the order of 150,000 to 200,000 meter kilograms
(1,085,124 to 1,446,820 foot-pounds), then 1t became clear
to him that the ship was very badly out of trim.

Witness Eckensr also testifled that witnesses in

the control car had reported that the out-of-trim condition

/g7a7
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originated approximately one-half heur before the landing
maneuver after going through the rain clouds; that the

ship became tail heavy by running through heavy rain be-
cause the weight of the rain 1s greater in its effect on
the horizontal fins, whach are behind the center of gravity.
There is also another apparent effect of raln upon the
ghip. That 13 the tai1l would seem to be heavy to the
elevator man while the ship was ruming through rain, be-
cause 1t automatically has a tendency to nese up since

the center of aerodynamic pressure moves aft., This effect,
however, disappears very rapidly after passing through
rain and 1n the present i1nstance mist have disappearsd
quickly because the ship as a whole was light, The ship,
ten mimutes after passing through heavy rain eclouds,

should have again been in good trim. In the opanion of
Witness Eckener, however, it appeared so tail heavy that

it became necessary to apply a trimmng effect of some
70,000 meter kilograms (506,391 foot-pounds). Furthermore,
he indicated that if the ship had been as tall-heavy before
it proceeded through the rain clouds, it would not have
been operated without the release of ballast, As no testi-
mony was given that the ballast had been dropped before

the ship moved into the rain clouds, Watness Eckener be-

lieved that some upusual condition in the ship might have
277



27—

developed prior to the ship's landing.

With regard to the amount of rain that the ship
had been exposed to during the landing maneuver, there
appears to be gome difference of opinion., Wiiness Sammt,
stated that there was a little rain as the ship crossed
the field at the beginning of the maneuver, not heavy
enough to weigh the ship down as much as 500 kllogram;
(1100 pounds ); that was the only rain experienced during
the last two hours of the flight because they had aveided
the rain carried in the weather front. As the ship took a
final bearing on the field i1t made a wide turn inte quiet
weather, returning te the fleld in ths condition. Accord-
ing to him, the front had passed and the weather was
favorable for landing. The sky was overcast but wrthout
disturbances or squalls. Witness Nelson Morris, a passenger,
gtated that a very light rain fell exactly as the ship
came over the field the last time, but until that tame
there had been no rain. Witness Anton Wittemann, who had
commanded the airship GRAF ZEPPELIN, stated that when the
HINDENBURG approached for its landing maneuver and as it
passed through the front, the weather conditions as seen
from the ship were entirely favorable; the thunder storm

had passed into ordinary rain., The ship entered somewhat
/373257
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heavy rein which became much lighter when closing in
on the statien. At the approach there were no cummlug
clouds; there was a clear—cut stratus layer from whach
light rain was falling., Witness H, W, Bauer, second
watch officer of the ship, said that about 20 minmutes
before the landing approach the ship passed through a
heavy rain and through stratus clouds containing rain
before making the approach. it did not pass near any
1aghtning,

When the ship was brought to a stop over the
landing point, 1ts altitude was about 180 feet above the
ground, It rose to about 200 feet when the bow port land-
ing ropes checked a1ts further upward rise, Thereafter,
1t descended to about 135 to 150 feet wher the accident
happened.

According to Witness FPmlipp lensz, Chief
Electrician of the ship, no fuses blew nor did any
circuit breekers operate just prior teo the fire. The
several circuita of the shap were Intact, the interior
ship lights and the navagation lights were burning as
usual,

Two witnesses testified that the top and bottom
rudder did not appear to be working in unison when the
ship came over the field. From other testimony it appears

that the rudders were fumetioning normally.
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PART IV. - THE FIRE

It was the practice at the Naval Air Station
toe maintaln a2 log of event in connection with the landing
of the HINDENBURG., Ths log of its last landing reveals
that the first approach of the ship in landing maneuver
was gighted &t 6115 P.M., E.S5.T., May 6, approximately
over the Officer's Quarters on the station. At 6:21 P.M.,
the bow trail ropes were dropped, on a bearing of 30
degrees from the movring mast, first the starboard rope,
followed immediately by the port rope. Ship was first
obgerved afire at 6:25 P.M.

The landing made on this occasion has heen
deseribed as a high landing or flying mooring, a methed
of landing which 18 occasionally employed. OSome qualified
mtnesses stated that it was normally conducted in every
respect, Among these were Witnesses Rosendahl and A. F.
Heinen. Others indicated that the approach seemed
hurrieds that the ship made what seemed 1o be a fairly
short turn and approached the mooring circle fairly
rapidly. Based upon the statements of other witnesses,
Witness Eckener expressed the view that the ship must have
proceeded in a sharp turn to approach for its landing.

Witness Semmt said the turne were normal.
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Incidents be- Before the fire broke out, the ship was being
for the Fire
held by the bow port trarl rope which had besen coupled
to the port yaw line and a strain had been taken on this
rope around the nmiggerhead of the ground wanch. The bow
starboard trail rope had not been coupled to the ground
line, but was being handled by the starboard bow landing
party. At no time during the approach did the ship come
cloger to the mooring mast than 700 feet, The main bow
cable of the smp at this time had been let out about 50
feet, but neither 1t nor any of the cables or ropes i1n
the sternm had reached the ground before the faire started.
After the trail ropes in the bow had been dropped, the ship
no longer had any forward speed. It began to meve up and
astern and also to swing slowly to starboard. Then a
light gust was felt from pert.
Fluttering of Witness R. H. Ward, in charge of the port bow
Quter Cover
landing party, a couple of seconds before the fire, had
his attention attracted by a noticeable fluttering of
the outer cover on the top port side between frames 62 and
77, which includes cell No. 5. No smoke or other distur-
bance accompanied the flutter when he first saw 1t., It
was a wave motion., In his opinmion the motion of the

surface was not due to the slip stream or resonance effect

of the propeller. It was entirely too high from the

fA7ZF
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propeller. It appeared to him to be more lake an action
of gas inside pushing up, as 1f gas was escaping. He
apparently had ssen this actlon occur in other aireraft,
The shlp had no perceptible forward motion the time he
observed the flutter; 1ts engines were 1dling in forward
rotation. The fabric had not opened up when he first
made the observation, The flutter was followed by a ball
of flame approximately 10 feet or so in diameter; then
came an explogion. On a diagram this witness indicated
that the fairst appearance of fire was near the top of

the ship and above the point where he saw the flutter.
With respect to this testimony, Witness Eckener said that
a8 leak in a gas cell, permiiting the escape of 40 to 50
cubic meters of gas per second, would be sufficient to
cauge a flutter in the outer cover which could be obzerved
as reported, but probably would not be enough to draw the
attention of those 1n the control car to a loss of buoyancy
aft. Witness R. W. Antrim, who was on top of the mooring
mast, also stated he saw that the fabric behand the after
port engine was VEry-ioose and flutteraing. It extended
rearward ard upward from the after port engine to a

quarter of the way to the tail,

12227
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The drift of the ship to starboard, according
to the mooring officer, Witness Tyler, was finally checked
by means of the vort trail rope. This rope was hauled up
taut on the wanch, The starboard trail rope was being
handled by the manpower of the starboard bow party.
Witness Albert Stoefler, one of the ship's cooks, who was
loolkdng down from a2 window in the ship, stated that he
fsaw how the landing crew came rumning up, and how they
loosened the knot of that rope and fastened it te the lower
lines on the ground. Then I saw how the ropes tock tension
and at the moment I felt a very strong detonation of the
ship, vabration of the ship.¥#* I did not notice any
explosion. I only noticed that vibration I was speaking
about before." He thought the ship was striking the
mooring mast. Witness H. W. Bausr stated that after the
landing rope had been fastened, he went from his position
to the port waindow in the control car and observed the
tensionming of the landing ropes. At the time of that
cbservation, there was a strong shock in the control car
and his first assumpticn was that the landing rope had
broken. Witness Max Zabel, ship's third officer, stated
that he cbserved the bow trail ropes being dropped; that
the port trail rope became rather tight. He saw the ends
of the ropes which were tied together whirl around and
tighten. Immediately after this landing rope had become

tight, an explosion was heard and the destruction of the
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shlp cccurred. He described the vibration that was felt
in the control car as an exiraordinary one. Witness Dowe,
ship radioman, testified that while watching one of the
landing ropes being handled by the ground crew there
suddenly was some tearing in the ship, a metallic tearing.
A passenger reported, "and then as that rope was getting
taut, I heard a detonatiometsh,

In deseribing their nervous reactions at the
begannmaing of the accident, some of the persons within the
ship, 1n addition te such descriptions as are provided in
the preceding paragraph, spoke, in effect, as follows:
Witness Severin Klein — When the ship was almost standing
still, 1t gave a sudden jolt. Witness Xavier Maier - First
he heard detonation; then he noticed the vabration, the
shock, and fell on his back. Witness Heinrich Kubis -
First heard or felt an explosion approximately at the
time that the ship took a sharp inclination. Witness
Lenz — The sound that he heard he thought might have been
a landing rope breaking, Witness Claus Hinkelbein — The
jerk and the sound of the detonation and the sight of the
fire or the reflection of fire were all simaltaneous.

Witness Kurt Bauer - Noticed a cracking shock which

_ originated in the rear. Witness Wittemann - When he heard

dull detonation, thud, his first 1dea was that rope had
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parted. Witness Walter Ziegler - Saw how the port
landing rope wes hauled tight; shortly thereafter he

heard a dull thud or detonation and a heavy shock went
through the ship. Witrness Kurt Schoenherr - It was a
strong shock he sensed after hearing a rather dull detona-
tion. Witness Sammt ~ His first intimation that something
was out of order was a heavy push, about the same shock

as 1f the ship had been pushed to the side and the landing
rope had broken., Neither prior to nor after the push did
he hear s miffled explesion. He dad not associate the
push with anything that might have occurred in the after
part of the ship.

Numerous expert and lay witnesses on the fie=ld
tegtified as to where they first observed the fire on the
ship, There was great diversity in this testimony for
reagons that are very apparent. Among the most important
of these reasons were the extrems rapidity wath whach the
faire spread, the different positions of the witnesses with
respect to the ship, the size of the ship, more than one-
pixth of & mile in length, and an over-all height, equiva-
lent to & twelve story building, and the fact that at the
time of the fire it was still daylight. It is estimated
that the intervel between the first glimpse of flame and

the i1mpact of the main bedy of the ship with the ground
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was 32 seconds. The great majority of the ground
witnesges who testified as te the first appearance of
fire were loolang at the port side of the ship.

After carefully weighing the oral evidence and
transeribing to a master diagram the numerous disgrams
on which the ground witnesses indicated their first observa-
tions of fire, we conclude that the first open flame, pro-
duced by the burning of the ship's hydrogen, appeared on
the top of the ship forward of the entering edge of the
vertical fin over Cells 4 and 5. The firsht open flame that
was seen at that place was followed after a wvery brief
interval by a burst of flaming hydrogen between the equator
and the top of the ship. The fire spread in all darections,
moving progressively forward at high velocity with a
succession of mild explosions. As the stern quarter became
enveloped, the ship lost buoyaney and eracked at about one-
quarter of the distance from the rear end. The forward part
assumed a bow-up attitude, the rear appearing to remain level,
At the same time the ship was settling to the ground at a
moderate rate of descent. Whereas there was a defimite
detonation after flame was first observed on the ship,
we believe that the phenomenon was initially a rapid

burning or combustion — not an expleosion, From the
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observaticns made, it appears that there was a quantity
of free hydrogen present in the after part of the shap
when the fire originated.

A brief resume of the observations made withan
the stern of the ship shows that Witness Helmmt Lau, who
was standing on the ladder leading up to the lower catwalk
from the lower vertical fin and was looking up facaing the
port side of the fin, heard above him a muffled detonation
and saw from the starboard side, down inside the gas cell,
a bright reflection en the froent bulkhead of Cell No. 4.

He saw no fire at first, but a bright reflection through
and i1ngide the cell. Ths cell suddenly disappeared because
of the heat, Then Cells 3 end 5 ceught fire. This witness
said he did not see the center of the origin of the fire,
but 1t must have been further up since he saw the reflection
of fire through the ¢ell wall material., It was the same
type of explosion that one hears when using a kitchen gas
range, when first lighting the flame or turning it off.
Witness lau 4id not smell any hydrogem at the time he

made these observations. Witness Hans Frsund wza letting
out the after mooring cable at Frame 47 and had let out

a few meters of 1t when he heard a muffled detonation.

Fire was simultaneous with the explosion. He was surrounded
by fire immediately. Witness Rudolph Sauter, who was
stationed in the keel of the lower vertioal fin, farst

heard a dull detonation, then saw fire 2n Cell No. 4, a
/373 "‘7
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blg fire, winch he 1dentified as a hydrogen fire. None

of these witnesses in the stern of the smp felt any
unusaal vaibration or heard any breaking of structures

prior to the detonation or the sight of fire or reflection
of fire. None of the other members of the crew or passen-
gers on board the ship observed fire cor reflection of fire
untll after feeling an unusual vaibration or shock or hearing

the detonation.

PART V., - THE COMBUSTIBLE MIXTURE AND ITS IGNITION

Sebotage

/azay

Having retraced the course of even® and circum-
stences suwrrounding the accident, we come to the question,
why did the fire occur? As yet, with the few exceptions
to be noted, no more has been provided than a hypothetical
approach to the answer. We have weighed the sewveral theories
that have been advanced.

The possibality that the cause 15 to be explained
by premeditated or wallful act has recelived active atten-—
tion. Sabotage has been examined under two classifications;
the first -~ external, including the use of incendiary
bullet, hagh powered eleciric ray, and the dropping of an
igmiting composition upon the ship from an airplanej the
pecond classification - internal - includaing the placing

within the shap of a bomb or other infernal device, To
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date, there 18 no evidence to indicate that sabotage
produced the graim result.

In a consideration of accidental causes, two
factors must he found together. There mmst be present
(a) a combustible mixture of hydrogen and oxygen of the
air; and (b) sufficient heat to ignite such mixture. In
the analysis of the evidence the mxture and its 1gmtion

are treated separately.

Presence of Combustible Mixture of Hydrogen and Air

Accumilation
through Dif-
fusion or
Osmozis

Fajilure of
Valve
Mechanism

727227

Whils 1t 18 conceded that the fabric of which
the cells were made 15 slightly permeable to the diffusion
of the contained hydrogen, it 1s not our opinion that this
characteristic of the cell walls, under the circumstances
prevailing would account for a combustible accumulation of
gas and air within the ship; the normal rate of seepage
being, as was indicated under descraption of the cells,
about one liter per square meter per 24 howrs.

According to the testimony, only one valve fail-
ure had occurred on the ship. This happened when the ship
was new; as & consequence, certain changes had been made in
the construction of the mechanism, In any event, the
failure noted occurred to an automatic or pressure relief
valve which would not have been functioming at the time of

this accident. However, because the valves were mechanical
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devices, it was possible that there might have been a
defeet or failure in them, but no testimony appears to
ghow that this possibllaty was a llkely ome.

Another query regarding the presence of such
mixture presented itmdlf. Could it have been due to the
reduced scavenging of the gas by the ship's ventilation
system durang the last minutes of the eraftls existence
when 1ts speed eventually had been reduced to a full stop,
combined wath the last valving operation, about six mmutes
before the fire? This theory seems improbable because of
what mas sald about the effigiency of the ventilation
gystem and because of the fact that the chimmey effect
ereated by the 6 knot wind that was blowing at the ship's
elevation during the last four minutes prior to the fire,
should have evacuated practically all of the gas from the
shaftg. The forward speed of the ship, reported to have
been from 15 to 20 knots per howr, when the last valving
operation was performed, should have been ample, it was
stated, to have cleared the gas rapidly from the ship.

A further argument made with regard to the scevenging of
gag was that immediately after the last reported walving
the ship's engines were backed down hard, and that this
deceleration should have tended to move the gas in the
ghip toward the bow and out through the forward gas

ghafts.
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In congidering the production of such mixture
by the rupture of a cell or cells, there are at least
several avenues to explore.

One of these might be laid to the failure of a
propeller and the throwing of one of its fragments through
the adjacent part of the hull into a cell. To this possi-
bilaty there was devoted an extensive examination by experts
of our staff and those of other agencies. The condition
of the propeller of engine car No., 2 attracted our atten-
tion. Witness F., W. Caldwell, one of tlas country's fore-
most propeller experts, was quite certain that the propeller
of the after port engine did not break in flight but was
shattered at the time the car struck the grournd., He said
that there was no indication of the separation of the
sheathing from the blades except as the result of shatter-
img on impact. Witness Deutsche, machinist in the after
port engine car, indicated that the propeller of his car
was still rotating when it struck the ground; that he did
not feel any unusual vibration of the engine before the
crash.

One other signifacant possibility must be dis-
cusged whale the question of cell rupture 1s being examined.
It was suggested that, while an flight, a tension wire mght
have ripped 2 hole in a2 cell and thus permitted a quantaty

of gas to escape. Coupled to this possibility is the
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testimony of Witness R. H, Ward, digested briefly in the
statement of factsj that he saw a fluttering in the outer
cover above the equator between rings 62 and 77 and be-
liesved that this fluttering was caused by gas escaping into
the space between the adjoining cell and the outer cover.
A shear wire in one of the panels at the place from which
the gas was escaping could have smapped while the ship was
turning during the landing maneuver, Witness Eckener stated '
that such turns generate high stress in the after part of
the ship, especially in the center section close to the
stabllizing fins which are braced by shear wires. The gas
thus accumulated betwsen the cells and the outer cover must
heve been a rich mixture. BS3ueh a mixture, enclosed in a
space between the outer cover and the gas cells, would, if
ignited, burm with relatively slow speed until gas in
greater volume was released by the burning through of the
cell walls. Witness Rosendahl recalled that in the early
years of operation with naval sircraft, shear wires had
broker with varying effect, causing no serious damage,
however,

Major Strue- Consideration has been given to the possibility

tural Fallure
that a major structural feilure in the stern of the shap
caused the hydrogen to be liberated by rupturing a cell and

forcefully breaking an slectric lead or metal part, thus

rR729
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preducing & spark. The fire broke out when the port
trail rope, which held the ship to the ground, became
taut. It was reported by some persons that at, or about,
the time they observed the fire they heard a cracldng
sound from the stern of the ship. An examinetion of the
wreckage disclosed that the rivets, by which the after end
of the axal corridor was comnected, through a fitting to
the hull, had pulled out; that all of the radisl wires in
the small frame nearest the stern had broken in tension;
that only a few of the small tabs of metal from the peri-
phery of the frame, which had been pulled off the bight
formed where the radial wires hooked on to the frame, were
found on the ground below where the frame struck. The
shearing of the rivets and the condition of the wire and
the frame might bs explained by the force with which the
rear end hit the ground; or by the torsicnal or cther
stresses which the tail suffered in its last moments 1n
the air. It has also been pointed out that the ship was
stressed for greater loads than the tensional strength of
the bow trail rope, and that the rope had not parted.
Furthermore, 1t was observed that the eye through which
the trail rope was attached to the ship and the bongatudinal
member to which the gre was affixed, were intact after the

accident,, The four members of the crew in the stern of the
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ship testified that they dad not hear or see amy such

structural failure prior to the fire.

Ignaition of the Mixture

Many of the theoretic aspects of the ignition
of the combustible mixturs were dealt with at great length
by a2 number of experts. Only a summary of this phase of
the investigation 18 related in this report.

If there had been enough heat generated by the
frietion of wires or other members of the ship coming
forecibly into contact with each other, due to structural
failure or breaking, a sufficlently hot spark might have
been produced to set off guch mixture. There 18 insuffi-
cient evadence to gustain a conclusion based upon this
theory.

As has been stated, there are metals which have
a catalytic effect upon a mixture of hydrogen and air and
would materially lower its erdinary igmition temperature,
but 1t does not appear that any such metal was in that part
of the ship where the fare was first observed.

Under the title of chemical possibilities there
has also been suggested that a flame might have been pro-
duesd by spontanevus combustion. The evadence 18 inadequate

to support this theory.
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In the examination of thermodynamic poesibllities
much time at the outset of the investigation was given to
the possibility of such mxture being ignited by the sparks
from the engine exhausts. It was suggested that sparks or
larger particles of carbon thrown out from the diesel engines
might have been carried into the openings in the lower part
of the hull or have been blown over the exterior of the
stern and there have ignited such mxture. While the
circulation of the exhaust gases, set up by the direction
of rotation of thes propellers just befors the accident
(the after emngines idling in reverse and the forward engines
idling ahead) was differept fram that predveed while under
way, 1t was maintained by the German experts that this
circumstance would not result in sparks or oarbon particles
reaching the interior of the Imll, and, furthermore, that
the sparks would not have been able to ignite such mixture
on the top of the shp &t least 165 feet amay from the after
exhaust outlets. Witness Ludwig Duerr testified that very
extensive experiments respecting this possibility had been
conducted by the builders and the results had been re-
assuring. When the engines are delivering 1100 to 1200 hp.
the temperature leaving the piston before it enters the

exhaust stack is 500° to 530° centigrade. The temperature
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of the exhaust is lower. The engines ordinarily develop
800 to 850 hp., At this output the temperature of the
exhaust gases 18 450° to 4B0° back of the cylinder. With

a mixture of air sucked im, the temperature is reduced to
2309 to 250° centigrade. Visible sparks have a temperature
over 500° centigrade but lose their heat rapidly as they are
1mpelled through the air.

Had this been the cause of the igmition, it is
believed that it would have come into play before the
elapse of the four-minmute interval between the dropping of
the trail ropes and the accident.

That the heat of the exhaust gases caused the havoc
is also improbable., If ignition had happened at the exhaust
1t would have been necessary that the temperature of the
band of air between the outlets and the place of the first
flame would have had to be about 507° centigrade. Accord-
ing to Waitness Duerr,; the temperature at the exhaust out-
lets was much lower than 507° ¢. With the Hindenburg and
the Graf Zeppelin, no diffitulties had been experienced from
this quarter.

Under the classification of electrical souwrces
of igmtion several were congidered. A combustible mixture
of air and hydrogen could have been ignited by the over-

heating of wires carrying current within the ship, e.g., by
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a short cirewmt. Barring the possibility previously
alluded to, of a substantial failure in the stern
structure of the ship, which might have produced a sudden
breaking of such wires in the aft end of the ship, it is
thought to have been only remotely possible that the mixture
was fired by a defect or failwre of the ship's electrical
wiring.

According to Witness Lenz, who was stationed in
the electrical power plant at the time of the accident and
had most of the ship's electric indicators, fuses, and
circuit breakers, umder observation, the various circuits
were fumctioning normally just prior to the conflagration.,
No fuse blew or circult-breakers operated at that time.
It was also obsmerved that the cable carrying the current
te the stern light was very sturdy and was installed so
ag to provide plenty of slack te compensate for expansicn
and contraction of the frams of the ship.

A theory introduced by Withess Heinen was that
the cause of the fire was due t¢ the ignitien of such
mixture in one of the gas fulness or presswre electric
meter actuating uwnits fixed to the axial corrider in the
vicinity of cells No. 4 and 5. He belleved that a small
pocket of gas accumulated in the folds or rldges of the
cells surrounding the corridor and found its way inte the
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inner recesses of the meter and was there ipgnited by

an electric spark; that the fire thus c;'eat.ed traveled

up along the radial wires to the space between the cells

and the outer cover igniting the free hydrogen collected
along the longitudinalg at the top of the ship en the

inner surface of the outer cover; that the relatively slow
buyrning of such free hydrogen would account for the peculiar
manifestations of illwrination deseribed by certain

witnessea; that the fire in the second sequence ther destroyed
gas cell No. 4, a5 seen by Witmess Lau.

With regard to the presence of gas in one of the
meters it was estlmated that In one hour the seepage in the
axial corrider would have amcunted teo one-fortieth of ome
per cent of the volume of the corridor; that even in the
motionless condition of the ship, the corridor would have
been well ventilated due to the shimney effect oreated by
a wind of six knots blowing over the gas shaftsj thet the
venitilation in the ecorrider would have prevented pockets
of hydrogen from forming becauge the air current through
the corrlidor waa not laminated but was made up of whirls
and eddles., However, if it could be shown that & rent
occurred in 2 cell below the axial corrider, then it ia
posaible that some free hydrogen might have found its way

into one of the meters.

/ARG
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In regard to the ignition of such mixturs
within a gas pressure, or fullness, meter the fellowing
1s quoted from a report of the Bureau of Standayds,
relating to Exhibit 74, one of the meters taken from the
ship:

"It is evidently intended for measuring and
glving a remote indication of small gas pressures
by electrlcal means. The gas pressure acts on &
disphragm in opposition to 2 helicm] spring. A
plunger attached to the diaphregm carries a coll
of wire which has a resistance of 100 qlms. Two
rollers, connected in parallel, make contast with
the sides of the coil. Two flexible comneetlions
rm to the ends of the coil, The change in the
relative resistances of the two parts of the
circuit between the contact rollers and the ends
can cause suitable electricel indicating instro-
ments in the control cabin to indicate the posl-
tien of the coil and diaphragm and hence the
progsgure.

"All electrical parts are enclosed In a
eylindrical metal box. The only openings into
this box are {1) the hole, 10 me in diameter
at the top through which the operating red
passes with a clearance of not over 0,05 nm end
(2) the opening at the bottom which is completely
filled by the 3-conductor cable (covered with
metallie braid) which cormnects to the reat of the
cireuit. The conicel houwging swrrounding the
metal box is well ventilated.

"The device seems to be excellently designed
and constructed from the standpoint of safety,
and there appeare no way by which it could with any
reasonable probability have caused a flrae,

nAn overheating of the device by short-oircuit

seems impossible. A short-circuit external to the
device would impose on it only the full wvoltage

12329
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{24 volts) of the eirewt and produce & rate of
heat diszsipation of less than 6 watts, A short-
gireult inside the deviee would not draw more
than the 1 milliempere fixed by the external
instruments. A simultaneous short-cireuit both
inside and out would blow a fuse, 1f one was
present, before a dangerous temperature was
reached, Good practice requires such fuses on
all such circuits, and one was probably used,

®The normal operation of the device should
produce no sparks. Deterloration of the contact
rollers or of the coil, or a breaking of & wire
inside the metal bhox might produce a spark inside.
It seems impossible that hydrogen should be
present inside as 1t could get there only by diffu-
sion down the narrow clearance between the operating
rod and its guide tube, 50 mm leng. A spark could
be produced outside the box only by the breaking
of the 3—conductor cablse.

"This cable 15 strengthened by the metallic
brald and rune in a proteeted location along the
structural member, It could not be determined
whether or not the cabls was definitely anchored
to the member, nor whether the metallie brald was
originally clamped te the metal box, because of damage
in the fire.®

In the light of all the available evidence on this
point we believe that the possibility of ignitimg such
mixture by the means Just described mas very slight.

An attempt was made to discover if the i1gnition
of such mixture could have been laid to spark emlssion due
to resonance effect upon metal parts of the ship's interior
caused by received radio waves of high frequency.

There waa on the field at Lakehurst, a localizer

beam radio transmitter of low power, maintained by an air-
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lire company, the on-course portion of which was so
situated as to pass through the gpace cecupied by the ship
at the time 1t took fire. This transmitter was at that
time about 1800 feet from the ship. Its power output was
15 watts; 1ts frequency 278 lkdlocyeles. The maximmm field
strength authorized for thas type of station is 1500 micro—
volts per meter at ome mile, which represents fifteen ten-
thousandths of one volt, per meter measured at one mile on
the on-course portien of the range which, incidentally, is
the area of weakest radiated power. The strength of this
field is 8o low that 1t has been compared to the power of
a fly. So far as could be determined, this localizer was
the only transmitter that was operating at Lakehurst at the
time in question., It is not believed that other high-
frequency stations, at some distance from the fileld, could
bave had inductaive effect upon the axrship.

Witness Dieckmann, of the German Commission,
gtated that he and his colleaguss had been particularly
interested in the possibility of ignition through high-
frequency radio induction, especially after hearing the
testimony af Witness Freund who was engaged in paying out
a length of the stern cable at rang 47 when the accident
took place; that this part of the cable might have received
impulses and thus electrical energy would have been con-

veyed into the inside of the ship. However, 1t appears that
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1f such result was to occur due to inductive effect, a
transmtter relatively close to the shap and of consider-
able power would have had to be operating at the time of
the event. These conditions were not present.

Resonance effect due to high-frequency generation
within the ship was impossible because all the ship!s
transmtters had been shut down before the appearance of
fare. Furthermore, once inside the ship in the form of
oscillations in the structure no damage could have been
done, because the structure 1tself was so large and so
complex that there was no possibility of a small amowmt
of energy setting the whole ship in osecillation and that
oacallation 1n separate parts, which perhaps contained
high resistance, would be short-circuited by other parts
of the ship. In view of the facts and the expert testimony
given on this possibility, 1t may be said that in such in-
ductance there was only the remotest chance that it was
respongible for the elusive sgpark.

Under this designation of electrical pessibilities
there 1s now to be considered a group distinguishable from
current electricity and known as electrostatics. In thas
group, there is first menticned a possibality due to the

nature of the materials employed.
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In the older type of cell fabric, contalning a
rubberized element, 1t was apparently possible to create
a static spark by tearing the fabric. The cell fabric
used in the HINDENBURG as far as we could leazrm, did not
include material possessing this characteristic. Sance
virtually all of the cells were consumed by the fire, no
test could be made of the cell fabrie,

The two bungees 1n the stern of the ship connect-
ed to the horizontal members of the teil, contgined some
rubber, but as far as we know the bungees had not been
damaged until after the fire had broken out,

Before proceeding further with the subject of
electrostatics, 1t 1s to be remarked that an airship as a
body 18 regarded as carrying an electric charge, the nature
and extent of which depend upon the circumstances. Im
motion 1t may accumilate a charge either through frietion
with the air or perhaps by means of charged water drops
guch as may be found i1n clouds or mst. It may accumulate
a charge of either positive or negative sign. Thunder
clouds may carry a positive or a negative sign. According
to the evadence in this instance, the ship is assumed to
have carried & positive charge on its outer surface, which
18 a semeconductor. This phenomenon 18 due to the fact that

an airship in flight is wathin the atmosphere which is
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electrified, A few of the more interesting features of

this phenomenon are; that the earth ordinarily 18 charged
negatively; that iIn the atmosphere there 1s an electrical
field measured in volts per meter (potential gradient) whach
in fine weather amounts te 100 volts per meter, becoming
higher as the weather grows more disturbed; that the tendency
18 for an equalaization current to pass from the atmosphere
to the ground; that the electrical conductivaty of the
atmosphere 1s greater when the atmosphere 1s humad.

Other facts and assumpitions are that the total

outer surface of the ship has a umform potential, that

the electrostatic effects on the outside of the ship are
separate and apart from those on the inside; that a number
of conditions tend to equalize the potential of the ship
with the surrounding atmosphere; among these 13 the dissipa-
tion created by the exhaust gases and by the movement of
propellers, the edges of the latter being metallically
comnected with the ships structure; that the landing ropes
would serve as conductors of the ship's charge and equalize
the potential of the ship‘wath that of the ground. When the
ship 15 held by the landing ropes the electrostatic picture
18 guch that the surface of the shmp after a brief interval,

50 to speak, becomes a piece of the ground elevated into
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the atmosphere.

The potential dafferences measured vertically
to the earth are called the peotential gradient. This
gradient 13 higher over these areas of the ship where the
edges or polnts project into the almospherce, especially
over the bow and stern of the ship., It may be increased in
the presence of charged clouds.

The principal protection against an electrostatic
discharge which might serve to ignite an inflamable mxture
in or about the ship 1s the bonding of the ship. Briefly,
guch bonding is the commecting up of the many parts of the
ship so that electrically 1t becomes one complete metallic
whole. A possible test of the state of this bonding could
have been made by detecting through the radio receivers
the characteristic noise associated wrth interference
created by imperfect bonding. In the present instence, as
had been noted, the receivang system of the ship did not
give indication that any injury had occurred to the shipls
bonding prior to the aecident.

We have also considered the possibility that due
to a discharge between parts of the ship havang different
potentials, a spark might have been created. Whether such
a discharge occurred we cannot say. According to the
testimony, the ship was bonded i1n keeping with the best

known practice.
fR7=2F
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There mas one fixture of the Lhip 1n ths
respect, that received more than passing notice - the
unbonded electric waires at the stern electric lamp of the
a1rship.

Witness Theckmann indicated that there might
have been & static charge produced by this tail light
wiring at the light bulb since the wiring within it was the
only part of the ship which diad not have the same potential
as the remaining surface of the ship, a very smell differ-
ence, however, Whether such a small electrostatic capacity
a5 the lamp terminal would have been able To produce a
spark 18 highly questionable, Another reason to regard it
as improbable 15 that ne one reported havang seen the
origan of the fire at the extreme rear end of the ship.

A reading of the record reveals that some space
is given to another mamifestation of electrostatic dis-
charge; namely, to the possibility that ball lightning
might have accounted for the i1gnition of the mixture.

Ball lightning 1s supposed to be one of the
pecullar species of lightnming discharges that have been
observed from time to time. One of i1ts features is that
like a drop of o1l on water it spreads and splits into
segments, some of which segments continue for a distance
along objects on which they alight.

Althovgh some authorities have disclaimed the

exaistence of ball lightning, we have considered the idea
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for what it might be worth. It does not very well
explain the slow burning that soms of the wltnesses
desoribed ap having teken place at the beginning of the
action. Moreover, the theory as applied in the present
instance, would appear to have little substence since no
one testified to having observed any form of lightning.

For the same reason any other claim made on the
ground of lightning am & causs would also seem to fall
because none of the witnesses who teatifled stated that
thay observed any lightning flaghes in the vicinlity of the
shlp or heard an socompanying clap of thumder at the time
of the acoident.

In order to develop the next posalbillty to he
conaidersd, vlz.,ignition due to brush discharge, or St.
Flmo's fire, & few additlonal remarks am necessary upon
the subject of electrostatics mand the conditlons that
aotually prevalled at the time and place of the accident,

It will be racalled that the bow port trall ropes
first made contget with the exlremsly wet ground, 4 minutes
before the fire. When they left the ship they appearsd to
be quite dry as dust was observed to fly from them as they
descended, Thems ropes were made of hemp. The atmosphere
at the time and place of lapding was humid and the ship
had absorbed moisture, It was, therefore, reasonable to

suppose that in the interval the ropes continued to absorb
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moigture and their conductive qualities increased.
Therefore, their contact with the gfound under the circum-
stances would discharge the static accumulated on the ship.
Laboratory tests were made by the National Bureau of
Standards of the electrical condustivaty, at various
buridities, of e section of the bow port trail rope, to
determine whether the static discharge accurulated by the
airghip was or was not discharged when such rope made con—
tact with the ground. TUnder the varying conditions employed
in the tests, 1t was foumd that the airship would be 90%
discharged in a period of from 0.6 seconds to 170 seconds
after such rope came in contact with the ground.

With respect to the potential gradient existing
in the atmosphere 1n which the shp was standing, witness
F, W. Reichelderfer, naval aerolegist, indicated that condi-
tions were favorable to a steep potential gradient dus to
the existence of a thunderstorm condition. Witness Eckener
also believed that a high potemtial gradient existed at
the time and place of the aceldent. He apparently based
his opinion upon the following: - that a thunderstorm front
had just passed over the station; that the heavy rain had
becoms a light drlzzle, thus reducing the potential gradiemt
materially and that from his information the appearance of

the sky showed a light stratus ceiling, He proceeded to
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pay that if one closely examined the current registratioms
of winds, temperatures, and pressures, then one might
recognize that the first thunder front mmst bave had a
smaller, lighter one, followang it, that the wind turned
back to the southeast. Winds of the higher altitude
remalned westerly. The barometer curve showed a slight
falling off of pressure and relatively the temperature
started to rise again., That 1s, after the temperature had
been brought down appreciably, by the breaking in of the
cold air, the temperature remained constant for one-~half
hour before the landing maneuver to one-half hour after
the landing maneuver. Then the temperature again started
to deelane rapidly and the wind slowly twrmed back to the
northwest.

This, according to the wltness, the sensitive
instruments show, and thet if this was not noticed at the
fleld it was quite natural because attention was focused
on the landing maneuver and on the handling of the ship.
(For registrations made by the sensitive instruments,
referred to by witness Eckener, see Appendix 4 containing
graphs made at the Naval Air Station, lakehurst, N.J.,
May 6, 1937, including anemograph, thermograph and mlcro—
barograph traces - correct within five minutes).

s7ag
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H: sated confidently that tleie was o small
tarl-end Lo tne fairst thunderstorm that pass>d by, which
mosi, 1iks 1y created a steeper potential gradient llan would
otheraiu s br expected. Whether thas sirong:. gradoent couli
e 7 el surficient potertial t tvee She rar h.p and
the a.r ~:33es anove lhe ship so that an equalazation of
the @~ ent tonk place, either by St., Elmo's fire, o1 by
a spark, he was umable teo decide.

That the i1gnition was not effected by such a
stallc «gualizatrion spark immediately after the landing
limes hrd been dropped was because they then were dry,
henece poor contitters., They slowly became damp in the
light drizzle tkat was falling; and in such condition their
condustivity became greater. Therefore, he believed that
the potential hetween the ship and the ground was slowly
equalized and afterwards the potential gradient between the
ship and the overlying air space was sufficient to generate
these static sparks.

Witness Whitehead in commenting upon these views
recpecting the potertial gradient said that if a secondary
storm was present in gufficlent intensaty te cause a spark
of lightnang of any character that 1t would have been
visible or awlible. At any rate 1t would be reasonable to

guppose that probably because of the preceding thunderstorm
SAAG
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the potential gradient at the time and place of the
accident was somewhat greater than normal.

Witness F.A.L. Dartsch, aeroclogist at the
Naval Air Station appeared to have a somewhat different
opinion. He stated that previous to the landing there
had been heavy showers which could have produced a strong
potential gradisnt but whether that still existed at the
time of the accident when only a light rain was falling
with just the clouds above, he could not definitely say.

He did not belleve that the potential gradient then exist-
ing was dangerous to the ship but he had no way of verifying
his view. In answer to the questien, MAfter the thunder-
storm had disappeared, and the wind and rain had decreased,
were there amy signs or indication of a new small depression
or squall?" Witness Dartsch said that the only indicatlons
they had had was the temporary shift from southeast to
southwest waith the slight -~ about one hmmdredth inch — rise
in pressure. However, no distinctive clouds of precipita-
tion occurred wath this change.

Brush discharge ordinarily is seen only after
dark. It 18 mamfested particularly from sharp points or
projections of any material object that is charged to a
sufficiently high electrostatic potential se that the charge
disgipates. The effect is produced by particles of the

material substance or by lonization of the gases of the
/239
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atmoaphere from impacts or stress. The i1gnition of a
combustible mixture of gases in such a discharge 18 due to
tranaformation of kineltic energy into heat from impacts of
ions or particles. The brush discharge appears eirther red-
dish or bluwish depending upon the electrical sign of the
charge.

During the course of the public hearings, the
question of whether a brush discharge would produce suffi-
clent heat to ignite an inflammable hydrogen air mixture,
was dwelt upon to a considerable extent, OSince that time,
further experimenta have beer made in the High-Vollage
Laboratory of the National Bureau of Standards and 1t has
been found possible to 1gmite hydrogen by a brush discharge
by using somewhat more i1ntense discharges than those pre-
viously tried waith a somewhat slower wvelocaty of the gas
pasging the needle point.

In this consideration of the possibility of brush
discharge 1%t is to be noted that no witness testified that
8 vieible indication of it was present. This, however, may
be accounted for by the faet that darkness had not yet
fallen at the time of the accident.

Witness Whitehead was of the opinion that the
continuous presence of brush dlscharge, sufficient to cause
the ignition, would require a greater curzrent intensity than

could have been possible through a dry rope.
sara®
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Another argument against the brush dissharge
theory advanced by Witness Whitehead wes that there was
much evidence that the first sign of fire was through
the translucent skin at the point well sway from the tip
of the fin,

Witness Dleckmamn in elaborating on this phenom-
enon stated that a one-hundredth or one-thousandth part of
a watt, perhaps less, was &ll that would be necessary to
ignite a mixture of air and hydrogenj that it was daifficult
for him to believe that brush diecharge was responsible for
the 1gnition; that none of the witnesses testified to its
presence, He remarked upon the testimonmy as to the presence
of glowing reflections of fire which had moved from the
stern forward btut stated that such references to reflections
were peculiarly indefinmate and umcertain,

Of related interest to brush discharge was the
opinion of Witness Earle that in an atomosphere of high
humidity, static electrielty could be attracted to the top
points of the ship when the ship's mooring ropss came into
contact with the ground sufficlent to cause a spark to
jump across the mixture of hydrogen and 2ir, saying that
such would be possible 1f the ship was in relatively slow
motion, while gas was being valved, placing a layer of gas
between ithe ship and the damp atmosphere. The concentrated

atmosphere betwsen the cloud and the ship would reduce
/2787
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resigtance to sparkang and if the potential of the ship
wa3 the same as that of the ground there would be a possi-
bility of sparking across; that it 1s easier to spark
through hydrogen than through air.

The meteorological records and related data of
the investigation were made available to Dr. W. Je.
Humphreys of the United States Weather Bureau. He has
concluded after making a study of such material that,

"a brush discharge, or severzl of them, very well might
have occurred on the shaip after, not before, the landing
ropes came into comtact with the ground; that this brush
discharge would have continued for soms timej that it would
have been invisible (being in daylight); that such a dis-
charge likely would have ignited any adequately rich stream
of leaking hydrogen that reached 1t; and that from the
point of ignition the flame would have shot back to the
leak, there quickly would have burnt a larger opening and

get going a conflagration of great viclence and rapidaty®.

CONGLUSION
The cause of the accident was the ignition of a mixture of free
hydrogen and air. Based upon the evidence, a leak at or in the vicinity of
cell 4 and 5 caused a combustible mixture of hydrogen and air to form in
the upper stern part of the shlp in considerable quantity; the first appear-

anoe of an open flame was on the top of the ship and a relatively short
/ara2p
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distance forward of the upper vertical fin. The theory that a brush

dascharge ignated such muxture appears most probable,

Respectfully submytted,

South Trimble, Jr., Solicitor

R. W. Sohroeder, Asst, Directer,
Bureau of Air Commerce.

Denls Mulligan, Chief, Regulation and
Enforcement Division, Bureau
of Alr Commerce

Approved

Daniel C. Roper,
Secretary of Commerca.
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APPENDIX I

Officers and Crew on board the Alrship HINDENBURG
on its deperture from Frankfurt-aem-Main, Germany, on May 3,
1937, were as follows:

#Captain Ernst Lehmann
Captain Max Pruss, Commanding

Watch Offacers

Albert Sammt
Heinrich Bauer
Walter Ziegler

Navaogators
Max Zabel
Franz Herzog
Chraistian Nielsen
Kurt Bauer

Radio Officers

#WM 11y Speck, Chief Radio Operator
Herbert Dowe
»Franz Eichelmann

Egon Schweikard

Enganeering Officers

Rudolf Sauter, Chief Engineer
Eugene Schaeuble
#W1lhelm Dinmler

Elevatormen
#Ludwig Felber
#Ernst Huchel

Fduard Beetaius
Helmsman
#A1fred Bermhard

Helmut Lau
¥urt Schoenherr
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Electriciansg

Philip Lenz, Chief Electrician
Joseph Leibrecht
#Ernst Schlapp

Mechanics

#Walter Bahnholzer
Bugen Bentele
#udy 31allas
August Deutschle
Jormy Doerflein
Adolf Fischer
xAlbert Holderried
Richard Kollmer
#Robert Moser
=A]lois Heasacher
Theodor Ritter
Raphael Schaedler
#Willy Scheef
#Joseph Schreibrmueller
Wilhelm Stesb
¥Alfred Stoeckle
German Zettel

Riggers

#Tudwig Enorr, Chief Rigger
Hans Freund
#Erich Spehl

Stewards

Heanraich Kubis
Wilhelm Balla
Fritz Deeg

Max Hemneberg
Severin Klein
Eugen Nunnenmacher
Max Schulze

#Frau Imhoff, Stewardess
Dr, Ruediger, Ship's docter

Cooks

Xaver Maler, Chiuf Cook
#Raichard Mueller
Alfred Stoeffler
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Cooks (Contd.)

Alfred Groezinger
#Fritz Flakuse
Werner Franz, Mess Boy

Observer

Captain Anton Wittemann

#Indicates those who died in aceident.
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APPENDIX II

Passengers on board the Airship HINDENBURG omn
1ts departure from Frankfurt—amn-Main, Germany, on May 3,
1937, were as follows:

Adelt, Gertrude
Adelt, Leonhard
Anders, Ernst Rudolf
Belin, Peter
Brank, Barger
Clemens, Carl Otto
Doehner, Hermann
Doelmer, Irene
Doehner, Matilda
Doelmer, Walter
Doehner, Werner
Dolan, Curtas
Douglas, Edward
Erdmamm, Fritz
Ernst, Elsa

Ernst, Ctto C.
Feibusch, Moritsz
Grant, George
Heidenstamm, Rudolf wvon
Herschfeld, George
Hinkelbein, Claus
Fleeman, Marle
Knoecher, Erach
Leuchtenberg, Wm.
Mangone, Philip
Mather, Margaret
Morris, Nelson
0'Laughlin, Herbert
Osbun, Clafford
Pannes, Emms
Pannes, John
Reichold, Otto
Spaeh, Joseph
Stoeckle, Emil
Vinholt, Hans
Witt, Hans

Berlin, Germany
" n

Dresden, Germany
Washington, D, C.

Bormn, Cermany
Mexdco GCity, Mexico
L n n

n fn n
R n n
n n n

France
New York

Hamburg, Germany
n n

Lincoln, Nebraska
Londen, England

Bremen, Cermany

Zeulenrods, Germany
New York

Chicago, U.S.A.

New York
H n

Vienna, Austria

Copenhagen, Denmark

# TIndicates those who died in accident.
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