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A COMPARATIVE DIGEST OF THE GEX!LLN AND AMERICAN REFORTS 
OF THE JZNTENBWG ACCIDENT 

BY 
R. W. Knight, 

Acting Chef, Air Transport Section 

This report presents a comparative dlscusslon of the 

_ German and Amencan reports, and mves the results of the invests- 

gatums made to deternune the possible cause of the destruction of 

the &ship Wndenburgu on May 6, 1937, at about 6:20 PM, at the 

Naval Air StatIon, Lakehurst, New Jersey. 

It 1s observed that both lnvestlgatlng boches covered the 

981118 hypothetxsl points in much the same fashjon. While the German 

ComLsslon report 1s briefer than that of the Amerxan Accident Board, 

the basic conclusions are not far apart. It 1s noted that the actual 

cause of the fux? still remains unluwwn. 

The two reports are appended hereto. 

RJl'RODUCTION 

The %ndenburgn mufortune occurred at Lakehurst, New 

Jersey, during the evening of h!ay 6, 1937. It was caused by fire, 

and resulted III the complete destmctlon of the auslup, death to 

36 passengers and members of the crew, and lnJur=es to numerous 

others. 

Fzhaustlve inquuxes were launched umetiately thereafter 

to deterrmne, If possible, the cause of the fire, which broke out in 

the stem Just as the alrstip was preparing to land. 
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The Secretary of Commerce, pursuant to the Air Commerce 

Act of 1926, as amended, appomted an accident board composed of the 

following members, all of the Department of Commerce: 

South 'R-amble, Jr., Sollcltor 
R. W. Schroeder, Bilreau of Air Commerce 
Derns Mulligan, Bureau of Au Commerce (now Duector 

of the Bureau) 

Those designated as technical advisors were: 

Commander C. E. Rosendahl, U. S. Navy 
Colonel 0. deF. Chandler, U. S. Army 
Colonel Rush B. Lmcoln, U. S. Army 
Colonel Harold E. Hartney, Technical advisor to the 

U. S. Senate Comrmttee on Commerce 
Hon. Gill Robb Wilson, DIrector of Aeronautics for 

the State of New Jersey 
Hon. Grover Loenmg, AeronautIcal advisor to the 

U. S. Mar~tme Comssslon 

At the mvltatlon of the Secretary of Commerce, the German 

Ambassador designated General-leutnant Frledrlch van Boettichcr, 

German rmhtary attache, as an observer at the mvesQation. 

Members of the German Comsslon appointed by the 

Reichsmnxster for az General Oberst Goermg, to lnvestlgate the 

acmdent arrloed on the fourth day of the hearmgs. They were: 

Dr. Hugo Eckener 
Lt. Colonel Joachm Brelthaupt 
Professor Guenther Bock 
Professor Dr. Max mekmann 
Director Dr. Ludmg Duerr 
Staff Engmeer Friedrich Hoffman 

Durl~ the hearmgs they appeared as observers and 

testified as mtnesses, but leter they conducted theu own mvestlga- 

tmn and released a report of theu flndmgs. 
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DISCUSSION 

1. General 

The two reports concur on general information concerning 

regutry, auworthmess certlfxation, shIpIs log, crew, passengers, 

cargo, and operation. Llkemse, they are m agreement regarding the 

details of the last flight from Frankfort, Germany-to Lakehurst, N. J. 

The Axzer1cs.n report goes into more detail concernmg 

titeorologxal condltlons enstlng prior to and during the landing 

approach. Tixs report states there mre scattered thunderstorms XI 

eastern New Jersey of a local character and not severe, but condlttlons 

prevailed at the tlms of the au-shIpIs arrival wiuch caused the 

Commander of the Lakehurst station to recommend, by radio, at 5-12 PM, 

a delay m lsndmg. At 6.08 PM he again radioed the &up, recommending 

an umnedlate Ian-, and the air&up approached the moorFng mast 

headed approldmately Into the mnd after a few turns made necessary 

by variable mds. The ship had passed through considerable ram. 

2. The Landmp Operation 

The two reports are III general agreementwlth regard to 

the valving of ltifttig gas, dropping of water ballast, dispatch of 

6 men fomrd due to continued tall heavmess, dropping of the landing 

ropes, control of the engines, and yarlous other operations and 

maneuvers whxh are a matter of record. 



Both reports state that the ship's radio transmitters had 

been turned off about 15 mutes prior to the fire and, therefore, 

were inoperative. 

The ship's radio operator was listemg in on the 278 kilo- 

cycle frequency, and testified at the hearing that he did not notice 

any interference which could have been caused by improper bonding or 

shielding. Wlule not mentioned by the German Commission, this is 

considered a s~gn'ficant element of the American report. 

4. Flutter of Outer Cover 

Mention of the fluttervlg of the outer cover on the upper 

port stern, Just prior to the conflagration, as testified to by a 

mxtness, is to be found 1~1 both documents. 

Much importance vies attached to this part of the testimony, 

since the fire appeared to originate 111 the vicinity of this flutter. 

It likenzse helped both bodies of investigators to arrive at the most 

probable cause of the accident. 

5. Fkrat Appearance of Fire 

Both bodies of mvestigators are in complete accord mith 

regard to the first appearance of open flame, concluding it to have 

been on the top of the ship, forward of the vertical fin, over cells 

4 and 5. 
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WSSIBLB CAUSES 

A. Contributory Causes 

1. Sabotage 

The conclusion that no evidence of sabotage could be 

found is drawn in both reports. The German document goes a step 

further then the American report, however, by saymg; "But the 

possibility of deliberate destruction must be adantted in view of 

the fact that no other orig-Lnatmg cause can be provenl'. It gives 

little consideration to the possibility of an lncendxry bullet 

causing the fire, as this type of iwtion would not result 111 an 

explosion and this means of attack would be too easily detected. 

It discounts the possibility of time-fuses or other releases from 

nthm the ship, due to close supervision at all times, and it 

ellrmnates other possibilities, such as eattack from aircraft", 

by stating they Itcannot be considered". 

2. Presence of a Combustible Nature of Bydrogen and 
AirthroughIhffusion 

The reports concur generally on ths subJect, pointing 

out that the average rate of permeability of about one liter per 

square meter per 24 hours would be insufficient to account for a 

combustible accumulation of hydrogen end air mtti the ship, cawed 

by normal seepage. Thx is further substantiated y1 both documents, 

whxh point to the effectiveness of the ventilating system. They 

further state that the system had a chxmiey (draft) effect that 
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should have evacuated such a 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," 

thatsucha richmixture couldhave fonmedthroughnormaldxffuslon. 

3. Sticknng of a Valve 

The German report discusses the possibility of a gas 

valve failure, stating with certainty that the automatic valves did 

not operate during the latter part of the flight. It mentions that 

8it is not completely excluded8 that one of the maneuvering valves 

may have become stuck during valving operations some minutes prior to 

the droppmg of landing ropes, thus allmng 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 

available on this subject. 

The latter also dismisses as extremely remote the 

possibility of failure of the ventilating system, which 18 y1 

agreement mith the German Commission. 

4. Zntm of a Propeller Fragment 

Both co-ssions concurred in the behef that no 

propeller breakage occurred until impact of the en@nes mth the 

ground had occurred. 
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5. Leaking of Gas Cell 

Both reports discuss as a signifioant possibility 

the breakage of a steel brace mxe which could puncture one of the 

rear gas oells, through which the gas could flow into the space 

between the cells and outer cover, resulting in the flutter mentioned 

previously. The German statement reaaona that thie assumption is 

supported by the ship's tail-heaviness during the laet tum, also by 

the fact that gas wags valved twice from forward cella, and that con- 

siderable mater ballaetwas dropped from the rear, to correct thie 

condition. 

Both statements mention that shear xires had broken 

before with varyxng effects, but had caused no serious damage. 

6. Uajor Structural Fallwe 

No mention is made m the German report of the posse- 

bility of a major structural failure in the stern, which would cause 

hydrogen to be liberated by the rupture of a cell and the forceful 

break& of an electric lead or metal part, thue producing a spark. 

Little weight 1s given to this poasibllltg in the American report. 

B. 1gmt1on of the Gas Idxturq 

1. Mechanxal Causes 

30th statement8 are In agreement that, although con- 

celvable, lgnitlon or a spark caused by the breakage of a tension 

mu-e, or by frxtlon of wirea or other metal members of the 8hlp due 

to failure is extremely remote, and 6uch a hypothesis 18 unsupported 

by the evidence. 
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2. Chemical Causes 

Again the reporkagree, that although sucha gas 

mxtme couldignitenhile flowdug over metalswhxhhave .a catalytic 

effect, it IS significant that no such metal was 1~1 that part of the 

shipwherethe fdre orlgdnated. The American report fmther states 

that evidence is dnadequate to support the theory of a flama being 

producedbyspontaneous coabustmn. 

3. Themodynfdc Causes 

Teohoxal reasons of similar nature are graven io both 

statements Mually eliminating the posmbilxty of fdre bedng caused 

by sparks, hot carbon, or by the heat of exhaust gases produced by the 

diesel en-es. 

4. Eleotrical Causes 

(a) Broken Contact 

Lengthy dlscusslons of thm subJect are contained 

m both reports, which differ m some respects, but whxh are s~llmr 

~TI conclusions. Both concede that It would have been possible, al- 

though highly improbable, that the "deterloratlon" (American report) 

or udlrty condltionu (German report) of the contact rollera wbioh 

transferred current between the fixed part of the pressure met& and 

the movable resistance element might have produced a spark imtmg 

the gas ~II one of the pressure meters. Thus possiblLty IS further 
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dmoounted UI the German report whxh calls attentmn again to the 

good ventilation mthdn the axial walkway, and uhhloh is substantiated 

by the American findings. 

(b) figh Frequency Inductance 

The posslblhty dxmssed at length m both 

reports, that electrxal high frequency mductance or high frequency 

impulses traceable to radio transmssmn caused the igrutlon, ms 

dmuossed as bemg hghly mprobable. The sh2p's trausmtters were 

1~1 aoffa position. Only the local dlrectlon transrmtter of 15 watts 

(low power) on the Lakehurst StatIon was in operation, and It sas at 

a distance of about 1800 feet from the alrshlp. Both reports stated 

that the strength of this electrxal field 1s so inftitesdmal that 

it could not cause an electrxal discharge. 

(c) Electrostatic Causes 

In prlnclple, the reports agree in the technical 

discussions on the subJect of electrostatics. They explain that an 

airship, as a body, is regarded as carry@ an electrx charge 

'(posltlve or negative) depending upon the circumstances. Forthls 

reason, the airship 18 bonded or connected aso that electrxally lt 

becomes one complete metallic wholes. Tius 1s done to preclude the 

~ssibllity of an electric spark ~umpw from one metal mt to another. 
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Not mentioned 18 the German report, but 

specifvxlly mentioned in the American findings, uas the fact that 

the electric wires at the stern electric lamp of the airship nere not 

bonded. Even though one titness at the hearing indicated that a static 

charge could have been produced at this pomt, the American report 

consldered it highly improbable. 

(d) Ball Lightning 

Mention is made in both reports of the possibility 

of ball lIghtrug, whxh 1s said to napread and split into segments, 

some of lAhlch continue for a distance along ObJeCtS on Mrich they 

alIght." 

'Fnls was brought out m the American report for 

"what it might be morth', but it ~8s oonsldered entirely remote in 

both statements, due to testimony of witnesses that no LghtniTX W?M 

present. 

(e) Brush Discharge. or St. Elmo'a fire 

This was the gubJ8ct of a lengthy discussion in 

both reports, resulting NIL comparable conclusions. 

To both investlgatFng bodies it appeared that a 

steep potential electrical gradient exlsted. The German report mentions 

that such a condltlon would be particularly applxable over the fin of 

the axwhip, stating further, "Between ship and atmosphere, the 
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occurrence of a brush discharge or St. Elmo"s fue could be well con- 

cexvable. As a hydrogena- &ure burns nearly without color, under 

the given circumstances the first lgtlltion could have happened on the 

upper part of the vertxal stabilLamg fin and could bare quickly 

spread to the leading edge of the f%n on the sbp's body." 

Both reports agree that the so called time constant 

of electrical tischarge from ship to ground could be from a small frac- 

tion of a second to well over a minute. The tima element in this case 

would depend upon the conductivity of the ropes, tich were drywhen 

thrown out, but which slowly became damp and thus becoming better 

conductors of electrxlty. The German report states that the free 

electricity of the lnf1u.x charge of the axrship can flow to the earth 

rapidly, and that the ship very quickly assumes earth potential, but 

that the free electrxity of the humidity or dsnpness layer (water on 

top the ship) cannot flow off so quickly and harmlesslyi "it jumps 

over the frsmework in the form of a swk If the tensvm difference 

is high enough and starts the catastrophe 111 the presence of ylflam- 

mabls gas rmxture.e It cites tests that were made at Air-electrx 

Test Station Graefelfmg, aduring wiuch the electric earth field was 

represented by an artlflclal one, and durmg which those conditions 

mere logxally recreated whxh probably were present during the landing 

and in many cases igrution of the hydrogen-air mixture could be pro- 

duced." 
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Thx theory is likewise substantiated in the 

American report, Qoia a conclusmn dram by Dr. XI. J. Ehmphreys of 

the U. S. Weather Bureau, who made a detailed study of the problem. 

His findings stated that a brush discharge, or several of them, could 

have occurred only after the landing ropes touched the gromd and that 

this would have continued for some time, although it would ham been 

invisible in the daylight. Quoting his report; athat such a discharge 

likely mnild have ignited any adequately rich stresm of leaking hydrogen 

that reached iti and that from the point of ignition the flame would 

ham shot back to the leak, there quicUy would ham burnt a larger 

opening and set going a conflagration of great violence and rapidity.a 

The Ge- rep-x-t further points out two improbable 

causes. The first is a division of electricity caused by the runrAng 

engines, one charge remaimmg on the aircraft and the other disappearing 

sxth the exhaust gases. The other is the possibikty of electrical 

charges and ignitions being caused by the escape of lifting gas carrying 

solid or fluid particles along the opening edges with sufficient speed 

to ignite. Both of these hypothetical posslbiLtles were dmniseed 

as being unfeasible under the conditions exA.stmg. 

CONCLUSION 

In its conclusion, the Ge- Comrmssion's report states 

that: Vh spite of thorough questioning of all witnesses, in spite 

of thorough-going inspection and search of the wreokage, . . . . . . 

evaluation of all pictorial docuorents giiving testimony of the 
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sequence of the fire, no completely certajn proof cau be found for 

auy of the possibilitlea cited above." It reviews the operation 

record aud states that ewrythmg possible was done to prevent the 

occurreuoe of such an accident. 

The German report agaFn makes reference to the possibilities 

of criminal attack, stating that if they cannot be considered, the 

follox!ng explanation of the accident appears to be the most probable: 

ImIng the lauding approach a leak developed in gas cell 

40.~ 5 in the stern, perhapsthroughthetearjng of atie. Leaking 

hydrogen then entered into the space between the cell and outer oo'per, 

causing an inflammable rmxture of hydrogen and au to gather in the 

upper rear part of the alrship. 

It nas concluded that lgnitlon of the gas could have come 

from two sources~ 

(a) Brush discharges due to atmospheric electrical 

disturbances. 

(b) A spark caused by equahzation of tensmn between 

wet spots on exterior, and the shxp's f ramemrk, the latter befog 

better grounded than the coverUg after dropping the manila lauding 

ropes=. 

Of the two ignition posslbilitles mentioned above, the 

German Cmmissiou believes the latter (b) to be the most probable one. 
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The conclusion of the American report concurs with that of 

the Germans1 in expressing the opinion that a leak occm-red in the 

vicinity of cells 4 mnd 5 causFng a combustible ndxture of gas and 

air to form in cortslderable quentity. It doea not, however, hazard 

an opylion ae to the cause of the leak as the Qe- statement doea. 

Pert&g to the ignition of this gas ndxture, the American 

conclusion n&es no reference to the possibility of the equalization 

of tension theory (b) which the Germans considered most probable, but 

concludea that the most Lkely cause was brush dlecharge (a). 

Attention is called to the sirmlarity of the two reports 

up to the final sentences of theu conclusions, wbxh reflect a 

dflference of opuumn a8 to the most probable cause of the spark that 

iwted the mixture of gas and air resulting ti the catastrophe. 
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REPORT OF THE GERMAN INV'MTIZTION CCMKISSION 
ABOUT TEE ACCrnExT OT THF .uxKcP %mmNBuRG" 

ON MAY 6, 1937, AT MCMKST, U.S.A. 

lhwdiataly after receiving nem of the accident to‘the 

airship Windenburgn at Iakehurat (U.S.A.), an investigating mm- 

mission ma appointed by the Reichdater for Air, General-Oberst 

GQEUNG, camposed of: 

Dr. Dr.-W. E. h. Ecgo Eckemer, 

Iiuwetor Dr.-Eng. E. h. Duarr, 

Lieutenant-Colonel Breithaupt, 

Professor Bock, 

Prof. Dr. Ph nat. Dieckmanm, amd 

Avlatum Cbzef Staff meer Hoffman. 

It ma8 the mxasxm of the conx&ssionto lnwatlgate the 

causes of the airshp catastrophe U-I cooperatxm mith the Asericsm 

Commlasion appointed by the Department of Commerce. The Germam in- 

vestigation comrmasion received the fullest asslstemce of all Amerxan 

authorities in its wurk. After the return of the conaniaaum from U.S.A., 

a series of tests were made 1~1 the laboratories of the German InStl'cu- 

tian for Avlation Research (Versuchaanatalt fur Luftfabrt), Berlim- 

Adlerahof, the do telegraphic and air electrx testing statlou 

WG and of the LUFRXBIFFBAU, Frledrichshafen, to inwstlgate 

thoroughly the conditions ubich may possibly baw been the causes of 

the mm. Follonlng is the report of the roault of the accident in- 

wetigatiom and of the experiments made UI consequence thereof. 
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B. GENERAL INFOFWTION: 

The airship U-129 (%ndenburg") ma constructed by the Luft- 

schiffbau tippeti in Friedrichahafen as the IX&h airship and lraa placed 

in operation at the begkming of 1936. After a large nuder of test 

flights, the axxkp on March 19, 1936, racelwd its airmrthineas car- 

tificate from the Reichaxdniater for Air (Inspection Department for AFr- 

craft). After acceptance by the DEIJTSCRE ZEPPELIN REEDEREI, G.la.b.h., 

the airship made a total of 55 flights in the year 1936, in the course 

of which It covered about 300,000 Hlometers (I.&,@0 miles), crossed 

the ocean 34 tmea, and transported a total of about 2,800 pasaengera 

and more than 170,000 lalograns (374,782 pounds) of mail and cargo mth- 

out accident. 

Before the alrahlp resumed its flight schedule Tu the year 1937, 

it was subjected to rexnapectlon by the Inspection Department for Aircraft 

and Its Au-worthiness Certffxate nas -newed. 

The construction of the skp and its most vaportaut data may 

be seen in Illustration No. 1.l 

C. THE LAST FLIGHT: 

The mrship departed for the fu-at 1937 North Atlantic trip 

from Frankfurt am Main (On The Main) on Kay 3, 1937, at 20.15 (8:15 P.M.) 

Central European 'Hme, uith a crex of 61 persona, and ma under the com- 

mand of Captain Pruaa,uho had commanded a large number of prsvioustri~ 

of the airstip; on board ware also 36 passengers. In addition there were 
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carried 108 kilograms (239 pounds) of mail, l4S kilograms (325 pounds) 

of freight, and 879 ldlograms (1938 pounds) of passengers' luggage, and 

tso baskets contalnlng dogs. At the landing approach at Lakehurst there 

wrs still left 8,500 ldlograma (18,739 pounds) fuel oil, 3,000 kilograms 

(6,611, pounds) lubricating oil and 21,900 hzLlogrsms (@,280 pounds) eater 

(for exact distribution, see Illustration No. 2.1). 

The croaslng of the ocean naa uneventful except for retardation 

by opposing (head) mds. New York was floen over at I.&.00 o'clock 

(2x00 P.M.) Eastern Standard Rme. (See Illustration No. 3l). From 

there the course ~8s set for Lakehurst, ahxh was reached at 15.00 

(3:oo P.M.). But the landing was not made then as a pvlde electric 

front was approacbg Lakehurst fmm the -west. The subsequent course 

of the abp was along the shore-lme III advance of the electrical front, 

which slowly mowd off tceards the north after reaching the coast. 

The airshipwas in continuous comrmrm cation with the Lakehurst 

serological station regarding weather conbtions. When proceeding on a 

southeasterly 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:l.Z P.M.), to the effect that the seather conditions now were 

suatable for a landing approach Consequently the airship turned around 

and headed towards Lakehurst, thereupon entering an area of increaalng 

rain. At 18.08 (6:08 P.M.) it was suggested by Iakehurst that the land- 

ing be made as soon as possible. 

I). TBE LANDING OPERUICN_AND SEQUENCE OF THE FIRE: 

Bhen the airship approached the Lakehurst station from the West- 

Southwest at an altitude of 200 meters (656 feet), the lmer cloud level 
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over the statmn mm 600 to 900 meters (1,969 to 2,953 feet), and slight 

rain ims falling. But the slq shoued signs of clearing from the west. 

The barometric pressure nas 755 mllimeters (30 inches), air temperaturs 

16’ O., relative hurm&ty 9%. The gromd nlnd WM light and variable. 

On first passing over the field (see Illustration No. 4l), the 

coder of the air&up noticed that the ground cren uas drann up to 

correspond to a mnd direction from the East, and that the landing ap- 

proach therefore had to be made over the mooring mast in the westerly 

part of the field. The airship therefore sent beyond the field about 

5 to 6 miles, swung y1 a tide turn, and then approached from this direc- 

tlon tom&s the landing mast. Smce, in the meant=, the wind had 

stifted towards southeasterly, the -ship veered off to port to be able 

to approach into this nexr direction, and after completion of this secund 

turn approached the mast from a northerly direction. 

The maneuvers executed during the landing approach haw been 

laid down in Illustration No. 4-l Earing the execution of the large turn, 

about 10 minutes prior to the dropping of the landing ropes, gas nas 

valved from the five for-card gas cells tmice for 15 seconds and once for 

5 seconds. For the same reason water sas dropped three timss at frame 77 

for a total of 1,100 kilograms (2,425 pounds). The engcnea, after eom- 

pletion of the first large turn, were placed on aidling ahead'. During 

the approach in the last curve, several brief engine meneuwrs nere ex- 

ecuted. About 2 mutes prior to the dropping of the &aard landing 

ropes, all engines nere brought to "full speed astern" for the duration 
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Of about onp minu?,a. AfTemy33, zhe fornxrd engxnes were placed on "idle 

ahead" and the resr engmes on "idle a&en;*. Kth the exceptIon of a 

short burst of 'full. ahead" on the f-d engines, the enmnes remaxned 

this way to the end. 

The &stribution of the crea at the moment when landmg ropes 

were dropped appears Fn Illustration NO. 5.l Ixle to the tailheavzlness 

of the ship, 6 men had been sent to the bar from the midsection during 

the landing approach in order to trim the ship heavier by the bow by this 

means. 

At the moment when the foraarcl landing ropes mire dropped, the 

control csr had an altitude of 90 meters (295 feet) abow sea level, 

that IS, about 60 meters (197 feet) over the ground. FFrst the starboard 

landing rope and tidiately thereafter the port landing rope aas 

drupped. The port rope was at once connected mth the rope of the haul- 

ing-inlRinch car because the slupbeganto drifttuaard the ~st,tiich 

then tautened conslderably, hereas the starboard rope was held by the 

landing crm. The main bow cable, whxh served tc connect the abp to 

the mooring mast had'been let out about 15 meters (49 feet) at the moment 

tien the fire broke out and mas therefore still far away from the 

grouud~ the handling ropes at frame 62 also had been lot out. The 

pendant at frame ,47 as just being paid out at the moment of the be- 
. 

of the fire and had only run out a fwr meters (yards). 

Immediately prior to the begFnnlng of the fire, fluttering of 

the cuter cowt on the upper port side betaeen frames 62 and 72 enclosing 

cell No. 5, was observed by cne xvitness (R. H. Ward). As the ship had no 
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headway on and the propeller slip stream had to pass far helm the 

point of the fluttermg, this save motion of the outer cowr had possibly 

been caused by gas Much was escaping from a gas cell. 

At 18.25 (6~25 P.M.), about four annutes after the dropping of 

the land- ropes, the fire broke out at the stern of the ship. The 

testimony about the location of origin of the fire is, to a great extent, 

midely divergent. The explanation for this I.S to be found, in the first 

place, ~TI the wry speedy propagation of the fire Itself, and then in the 

different posltlons nhxh the dtiferentmitnesses held at the landing of 

the ship and III the great size of the ahip itself which made a oomprehen- 

slve view wry difficult. Evaluating the testimony of mtnesses vnth 

these facts in rend, the conclusion 1s to be reached, that the first fire 

started on the topside of the ship and specifically in front of the 

leadmg edge of the vertical stabilxer owr gas cells 4 and 5. Prom there 

it spread forward about 20 to 30 meters (66 to 98 feet) I.II the course 

of some 15 seconds until the first explosion took place. The further 

progress of the catastrophe can be seen from photographs 6lto j.ll. 

(NOTE2 III Photographs 7l and $, tmo falllngsater ballast tanks can 

chstmctly be seen, whxh had been torn loose from their fastenings 

by the shock connected mith the explosion)r 

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 minute. 
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E. CAUSES OF TIE CONFLAGRATION: 

It appears from all testmony of mtnesses that the lauding 

of the axrshlp m%s executed in a completely normal manner according 

to the opinion of all experts, and that the behavior of the *hole crew 

prior to and during the catastrophe was exemplary~ furthermore, there 

is no indication that the ship, prior to the landing approach, had per- 

haps not been in a faultless tecbnxal condltlon. 

The Ship was completely demohshed by the fire as photographs 

12 to u, show. A thorough inspection of the wreckage therefore did not 

yield any clue to the possible cause of the fire. Although, furthermore, 

the lan&ng nas fxlmed fron several pomts, that part of the alrshlp 111 

whxh the fire started lmrs not mcluded thereby, as the preparations for 

the Iandug were mainly at the boiv of the ship and the cameras were all 

aimed in that direction. Amateur pxtures of the stern of the ship is- 

mediately at the baginnlng of the fire also could not be procured. The 

only course renax&g then, is to dram conclusions from the testimony 

of witnesses as to the posslbillties of the on- of the fire, and to 

determine by theoretical and experzmental analyses mhlch of these possi- 

bilities can be considered and which have to be excluded. 

For clearFng up the accident, lnvestlgatione wsre oonductsd 

fundsmentally in two directions: 

I. Has the ship been the vlctlm of a crMna1 attack? 

II. Did a series of physxal or other c~~~~stances combine 

inaucha~thataflrecouldresult? 
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To clear the first questlm, the location of the accident And 

the wreck of the axshlp were thoroughly investigated for suep~c~ow 

clues by the German and American Commissions and their experts. Further- 

more, the crew members were thoroughly questioned am to whether they had 

noticed anythmg out of the ordinary in this connection. Outside of this, 

all swp~cious angles, expreesed in numeroucl commmLc&l.one to the Qermm 

and American Comiesiona -8 inveetigated. 

As camsee for a deliberate deetruation, the fol.l.&g poaol- 

bilitles can be conoelwd of: 

(a) Devioea whloh mm fsatened to the inMe of the ahip. 

(b) Effeote originating from outaide the nhlp. 

The attaohrmt of devioen tioh Q lsey of f&m4 Betm&ere 

or other releaseo are able to OMUU M ex@o~A~n ha4 nse%os&Q 60 by 

effeoted prior to or during th8 flLght~ It f~ promo Bh&% #%a BU@F- 

vlaion of the ahip and rll poreonr ia oontoot wlbk Bhe s&a p&W $8 .&%@I 

during the flight bad bean done vew &=8&Q &nd 8h@m&%& 88 && 6% 

introduotion BE wall go 6hhe rftaohtmn% of m& fcmi@ @i$@@IBs *LB&t Bfr@ 

shipwaa va~nwly ~oeLbtiB 

As en affeot from the outddr on &ho &WRi~, g&&iR~ 8%%tn @I 

incendiary bullet ou1 be oonmldarodI Z?a vim of Bhe ~tia@z%W pR?EI~AB 

present and the Amurioun rn010mw~ of &ho B&i., @f%& &&8 fp8?4 A@F& 
seam pssibls out of 0 nil&d fpa in a gr0Up Of p3W3FiAe WPkLAg BQ@%@P 

or shots from a long ronga wurpon. m &lq QBUR #is 4CLRgw ef d8Bmhim 

would ham, been wry groat an rooorrnt of the l&r@ nu&ae~ 0% $v%g%e @W= 

ent. Againat ignition bp an inorndUry bull@%, G%ar% &3ABaBei'G% f&e% 
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that a heavy explosion occurred during the conflagration. But as expert- 

encee with kite balloons during the world war have demonstrated, balloons 

set off by an incendiary bullet burn generally lmthout an explosion, as 

large amounts of explosive moxture cannot form. All other posslbllltaes 

of explsnation as for mstance, attack from au-craft cannot be consldered. 

Proof of the executmn of an act of violence as descrxbed above 

could not be found in spite of thoroughgoamg mvestlgatron. But the pas- 

slbihty of dellberate destruction must be adnntted UI vlem of the fact 

that no other onpatdng cause can be proven. On the other hand, based 

on the lnvestigatlon and the experiments made, the unpremeditated ignition 

as a conscqwnce of unfavorable circumstances, possesses perhaps greater 

probability as the orig~ of the fire. But If this possibility is ac- 

cepted, then two main premises must be met simultaneously: 

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

2. !Che occurrence of an ignition to set this mrnture afm-e. 

In the follovnng, both cases mill be investigated separately, 

1. Development of an xnflammable hydrogen - air mixture, 

a. Mffuslon of the hydrogen through the cell wslls. 

The walla of the gas cells consist of two cotton cloth layera 

between tich a gas-tight film is Wedded and they possess a mean per- 

maability of 1 liter/per square meter (1 quart/per l.l square feet) in 24 

hours. As a punty check on April 28, 1937 shows, the purity 111 all gas 

oelJ.s vas uajfornly good; It can therefore be asswmd Pslth certainty that 

the gas cells at the time of the last flight were ~II faultless condition 

and the fabric of the cell walls showed no obJectmnable pcrmeabillty 

due to agedng. 
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The lower Punt of combustabilityof ahydrogen-airndxture 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 question 

that through normal diffusion of the hydrogen through the cell walla such 

a rich mxtme could have formed as mas claimed by one titnoea. 

b. Sticldng of a valve. 

Betmen each two cells a gas shaft leads to the topside of the 

shlp,;rhere It is covered by a hood opening rearward. The draught 

appearing at the hood causes a strong ventilatmn of the gas shaft and the 

interior of the ship: in this it is assisted by the chimney effect of the 

air warmed in the interior of the ship and rising mthe shaft. Aboveths 

axlalwalkway, from each gas cell two valves operate out into the gas 

shaft, one cfnbich opens automatically upon reaching the pressure-height, 

whereas the other one 1s manually operated from the control car for men- 

emdng purposes. As the ship during the latter part of the flight was 

only about 80% full, it cm be asserted with certainty that the autmtic 

valves did not operate during this pencd. The maneuveringvalves oncells 

4 snd 5 where the fire first was obsemd, were operated for the last tiiae 

about 10 minutes prior to the dropprng of the landing ropes. It seems not 

completely excluded, that one of these valves got stuck during this action 

and gas could thus escape into the shaft. 

The degree of fullness is kept under observation in the control 

osr by means of a precision pressure meter, which records as the loser 

lmit of exactltude, tiferences in the inflation of 0.2 meters (8 inches) 

in height. In sn SO$ Lfull gas cell therefore, with sufficient attention, 

the escape of about 100 cubic meters (3,531 cubic feet) of gas can be 
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recognized. tither the precision pressure meters were observed during 

the latter permd of the land- approach w%th such an attention could 

not be determined. It wy be stated however, that failures of the man- 

emrmg valverr unthe airships "Graf Zeppelin" and WndenburgR have 

never been observed, except once during a fLght to South Amwxa in the 
s 

year 1936 when an automatic valve got stuck, the CmStNCtlOn of whioh 

aftereards was changed. 

0. Entering of a propeller fragment. 

In the wrsck%ge of the airship a propeller fragment of 30 centi- 

meters' (12 inches) length wa88 found at the port ntotor, and nap covered 

up by outer cowr fabric and was unburned. Butafterthorough investige- 

tlon, We piece of propeller was in all probabilitycnlytorn off after 

the motor and propeller hit the ground. Ths is indicated especially by 

the fact that the four blades of the rear port propeller had been broken 

off in wrioua almost evenly differing lengths as must be the case Ff a 

nmnbg r&or hits the ground. !l'hu obsorvatlon coincides also vixth the 

testhcmy of the mtness Deutscble whc was 111 the rear pert en@ne car 

and who did not observe any vibration of the engine prior to the craeh, 

as would have to have been the case In the breakug of a propeller. 

d. Lea-kin&Of agas cell. 

In order to prevent the gas cells fmm Coming Into direct con- 

tact tith the f ramework, a syst,a Of steel-es is placed within the 

Prmk, and the cellaalla bear against such tires. It sometimes, though 

very rarely, has happened that a - of this wiring system has parted. 

But up untilncw, this never baa had any consequences tith mspeot to 

strength of the au-shp or the condition of the cells. It is newrtheleso 
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conceivable, that by chance a mre of the system tore during the l.md5ng 

approach of the ship, and that the sharp end of the mire caused a leak 

in one of the rear gas cells through which gas could flow into the space 

between cells and outer cover. This asmmptmn is supported by the fact 

that the ship appeared to be ~tronglytail-heavy durmg the last turn so 

that a p-t of the crewwas sent forward from amdships and also that gas 

was ttice valved from the fo-d cells and a total of 1100 IcLlogrms 

(2,425 pounds) of water ballast was dropped in the resr. The escaping 

gas can also havs caused the obsemed flutter of the outer cover. As 

furthermore, the ventllatlon decreased in consequence of decreased head- 

way, au iuflmmnacle hydrogen-r sdxture could barn developed inside the 

ship's co7e-*mg m such a mamer. 

2. 1goit1on of the gas mLxture. 

(a). Mechanical ceases. 

Igoitmn~mechanmalmesrs would be conceivable if a mu- 

struction elrment, for instance a tension mre, breaks cause a qmrk 

thereby which ignites a gas adz&m-e present at that spot, At the moment 

of the first fire, the ship no longer bad headway, so that the development 

of large stresses, which could have caused the brealdng of a wire, 18 

totally unlikely. Tests, wbxh have been made at the Luftsctifbau Zeppeti 

have fxrthermcrs ,gx~~n the result that the energy of a spark at breaking of 

a lnre 1s not sufficient to ignite a hydrogen-air mixture. 

(b) Chendcal causes. 

A hydrogen-air mxture can ignite itself when flowing over certain 

stmtural materials acting as catalysts. But structural materials utitizaed 

in a-Lrships are out of the questmu as catalysts. It appears likesise com- 

pletely out of the questmn, that any matter actmg as a oatalyat, as for 
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Instance sponge platmum could get to the spot where the fire was flrst 

observed and could renwn there actlve for any lengthy pcrlod. 

(c) Thermodynmmc causes. 

Causw of fire by exhaust gases or flying sparks from the 

motorswas inwstigated extensivelyinjointexperiments of the 

Luftschiffbau Zeppelx!, the D.V.L. and the Inspfxtlon Department for 

AIrcraft. 

l'hs exhaust gases of the Mesel e-es of the axship have a 

temperature of about 600' C at highest. poser output M&ately after 

leaving the cylinder into the exhaust pipe. Bymucture of fresh ax- into 

the exhaust system, their temperature IS decreased to about 500' C at the 

esitfromthe posercar, or gondola. Only 0.25 meters (10 tiches) distant 

frcmthe axbauste9lt,thsteqerature of the etist gases 1s already 

decreased to around 350' C. This temperature IS far below the lowest 

ignition temperature of a hydrogen-air mixture, wbhich depends strongly on 

special circumstances and 1s around 550° C. 

Sparks present in the exhaust gases, especially mth sudden fuel 

dellvery, which consist in the - of gloeing 011 carbon particles, have 

a considerably higher tsaperature than the exhaust gases themselves. It 

mold be conceivable, that sparks from the exhaust of the rear en&e cars 

have been carried to the topside of the ship thus igniting a gas nnxture 

present there. But according to exhaustive experunents, a hydrogen-ax 

ndxhue cannot be ignited by flying sparks even under cxrcwmtanccs much 

more favorable than those exLsting at the mrshipt apparently the heat 

energy of the sparks is too small for that. 



(d) Electrxal causes. 

(a) D~stur~bances 111 the electrical eqx&pment of the airshp. 

The electrical plant is situated between frames LKI and 

156. It contains tm generators fcr 220 Volts, which are powered by a 

mesel engine each and delver mainly the power for illumlnaticn, heating 

end radio trensformers~ LIP addition a 2&volt generator is attached to each 

mesel englneabich supplies mstruments and emergency lighting tbrougb 

batteries. All tiring, plugs and switches of the installation have been 

installed acconiing to the safety regulations of the mining authorities. 

In the neighborhood of the location 8f the presumed first fire, there are 

of electrical dcvlces only the precision pressure meters, which transadt 

electrically the reword of the gas pressure sxthin the gas cell to the 

control car. The precision pressure meter (see Illustration #15') contains 

a mmkmns which rests against a plate on sprlngs. An electrical resistance 

element is solidly connected to the plate in potentiometer 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- 

sistance element is done through rollers. It is now conceivable that with 

very dirty rollers a spark may aear at this spot, which could ignite a 

hydrogen- llnxture present there. But in experzwnts, jointly conducted 

by the Luftschiff'bau Zeppelin (Zeppelin Oontruotion Compaq) aad the radio 

electric testing etation Graefelfing, the ignition of a hydrogen-air 

ndxhre within the body of the pressure meter never sucoeeded even under 

circumstances sbich were epcially favorable for spark formation. 

As furthermore, the accwiulatlon of e hyddogen-alr mixture with- 

in the housing of the praolalon ~esswe meter due to its god ventilatibn 

tithin the tialmalksay Of the airship 1~ quite improbable, a disturbance 
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at the preclslon pressure meter can be excluded as the cause of igrution. 

9. Egh-frequency repulses. 

figh-frequency impxilses can be created under certam clrcurnstances 

through mductlon effects by a strong short-wave transmitter worlcmg near 

the amshp, which leads to an electrical dxecharge mthinthe ship. 'J&s 

suspxion seemed especially pertment because the explosion happened at 

that moment she?2 a pendant couslsting of mre cable was paid cut from the 

rear of the ship. Eurmgths land&, only a local dzi-ecl2ontrammitter 

was mrkmg on the Lakehurst otatlon, whose frequency was 278 ldlocycles 

ahd whose transmission energy ms 15 watts. The airship was about 600 

meters (1,969 feet) frcn this tramsutter at the moment of xgmtmn. The 

field energy at the posltlon of the shp was therefore so small, that It 

could not cause an electrxal dmcharge. 

Accordmg to mformetmn from the Radio Officer of the amshIp 

statlon, other shortwave statIons are not present in the neighborhood 

of Lakehurst. The etatmns situated at greater distances create only such 

mall field energo.es at Lakehurst, as approxlmte calculaUcm8 shm, that 

they-would be vmcfficlent for a spark hscharge. 

The radio statlou of the alrshp has not operated during the 

landmug. As 1s apparent from the record of the radio commuuicat~ons be- 

tween the ship and the Lakehurst station, the last commmixatlon between 

the ship and the ground was exchanged on a lor~p wave at 1810 (6:lO m), 

that 1s 15 mnutes prior to the start of the fire. A discharge on Wf 

part of the ship by its mm trausudss~on eqmpment IS therefore also 

impossible. 
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Eleotroetatio causes. 

In landing an airship, the ship, floating at some altitude, is 

connected with the ground by the mm or less mell corxiucting landing 

ropes in a mre or less epeedywcrldng electrical equalzLxation process. 

The self charge a&the unbound timed charge of the airshipflmdown 

to the ground, the fmmemrk aad connected metal parts Of the ship joWed 

to it tahing up the grcvnd potential. 

All equipotential surfacea pass out over the upper edge of the 

gromded airship. Especially over the bmsnd partimlmly over the pro- 

trudbgparts of the sterzl, as for ins-e cnthe stabilleingfins anin- 

creased pot.e&ial gradient results. At the tLm of the landing there 

probably existed at Lakehurst, strong electrical disturbsnoea in the atmos- 

pbere. The fact that direotvm and temperature of the mind changed, made 

the occurrence of a secondary thunderstorm probable. Under such colditiona, 

experiences show that an increase of the potential gradient close to the 

ground has to be reckoned tith and hence, in this case especially lwreased 

over the wrtxal fin of the ship. Between ship and atmosphere, the occurrer.ce 

of a brush dischwge or St. Elmo’s fire could be well conceivable. As a 

hydrogen-air dxture burns near4tithcutcolor, tier the given circm- 

stancee the first Ignition couldbave happenad on the upper part of the 

vertical stabillzlng fin and could have quckly spread to the leading 

edge of the fin On the shipls bmly. 

As experiments in the D.V.L. and in Radio Telegraphic and Air- 

Electric Teats Station Qrafelfmg haw sbom, temperature discharges, which 

lead to an ignition of hydrogen+.Ir mLxhzre can fmdamntaIZLy be oreated 
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through brush discharges. The posslbllity of au ignition by St. Elmo's 

fire can therefore not be set aalde, but It 1s prermaed on the presence 

of quite extraordinary gradients, unless aaaumptlons are made which could 

hardly have been present m the case under questlop. 

A further possiblLty for igmtmn could be given by gradmst 

changes over a ti$@.e pemod by the different electric conductivity values 

of the atruatuml elements of au alrabp. 

A Zeppelin s~rship 1s constructed from structural elements of 

widely &fferent electrac conductlvltles or different electrx reslstsncea. 

The fr mework proper coualatxg in the main of duralumin, the 

field siring, cable controls, etc. are metallic conductors mth small 

realstance. Between them no appreolable potential tifferencea can obtain. 

But the electric realstance of the gas cell fabrx, the outer cover, the 

landmg ropes made from Mxuls hemp, depends very muc%, as they all are 

semi-oonductors, upon the water contents or the hurmdlty. The lengthvmse 

and crosamse remstances of such materIala can have vary high values. 

If one Nlahea to discharge a charged condenser through such a 

high resistance, It always takes some tme untllthe original charge 1s 

reduced to a certam fraction thereof. The higher the capaoity of the 

condenser and the higher the realstance, the greater also 1s the value of 

tLa so4xlled tms constant. 

If the metal frmmork is consldered the condenser against the 

earth, lr$sLch is comected through the landing rope, the tma constant 

tiea between one-thousandth of a second and many minutes. 

If on the outer coTer fabrx on the top of the ship there =a 

asmzned a lmd.ted set spot caused by rain which has relatxv?ly good con- 

doctivlty (the outolde doping 1s 7uat1?r repellent so that such assumption 

can be made) then the zapacxty of tms spot 1s connected over the reslatance 
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of the layered outer cover fabrid tith the metal framesor k and one finds 

a time constant amounting in value to seconds, according to the siee of the 

area. 

In fxld changes of atmospheric electricity taking place quickly 

in pornt of tlmp, between the wst apotwbich, as a conductor fMa itself 

UJ that atmospheric electrical field part which extends by the girder 

construction of the airship from the outside to the mterior, and the 

framework itself as also betseen the fr amesork and the earth, potential 

dlfferencea occur, the equalization of which in txae is prescribed by 

the respective time constants. 

If the -la landing rope conducts relatively sell, and the 

outer coyer relatively less sell, then with suffxiently large and speedy 

changes of the electrical gradient, the tension differences can be suffi- 

cient for the formation of an wtlon spark through the outer cover fabric. 

Both conductors, airship structure and Ihe layer of dampness find them- 

selves mthin quite different conditions mth external field chsnges. The 

free electricity of the influx charge of the airship can then flow dosn 

quxkly to the earth and the airship assumes very quickly earth potential, 

but the free electricity of the htidity layer cannot as qmckly flow off 

harmleaaly~ it Jumps over to the framework in the form of a apark if the 

tension difference is high enough and starts the catastrophe in the presence 

of inflammable gas rmxture. During the execution of model experiments in 

the Radio Telegraphic and Az-electric Teat Station Qraefelfing, during 

which the electric earth field sss represented by en artificial one, and 

during winch those conditions sure logxally w-created which probably 

were present during the landing, in m?ny cases ignition of the hydrogen-air 

murture could be produced. 
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Besides the electric phenomena caused by the exterior field, 

other charge con&tions aiao can appear on an aircraft. So it was pre- 

vious4 proven by the Teat StatIon Graefelflng and the D.V.L. that 

runnmg gasoline engines effect a divlsron of electrxalty. The one charge 

remains on the -craft, the other flown off mith the exhaust gases. Aa 

sas to be assumed and as more recent lnvestigatlons at the D.V.L. have 

proven, the charge of Iheael engines is conslderably higher but stiY not 

suffxlent for a probable e?rplsnalnon of the Wndenburgs misfortune. 

It may also be mentioned that under certain clrcumstancea with 

the escape of lifting gas, ~lectncal charges and lmtlons are caused. 

In this case, the gas carries sold or fled partlclea along the opening 

edge mth aufflcient speed. T~YLS phenomenon plays a role y1 the flow of 

compressed gas from high-pressure containers, but csnnot lead to ~gnxtaon 

during the exit from gas cells due to the low speeds of the flow. 

Finally, the posslbilitysas thoroughly discussed whether 

"ball lightning" could have caused a leak 111 a cell of the ship and at 

the sametlme lwtion. The presence of ball lightning was lndxated by 

the description of the first appearance of fire by severals%tneaaes, &IO 

expressly empbaalze that the first fire did not have the form of tongues 

of flames but rather had appeared like a barrel or a neon kght. In the 

literature at home and abroad, ball lightrdng 1s sbdar4 descnbed. But 

smce they mostly appear in connection mth line flashes and the visible 

thunderstorm had passed over Lakehurst a longer period before, thrs ex- 

planation seems rmsleading. 
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F. CONCLUSION. 

The Investigating GomIssion has, m the present report, 

enumerated a mnabcr of possibihtles, which could have caused the 

accldent to the a~ship nFhndenburg* of May 6, 1937. In spite of 

thorough questx.nirig of all the witnesses, in spite of a thorough-going 

inspechon and search of the wreckage, snd in spite of evaluation of all 

pictorial documents avlng testtiny of the sequence of the fire, no 

completely certain proof can be fo-md for any of the posslbilltles cited 

above. In view of the fact that m the Gerxran Zeppeti aushlp traffx 

a an operation period of decades no accidents have occurred while 

ut2llelng hydrogen as Lftmg gas, and on the basis of all testimony 

of witnesses and mvestigat~ons, the comdssmnhas galned the conviction, 

that everyttig had been done by all parties responsible Br the friction- 

less executvm of the auship traffx to forestall an accident. If 

therefore not any one of the previously-mentioned posslblLtles of 

criminal attack can be considered, the Conmission can only assume as a 

cause of the axrshlp fire a cooperation of a munber of unfortunate cir- 

cumstances in a case of force maJeure. In this case, the follorring ex- 

planatlon of the accident appears as probable: 

Dwlng the landing approach a leak developed in gas cell 4 or 

5 m the rear of the ship perhaps through tearing of a mx?+, through 

tich the hydrogen entered into the space betvzen cell and outer cover. 

In this way an lnflaumable hydrogen-air rd-xture formed 1n the upper part 

of the ship astern. 
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For the igmtlon of this adxture, two possibilities are 

conceivable . 

(a) Be to atmospheric electric disturbances at the time of 

lsndmg of the axship, the electrical gradient near the earth llvas so 

high that it led after groum&ng of the whole ship at the location of 

its highest mcrease, namely at the stern, to brush dw9mges and in 

that way to igrutlon. 

(b) After droppmg of the lsndmg ropes, the surface of the 

airship's outer cover became less well grounded than the frammrk of the 

airship due to the lower conductivity of the outer cover fabric. At 

rapid changes of the atmospheric field, whxh are the rule during night 

thunderstorms and have also to be assumed XI thas present case, electric 

potential differences occurred between spots of the shipls exterior and 

the frsmework. In case these spots mere sufficiently moist, which nas 

especially probable 111 the region of cell 4 and 5 in consequence of the 

previous passage through a rain area, those dxfferenoes could lead to 

equalization of tension by a spark, tioh possibly caused ignition of a 

hydrogen-am rmxture present over the gas cells 4 or 5. 

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

the more probable one. 

Signatures 

The Cermsn Investigation 
Comudsslon. 

Footnote 1 - Illustrations and the descriptive data pertalnlng thereto 

accompanied the German report but were not reproduced here because 

of the Utations of the printing process by which this combined 

report was duplicated. These were not believed essential to the 

purposes of this report. 
/a7 4 





SECTION III 

REPORT OF TXE 
UNITED STATES DEi'ARTBXNT OF COMMERCE 

AXDENT BOARD 





SECTION III 

TABLE OF CONTENTS 

Transmittal to the Secretary of Comerce .......... 1 

PartI.-TheAccident ................... 
Schedule. .................. ; 
CwnershipandOperation. .......... 3 
Certificate of Au-worthiness. ........ 
Crew. .................... :: 
Passengers. ................. 
GoodsCmied ................ :: 
Oromd Crew and Facilities. ......... 
fight Across the Atlantic. ......... 

PartII.-TheAirship ................... 
Design end Constructum ........... 
1936 Record. ................ 
Dimension, Capacities, Other Characteristica. 
Controls. .................. 
OuterCover ................. 
GasCells .................. 
Gas Valves .................. 
Cell FdJnessurr Pressure Indicator ..... 
Gasshafts .................. 
Ropulsmn .................. 
Propellers. ................. 
Electrical Pomr Plant end Installations. .. 
Ropes and Cables. .............. 
Ballastkrangemsnts. ............ 
RadioEquiFnt ............... 
LiftingGas ................. 
Banding ................... 

5 
2 

: 
6 
7 
7 
: 

; 
10 
10 
11 

E 
14 

part III. -TheLand~Mmeuver .............. 
Meteorological CondItiona .......... 

General ................. 15 
Local.. ................ 17 

Commmxations, Ra&o ............ 19 
Operation of Engines. ............ 22 
Belease of Ballast. ............. 22 
Valvzingofks ................ 23 
CremasBallast ............... a 
TailHeaviness ................ 21 
Altitudes atkndmg. ............ 
Electric Installatums. ........... 2 
Fmdder .................... 28 

13729 





SECTION III 

wait3 OF commrs (CONT'D) 

Part Iv. -TheFIre ..................... 
QromdL.og .................. 
nescnption of L¶nding. ........... 
Incidents Before the Fire .......... 
Fluttermg of Outer Cover .......... 
Strain an Port TraIlRope . . O o . . s u . . 
Sensations mthm the Sh-Lp. ......... 
AppearanceofFlre .............. 

Pert v. - !i'he Ccrmbustlble &xture and Its Igutlon ..... 
Sabotage. .................. 
Accidental Causes .............. 

Fresence of Combustible Wure of 
BydrogenandAlr ........... 

Acwmulation through Diffusion 
or Omnosls. ........... 

&lure of Valve Mechanism. .... 
Decreased Ventilation ....... 
Fiutry of Piece of Repeller .... 
Fracture of HuUWxre ....... 
Major Structural Failure. ..... 

1gnitianofthebhxtu-e ......... 
Mechcal. ............ 
Chemical. ............. 
Thermodydarmc ........... 

ElectrIcal ............... 
Spark x.n GasNlness or Pressure 

Indxator ............ 
Resonance Effect - Kgh-Frequency 

Inductance. ........... 
Electrostatics ............. 

BaULightn~. .......... 
Brush Dxscharge or St. Elmo's FFre. 

conclusion ......................... 

Appendix I. - Crew List. 

II. - Paesenger hat. 

III. - Track of Wndenbwg" over Lakehurst, 6 May 1937, 
with Notes on Maneuvers. 

Iv. -Anemograph, Thermograph and ?&x-o-barograph traces 
made at Lakehurst, 6 May 1937. 





To 
TBE HONORABLE 

TBE SECRETARY OF COMhXRCE 
WASHmGTON, Il. C. 

Jnls 21, 1937 

In an Prder, dated Way 7, 1937, made by the Secretary of 

Commerce pursuant to the Air Commerce Act of 1926, as amended, relating 

to the investigation of accidents m clvll au navlgatma in the United 

States, South T&able, Jr., Solxitor, WaJor R. W. Schroeder, Assistant 

llbector of the bureau of AZ Commerce, and Denis Mu2J.igan, Chief, 

Regulation and Enforcement Division of the Bureau of AFr Commerce, all 

of the Department of Commerce, were designated to imestigate the facts, 

conditions and ckmmstsncea of the accident involvLng the aIrshIp 

BDliXNBURG, which occmred on Way 6, 1937, at the Naval Air Station, 

Lakehurst, Nm Jersey, and to sake a report thereon. 

Cber G. E. Rosendahl, U. S. Navy, Colonel C. dep. 

Chandler, U. S. Army, Colonel Rush B. Lmcoln, U. S. Army, Colonel 

&-old E. Rartney, Technxal Adviser to the 0. S. Senate Committee on 

Commerce, Bon. Gill Robb Wilson, Director of Aeronautics for the State 

of Neu Jersey, and Hon. Grover Loening, Aerouautical AdvFser to the 

0. S. ILaritim Cosmissiou, were designated as technical advisers. 

General-leutuant Fxedrlch wn Boetticher, Gmaan I&&tarp Attache, 

nas selec+&d by the !&man Auhaasador at the invitation of the 

Secretmy of Commerce, as au observer at the inwstlgation. 
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On the fourth day of the hearzIngs, the members of the German 

Comission appoint&to tivestlgatethe accident, tiludmgDr.FIugo 

Bckener, Lieutenant Colonel Joachim Breit&mpt, Professor Guenther 

Bixk, ProfessorDr.~DiecImm?n,MrectorDr.LudnigDuerr, pnd Staff 

Engjnesr Prledrich Hofm, appeared end thereafter acted as observers 

and testified as mtnesses. The U. s. Navy Board of Inquirymas 

represented throughout the hearing by an obserwr. 

When the accident DGCIUT+ an aeronautical inspector of the 

Department of Commerce nas present. Before nddnightofthe same day, 

other representatiws of the DeparMent reached the @cene of the 

accident. After apreliminmy3nqectlonh,adbeenmade,pab~e hearinge 

were held,framldaylOthto~y2Bth,inthemain~garatthe Naval 

Air Station, Iakehurst, New Jersey, in Asbury Park, N. J. and in New 

York City. 

Inad&tiontothatprotidedbythe Depai+wnt*s represent++ 

tiws, assistance wae received frown the U. S. N&vy Depariaw$ Bureau 

of Inveatigat~on, Department of Justice, Weather Bureau, Dapartment of 

Agriclilture,Ew3auofs tank-da, Department of Connaarce, Nen York City 

Police Department, and the Bureau of Explosives. Aviation camps&es, 

-papem, newsreel representatives, andphotographers,mairyofnhom 

were eye mitnesaes to the ewnt., snd others, f!urniahed valuable ipfon6a- 

tion. 
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PART I. - TBE ACCIDENT 

The airship UNDERBURG was destroyed by fire 

at 6r25 P.&, E.S.T., May 6, 1937, at the Naval Air 

Station, Lakehurst., New Jersey. 

Sohedule The airship was completing its first scheduled 

demonstration flight for the 1937 season, between Frankfort, 

Gemmy, andLakehurst. It bad departed fromFmr&fort 

about 8r15 P.M., Q.M.T., Nonday, bhy3, auduas due at 

Lakehurst on the moruing of Thursday,Way6. Itwas due 

out of Lakehurst at lOrO0 P.M. E.S.T., that night. Be- 

cause of u&a-ble muds encountered en route, ita 

arrival at Lakehurst vms deferred uutil 6:OO P.M., 

Thursday evening, and departure eras to be postponed until 

midnight cm later iu order to resemce and prepare for 

thereturnwyage. 

Ownership The ship ms owned and operated by the Deutsche 

opzLn Beppeliu Reederei, Q.m.b.H., of Berlin, W. 8, voter den 

Linden, Germany. The flight, Which was to have been one 

of a series to be made into United States territory during 

1937, was authorized by a provisional air navigation permt 

from the Secretary of Commerce, and a revocable permat 

issued by the Secretsxy of the Navgto the American 

Zeppelm Transport, Inc., of 354 Fourth Avenue, Nm York 

City, as general Ulllted States agent of the Deutsche 

Zeppelin Reederei, G.m.b.H., for the use of the landmg 

field and facilities at the Naval dir Station at Lakehurst. 

Note! All times reported herem, m&as otherwise indicated, 

‘2729 are Eastern Standard Time (E.S.T.) 



Certificate 
of 

Akmrthl- 
ness 

Cl-W 

oocde 
Carried 

orod crew 
and 

Facilities 

In March, 1937, the German Covemmen t rend 

the a?zwmtbmess certification of the aircraft, reporting 

that all of its safety devices had been inspected and 

found satisfactory. 

According to the crew list (See Appendix I) 

furruehedbythe American Zeppelk~ Ran*, Inc., the 

personnel on board, includmg offxcera, numbered 61, of 

whom 22 bed as a result of the accident. 

The passenger list (See Appe&z II), UJrewiae 

furnished, shorn that 36 persons besides the crewwre on 

board. Of these, l3 died am a result of the accident. 

Other passengers and members of the crew mmtained serious 

injuries. 

Total welght of the freight carried mas 325 

pounds andwas stowed in the mainfreightcompartmentat 

Frame 125~ 2 dogs were kenneled at Franz 92, and 3 packages 

were stowed in the control car. Ma11was carried in a 

compartment on top of the Control cazr. Of the freight and 

mail only a few pieces of mail were recovered. 

The ground personnel consisted of 92 naval 

personnel and 139 civlliaw. Practically all of the 

ground crew had prevloua experience in landing airships. 

One member of the ground CM died as a result of burns 

received duxng the accident. _- 
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plight Across 
The Atlantic 

Across the Atlantic from Germany to the Umted 

States, the fllghthadbeen mevmtful, save for retard- 

IngrLndawhichlrere mtmusuallyturbulent. The route 

travemedbythe ship on this side of the oceanwas from 

Nova Scotia, via Boston, Providence, Lang Island Sound, 

NW York, and thence to Lakehurst.. After passing mm- 

Lakehurqt the first t&e, it, proceeded to cruise along the 

coast for a few houra'before retracing its course frmu 

Tuckerton, NJ., to the Nawl Bir Station. 

Design end 
Conatxuct.ion 

PART II. -THEAIRSHIP 

The airshipwas placed in service earlym 

1936. It bore builder's number LZ I29 and had been cm- 

atmcted by the Luft Schiffbau Zeppelin of Friedricb.shafen, 

G8manyt en organization tixh had pretiowlg built Y8 

Zeppti type alrsbps. Briefly described, thu type of 

design provides for a framework of duralumin metal grrdera 

with tension mires. There 1% division by frame mires 

of the body into different compartxmnts, into mhich the 

gas bags are placed to receive the liftdng gas; a keel 

mlkwayto take certain loads; a framework with an outer 

cover of fabric to give form, and engine cars suspended 

from the frame outside the ship. The HINDEXBURG was a 

Zeppelin type auship, having an axial corridor constmted 

lon~ttilnally thragb the center of the hull. 



1936 Rsoord ihrhg lte -&IP rroo:~- nn a~rattIon Sn 1936, 

this airship had made more tplan 55 fli&tsl flown 2,764 

hours, cruised 191.5En ra;Ie,efl cromed the ocean 34 timeu, 

carried 2,798pasaengers and more than 377,ooO @s of 

maTl and freight, all mithou-t mshap. 

Dimanuion Its length mm about 803.8 feetJ height, 147 feetl 
Oapacitlea, 
Other Charm- zmdmma diameter,,l35 feeti fineness ratio (length over 
teristics 

diameter), about 6~ total gas wluma, 7,043,OOO onbic feeti 

normal mlmue, 6,710,OoO cubic feet. Height of ship nith 

neceesary equipment ad L?elms 430,950 pounds; B 

fuel capaoity, l/+3,650 -pour&j total payload, a,990 

pounds, and total lxft (under standard conditions) mas 

472,9&Q potanls. Its rated cruising speed mas about 75 

Controls 

Outer Cover 

statute m.p.h.3 its umxhm speedwas sllg?ntly over E& 

m.p.h. Passenger spacewas entlrelyxnttithe hull. 

The control system was the conwntional Zeppelin 

typ oontrol, with tun rudders acting as a tit for 

horizontal oontrul, and tm elevatirs ectFng U&wise for 

vxs-tioKl control. Emergency elewtor and xwdder control 

wheels wsre installed Fn the stern of the ahip. An eleo- 

trical gyrosoopic device attached to the ioxnard rudder 

wheel provided automatic steering. 

The outer cover consisted of cotton fabrx on 

certam parts of the frame3 on others, tin, depending 

upon stresses to which it was exposed. The exterior 
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surface of such fabric was treated uxth several coats 

of cellon and a mxture containmg almxnm powder. 

As protectlou against ultra tiQbt rays, the inner sur- 

face of the fabric on the upper part of the ship was 

ooated with red paint. 

Gas Cells In each of the subteen compartments of the ship 

was a gas cell c0rhhin.g the li.fting gas, hydrogen. The 

middle cells were separate, mbereas the two bow and the 

tau stern ceUseere intercommnicating. The gas cell 

nraterial consisted of a film placed between two layers of 

fabric. Nettingswere promldedto preventallsharp edges 

from demagdng the gas cells. It was stated that the 

amount of gas leakage through this fabric approxinsated a 

me3dmum diffusion rate of about 1 liter per square meter 

per 24 hours. 

Gas Valves Fourteen automatic and an equal number of 

manually operated or maneuvering valves were affixed to 

the cells. A sdnglenaneuveringvalvewas affuredto 

cells nustbered 1 and 2 and cells 15 and 16. Gas could be 

released from the cells by sauoal operation of the ~lre 

controls located in the control car, and hooked up with 

the valves by a series of wires and pulleys. Thxs nas done 

under the supervLsion of the captain or the watch offleer 

in chap. The automatic or emergency valves were'pro- 

tided to reduce the presaure of the gas In the cells 

/a7s9 



under oertaln circ*ces. The cells were numbered 

fmm stem to box, fromlto 16. The manewering valves 

of cells No. 3, 4, 5, 6, 7, 8, 9, 10, ll, U and II.+ were 

connected to a master wheel in the control car lrhlch opsra- 

tad all of them as a tit, and there also were mdependent 

controls for the separate maneuverdng valves so that the 

gas in them could be released as desired. 

Cell Fullness ElectrSxllyactuated gas fellness or pressure 
or FTesaure 
Indicator units were connected to the gas cells to dndlcate visually 

by sensitive meters jn the control car the preesure and 

hence the relative fullness of the gas Fn the cells. These 

units were located in the ship's asal corrudor, or walkway. 

The accuracy or sensltlvity of this system was not definite- 

ly established. An appreciable amount of gas rmght have 

been able to escap before such escape would show on the 

visual indicator unless that indxator was kept under 

close observation. According to Rtnsss Eckener, a cell 

cou$d lose at least 200 to 300 cubic meters of gas before 

the indicator aould show such a loss. Such an amount is 

only a very small proportxon of a cell's content. 

Gas shafti Between everytwo cells a gas ahaftnas provided 

into whxh gas could be valved directly from the cells. 

The shafts extended vertxally from the lower walkway 

through the -al walkway to the top of the ship for 
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ventilation purposes. On the toptheycame in contact 

with the outside air mder the protection of specially 

designed gas hooda or ventilatora. 

Propdf3fm Four DaBikr Benx diesel engines, type LOP-6, 

each hatig a nx&umn rating of llOOhp.mrewedto pro- 

pel the airship. They were COnbdJmd in f6ur QUtEide 

e&he oars, or gondolas, andwere swpendedlaterallyon 

the ship~e hull by struts. En&e-robm telegraphs provided 

comnmicatimbetweenthe controlroom and the individual 

engbe cars. The fuel used by the engines mrs a diesel 

oil. 

ProperLers The four-bladed propellers attached to each 

engine were of nood end 19 feet, 9 inches, in diameter. 

Thebladesmre armoredwIth brass sheathingabowtl~ 

inches in width, on the leading edge, from about the 43- 

inch radius to the tip of the blade. The sheathing ma 

bonded to the sh~p's structure tbmugh the engine. Tests 

were made with the prototype of the prapellers used on 

the ship. Theywere tested to loads 507% in emess of the 

thrust to which the propellers would be subJected at 

take-off, which was three timea greater than the Mu-& 

wbichwouldbe imposed atcrolsing speed. They also 

suoceesfvUylrlthstood the bloo& tests. &ywere limited 

to l.@o r.p.m. in forward rotation and ll20 r.p.m. in 
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reverse rotation. These revolutions were below the 

fluttenng speeds of the bladea. 

Electrical The electrical power plant of the ship con- 
PowerPLant 
and Instal- sisted of two 50 hp. dieselbven generators nith 
latlona 

smtchboards and distribution system. These generator8 

were independent of the outmde pmpellzlng engines. 

The electrx generators and principal members of the 

system mwe located armdsbips on the port side of the 

keel. Current was generated for purposes of lighting, 

cooldng, radio and steermg. There were two olrcuits, 

one of 220 volts, the other of 24 volts. The ship's 

electric m?ring ms of copper and was installed in 

accordance wxth the ngxd regulations governing the 

Germen Ening Societlea. The lead to the stern light, 

tichwas on a 220-volt. circuxt, nslng averyheavy 

cable protected by a specialiuse, extended from the 

electrical power plant along the lower walkway and thence 

to the Lght. No electric xrlring extended above the 

equator except UI the extreme nose of the &up. 

Ropes and The main mormg steel cable was fixed to the 
Cables 

tip or nose end of the shp. The port and starboard bow 

tral ropes were attached to the ship at f- 241.5. 

These trail ropes were about 413 feet in length. It is 

understood that in landing the sbp, It was the practice 
. . 

to approach the ground mast from leeward and drop the 
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wire cable and the two trailropee. The maul cable nas 

then coupled to a mooring mast cable lead- through the 

top of the mast. By means of a wdnch, the cable was then 

reeled in, pulhg the moor- cone on the ab~.p~s nose jn- 

to the correspondmg 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 mnd and towards 

the mast and to prevent it from over-riding the mast 

struoture . Ii3 the stern, et ring 47, sn after mooring 

cable was in practice let through a metal fm lead. At 

ring 62 a port and starboard spider was let out at landing. 

Besides those enumerated, the ahlp was provided mth other 

mooring orlsnding tackle, for suchuse as czcumstancea 

warranted. 

Bslla& Water was generally used for ballast. The 
Arrangements 

emergency ballast was contalned 1~1 fabric contamers, four 

of tich, of 500 lulograms of water, were suspended in the 

bow and an equal number in the stern. To the right acd 

left of the lower walkway were suspended a number of other 

ballast tanks, some of 2500 Alters each and others of 

2000 liters each. The ballast tanks couldbe emptied 

partially or totally by the elevator men by means of 

controlmres connected to a ballast stand In the control 

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



ballast purposes. 

The radio-room was located above the after end 

of the control car. Its equipment protided for tm+my 

radio telephone and telegraph coammicatibns. It in- 

cluded a short wave and a long waw twamitter, each with 

ZOO-watt ant- capacity; t-m all-nave receivers and two 

dFrection finders. The frequency of the short nave trans- 

mitter was 060 to 17,500 kcs. The frequency of the long 

wavetranmoitterms120to 500 kcs. The frequenoyrsage 

of the recenvers naa 12 to 20,000 km. Pomr for the 

transmtters ms obtained from a 220~volt direct cm-rent 

supply generated by the shp's electric pomr plant. The 

receivers obtained their high voltage from batteries,md 

power for their filaments lnas obtained through a seriee re- 

slstor from the *volt ship's grmerator. For the short wave 

transnntter, there was a truling antenna of 26 meters 

length. For the Lmgwa~tranmitter, atraiUng autema 

of about 90 meters length ms used. These trailing antennas 

were located du-ectly below the transmitters and ran through 

an aperture in the keel of the ship. There vas a fixed 

anterma extending from the control car about 15 meters 

tomrd the stern. The fixed antenna wa,g used only for 

receiving purposes. In addition to this eqtipuent, there 

wan located in the bow an emergencytrarmmitter and receiver, 

currelkt for which mas obtamed f?om a generator driven by 
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pedal poser. This emergency Bet employed a trailing 

antenna about 20 meters in length. 

Lifting Gas The ship ma inflated with hydrogen. According 

to the evidence adduced, thxs gas has the follcming 

chsxaotermtics: It is colorless, odorless and tends to 

dFffuse in all directions. ‘he onlywaythathydrogen 

could bs detected by smell umld be due to the presence 

of impurities as a result of the process by which it x-de 

produced, or contammatmn from some source such as 

rubberized fabric. Hydrogen, for IXting purposes, has a 

density of approtitely 5 pounds per 1000 cubic feet, 

dependFng on the temperature and pressure. Its lifting 

poner is the difference between the density of air and its 

own density. The density of BU is about 75 pounds per 

1OOfl cubic feet. Assuaungpure hydrogen, itsliftmgpoRer 

mould therefore be about 70 pounda per 1000 cubic feet. 

An opinion uas advanced that the general order of pressure 

of the gas siithin the cells of the ship was somewhere 

between half an inch and one inch of mater pressure. It 

was stated that the density of hydrogen corresponds to 

air at a temperature of 5OM)o F. and that the chimney 

effect of its escape through the gas shafts of the shrp 

sas so very great that there was no possibility of its 

moving down the shafts into the lower parts of the ship. 
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The flammable limits of a cdxture of hydrogen 

and ax= are probably between 4.5% and 623 of hydrogen. 

Other experxnents hare shown variances from 8 - 9.8% to 

66%. The temperature at whxh chermcal activity betwen 

hydrogen and oxygen takes place is betwen 50'7' to 55'T" 

Centrzqrade. Thus temperature range is dependent upon 

the amount of hydrogen present. The range of activity of 

oombustlon ~~11 be from the loeer llrmt of 4.5%, at which 

there mll probably be an lnvlslble union sithout evidence 

of flame. A combustible mixture would be more hazardous 

m en atmospherx condltlon of 9s relative hurmdity, and 

temperature So J%~zen~~~;, trz LD dry air tith relatively 

low humldzty, c.z.nc<. dr, .;tiro-qqan 1s more difficult to 

1grnte and Its ~gr, ,~cn ;Iamppratxre is higher. In en 

explosion the flax propagates UI all directions 111 the 

eombustlble range ?~t~een 15 .o 45% of hydrogen. These 

flgwes were a-r-, -2~ ai ~merxr~ntally mth glass or 

metallic apparatus T%C: cl:l non have effect upon the com- 

bustion temperatures. Catalyr,x metals having absorption 

properties WCUYL~ 'in LkcIy to affect the combustion at 

lower temperatures. F;n~shed duralurcm would not be 

expected to have Faterlal catalytic effect upon hydrogen. 

bonded. 

TILT who-c ImAd'Lx ZtructurE of the craft vms Bonding 

/a 727 
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PART III. -TIE LANLKNShJANEU~ 

Meteorological With respect to the meteorological condltiona 
Conditione 

General 

in mhich the landing was conducted, a summary of the 

general wather 1s oven as wll as the local conditions 

prevalllng at Lakehurst at the tune of the accident. 

The 7:30 A.M., EST. U. S. Weather Bureau map of 

the vlcinlty, mclud~ the northeastern tier of states, 

shows a disturbance over central Nes York and northeastern 

Pennsylvania, xLth a cold front extsnding from this center 

southwestward to West Vx@rma. This front separated 

neutralized polar air to the east of the cold front tich 

had become wrmer and more moist and neutralized colder 

air to the west of the front. The namer and more morst 

mass of air covered the Addle Atlantx states, southeast- 

em Nez York and southern Nes England. 

The cold front advanced eastward during the day 

from central Pennsylvaxna at a rate of 12 to 15 m.p.h., 

passing Lakehurst shortly after 3:30 P.M. There was not 

qmte sufficient surface heating durvlg the early afternoon 

to set off a thunderstorm at Lakehurst, and It TCXS not 

until the front passed and some slight lxftmg of the =r 

mass occurred that a thunderstorm began. The records of 

the Naval Au StatIon show that the thunderstorm began at 

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



-16 

TeleLp-aphx reports indicate, the thunder- 

storms in and to the wst of Nes Jersey wre not severet 

nor wre they of a wll defined squall character. Betwen 

12 P.M. and 1:30 P.M. E.S.T., these storms extended Fn a 

definite belt over the region of Harrisburg, Pa., northe& 

wrd to Bear kgmntam, N.Y., and New Hackensack, N.Y. 

Betwen 1:30 and 2~40 P.M. none ws reported. Betwen 

2140 snd 3:&o P.M., Camden and Fort Momaouth, N.J., only 

reported thmderstoms. Between 3:30 and 4:30 P.M., 

Lakehurst, Mitchell Field, N.Y. and Floyd Bennett Field, 

N.Y., reported them. Betwen 4:40 snd 5:40 P.M. none ~8s 

reported3 and betwen 5~40 and 6r40 P.M., Floyd Bennett 

only reported one. Smmarized, the thunderstorma in 

eastern New Jersey were of a local character and not 

severe. 

The New York Weather Bureau office bulletin 

issued at1:20 PA, May 6th, follow: 

"1800 G.C.T. Moderate tid shift tith 
increasing and lowring clouds possible 
thundershowers New York and vicinity ex- 
pected ~TI rdddle or late afternoon Stop 
New York scattered cumulus and small cumulo 
nimbus approachingfromwest-visibility 
excellent surface wind south I.2 a&lee - 
barometer 29.68 fallmg steadily - tempera- 
ture 66.n 
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local Rth the passage of the front at Lakehurst, 

the mnd skfted to the northwsst anth gusts up to 20 

hots, and ms accompanied by slight increase in 

barometric pressure, decrease in temperature, heavy 

showers and several thundershomsrs. Then there followed 

a rapId decrease ~TI the velocity of the sdnd and its dlrec- 

tlon be&me variable. The Kind at Lakehurst at 6:lO P.M. 

went into the southeast and remained there for about 45 

rmnutes, shifting agaq and then it became mostly souther- 

ly. The front, after passing about 3130 P.M. E.S.T., 

apparently slowed down to a rate of approldmately 7 miles 

an hour and was 111 the vlclnity of Atlantic City, N.J. 

at 8rOO P.M., Its direction being north northeast-southwest, 

clear= rapidly after 8rOO P.M. During the afternoon 

cumulo nimbus and cumulus clouds developed locally and 

nith the approach of the front there appeared a mell-de- 

fined mild squall ldne in the aest, whxh moved slowly over 

Lakehurst and apparently became stationary between it and 

the shore line until about 5:30 P.M., when it continued 

eastward. Several heavy showers occurred between 5rOO and 

6100 P.Y., sith accompanying thunder. Visibilitywas re- 

duced during these showers. At 5:12 P.M. the thunderstorm 

then over the field was movdng north, and it was beheved 

that by the time the ship amved at the station the storm 
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would have movsd amay from the station. The sup at 

this time uaa out of sight beeauae of low visibility 

and the ceiling, in the directiti from whkh it was 

expected to approach, saaa not more than 500 to 600 feet. 

Conditions at the time of the approaah mers~ 

Ceiling between 2000 to 3000 feet3 clouds .7 stratue~ 

very light ramfallf sky showed signs of clesrLng to the 

westward; barometric pressure 29.72; temperature 6Oo F.; 

relative humidity 98~ surface tid light, mulable and 

shUting and at the precise moment of the beginning of ths 

landing mas southeast 1 knot. It was expected that the 

surface tid direction would go into the mest or perhaps 

the northst. Reports from l%nton and Camden, NJ, 

indicated that the wind was westerly and that at Camden 

It mas ahout 18 knots just previous to the landing of the 

ship. Hind at top of the weather tower on the field WB 

west 6 lmots. The approach level of the ship maa about 

200 feet above the ground. The top of the tower is 186 

feet above 8ea level (ground elevation at place of landing 

vas about 90 feet above sea level). The inversion condi- 

tlon aas 60' at the lower level, 59" at the second, and 

57O atthethirdlevel,beingtemparature readings at 

various levels from the top to the bottom of the weather 

tower. As the ship was approaching the landing area, 



occasional lightning was tiiaible from the distant south 

and soutlmeSt, but none mas obserwd over the field at 

this tjme. When the headway of the ship was stopped, a 

pronounced shift of Mnd was felt on top of the mooring 

mast, from southerly to southeast or south-southeast. This 

mind was colder than the previous KLnd had been. 

Comca- Regular reports from the ship were received as 
tions, 
Radio scheduled at the Naval Az.r Station, Lakehurst. At one 

stage in the latter part of the flight the static was bad 

but It did not prevent c-ommunlcations between the &up and 

ground statIons. Shortly before arrival at Lakehurst, 

direct co mmurmcaticn was maintained by the ship with the 

Naval Air 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 

arnval. At &.2 P.M., the oommander of the station 

radioed the ship: "Conditions st1l.l unsettled recommend 

delay landing until further word from station advise your 

declszon.a At f+:52 P.M., the commander of the ship 

replled: Ve s4.l wait till you report that landing condo- 

tlons are better.a At 5812 P.M., the commander of the 

station advised the sb~~p: nconditions now consldered suit- 

abic for lanw ground crew is ready peerzod thunderstorm 



over station ceilvlg 2000 feet vlslbllity five miles to 

west-d surface temperature 60 surface wnd w&c-south- 

west eight hots gusts to 20 knots surface pressure 29.68." 

At 5:22 P.M. station commander radloed ship: "Recommend 

1andlngncnv.n At 6:OO P.M. station transrmtted to ship: 

novercast moderate ram d-s-g L-Lghtmng 121 west 

oelllng 2000 feet yaprovlng viglb1lILt.y surface d west- 

southwest four loots gusts under 10 knots surface tempera- 

ture sixty-one pressure twenty-nme seventy." At 6108 

P.M. station commander sent last message: Vondltlons 

deftitely lmprovsd recommend earllest possible landing." 

This was acbcmledged by the ship. 

Prior to the accident all of the shlp's traLUng 

antennas had been reeled 111. No high frequency transmissions 

were being conducted when the trail ropes were dropped from 

the shp. Both transrmtters were turned to the "off" posi- 

tion at that time and remained so thereafter. The ratio 

dynamotors had also been shut off. The last message trans- 

mitted over the shipls radio was shortly after the lsndlng 

station signal had been sounded, about 15 -tes before 

the ftie. It ms sent on the long-wave transrmtter to 

Lakehurst at 6:10 P.M., E.S.T. Mg the landmg, watch 

was kept on the long-wave receiver. No landing report 

lrastransrmtted fromthe shlpto Germanytile 1t w-as 
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over the field at Lakehurst. One of the &up's radio- 

men stated that atmospheric disturbances had been en- 

countered d-g the afternoon of May 6, but that such 

oonditionimproved tomsrd evening and continued to improve 

dwing the last 30 minutes of the flight. No difficulty 

was experienced during that period in sending or receiving 

either on the short or long-save transmitters or receivers. 

Witness Herbert how-e, ship radio operator stated that he 

was on watch and actually listening to the radio nntll 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 transudtted by local station. 

There wa8 no oral co rmmmxation betneen persons 

m the ship and on the ground during the maneuver. 

The sequence of actions in bryg the slup up 

to the lan&ng point is in part revealed pictorially by 

the track of the ship over Lakehurst, dramn on map of the 

Naval Air Station, with notes on the maneuver by Witness 

H. W. Bauer (See Appenduc III). Among other data the map 

provides information respect= successive altitudes, 

speed, operation of engines, released of ballast and 

valving of gas. 
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Operation of 
En&mm 

About 10 nunutes before dropping the bmtrall 

ropes, the engines were mmmng full cruslng speed ahead; 

the ship's speed about 33 meters per second (apprommately 

73 m.p.h.). The altitude of the ahIp, according to Its 

altimeter, was then about 180 meters (590 feet). About 

8 to 9 mutes prior to the release of the ropes all 

engLnes were Idled aheadi altitude 150 meters (492 feet)4 

ship's speed falling off to 15 meters per second (appmla- 

mutely 33 m.p.h.). Then, in fairly rapld order the after 

en--es were idled astern and then put full astern to 

reduce the speed to I2 to 13 meters per second (approxl- 

mutely 27 m.p.h.); after Much all engines were idled 

astei-q altitude at this tune was 120 meters (793 feet). 

About 2 mutes prior to droppmg of the bow trail ropes 

all engmes were put full astern for a period of about one 

rmnute to stop the shpj after tich the forwaml engkes 

mere idled ahead and the after engmes were Idled astern. 

When the trail ropes had been dropped the fo-d engines 

were given a short burst ahead; then Idled ahead. 

Release of Startmg at a pout about three-quarters of a 
Balhst 

mile from the landmg point 300 lalogram (661 pounds) of 

mater ballast ims dropped from ballast bag at Frams 77. 

Then in rapld order, from the same frame, at about inter- 

la72.9 
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~11s of loo0 feet,' ballast was dropped tnice agam, the 

second tm, 300 lcllograms (661 pounds) the tM, 500 

ldlograms (1,100 ponds). This releaee of l,l!XI kilograms 

(2,420 ponds) of water ballast took place mthin a 

period of 2 to 3 minutes before the trail ropes were 

dropped. 

valving of According to ITitness H. R'. Bauer's sketch, gas 
Gaa 

sas valved on the wheel for 15 seconds appro-tely 10 

mutes before dropping the bow trail ropes; &up proceed- 

ing at full crusing speed. About 8 sum&es prior to 

dropping of ropes, gas 111 Cells 11 to 16, first five for- 

ward cells, was valved for 15 seconds; ship then Towed- 

mg at15 meters per second (approldmately 35 m.p.h.). 

Appronmately 4 to 6 minutes before droppdng the ropes, 

gas Fn Cells 11 to I.6 was again valved for 15 seconds; 

speed of ship 12 to 17 meters per second. (Approximately 

27 m.p.h.). About 2 mutes prxor to dropping of ropes, 

Crew as 
Ballast 

gas dn Cells ll to 16 uaa valved for 5 seconds. 

According to the elevator man who had taken over 

the elevator helm in the landmng approach, the ship was 

st1l.l slightly tall heavy titer dropping water and valving 

gas, consequently s1x men of the crew were sent forward to 

the bow 1~1 order to equahze the weights. He was unable to 

account for the tall heaviness of the ship after the ballast 



had been dropped. 

Tad Heavrness The ship was weighed off to the west of the 

field and eras fouud a Lttle Lght. There follomd the 

trmuing operations that have been described in the pre- 

cedmg paragraphs. There is evidence to shm that the tall 

of the atip was heavy dumng the meuver. Rtness Albert 

Ssmmt, seaond ~II command of the shp, accounted for this 

condition by saying that it was due to the consmptlon of 

fuel; that It gave him no concern because It mas very 

little. There was dlverslty of opFnion advanced regardmg 

thu con&tion of the ship. !%tnessea H. W. Bauer and C.E. 

Rosendahl considered it to be normal. The latter stated 

that the siupls talheaviness had been loacally accounted 

for, Under the ovcumtances m Much it landed IJI a 

light-d mth Lttle air flow on the tail surfaces and 

consequently Lttle aerodynamic hft, IQ.0 pounds midway 

from the tall of the ship would be felt by the elevator 

man and be noticed by those in the control car who were 

aatcbqg the mclmometer for that very thing3 that the 

condition d-Ld not exxit from the time of the dropping of 

the bow trail ropes d-g the 4 mutes Intervening be- 

fore the-fire broke out. 

To other mtnesses the shop appeared heavy in the 

stern, among themwitnesses Benjarmn May, m charge on top 

of the mooring mast, and W. A. Buckley, AssIstant Mooring 

Officer. Witness Hugo Eckener heated, according to hu 
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mformatlon, that whfille the ship may have remamed U-I 

satisfactory trim from the time the trail ropes were 

droned ud.11 It burned, such interm was a short pemod 

oft!!me. He did not think that a hydrogen 1eakwouh.j have 

been so large that in such a relatively short time It 

could have been notxed. He mentions the testmony of 

Kltness A. X. Bauer, relating to the trimrmng operations 

in which a very short time before the accident 6 men had 

been ordered forward. From this he infers that shortly be- 

fore the ship reached the landing position it sas necessery 

to trva sMp by putting weight for-card, and that the 

elevator man aould hardly have notxed aqthcmg durcmg this 

interval because the ship had no more forward speed, He 

further stated that careful calculation showed that the 

trimrmng moment effected by these operatlons mounted to at 

least 70,000 to 80,000 meter kilograms (506,391 to 578,933 

foot-pouods) of trlmrmng effectl shen this effect 1s con- 

pared 4nth the trrmrmng moment that could be obtalned aero- 

dynamically at full cnusdmg speed by the use of the elevator 

controls in the order of 150,000 to 200,000 meter k~~lograms 

(1,085&X, to 1,&!+6,820 foot-pounds), then It became clear 

to bAm that the ship was very badly out of trun. 

Witness Eckener also testified that mtnesses 111 

the control car had reported that the outdf-trun condition 
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originated approldmately one-half hour before the landing 

maneuver after goingthroughthe ramclouda~ that the 

ship became tail heavy by running through heavy rain be- 

cause the weight of the rain LB greater in its effect on 

the horizontal fins, Bach are behind the center of gravity. 

There is also another apparent effect of rain w the 

ship. That 1s the tall would seem to be heavy to the 

elevator man while the ship mas running through rati, be- 

cause it automatically has a telldency to nose up smce 

the center of aerodynamc pressure moves aft. !!~us effect, 

however, disappears very rapidly after passmg through 

ram and m the present lnatance must have dasappeered 

quickly because the abp as a whole was light. The ship, 

ten mmutes after passing through heavy rain clouds, 

should have again been in good trm. In the option of 

Tiltness Eckener, however, it appeared so tall heavy that 

it became necessary to apply a trmmng effect of some 

70,000 meter kilograms (506,391 foot-pounds). Furthermore, 

he lndxated that If the shop had been as tail-heavy before 

it proceeded through the rain clouds, it would not have 

been operated tithout the release of ballast. As no testi- 

mony-was gz~venthatthe bsllasthadbeen droppedbefore 

the ship roved mto the rain clouds, Rtness Eckener be- 

lieved that some unusual condltlon in the ship might have 
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developed prior to the shlpls lsndmg. 

With regard to the aimunt of ram that the ship 

had been exposed to during the landmg maneuver, there 

appears to be sme difference of opm~on. Witness Samt, 

stated that there m-as a little ram as the shp crossed 

the field at the begmning of the maneuver, not heavy 
I/ 

enough to weigh the slyp down as much as 500 lalograms 

(llO0 pounds )J that was the only ram experienced during 

the last two hours of the flight because they had avdided 

the rain carried 111 the Rather front. As the ship took a 

final bearing on the field It nade a mde turn Into quiet 

weather, returning to the field UI thu condition. Accord- 

ing to him, the front had passed and the weather via8 

favorable for landing. The sky was overcast but Rthout 

disturbances or squalls. Witness Nelson Morris, a passenger, 

stated that a very light rain fell erectly as the ship 

came over the field the last time, but until that tune 

there had been no ram. WItnews Anton Wlttemann, aho had 

commanded the airship GRAF ZEPPELIN, stated that when the 

HIYDENBURG approached for its landing maneuver and as it 

passed through the front, the weather condltums as seen 

from the &up were entirely favorable; the thunder storm 

had passed into ordvlary ra=no The &up entered somewhat 
/2 7.39 



heavy i-~xn lRhlch became much lighter when closing in 

on the statLon. At the approach there were no cunniLu~ 

clouds; there was a clear-cut stratus layer from uiuch 

light rain was falling. TRitness H. 1A. Bauer, second 

mtch offxer of the &up, said that about 20 mirmtes 

before the lan%ng approach the ahip passed through a 

heavy rain and through stratus clouds containingrain 

before &ring the approach. It did not pass near any 

Gm=xk!. 

Altitudes at 
--Jhg 

men the ship was brought to a stop over the 

landing point, Its altitude %as about 18U feet above the 

grad. It rose to about 200 feet when the bow port land- 

ing ropes checked Ita further upward rice. Thereafter, 

It descended to about l35 to 150 feet when the accident 

happened. 

Ezectric In- According to Stness filipp Lens, Chief 
atallatluna 

Electrician of the ship, no fuses blew nor &d arry 

cucuit breakers operate jut prior to the fire. The 

several circuits of the ship were intact, the interior 

ship light8 and the navigation lights were burning as 

usual. 

Rudder 'I'm witnesses teetlfied that the top and bottom 

rudder did not appear to be mrking 111 unison when the 

ship came over the field. From other testimony it appears 

that the rudders were Mloning nomlly. 
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PUT IV. -TBXFIR!3 

Grould Log It ma9 the practice at the Naval AFr Station 

to msrukain a log of event m connection dth the l.a&ing 

of the RWDWBORG. The log of its last landing rewals 

that ths first approach of the ship inlanding maneuver 

us8 sighted at 6115 P.M., E.S.T., May 6, appro~tely 

over the Officer's QuarLers on the station. At 6r~i P.M., 

the~trailroped~~~~,onabeariqgof30 

degrees fiwmthe mvringmast, fir&the starboardrops, 

followed titiatelybythe port rope. Sbipnaafirat 

observed afFre at 6t25 P.M. 

rlescription The landmgmade onthls occasionhasbeen 
Of Ianding 

described as a high landing or flying mooring, a method 

of land3ng wbxh 1s occasionally employed. Some qualified 

mtnesses stated that it was normally conducted in every 

respect. Among these were Witnesses Rosen&&l and A. F. 

Heinen. Others mdicated that the approach seemed 

hurriedJ that the ship made m%at seemed to be a fairly 

shm-t turn aud approached the moorjng tile fmly 

rapidly. Baaed upon the statements of Other nitnesses, 

WW,nesa Eckener e-eased the view that the Ship mwt haw 

proceeded in a sharptumto araohfor its m-7 

Witness Sam& said the tmaS were normd. 



Incidents be- Before the fire broke out, the shz~p was berg 
for the FLre 

held by the bow port trail rope wbxh had been coupled 

to the port yaw lme and a stram had been taken on tbs 

rope around the nlggerhead of the gromd mch. The bow 

starboard trail rope had not been coupled to the ground 

lme, but was being handled by the starboard bow landing 

Pam. At no time dwmg the approach did the &up come 

closer to the moormg mast than 700 feet. The mm bow 

cable of the ship at this tune had been let out about 50 

feet, but neither It nor my of the cables or ropes m 

the stern had reached the ground before the fu-e started. 

After the trail ropes m the bow had been dropped, the sLp 

no longer had any forward speed. It began to mm up and 

astern and also to swmg slowly to starboard. Then a 

light gust was felt from port. 

Flutter- of WItmess R. H. Ward, m char& of the port bm 
Outer Cover: 

landmg party, a couple of seconds before the fxre, had 

his attention attracted by a notxeable fluttering of 

the outer cover on the top port side between frames 62 and 

77, mhhlch mcludes cell No. 5. No smoke or other d&cur- 

bance accompamed the flutter when he first saw It. It 

was a mve motion. In 1~~ opunon the motmn of the 

surface was not due to the slip stream or resonance effect 

of the propeller. It was e&u-ely too high from the 



propeller. It appeared to hxu to be more like an actlon 

of gas mmde pu+ung up, as ti gas was escapq. he 

aPParsIElY had seen this action occur in other aircraft, 

Ths ship had no perceptible forward motion the time he 

obserwd the flutter3 its ewes were idling ~TI forsrard 

rotation. The fabric had not opened up when hs first 

made the observation. The flutter was followed by a ball 

of flame approximately 10 feet or EU in diameterj then 

ceme an explosion. On a diagram this uitness indicated 

that the first appearance of fire leas near the top of 

the ship and above the point where he saw the flutter. 

With respect. to this testimony, Witness Eckener said that 

a leak in a gas cell, permitting the escape of 40 to 50 

cubic meters of gas per second, would be sufflclent to 

cause a flutter in the outer cover whxh col&d be observed 

as reported, but probably would not be enough to draw the 

attention of those U-I the control car to a loss of buoyncy 

aft. Ctness R. W. Antrim, who maas on top of the mooring 

mast, also stated he saw that the fabrx bebd the after 

port engine uas very'loose and fluttermg. It extended 

rearward and uPward from the after port engine to a 

quarter of the way to the tail. 
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Stram on Port 
Pall Rope 

The drift of the shp to starboard, accord- 

to the mooring offxer, Witness Tyler, was fmally checked 

by means of the port trail rope. TIM rope was hauled up 

taut on the wench. The starboard trail rope was being 

handled by the manpuwsr of the starboard bow party. 

Witness Albert Stoefler, one of the ship's cooks, who nas 

looklng down from a endow In the shop, stated that he 

nsaw how the landing crew came ruonmg up, and how they 

loosened the hot of that rope and fastened it to the loasr 

lines on the growd. Then I sqw how the ropes took tension 

and at the moment I felt a very strong detonation of the 

ship, vlbratvm of the ship.+%-x I did not notice sny 

explosion. I only notxed that vibration I was speak& 

about before." He thought the stip was striking the 

mooring mast. 'Altness H. X. Bausr stated that after the 

landing rope had been fastened, he went from bis posltlon 

to the port mudow 111 the control car and observed the 

tensvmxrg of the lauding ropes. At the time of that 

observation, there FBS a strong shock in the control car 

and his fxst assumption was that the landing rope had 

broken. Wetness Wax Zabel, ship's third officer, stated 

that he observed the bow trail ropes bejng dropped; that 

the port trail rope became rather tight. He saw the ends 

of the ropes which wsre tied together whdrl around and 

tighten. Immediately after this landing rope had become 

tight, an explosion was heard and the destruction of the 



ship occurred. He described the vibration that mas felt 

U-I the control car as an extraordinary one. TEtness Dome, 

ship radioman, testlfled that whhlle mtchmg one of the 

laudmg ropes berg handled by the ground crew there 

suddenly ms some tear-g XI the &up, a metallic tearmg. 

A passenger reported, "and then as that rope was gettmg 

taut, I heard a detonatlomw~. 

Sensatmns In describmg their nervous reactmns at the 
Within the 

begmnmg of the accident, some 01 the persons mthm the 

&up, m addltlon to such descrlptlons as are provided 111 

the precedmg paragraph, spoke, m effect, as follow: 

Witness Severm Qem - When the ship ms almost stam3n.g 

still, lt gave a sudden jolt. Witness Xavier k!Aaler - Pvst 

he heard detonationJ then he noticed the vlbratlon, the 

shock, and fell on his back. Witness Heinrich Kubis - 

Fust heard or felt an explosion .approAmately at the 

tim that the sbp took a sharp inclmtion. Witness 

Lenz - The sound that he heard he thought might have been 

a landing rope breaking. Witness Clmm Hinkelbem - The 

jerk snd the sound of the detonation and the sight of the 

fire or the reflection of fire xere all smultmeous. 

Witness Kurt Bauer - Noticed a cracking shock tilch 

_ originated y1 the rear. Witness W~ttemnn - When he heard 

dull detonatmn, thud, bxi first Idea was that rope had 



parted. WitImSS Walter Ziegler - Saw how the port 

landing rope 1~89 hauled tight; shortly thereafter he 

heard a dull thud or detonation and a heavy shock prent 

through the ship. Witness Kurt Schoenherr - It m-as a 

strong shock he sensed after hearing a rather dull detona- 

tion. Witness Samrt - His first intimation that sometLng 

was out of order sas a heavy push, about the same shock 

as If the sbp had been pushed to the side snd the landing 

rope had broken. Neither prior to nor after the push did 

he hear a muffled explosion. He did not associate the 

push mth anything that might have occurred 111 the after 

part of the ship. 

Appearance of Numerous expert and laysitnesses on the field 
Fire 

testifwd as to where they first observed the fire on the 

shp. There was great diversity ~II this testimony for 

reasons that are very apparent. Among the most important 

of these reasons were the extreme rapiditylnth which the 

fire spread, the different positions of the witnesses with 

respect to the ship, the siee of the ship, more than one- 

sixth of a anle in length, and an over-all height, equavm- 

lent to a twelve story bullding, and the fact that at the 

tm of the fire it was still dayhght. It is estimated 

that the interval between the first glimpse of flame and 

the impact of the maxi body of the ship mth the ground 



was 32 seconds. The great majority of the ground 

mtnesses who testified as to the fust appearance of 

fire wre loolang at the port side of the shp. 

After carefullywelghing the oral evidence and 

transcribing to a master dugram the numerous dlagrams 

on whxh the ground mtnesses mdxated their first. observa- 

tlons of fu-e, we conclude that the first open flame, pro- 

duced by the bumlng of the ship’s hydrogen, appeared on 

the top of the ship fo-d of the entering edgs of the 

vertical fm over Cells L and 5. The fust open flame that 

was seen at that place 1~as followed after a vsry brief 

lntervalby a burst of flanung hydrogen behen the equator 

and the top of the stip. The f-e spread 111 all dlrectlons, 

movjng progresslvsly forward at hgh velocity mth a 

succession of mild explosions. As the stern quarter became 

enveloped, the ship lost buoyancy and cracked at about one- 

quarter of the distance from the rear end. The forward part 

assumed a bow-up attitude, the rear appearing to remam level. 

At the same time the ship was settling to the ground at a 

moderate rate of descent. Whereas there was a defm1t.e 

detonation after flame TEIS fust observed on the ship, 

ws belleve that the phenomenon was uutially a rapid 

bmmng or combustion - not an explosion. From the 



observations made, It appears that there was a quantity 

of free hydrogen present in the after part of the shp 

*hen the fire orlginatsd. 

A brief resume Of the observations made within 

the stern of the ship shows that Witness Helmut Lau, who 

was standing on the ladder leadlng up to the lower catwalk 

from the lower vertical fm and xas looking up facing the 

port, side of the fin, heard above him a muffled detonation 

and saw from the starboard suie, doan ins%de the gas cell, 

a bright reflection on the front bulkhead of Cell No. 4. 

He saw no fire at first, but a bright refleotion through 

and mslde the cell. The cell suddenly disappeared because 

of the heat, Then Cells 3 and 5 caught firs. This wetness 

said he &d not see the center of the orlen of the fire, 

but It must have been further up since he saw the reflection 

of fire through the cell wall material.. It uas the same 

type of explosion that one hears when using a ldtchen gas 

range, when first lighting the flame or turnug it off. 

Witness lau did not smell any hydrogen at the tune he 

made these observations. Witness Hans Freund was letting 

out the after moor&n cable at Frame 47 and had let out 

a few meters of it when he heard a muffled detonation. 

Fire was simultaneous mth the explosion. He was surrounded 

by fve inmediately. Witness Rudolph Sauter, tie was 

stationed ip the keel of the lower vertloal fin, first 

heard a dull detonation, then saw fire m Cell No. 4, a 
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big fire, w?uch he ldentlfied as a hydrogen fire. None 

of these mtnesses in the stem of th; ship felt any 

unus4 vibration or heard any breaking of structures 

pr;or 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 obsemed fire or reflection of fire 

unul after feeling an unusual vlbratum or shock or hearlng 

the detonation. 

PART V. - THE COMBUSTIBLE MIXTUE3 AND ITS IGNITION 

Sabotage 

Hanng retraced the course of even&and c~pcum- 

stances surrounding the accident, we oome 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 wexghed the several theories 

that have been advanced. 

The possibility that the cause 1s to be explamed 

by premeditated or wLlful act has received active atten- 

tion. Sabotage has been exe.sun ed mder two clasmficatlons; 

ths first - external, includ~g the use of incendiary 

bullet, hzgh powered electric ray, and the droppmg of an 

isting oompositmn upon the ship from an airplane; the 

second classifxatwn - internal - includmg the placmg 

nithb the .sb~p of a bomb or other infernal dence. To 



date, there 1s no evidence to indicate that sabotage 

produced the grm result. 

Accidental In a consideration of accldental causes, tm 
Causes 

factors must be found together. There must be present 

(a) a combustible i&&we of hydrogen and oxygen of the 

air; and (b) sufficient heat to igmte such mixture. In 

the analysis of the evidence the mxture and its lgmtion 

are treated separately. 

Presence of Combustible IL&me of Iiydrogen and Air 

Accumulation tile It 1s conceded that the fabric of whuh 
through Dlf- 
fusion or the cells mere made 1s slightly permeable to the diffusion 
Osmosis 

of the contained hydrogen, it is not our option that thu 

characteristic of the cell walls, under the c~rcmstances 

prevaillngwould account for a combustible accumulation of 

gas and an lrithin the &up; the normal rats of seepage 

berg, as was mdicated under description of the cells, 

about one liter per square meter per 24 horns. 

Failure of According to the testuwny, only one valve fail- 
Valve 

MeChaniL.¶ ure had occurred on the ship. This happened when the ship 

lnas -; as .a consequence, certain changes had been made in 

the constnmtlon of the mschsninae In any event, the 

failure noted occwed to an automatic or pressure relLsf 

wlw whxh wuld not baw been functiang at the tlnme of 

this accident. However, because ths valves wre mechanical 
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devices, it was possible that there might have been a 

defect or failme in them, but. no testimony appears to 

ehowthat this possibititywae a likely one. 

Decreased Another query regarding the presence of such 
Ventilation 

ndxtmre presented it&If. Could it have been due to the 

reduced scavengkg of the gas by the shlpla ventilation 

system dw the last rmnutes of the craft's exM,ence 

when Its speed eventually had been reduced to a full stop, 

combined nth the last valving operation, about SIX mu&es 

before the fire? Thie theory Beema wobable because of 

what naae said abont the efficiency of the ventilatmn 

system and because of the fact that the chibney effect 

created by the 6 hot mnd that was blowing at the ship'6 

elevation during the last four mutes prvx to the fire, 

should haw evacuated practically all of the gas from the 

shafts. The fM 6peed of the ship, reported to have 

been from15 to 20 knots per hour,whenthe last valvln$ 

operation ms performed, should have been ample, it was 

stated, to have cleared the ge rapidly from the sup. 

A further augment made tith regard to the scaveng3ng of 

gaaswasthatinurediately~the last reported wlvlng 

the ahip'a engineswere backed domphard,andtbatthis 

deoeleration should haw tended to atow the gas in the 

ship toward the bow and oat tbroughthe foruaxd gas 

ahafta. 
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In couslderiug the productmu of such mxtme 

by the nrpture of a cell or cells, there are at least 

several avenues to explore. 

Entry of One of these might be laid to the failure of a 
hece of 
Propeller propeller and the throwing of one of its fragmenta through 

the adJacent part of the hull into a cell. To this possi- 

billty there was devoted au extensive exmmation by experta 

of our staff and those of other agencies. The condition 

of the propellel of engme car No. 2 attracted our atten- 

tion. NitnesE F. W. Caldwell, one of thxs cmmtryIs fore- 

most propeller axperks, 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 gromd. He said 

that there was no indicatmn of the separation of the 

sheatbmg from the blades except as the result of shatter- 

mg on UllpFLct. Rtness Deutsche, machmist III the after 

port engine car, indicated that the propeller of hm car 

was still rotating when it struck the grouudi that he did 

not feel auy unusual vibration of the engine before the 

crash. 

Fracture of One other signifxant poss1bblllt.y must be dls- 
Huumre 

cussed while the questlon of cell rupture 18 bemg exmmed. 

It was suggested that, tile m flight, a tension mm-e mght 

have ripped a hole in a cell and thus permitted a quantity 

of gas to escape. Coupled to this possibility is the 
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hstting of ~itneae R. H. Ward, dqested briefly in the 

Stdesmh Of faCta that he Baa a flntterdng in the outer 

cover above the equatorbetzeenringS 62 and 77 andbe- 

Lewd that thfs fluttering was cawed by gw escaping into 

the Space beteeen Ute adj~inlng cell and the outer cover. 

A shezr zire in one of tha panels at the plmce from which 

the gas zns esoapdng could have wappedzhile the ship was 

tunxing durdng the lnndd.ng maneuver. Etnesa Eckener stated ' 

that suoh turw generate high atrees in the after part of 

the ship, egpeoiallq in the center section close to the 

atabllizing fina which ara braced by shear zirea. The gas 

thus accumulated bateeen the cells and the outer cover muat 

have been a rxh mixture. Such a mixture, enclosed In a 

apace between the outer cover and the gas cells, zould, Lf 

ignited, burn lrlth relatively slow speed until gas In 

greater voluz~ una released by the burning through of the 

cell mlla. Witness Roaendahl recalled that Fn the earb 

pars of operation tith naval aircraft, shear wires had 

broken with varying effect, cauadng no serloua damege, 

however. 

MaajQr strw- Consideration has been given to the posalbllity 
tlnw.l Fsilare 

that a major structural failure in the stern of the alx~p 

caused the hydrogen to be liberated by rqturdng a cell and 

forcefully brealdng an electric lead or metal part, thus 



producing a spark. The fire broke out when the port 

trail rope, nhlch held the ship to the ground, became 

taut. It mas reported by some persons that at, or about, 

the time they obsemd the fire they heard a cracldng 

sound from the stem of the ship. An exasdnatvan of the 

wreckage disclosed that the nvets, by which the after end 

of the axial corridor was connected, through a fitting to 

the hull, had pulled outj that all of the radial wires in 

the small frame nearest the stem had broken 111 tensioq 

that only a few of the small tabs of metal from the peri- 

phery of the frame, whvch had been pulled off the bight 

formed where the radxalmrea hooked on to the frame, lnere 

found on the ground below where the frame struck. The 

shearing of the rivets and the condltlon of the mxre and 

the frame might be erplmed by the force mth which the 

rear end bit the ground; or by the toralonal or other 

stresses which the tall suffered in its last moments UI 

the a~. It has also been pointed out that the ship was 

stressed for greater loads than the tepslonal strength of 

the bow trail rope, and that the rope had not parted. 

Furthermore, 1-t was observed that the eye through shloh 

the trail rope u-as attached to the sbp and thebngntudulal 

member to whxh theqe was affixed, were intact after the 

accldent. The four members of the crew 111 the stem of the 
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ship testifxd that they did not hear or see any such 

structural failure prior to the fire, 

Igmtion of the l&&we 

Meny of the theoretic aspects of the igmtmn 

of the comhustlble m&m-e were dealt nith at great length 

by a nmnber of experts. fhilya summaryofthls phase of 

the investigatmn 1s related m thm report. 

Mechanu3.l If there had been enow$ heat generated by the 

fnctian of &es or other members of the ship c-g 

forcibly into contact mith each other, due to structural 

failure or breaking, a sufficiently hot spark might have 

been produced to set off such mixture. There 1s insuffl- 

cient evidence to sustain a conclusion based upon this 

theory. 

Chemical As has been stated, there are metals Mch have 

a catalytic effect upon a udxLure of hydrogen and air and 

would matermlly lomr its ord5nax-y igmtion temperature, 

butitdoeswtappearthatanysuchmetallAas mthatpart 

of the ship where the fire was ftist observed. 

Under the title of chesrfml posslbikties there 

has also been suggestedthata flame rmght have been pro- 

ducedby spontaneous comhustmn. The evidence IS inadequate 

to~~pportthistheory. 



The-0 In the eHlminatlon of thermcd~o possibilities 

much time at the outset of the irivestigation mas gi-mn to 

the possibility of such mxtmre be@ ignited by the sparks 

from the engine e&musts. It was suggested that sparks or 

largerparticl.es of carbon thrown outfromths disseleq@ms 

might have been carried into the openings in the lorrerm 

of the huXl or have been blown over the exterior of the 

stern and there have Ignited suchmxtxra. Xnlethe 

circulation of the exbmst gases, set up by the direction 

of rotation af the propellers just before the accidsnt 

(the after engmes idling m reverse and the fomawd englnerr 

idling ahead) was dflferent frm that pro&wed rhile under 

way, it msmf.nWned bythe Cermnexpertstbattbis 

clrcmstaucew0uldnotresult in sparks or carbon particles 

reachingthe titerior of the hull, and, furthermore, that 

the sparks would not have been able to ignite such mixhme 

on the top of the &up at least 165 feet amy from the after 

exhaust outlets. Xitness LudmgIhxerrtestifiedthatvsry 

extensive experjments respecting this possibility had been 

conducted by the builders and the results had been re- 

assur1n.g. men the engines aredeUvering llOClto I200 hp. 

the temperature leaving the piston before it entsre the 

exhaurts stackis 500oto 53OOoatiigrade. The tauperature 



of the exhaust is loner. The engmes ordmlly develop 

800 to 850 hp. At this o&put the temperature of the 

exhaust gases 1s 450° to J!@OO back of the cylinder. With 

a mixture of ax sucked dxi, the temperature is reduced to 

2300 to 2500 centigrade. Vmlble sparks have a temperature 

Over 500° oentlgrade but lose their heat rapwily as they are 

impelled through the air. 

Had this been the cause of the igmtion, it is 

beheved that it would have ccms anto play before the 

elapse of the four-m&&e interval between the dropping of 

the trml ropes and the accident. 

That the heat of the exhaust gases caused the havoc 

is also mprobable. If ignition had happened at the exhaust 

lt would have been necessary that the temperature of the 

band of air between the outlets and the place of the fsrst 

flame would have had to be about 507o centigrade. Accord- 

ing to Bxtness kerr, the temperature at the exhaust out- 

lets was much lower than 507' C. With the Hindenburg and 

the Cm2 Zeppelin, nc diffzhultles had been experienced from 

thm quarter. 

Electrical Under the classdfication of electrical sources 

of igsatlon several were considered. A combustible udxture 

of air and hydrogen could have been ignited by the over- 

heating of mires carrying currenttithm the ship, e.g., by 
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a short c-t. Barring the possibility prevroue4 

alluded to, of a substantial failure in the stern 

struatore of the ship, lrhichndght havw prbdnced a sudden 

breakhg of snchniree in the aft end of the ship, it is 

thmghtto havebeen onlyremotelypoesiblathatthemixtum 

was flred by a defect or fallme of the ehipls el&.rioal 

IrLring. 

According to Witness Lens, n-ho was stationed In 

the electrical power plant at the time of the accident and 

had most of the ship's electric indicators, -6, and 

circuit breakers, mder observation, the wrloas circuits 

- functiordngnormallyjustprlcrrtot~c~grati~. 

No fuse blew or circuit-breakers operated at that time. 

It llgs also observed that the cable canying the cm-rent 

to the sternli~~swryst~yandlrasinstalledso 

astoprotide plenty of slack to compensate for expansion 

and contraction of the frame of the ship. 

SparkinGas A theory introduced by Wittless Hetim 8as that 
Fullnees ar 
Resame the cause of the Fire was due t-2 the ignitiga of such 
Li3ldic.ato.r 

mixture in one of the gas fulueas or pressure slectti 

meter actudngunita fixedtothe ax3alcorrldor in the 

vicinity of aells No. I!+ and 5. He beliemd that a small 

pocket of gas accumulated in the folds or ridges of the 

cells surrmmding ths corridar and fixmd ita ray into the 
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inner recesses of the meter and was there lgnlted by 

an electric mk3 that the fire thus created trawled 

up along the radlalnlms to the qme between the cells 

and the outer cowrlgnitingthe free hydrogencoUe&ed 

slongthe longitmiimls at the top of the ship on the 

irmer surface of the outer cowr; that the relatively slorr 

b-g of such free h@ogen wuld account for the pecullsx 

mmUest.ations of llAmdnatlon described by certain 

mltnesses; that the firs in the second eequencethmidestroyed 

gnr) cell No. 4, as seen by Witness Ian. 

With regard to the presence of gas in one of the 

meters It was estimated that in one hour the seepage in the 

-1 corridor wmld haw amwnted to one-fortieth of one 

per sent of the volmm? of the corridor; that ewn in the 

motionless canditun of the ship, the corridor would haw 

been well wntllated due to the chInmy effect areated by 

awed of slxlmots blowing over the gas shafts) that the 

wntilaticminthe corrldorwwld haw prewnted pockets 

of hydrogen from form& bscauqe the air c-m-rent through 

the corrldormas notlsndnatedbntwas made up of-la 

end eddies. Huwver,ifit cauldbe shmmthatarsnt 

occurred 5x1 a eel1 below the axial corrld~~-, then It la 

possible that some free hydrogsnndghthaw fouuditsway 

lato one of the meters. 



Inregardtathelignitlan of such- 

wlthin a gaas pressure, or fullness, meter the PP3&ulag 

la quoted f'rom a report of the Emreau of Stand&+&, 

relating to Exhibit 74, one of the meters taken from the 

ship: 

aIt is evidently intended for mea- and 
giving a remote lnclicatmu of mall gasppssmws 
by electrical means. The gas pressure aats 013 a 
diaphragm in opposition to a heIlaaI spring. A 
plunger attached to the diaphragm carries a coil 
of lnre nhlch has a resistance of 100 ohms. Tao 
rollers, connected in parallel, make contaot with 
the sides of the coil. Two flexible cmmestlcms 
nm to the ends of the coil. The chant in the 
reI.atlve resistances of the two parts of the 
circuitbetaeenthe contactroYers and the ends 
can cause suitable electricel indicating tiak-n- 
ments in the control cabin to indiaate tha posl- 
ticn of the colland dlaphragmandhence $hq 
preamrce. 

"All electrical parts are enclosed ti a 
qdhdrical metal box. The ady opening8 into 
this box m-e (1) the hole, 10 nm in w 
at the top through which the operating m 
passea aith a clearance of not over 0.05 am and 
(2) the opening at the bottom uhlch is WUpIete4 
filled by the J-conductor cable (covereddth 
metallic braid) which connects to the mat sf the 
h-cult. The oenlcalhourling surroundlngthe 
netal box Is well ventilated. 

T!he device seems to be eznellentlydeslgned 
and constructed from the standpoint of safety, 
and there appesrs no aaybywhlch it couldwlth any 
reasonable probabfity have caused a firs, 

Qn owrheating of the device by ehort-oirmrit 
seems impossible. A short-circuit externaltOthe 
device lmuld impose on it only the full v~ltags 
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(24 volts) of the c9rcuat and produce * rate of 
heat diesipatxm of leas than 6 matte. A short- 
circuit inside the device mmld not draw more 
thanthelmilliampere fixed bythe external 
inatrmaents. A simultaneous short-cmmit both 
inside and out would blow a fwe, if me was 
preaent, before a dangerous temperature ~488 
reached. Good practice requires such fusea on 
all such cmcuts, and one was probably used. 

The normal operation of the device should 
produce no spa&+. Deterioration of the contact 
rollers or of the coiL, or a breaking of a wire 
mside the metal box might produce a spark aide. 
It seem impoeslblc that hydrogen should be 
present inside as It could get there only by &ffu- 
sion down the rmrrm clearance between the apex-at&g 
red and its guide tube, 50 mm long. A spark could 
be produced outside the box only by the breaking 
of the Z-conductor cable. 

V'hie cable 18 strengthened by the nretallio 
brati and runa in a protected location along the 
structural umber. It owld not be determined 
whether or not the cable wan definitely anchored 
to the member, nor whether the metallic braid ma 
originally clamped to the metal box, because of damage 
Fn the fFre.m 

In the light of all the available evidence on thla 

point ne believe that the possibility of QnitLmg mh 

mixture by the mean8 just described nas wry 8llght. 

Resonance Ef- An attempt UES made to dieeorer if the ignition 
feet -a& 
Frequency In- of such mixture could have been laid to spark emission due 
ductance 

to resonance effect upon metal Darts of the s~p~s interior 

oaused by received radio ~~VBB of high frequency. 

There waa on the field at Lakehurst, a localieer 

beam ratio transmitter of low power, maintained by an air- 



line company, the on-course portion of which was so 

situated as to pass through the space occupxd by the ship 

at the tune It took fire. This trandtter was at that 

time about 1800 feet from the shp. Its power output mae 

15 wattsl Its frequency 278 ldlocyclee. !J!he maxLumz field 

strength authorized for thu type of et&ion ia 1500 aucr+ 

volts per meter at one mile, tich represents fifteen ten- 

thousandths of one volt, per me&r measured at one mile on 

the on-oourae portian of the range which, incidentally, is 

the area of weakest radiated power. The strength of this 

fxld is so low that it has been compared to the power of 

a f4. So far as could be determined, this localizer was 

the only transrmtter that was operating at Lakehurst at the 

tim In question. It is not believed that other Mgh- 

frequency stationa, at some dltie from the field, could 

have had lnductlve effect upon the avsbip. 

Witness Dleclawm-+ of the German Commission, 

stated that he and his colleagues had been pa~ldcularlg 

interested UI the possibility of ignitun through high- 

frequency radio induction, eapeclally after hearing the 

test- of Wetness fieund who was engaged in payLng out 

a length of the stern cable at ring 47 when the accident 

took placei that thu part of the cable tight have received 

impulses and thus electrical energy would have been con- 

veyed into the inside of the ship. Honwer, it appears that 
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Electrostatxs 

If such result was to occur due to lnductlve effect, a 

transrmtter relatively close to the abap and of conaider- 

able power would have had to be operating at the time of 

the event. These conditions were not present. 

Resonance effect due to hgh-frequency generation 

mt?mn the ship was impoaslble because all the ship's 

trsnsrmtters had been shut down before the appearance of 

fire. Furthermore, once inside the shop XI the form of 

oscillations III the structure no damage could have been 

done, because the structure Itself was so large and so 

complex that there was no posslblllty of a small amovat 

of energy aettlng the whole ship in oaclllatlon and that 

osczllation III separate parts, Bach perhaps conmed 

hagh resistance, would be short-clrculted by other parts 

of the ship. In vim of the facts and the expert testimony 

Bven on thx posslblllty, It may be sad that in such m- 

ductance there was only the remotest chance that it vms 

responsible for the elusive spark- 

Under thus desxgnatlon of electrical posslblLtles 

there 1s now to be consldered a group &stlItgux?hable from 

current e1ectrxlt.y and lmown as electrostatics. In tha 

group, there is first mentioned a posslblLty due to the 

nature of the materials employed. 
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In the older type of cell fabrx, containing a 

rvbberleed element, It was apparently possible to create 

a statx spark by tearing the fabric. The cell fabric 

used in the EXNDFXBGkG a3 far a3 we could learn, did not 

include material possessing this characteristx. Since 

virtually all of the cells were consumed by the fire, no 

test could be made of the cell fabric. 

The twu bungees 111 the stem of the ship connect- 

ed to the horizontal members of the tall, contqned some 

rubber, but as far as we know the bungees had not been 

damaged until after the fze had broken out. 

Before proceeding further with the subJect of 

electrostatics, It 13 to be remarked that an alrship as a 

body 1s regarded as car-g an electric charge, the nature 

and extent of whxh depend upon the c~cumstances. In 

motlon It may accumulate a charge either through friction 

mth the air or perhaps by means of charged mater drops 

such as may be found 1~1 clouds or rmst. It may ac0uaaiW.e 

a charge of either posltlve or negative sign. Thunder 

clouds may carry a positive or a negative sign. According 

to the evidence in this mstsnce, the ship is assumed to 

have carried a poaltlve charge on Its outer surface, whmlch 

1s a aermconductor. This phenomenon 1s due to the fact that 

an ax3bap 111 flight is wxthm the atmosphere which 13 
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electrlfled. A few of the more lnterestlng features of 

tbs phenomenon are; that the earth ordmanly 1s charged 

negatively; that in the atmosphere there 1s an electrical 

field measured in volts per meter (potential gradlent) whxch 

in fine weather amounts to 100 volts per mater, becoming 

higher as the weather grows more bsturbed; that the Uency 

1s for an equalxzatlon current to pass from the atmosphere 

to the ground; that the electrIca conductlvlty of the 

atmosphere =a greater when the atmosphere =a hurmd. 

Other facts and assumptions are that the total 

outer surface of the slop has a urnform potential, that 

the electrostatx effects on the outaIde of the shp are 

separate and apart from those on the mslde; that a number 

of conbtlons tend to equahze the potential of the sh~.p 

mth the surroundmg atmosphere; among these 1s the dissipa- 

tlon created by the exhaust gases and by the movement of 

propellers, the edges of the latter being metallically 

connected tith the shops structure; that the landing ropes 

would serve as conductors of the ship's charge and equalize 

the potential of the ship'mth that of the ground. When the 

ship 1s held by the landing ropes the electrostatic picture 

1s such that the surface of the ship after a brief interval, 

so to speak, becomes a piece of the ground elevated into 



the atmosphere. 

The potential dtiferences measured vertically 

to the earth sre called the potential gradlent. TIna 

gradient is higher over those &reas o_i the ship where the 

edges or points proJect u-&o the atmocphe;e, especiaT2y 

over the bow and stern of the sknp. It may be increased in 

the presence of charged clouds. 

The prvlcipsl protection against an electrostatx 

bscharge whxh raght serve to ignnlte an Inflammable nuxture 

in or about the ship 1.5 the bond- of the ship. Briefly, 

such bonding is the connecting up of the many parts of the 

shp so that electrically It becomes one complete metallx 

whole. A possible teat of the state of this bonding could 

have been made by detectug through the radio recelvers 

the characteristic noise asaoclated wxth interference 

created by imperfect bonting. In the present instance, as 

had been noted, the recelvlng system of the ahlp did not 

gave indication that any ln~ury had occurred to the ship's 

bonding prior to the accident. 

We have also considered the posslbillty that due 

t-3 a hacharge between parts of the ship hang dtiferent 

potentials, a spark rmght have heen created. Nhether such 

a discharge occurred we cannot say. According to the 

teatummy, the ship was bonded ~TI keeping mth the beat 

lmown practxe. 

27 



-55- 

There was one fixture of the ,,hlp III ths 

respect, that received more than ~~assxg notvce - the 

unbended electric KU-es at the stem electrx lamp of the 

8lN~p. 

Witness Dieckmann medicated that there rmght 

have been a s'catlc charge produced by this taillight 

wring at the light bulb e~nce the w~mng within it was the 

only part of the ship which did not have the sane potential 

as the remaining surface of the ahip, a very ems11 differ- 

ence, however. Wether such a small electrostatx capacity 

as the lamp terrmnalwould ha= been able LO produce a 

spark 1s highly questionable. Another reason to regard lt 

as -robable 1s that no one reported having seen the 

origm of the fire at the extreme rear end of the ship. 

I;lghtndng A readzing of the record reveals that some space 

is given to another nsnlfestatlon of electrostatx dls- 

charge3 namely, to the posslbll1t.y that ball llghtnlng 

rmght hare accounted for the lgnltlon of the mixture. 

Ball lightning 1s supposed to be one of the 

peculiar species of lightning discharges that have been 

obsewed from time to time. One of Its features is that 

like a drop of 011 on eater It spreads end splits into 

segments, some of mhlch segments contmue for a distance 

along obJecte on wbxh they ahght. 

Although some authorities have disclalmed the 

enstence of ball llghtnmg, we have considered the Idea 
'ah,? 

Ball 



For what it nd&ht be worth. It does not vary msll 

esglaln the N.m bum&! that Bow of the vitmsses 

deaoribsd 88 hmlng taken plwe at the beglming of tba 

action. Moreover, the theory aa applied in the preeeut 

instauoe, nould appear to have little mibatmce since no 

one teattiled to ham obssrwd auy form of lightning. 

For the mm rsaacm any Mhur cl&a made on the 

ground of lightming 88 a oaum would LllRO mem to faL1 

beoauae nom of the wltneaeee who testified etated that 

they obaervad auy lightning flashee in the vioinity of the 

ship or heard an aocompaqing clap of thuuder at the time 

of the acoideut. 

Brush Me- In order to develop the next poseibility to be 
charge, or 
St. Elm's oonaidered, via.,ignltion due to brush disoharge, or St. 
Firer 

Elmo~s fire, a few additional remarks emnecessary upon 

the subject Of electrostatics and the oouditlous that 

actually prevailed at the tlaw and place of the acoldent. 

It ni?.l be reoalled that the bow port trail ropes 

first made contaot tith the extremely wet grouod, 4 mlnutee 

before the fire. Vhen they left the ehip they appeared to 

be quite dry as dust me obeerved to fly from them a8 they 

descended. These ropes were made of hemp. The atmosphere 

at the time and place of landiug was humid and the chip 

had absorbed moisture. It msl, therefore, reasonable to 

suppose that 1~1 the mteml the ropea continued to absorb 

L=?7=?F 
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moi$ture and their conductrve qualities increased. 

Therefore, their contact xith the ground under the circm- 

.stances would dischmgo the statx acclmmlated on the ship. 

Laboratory tests -em made by the National Bureau of 

Stsndarde of the electrical ccmductivlty, at various 

hmi&ties, of a mctlon of the bow port trail rope, to 

determine whether the static dmcharge acc-miLated by the 

air&up was (1~ me not ducharged lrhen such rope made oon- 

tact mith the ground. Under the varyrng cor&twns employed 

in the teats, It was fotmd that the airshlp wxild be 90% 

discharged in a period of from 0.6 seconda to 170 seconds 

after such rope cam in contact with the ground. 

with respect to the potential gradient exldsting 

UC the atmosphere mwbmh the ship was etanding, fitness 

F. IT. Reichelderfer, naval serologist, indicated that cmdi- 

tions mere favorable to a steep pdtential gmdient due to 

the etistence of a thunderstorm oondition. Wiitness Eckener 

a3.aabelievedthatahighpotential gradlenteldated at 

the tune and place of the acaident. He apparently based 

h3.s opinfonupbnthe fti-3 -that a thunderBtoI?IIfmIt 

had Qustpassed owrthe etaticmj that the heavgrainhad 

become a light drlaele, thus reducing the potential gradient 

materially and that from hia information the appearanoe of 

the sky showed a tight stratus ceiling. He proceeded to 
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say that if one olosely exau&ned the current re.gistratioM 

of rinds, tmuperatures, snd pressures, then one might 

~%cogni.ee that the fIrat thunder front most ham had a 

smaller, Lighter one, follomng it, that the nind turned 

back to the southeast. Winds of the higher altitude 

remained westerly. The barometer cm-m showed a slight 

falUng off of pressure and relatively the temperature 

etarted to rise again. That 18, after t* temperature had 

been brought dam appreciably, by the breaking In of the 

cold air, the tewrature remained constant for one-half 

hour before the l.amUng maneuver to one-half hour after 

the landing maueumr. Thenthetemperature aga) started 

to decline rapidly and the wind slowly turned back to the 

northwe&. 

Thie, acwrding to the witness, the sensitive 

instrumenta sixnr, and that if this was not noticed at the 

field it mas quite natural because attention was focused 

on the landing maneuver and on the handling of the ship. 

(For registrations made by the sensitive mstnmnts, 

referred to by witness Bckener, see &endlx 4 contamlng 

graph6 made at the Naval Air Station, Inkehurst, N.J., 

l&y 6, 1937, iucluding anemograph, thermograph and micro- 

barograph traces - correct mthin five minutes). 

/alag 
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That thie lgnaltmn mas not effected by such a 

stahc ( nual~zat~nn mark immediately after the landmg 

lui~c hxl hem dropped was because they thsn were dry, 

hence pxr car,?-a-.torn. They slowly became damp m the 

11&t drizzlr tl-st ms fallmg; and in such condltlon their 

c?ndwt-Lnty became greater. Therefore, he believed that 

the potential between the ship and the ground was slowly 

equalmed and afterwards the potentul gradlent between the 

ship md the overlying ax- space was suffuxent to generate 

these static sparks. 

Witness WhItehead 111 comentmg upon these mews 

re-pectmg the poteptlal gradlent said that if a secondary 

storm was present m suffxient intensity to cause a spark 

of >ghtnmg of any character that It would have been 

vuxble or audible. At any rate It would be reasonable to 

suppose that probably because of the preceding thunderstorm 
/ia 7ay 



the potential gradient at the time and place of the 

accident was somewbat greater than normal. 

Witness F.A.L. Dartsch, aerolo@t at t.ba 

Naval hr Statxon appeared to have a eomsshat different 

0piNon. He stated that previous to the landing thsre 

had been heavy showers whxh could haw produced a strong 

potential gradient but whether that still eldated at tbs 

time of the accident when only a light rain was falling 

with just the clouds above, he could not defin4tely say. 

He did not believe that the potential gradient then exlat- 

ing was dangerous to the ship but he had no lrsy of verifying 

MS vie*. In answer to the question, RAfter the thnnder- 

storm had disappeared, and the wind and ram had decraasad, 

wsre there q fflgns or mddxation of a new smalldepressxw 

or squall?" Witness Dartsoh said that the only indications 

theyhadhadmasthe temporary shiftfromsouthsast ta 

southwest mth the slight - about one hundredth inoh - rise 

in pressure. However, no dlstinctlre clouds of preoipita- 

tion occurred 'Rlth tJms change. 

Drush dlscharga ordxnarlly is seen only after 

dark. Itismsnxfested particularlyfrom sharppolnts or 

projections of any material object that is charged to a 

sufficiently hgh electrostatic potential so that the charge 

dissipates. The effect is produced by particles of the 

material substance or by ionization of the gases of the 
/a?27 



atmosphere from Impacts or stress. The lgnitlon of a 

combustible mixture of gases III such a &scharge 1s due to 

transformation of kinetic energy snto heat from impacts of 

ions or psrtxles. The brush discharge appears either red- 

tish or blush depending upon the electrical sign of the 

ChargS. 

During the course of the public hearInga, the 

questIon of whether a brush discharge would produce suffl- 

cient heat to Ignite an dnflammable hydrogen air mixture, 

was dwelt upon to a considerable extent. Since that tune, 

further experiments have been made in the %&h-Voltage 

Laboratory of the National Bureau of Standards and lt has 

been found possible to &&nnte hydrogen by a brush discharge 

by using somesbat more intense dxscharges than those pre- 

vlously tried mth a somewhat slower velocity of the gas 

passing the needle point. 

In ths conslderatlon of the possibility of brush 

dischargs It ie to bs noted that no witnees testified that 

8 visible indication of It was present. This, however, may 

be accounted for by the f&t that darlmess had not yet 

fallen at the time of the acmdent. 

Witness mtehead was of the opinion that the 

continuous presence of brush discharge, sufficient to cause 

the ignition, would requxe a greater current lntenslty than 

could have been possible through a dry rope. 
/ala? 
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Another argument agadnst the brush disoharge 

theory advanced by Witness fitehead was that there was 

much evidence that the first sign of fire was through 

the translucent ek3.11 at the point well mayfmmthe tip 

of the fin. 

Witneee Meckmann In elaborating on this phenom- 

emu stated that a one-hmdredth OP one-thousandth part of 

a mtt, perhaps less, was all that muld be necessary to 

Ignite a mixture of air and hydrogeni that it was dofficult 

for him to believe that brush dmcharge ma8 responsible fop 

the igoitmnJ that none of the mtnesses testified to its 

presence. He remarked upon the testmony as to the presence 

of glomdng reflections of fire which had moved f?om the 

stern forward but stated that such references to reflections 

were peculiarly indefinite and uncertain. 

Of related mterest to brush dmcharge mas the 

opinion of Witness Earle that in an atmosphere of high 

lrmldity, static electricity could be attracted to the top 

points of the ship when the ship's mooring ropes came into 

contact with the ground sufficient to cause a spark to 

jump across the mixture of hydrogen and a~, saydng that 

suoh would be possible If the ship sas m relatively slow 

motion, shhlle gas was being valved, placing a layer of gas 

between the stnp and the damp atmosphere. The concentrated 

atmosphere between the cloud and the ship would reduce 
/zrap 



resistance to sparlung and if the potential of the ahip 

was the same as that of the ground there would be a posse- 

bility of sparkmg across; that XC 1s easier to spark 

throughhydrogenthanthroughair. 

The meteorological records and related data of 

the lnvestigatlon mere made available to Dr. V. J. 

Hvmphreys of the United States Weather Bureau. He has 

concluded after malang a study of such materml that, 

"a brush dxxharge, or sewral of them, very mall mght 

have occurred on the slup titer, not before, the landing 

ropes mm mto cmtactmth the ground; that this brush 

discharge would have continued for some tinm) that it muld 

have been in-visible (being y1 daytight); that such a dis- 

charge likely would ham ignited any adequately rich atream 

of le&xng hydrogen that reached it; and that from the 

point of ignition the flame would have shot back to the 

leak, there quwklymuld have burnt a larger opening and 

set going a conflagration of great violence and rapldltp. 

The cause of the accldsnt was the ignition of a mixture Of free 

hydragen and an. Based upon the evldence, a leak at or XI the ticmity of 

cell 4 snd 5 caused a combustible mixture of hydrogen and air to form in 

the upper stern @ of the ship m considerable qwntlty; the first apar- 

mom of an open flame was on the top of the ship and a wlatively short 
/a729 



distance forward of the upper vertical fFn. The theory that a brwh 

dmchargeigc~ted such&ure appears most probable. 

Respectfully sulnutted, 

South lklmble, Jr., Solicitw 

FL. 8. Schroeder, Asst. Direotm, 
Bureau of Air Cmnmerce. 

Denia McUigan, Chief, Regclatiofl and 
EnforcementDivleicn,Bureau 
of Air Commerce 

Approved 

Daniel C. Roper, 
Secretq of Ccmmerce. 

/a?ay 



APPENDIX1 

Offxers and Crew on board the Airship IDNI ETBURG 
on its departure fromFr ezkh%am-Mah, Germany, on May 3, 
1937, were as follows: 

*aptax Ernst Lehmsm 
Captaln Msx Pmss, Commanding 

Watch Offxers 

Albert Ssnzat 
Heinrxh Bauer 
Walter Ziegler 

Max Zabel 
Franz Herzog 
Chrlstuan Nxlsen 
Kurt, Bauer 

Rabo Offxers 

swllly Speck, Chzef Radio Operator 
Herbert Dowe 

irFrsnz Elcheln!am 
Egon Schwelkard 

En.qneerix Officers 

Rudolf Sauter, Chief hgineer 
Eugene Schaeuble 

*Wilhelm DuauJei- 

icLudmg Felber 
Grnst Huchel 
Edward Boetlus 

aAlfred Bernhard 
Helmut Lau 
Kurt Schoenherr 



E1ectrlcls.m 

phillp Lens, Chief Electricum 
Joseph Lelbrecht 

*Ernst Schlam 

&WOXllCS 

*Wdlter Bahnholzer 
Eugen Bentele 

*Rudy 3zallas 
August Deutsc!iLe 
-Jomy Doerfleln 
Adolf Fmcher 

*Albert Holderrled 
Rxhard Xoll;ner 

*Robert Uoser 
-uAlols Relsacher 

Theodor Rltter 
Raphael Schaedler 

*VKlly Scheef 
i*Joseph Schre~bmeUer 
YBGhelm Steeb 

*Alfred Stoeckle 
German Zettel 

tiggers 

*Ludmg Knorr, Chief Rigger 
Hans Freund 

++Ench Spehl 

Stewards 

Helnrxch Kubls 
Wdhelm Balla 
Fritz Deeg 
Fax Henneberg 
Sewrm Klan 
Eugen Nwmenmacher 

Max Schulze 

*Frau Imhoff, Stewardess 
Dr. Ruediger, ShIpIs doctor 

w 

Xaver Maier, Chief Cook 
&lchard Mueller 
Alfred Stoeffler 
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Cooka (C&d.) 

Alfred Groesinger 
+Fm.ts Flakus 
Terner Franz, Mess Boy 

Obsemr 

Captain Anton Wittermm 

*Indicates those who dmd in accident. 



APPENDIX II 

Passengers on board the Airship KIXDENBUXG on 
Its departure fromFrarMurt-s&Main, Gemany, ontiy3, 
1937, were as follows: 

* 

* 

* 
* 

* 
* 
* 

* 
* 

* 

* 
* 
* 

* 

Adelt, Gertrude 
Ad&t, Leonhard 
Anders, Ernst Rudolf 
Belm, Peter 
Brmk, Buger 
Clemens, Carl Otto 
Doehner, Hermann 
Doehner, Irene 
Doehner, Katllda 
Doehner, Walter 
Doehner, Werner 
Dolan, Curtls 
Douglas, Edward 
Erdrrmrm, Fntz 
Ernst, Elsa 
Ernst, Otto C. 
Felbusch, Montz 
Grant, George 
Heidenstamm, Rudolf van 
Herschfeld, George 
Hrmkelbem, Claw 
Kleeman, Marie 
Knoecher, Erich 
Leuchtenberg, 1Am. 
Mangone, ptulip 
Mather, Margaret 
MOITIS, Nelson 
O~Iaughl3.11, Herbert 
Osbun, Ckfford 
Pannes, Ema 
Pannes, John 
Rexhold, Otto 
Spaeh, Joseph 
Stoeckle, Emil 
vxlho1t, Hans 
wltt, Hans 

Indicates those who died in accident. 
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