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SYLLABUS

1. The development of equipment for the field goneration of
hydrogen and other lifting gases was transferred from the Army air
Forces when the Chiefl of Enginecrs becamc rosponsible for tie do-
velopment of barrage balloon cquipment in April 1942,

2. In addition to corrccting certain deticicncics of tho u-
isting ferrosilicon plants, thc Wnginecr Board investigated ofhur
mcthods of hydrogen gencration. Close liaison was maintainvd with
the Navy Department which, in cooperation with duPont Company, Jo-
veloped a low pressurc, mcthanol-water typc, hydrogen goncruator.
This type was scleccted in order to minimizc mechanical difficulties
and to provide anothcr sourcc of raw matcrials, s the forrosilicon
supply appcarcd to be inadequatc.

3 In accordancc with a rcquest of tho using arm, & low .
pressurc, mecthanol-watir typs, hydrogen gencrator was obtaincd by
the 0fficec, Chict of Tngincere, from the Navy Department. After cn-
gincoring tests werc complceted, the generstor wus turncd over to the
Barrage Balloon Board for scrvice tust. As the subd ct puncretor
provcd morc satisfectory than the ferrosilicon plante, the using
arm 1nitiatsed procedurc to classify the methunol-wut.r tymo as
standard anrd to reclassify the ferrosiliccen type s limitcd standard.

4, It is concluded that:

Qe The mebile, low prossurc gencrator, with cemprossor,
satisTactor.  mc:ts the appreved military chrricteristicsfor
t. mobile high pressurc unit, e¢xcept the charsctoristics for
gns with a minimum hydrog.n contint of 99 pcrcoent.

be. The trailer mount for the cquipment must bo modifi.d
in order to conform to Army stondards and good engincering
practiccs Yost changcs could readily be wmoede; howover, incroin-
ing front and rcar tirc sizas would ncecssitate redesipn off the
cquipment in order to hold thec ovirall height to the oxisting
12 fcet,or to rcducc it to 11 foct ~g requirad by AR 850-16,

ce Cluanging the front tirce size from 7.50x15 to 7.50x16,
and rctaining the proscnt rear tirc sizc of 7.50%20, would n- ko
the tires stondard and the cquipment weuld be suitable for usc
by barrage belloon orgonizations cven thoupsh the tires were
overloaded.

B It is rccommended thoat:

as  The characteristic fer s with o minimum hydrogen
content of 99 percent be changed by lowering the requircment

s



for hydrog:.n purity to 98 percent where t' o »rincipal hoavier
ges 1s carbon dioxide.

b. For immcdinte moeurcmont by the army, thi front tire
size bo changed to 7.50x16, and the overzll heirht of 12 fost
be nccepted.

c. For futurc procurcment by the irmy, tnd in so frr os
practicablc with preoscnt wor procuromcnt schodules, th froil-
ing equipment be modificd to conform to jirmy standsrds and ccod
cngincering vractice.
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VETHANQL=ATER TYPR, 10Y PRESSURS, HYDROGEN GTRNURATOR

I, SCOPE OF RRPORT

l. This rcport covers the development and testins of a low
pressure, hyvdrogen gencrator of the mothanol-wat.r typec for use by
barrage balloon field organizations lecated beyond o ccmmmrciﬁl
source of hydrogen supply. The low pressurc generater oporates at
a pressurc of 0-10 pounds per square inch; & comprossor b. ing uscd
to compress the hydrogen ges to 2,100 pounds por sqguar. inch tor .
storage in cylindcrs.

IT. . AUTHORITY

2. Tho outhority for this work is cont.ined in th: felleowing
official communications, ccpies of which are contualncd in Appendilces
A and B. .

ne Letter, Headquarters, Antiaireraft Coruicnd, te the
Commanding Gen.ral, Army Ground Forccs, subi-ct: Dovelopment
of Lew Prissurc Lytlro,r n Gnereter, detod 19 Pebruary 16435,

" file AAC 580,854 /K-1-GNSBL; 4nduIndorsemcnt, Hondguarters,
Scrvices of *Supply, to the Chici ¢i' Fngincers, datcd € March
1943, £ils SPRIT 414442 (2-1€-43); and 3rd Indersoment, 0ffics,
Ch]Lf of ®npinsers, te The Beging.y Poard, deted 27 darch 1943,
file SPESD.

by Lotuor, Th: Tapincer Lerrd, b the Chisf of BWngiueers,
subjcet: Reaqu. st for Develepment DPre §ocbs, duted 27 April 1943,
file 456243 (BE—le—m)J 2nd Inderusonment, Heodquarters Army Scr-
vice Forces te the Chici of Dngincers drted 30 April 1943, file
SPRMD 452.3 (4-27-43); and 3rd Inicrscmont, Office, Chief of
Enginscrs, to the Tngincer Bonrd, doted 1 Moy 1943, file SPESD.

Y

ITI, FRAVIOUS INVRSTIG TION

3 Therghief cfea uny%n|vro b.ceme x«s;cnﬁitlc fer the dew lone-
ment of burrapge be 1loon cquipm nt in April 1942. The oxisting i.-1,
mobile, hydrogen gon .ratcres for b;:rngu.b\llnon unit:, cpirating
whore a commercial scurce of hydrig.n supply wes not cvailebls, wes
the high pressurc ferresilicon tyne, which was boaswd en o Trench
process, improved «nd developed by the Air Corps. | Sixty of thoao
genopator plants were comstructed, or in preccgs .af constructicns

4, Reports from army trcep organizutions;.pcssbssim{.the

ferrosilicen gencrstors, which operated «t 2,200 pes.i., indicuted

" thatimany operating difficultics could be trecad te ¢ xbinsiys pre-
curcment of the cquipment’ beforc complotion of develepment and




rervice testing. Forcover, prospcctive incrcascd usi for hydrogen
for barrsge balloons wes said to be great cnough o require o con-
siderablc cxpansion in the fucilitics for producing ferrosilicon --
alrcady considorcd a stratigic material -- or thc substitution of
other materials in its ploce. Thus, in addition to initiating pro-
cedures for the corrcetion of certain deficiencies in the cxisting
generator, an investipt:ion was made of other methods for guncrating
hydrogens

5 The Navy Department, obtaining ¥-1 goncorators from tho
Army, was cxpericncing similar difficultics and was following s imi-
lar policics of dcvelopment. 1In coopiration with the duPent Com-
pany, the Navy Department deoveloped o low pressure, methanol-water
type, hydrogen generator, with 2 capacity of 4,000 cubic fcet por
hour. Although close liaison wuas mointaincd, the Corps of "mgincors,
adhering to military characteristics of the using scrvice eulling
for high pressurc cauipment, continucd with modifications and im-
provements to the 6u M~1 type gencerators then on order.

Iv. PRESENT INVTSTIGATION

6 In accordince with & roquest of the usins ~ppya, Appendix
A, work was storted under tho present investipation, A mebilc, low
pressurc, mcthanol-watcer type, hydrogen genrreotor was obtainrd by
the 0rfice, Chief of "nginecrs, from the Mavy Department and shipped
to Barrage Brlloon Trainiry Center, Camp Tyson, Tonnessce, for cn-
ginecring «nd servicec tests.

Ty The low pressurc unorcotor is o trailer mounted unit 8
feet wide, 20 feot long, =nd 12 £t high; the woight is 29,000 pounds.
The associated cquipment, obtained {ror the Wavy nlso! includcd «
Chicago Pncumatic, 4-stagc, class PO=44, hydroron comprossor for comw
pressing th: gas to 2,100 pounds per square inch, as requir.d for
storage in cylinderse A deteiled doceription of the genorater snd
compressor, with phofographs and outlin: of the prociss =nd low
sheets, is given in Appcndix C,

8 Opcrating crews of the using pro wpro t;ainqd,”with
the cogperation of the Navy, during the engincering tests. Aftor
enginoering tests, and the elimination c¢f difficultics attributcd
to dirt and fouling due to shipment uncratcd on an open flatcenr,
tho plant was submittcd to the Barrage Bal}oon Board at Cump Tyson
for scrvice testy Some further difficulties uncountered during the
scrvice test, aguin attributed to prior use crd poor shipment, were
corrqafed and extended operation procuveded satisfeoctorily,

9 As o result of service tests, the Barrage Bnlloon Board,

in its Roport No, 137, datcd 7 July 19431'rccommcndwd classification
of the low prcssure, methanol-water type1 hydrogen gencrator as:

Do



Required typo
fdopted type
Stondard Article.

The M-1 generator was recormended for reclassificotion wo:

Roquired type
Adcptcd type
Limitcd Stendard Articlec.

Department, was submitted to the service board and found saticfrc-
terys Appendix F gives the list with corments end £3-dincs ot Lhe
secrvico board.

10s A list of tools and sparc parts, as compiled by tho by

11. A medium pressurc, mcthonol-wntzr typc, hydreo.n casr: -
tor, oporating at 300 pounds per sguare inch, ts comprred to 5
pounds pcr square inch in the low pressure unit, ~lso wos duv leop-
¢d by the Navy Departawnt. This plant, cbtainced by the 0fliee,
Chicf of Wngincers, was tested by the scrvice beard -nd found to
be unsatisfactory for usc by barrcze ballcon orormizations,

V. DISCUSS:.QN
12+ Tho low ovossura, « thowml=etor tvpe, hydreron grneraters
worc decvelopod by the Navy Doepurtrent i- cooporatbion with the duPont
Company. The gonzrrters oars mebil , br 11 r wmountod units, dusigne
ed to producc 4,000 cubic & ..t por heur of sydregon centoining loss
then 2 porecunt of herviir .ges nt o proossure of 0-10 pounds por
squirc inch. In operotici, 2 hydrepon-corbon dioxide rixturs 1s
formad by cracking moticz ¢l on o het eatalyst in the prosincs of
stean, wnd thon scerubbing th. gus mixturc ith soncothanolurine
solution tec razcve the carbom diexide. Previsien hins been modc for
the rogencration oad roeyeling of the scrubbing soluticne All parts
noermelly required are mountod on o sivirlc triiler, The only nore
mally unavailsbl: supplies rcquircd rre speci-lly rofined othinesl
and monccthanclaninca

13, Tests of the goncritors wore conducted by towing the e
erater ond compresscr te soc ecnvenicnt locttion, piping sult-tle
conncctions, wnd theon starting the produeticn of gnne Crows of

'

four men were trained and matorial roccords viire maintainced. A suce

has beon cxtracted from Barrngoe Balleen Report Neo 137, ~nd i
in Appondix D, It hes been ncted thot the crifinal cont of the
nethonel type is somewhat hirqher than the ferrcesilicin typ:, lmt

that the fcllowing rdveintascs cutweigh this first ccat:
a. Greatly increascd relichility,

ba Mininiz-d maintinonee 'nd treckdovmse

-3~



¢. Fifty percent reduction in manpower requirements;
from an 8-moen to a 4-man crew,

d. Continuous mrocess, ias'sad of batch process.

& Seventy-five percent reduction in raw material und
fuel costs, which amounts to $7,200 per month per LA battslion
9r VLA battalion operating balloons in tondem,

f+« Reduction of wantcr requirements by more than 2,500
pereent; from 900 to 35 callons per hour of operation.

[ Twenty-threc percent reduction in shipping spuce of
row meterials, or a monthly saving of sbout 3,300 cubic fuut
per battalione

14, At thc time the low pressureg, hydrogen goncrator proj.ct
wos initiated, no military charactoristics had becn approved. How=-
ever, thce plan of develeoment, given in Appondix B, was writton wund
tecsts of equipment were started under the de. irable choracisristics
for a portable, low pressure generctor, which were included -with the
request for development by the using services  (Appendix A,) Three
othor scts of military charcetoristics, including thosc for - mobile,
high pressure unit, werc subsequently spproved, cnd sro shorm in Ap—~
pcndix Ee No charccteristics have been cpproved for = mobile, low
pressure unit, which is the subject cquipmonts Howev.r, s reported
in Barrage Balloon Board Report Nos 137, the mobile lcw pressurc
mcthanol-water type, hydrog:n guncrotor, with comnrcssor, is desired
by thc using arm. Thic pencrator satisfroctorily nmi.cts the approved
characteristics for n mobilc, hign nressure, hydrogen gunorator, vhen
the compressor in considerced, wxcopt the chirscteristic lor hydrogen
purity of 99 percent. In addition, the mobilz, low prossurc gonera-
tor, 25 an individual unit, ~n® without o compresscr, mects the nil-
itary charscteristics for o portable, le.” pressurc generator, cxcept

he charactceristics for breckdewmn into sub-usscmblics for tr.nspore—
tation and for hydrogen purity of 99 poreccnt, Ag the charcebrristics
fa portoble, low pressurc gencrntors rcquirc sub-cssonblics for tr-iis-
portation in a 2eH-ton truck, consideration was given to desitming
plants, similar to that in test, for skid mounting in light wiipght
sections. However, this prov-d impracticrl, dus to the nwab.r of

rigid gas conncctions and thc carcful high tempoeraturs control re-
quired for minimum fuel consumption =nd control of chemicul reactionse

154 The gencrate tested vems originally developed by the: Newvy
Department and built accordinz tn Navy choractericties. All cquip=
nent necessary for operntion was wounted en a single 4-wheel treiler.
Although the unit satisfactorily mects the wrprow.d militury charuc=-
tecristices, the trailing cquiprint is not in accordance with Army
stoandards and the tircs arc overloadeds A detciled description of
the 4-whcol trailer is given in Appendix Ce  In ordor to conform to
the charactiristics for Army trailing cquipnont, it weuld be nuces=
sary to makec changes in th. tire sizes, brakes, lights, and coupling

b=



connectors for cable junperss i performance specification, ~dupting
the Navy typc generator ond troiler to Army Standards, coxcept height,
is given in Appendix Ge Changas to the brokes, lights, and ccuplings
can recdily be mades However, rny incrcesc in tire sizes, wus requir=
od to me.t good cnginecring practice, would nccessiteote redesign

of the gencrating cquiprent in order to hold the ~verell height to
the existing 12 feet, or to rcduce it to 11 fcet as requirced by AR
850-15.

16, The total weight o the goncrator, includinge the troilor,
is 29,000 pounds, which is carricd on 7.50x15 dunl tir.s in front,
and by 7.50x20 dual tires on the reur azle. The riar tirc sizo,
7.50x20, 1s an Army standard; howsver, the front tire sizc, 7.50x105,
is non=-standard snd should be chrnged to 7.50x16 to conform to Arny
standordse This chunge cnn br made by inerecsing the overrll heipght
in front npproximotely 1/?-inch. The usc of 7.50x16 tires in front
would decrcasc the whael clearsnes under the seosencek enly o~ neg-
ligible omount ond redzsign and layout of the couipment -vould not
bc nocescary. However, with 7.50x16 and 7,50x20 tircs, beth the
frent and roar tirss are everloaded according te gocd (niincoring
practice for the desipn of trailing cquipnents Nevertheloess, f{or
irmedi- te pocurcnent requircments, the tire ov.orleding sheuld be
neglected nnd the nresent evorall heipht of 10 foot should be recapt-
¢d fer thy fellewine roasons:

Qe It is understoc: breh recorsondntions hoove boon fore-
warded by Heodausrtors Avny Sround Doreos to clwssify the cox-
isting Al=1l, wobkilo, Wich nrogeur , Sorresilicen tweo, hydrogen
generater s cbsel to,  o! ke dpoua th low prossure, nvthonel-
wotor typs, with e ~revoor, ~5 gior cs possibles

be  The tedul b r o oo tors required to mest ox-
isting retiviticon sehedulne fop birrgm. balleon b bo-licns is

cstirmcted te bto 30 unitse

ce The usc ¢f tho triilir ds limit.d te tho subiect
equiprmient, cnd it will net be used for poncred troiling ouaercons.

de  Tho empleym nt of thoe oquipmént is ro latively static,
and whon meved, will usuallymcve on roads nnd not acrcss-ccuntry,

o Changing the frent tive size from 7.50x15 to 7450
x16, "nd rctaining the proscnt rear tirs size f 7.50x20, would
nake the equiprint suitable for use by barrapg: b 1lomn Cren-
igaticns even theugh the tirzs wero cv:rlozdod.

fo Existing designs for the cquinment orn be utiliged,

Ea Quantity procurcriemt wuld b deloved by the xtin-
sive develepment roquircd te inerons. tire sizqs, roduce the
height, cnd alter thr laycut -n? troiler Jusiin.
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17. The gas preducod by the low pressurc plent centaing from
98 to 99.5 percent hydrogen, while the gas preoduced by the M-1
gencrater contains 99.4 pcrcent hydregon. The heovier gas from the
low pressure plant is prineipally carbon dioxide, which is nct cbhjce-
tionable, while the heavier gas from the M-1 genorater is principally
oxygen, which is highly objectionable,

Vi, CONCLUSIONS
18, It is concluded thet:

&e The low pressurc, mcthancl-watcr, hydregen generator,
complete with compresscr, portable manifcld, and connecticus,
is supericr to the Generntor, Mcbile, Hydrogen, M-1, fur use
by barrage ballecn crgunizations.

be The mobile, lcw pressurc generator, with comnrassor,
satisfacterily meets thc appreved military characteristics for
a mohile, high pressure unit, except the choracteristic for
gaes with ~ minimum hydro gen content of 99 percent,

Ce The mebile, lcw pressure goncrator, s an individual
unit, ond withecut o cimpresser, moots the ovrreved militery char-
acteristics fora nortsble, low pressure ~enorater, czewnt the
characteristics for brookdrwn inte demenntable sceti-ns for trans-
portaticn ond the preducticn o hydror oo o f QG-percont hurity,

de  Hydrcoon s of 98-mcre.nt ourity cr higher, ws pre-
duced by the toust plint, is sotisfvetiry.

) It is imnrecticahls t brackdism the 1lou nrossure,
methoan-l-water twe, hydreesn coner-tor int, o runbor of small-
er skid mountcd sub-issimblics.

i The troailer mount {or the cquioment must be o lificd
in zrder tc conform tc Army stundords.

Eo Incrensing the tire sizes to ¢ nform to cod onpincer-
ing practice weuld necessitate redesipn of the genoratin cquin-
ment in crder te hold the cverall hedipnt te the wcxisting 1z fect,
cer to reduce it to 11 fest as required by AR 850-15, 'l sh-ull
be neglectid fo immediate procurcment requiromnnts.,

he Chenming the front tire size from 7,50x16 tc 7.50x18,
ond rctaining the present rear tire size of 7.50%20, weuld wrke
the tires standard and the equipment weuld be suitutl. for usc
by barrage brllocn crgonizations - ven theourh the tircs worc
cverloaded.
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VII. RECOMMENQgTIONS
19 It is rccommindcd thot:

ae  Military charnctcoristics be chunged tz lower the
requirement for hydrogen purity fran 99 percent to 98 percent,
wherc the principal heevicr gos is carben dicride,
be For immediate procurcmont by the Army, the front
tirc sizc be chanped tc 7.50x16 ond the zversll boicht o1 12
cct be ncccpted,

ce For future vrrcuriment by the Army, ~vd in o r
as practicable with proscrt war prcocuramnt scheiules, the
trailing and gencrating squipment be witificd te e nforr te
Aarny standerds and good -vagincerin: wrocticc,

Submittcd by:

C I .
\"'-_‘;\,_.-f,_ e &N L/;ﬂ// (4.{6' ,(i/
- Juok Re Guiicll,
lst Lt., Crezs of Bnginvers,
Chictf, Burr. -« R-11. n Branch,

FPorwarded by

/ ~ C : ) (, g !P\ &)/Z,“‘/:u ‘)
.y v é&__(TﬁA.é__'_...‘, . Lebo 4
Walker e firlucn, =

Lt. Ccl., Coros of Encincers,
Dircet:or, Tecchnical Division IT.
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AFPENDIX "A" .

HEADQUARTERS ANTIAIRCRAFT COMMAND
Richmond, Virginia

AAC (80,854 /K-1 - GNSBL February 19, 1943.

[

Subject: Development of Low-Pressure Hydrogen Generator.

To: Commanding General, Afmy Ground Forces, Army Var College,
Washington, D. C. ’

l. The present standard hydrogen generator, M-1, mobile, has
certain mechanical weaknesses which appear to be inherent in high-
pressure generatorse. The most serious of these weaknesses are the
caustic pump and fitting. It is understood that the Chief of Engineers
has discontinued development of a low-pressure sodium hydride
generator which was being considered by him. It is also understood

“thnt the Navy is using a methanol proces: for generating hydrogen

which is very promising except that the equipment required for this
process is also very cumbersome.

Z2e In view of the probability that a more mobile source of
supply of hydrogen may be required with very low altitude barrage
belloons, it is believed that a generating unit consisting of a
low-pressure generator with s compressor and the necessary accosso-
ries should te decveloped.

S It is recommended that:

8. The Chief of Engineers develop at the earliest practicable
date T hydrogen generating unit which will meet the iuclosed desirsble
military characteristics,

b. Development of the generator referred to in paragraph 3a,
above, be given a high priority. -

[S

For the Commanding General:

/é/ C. V. R. Schuyler
/t/ C. V. R. SCHUYLER,
Colonel, G.S.C.,
Chief of Staff,

1 Incl, - Desireble Military Characteristics
for a Hydrogen Generating Unit for Bar. Bln.
Orgenizations.,

-~
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T T .o LA T od - I N A

APPENDIX "A" cont

SUBJFCT: Development of Low-Pressurc Hydrogen Generator.

412.5-GNRQT-9 /32330
(2-19-43) 1st Indorsement

HQ., ARMY GROUND FORCES, Army War College, Washington, D. C.,
Februa-y 28, 1943.

T0: The Commanding Genereal, Services of Supply, War Department,
¥nshington, D. C. (Att: Development Branch Requirements
Division).

1. The reecoruiendztions of the Antiaircraft Command
appearing in Paragraph 3 of the basic letter are approved.

2e It is recormended that the development of hydrogen
generators for Barrage Balloon Units be coordinated between the
Chief of Enginecrs and the Chicf Signal Officer sinee the lattcer
is developing hydrogen generators for the inflation of metcoro-
lorieal ballocns.

For the COMMAMDING CGENFRAL:

/s/ C. H. Day
/t/ C. H. DAY,
Colonecl, A.G.D.,

Asst, Ground Adj. Gen,
1 Incl,

(Dupl. w/d)

SPRID 412.42 (2-19-43) 2nd Indorsement

Headquarters, Services of Supply, Washingten, D. C., Mareh 8, 1943,

To: The Chief of Engineers.
Attn: Dcvelopment Branch, Supply Division.

1. It is desired that aetion be inltiated to develop, at
the earliest praeticable date, a hydrocen generating unit which

will meet the desirwble military characteristics as listed in
the inclosure.
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SPRMD 412,42 (2-19043) 2nd Indorsement cont,
2. This development is tc be given high priority.

For the Commanding General:

Wi, A. WOOD, JR.,
Brigadier General, General Staff Corps,
Director, Requirements Division.

1 Incl,
n/c
/s/ Re R. Robins
/t/ R. R. ROBINS
Colonel, General Staff Corps,
Chief, Development Branch.

SPESD Subject: Low-Pressure Methanol-Type
Hydrogen Generator.,

3rd Inde

office, C. of E., Room 1415 Tempo "G", 23rd and C Streets, N. W.,
March 27, 1943,

To: The Presideni, The Engineer Board, Fort Belvoir, Virginis.

l. A Wavy methanol-type, low-pressure, hydrogen generator is
being shipped to the Engineer Board for service test to determine
whether or not this generator is suitable for Army purposes.

2., Desirable military characteristics for a hydrogen gencrating
unit for barrapge balloon organizations are inclosed. The Engineer
Board is directed to investigate the adaptability of the Navy hydrogen
gonerator to these characteristics.

5. 1t is requested that a report be submitted as soon as
possible. This report should cover the modifications requirod to
make the Navy hyidrogen generator conform to the inclosed charactere
istics,

By order of the Chief of Engineers:

/s/ F. C. Kendall’
/t/ F. C. Kendall,
Major, Corps of mEnginéers,
Executivo Officer,
Engineering and Development Branch,
1 Incl: n/% G- Supply Division
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DESTRABLE MILITARY CHARACTERISTICS FOR A
HYDHOGEN GENERATING UNIT FOR
BARRAGE BALLOON ORGANIZATIONG

1, To consist of a low-pressure gencrator, a compressor and
all of thc accessories requirced for the zeneration of hydrogen and
its storage in standard gas cylinders at 2,000 pounds pressurc,
per square inch.

2, To be capable of generating and storing in gas cylinders
an average of at least 2,500 cubic feet of free hydrogen per hour
of operation.

S To beo capablo of being usefully operated for 20 hours
per day.

4. To produce hydrogen of higher than 99 percent purity.

S5« To have the maximum practicable pcrcentage yield or all
materials used for the generation of hydrogen.

6. To have the minimum practicable requircments of cooling
vater and gas drying materials.

T The Generatar:

Q. To be capable of being broken down rcadily into sub-
assemblies, cach of which may b transported in a stundard Z%Eton
truck,

b. Subassemblies tc Le mounted on skids or wheels in such a
manner as to facilitate their being loaded onto and unloaded from
a standard Zé-ton truck.

Ce. To be capable of being assembled from subassembliecs and
placed in operation in less than five hours, by the crew.

8. Thae Cempressor:

Q. To be capable of being broken down into subasscmblies cach
of which may bc transported in a standard 2%aton truck, or to be
mounted on whecls, as a trailer, capablec of being towed at 25 MPI,
on food roads.

b. To be capable of Leinr asscmbled and integrated with the
generating unit, ready for operation, in less +han five hours, by
the crew,

9, Each assembly and subassembly of the breakdown for
transportation to have minimum size and weipht, consistent with
other requircments.

10s To involve a minimun hazard to operating persomncl.

1l. To require the minimum practiceble number of operators.
Incle 1,
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WAR DEPARTMENT
THE ENGINEER BOARD
FORT BELVOIR, VIRGINIA

Refer to File No. . -
452.3 (BB 610 E) April 27, 1943

Subject: Request for Developrient Frojeets. -

To: Chief of Engineers, (. S. Army.

It is requested that approval he given for initiating
work on the following development projects in accordance with the
plans of-development forwarded herewith:

a. BB 600 A(4) - Ballonet Type Very Low Altitude
Balloon. The present li-1 very-low altitude balloon requires
approximately 12 pounds of rubber for its dilation system and
considerable maintenonce. A ballonet operated very low altitude
balloon will eliminate these diffiiculties and save a considerable
quantity of critical material.

b. BB 610 G - - Hand Operated Winch for Very Low Altitude
Balloons. ~The using servicc nhas rcquested a winch that wWill
combine the features of the British Mark VII hand winch and
the British Admiralty winch.

Cs BB 620 H - Low Pressurc Hydrogen Generator. The
present Generator, Hydrogen, Mobilc, M-I, requircs 900 gallons
of cooling watcr per hour, overhauling after each move, con=-
tinuous maintenance, weighs approximately 28,000 pounds,
occupies approximately 2,000 cubic feet of space, and requires
a comparatively large crew considering the hydrogen production.

The low pressure generator contemplated will be de-
signed to eliminate the above difficulties and will bec particu-
larly suitable for overseas opcrations with very low altitude
organizations.

For the Board:

/s/ W. J. Matteson
/%//V. J. Matteson,
. ~ Colonel, Corps ~f Baginecrs,
6 Incls. . \ ~" Assistant Executive Officer.
5 = Authority for Initiation
of' Project
5 = Plans for Development -1
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SPRESD SUEJECT: Request for Development Projects.
1St Indc

Ooffiee, C. of E., Room 1428 Temp G Bldg., 23rd & C Sts., N. W.
Washington, D. C., April 28, 1943.

To: THE COMMANDI NG GENERAL, ARMY SERVICE FORCES.

1. Attention is inwited to the attached request from the
Engineer Board and to the six (6) inelosures thcrewith, regarding
the following devalopment projeects:

e BB 600 A(4) - Ballonet Type Very Low Altitude Balloon.
. BB 610 ¢ - Hand Operated Wineh for Very Low Altitude
- Balloons.

c. BB 620 H ~ Low Pressurc Hydrogen Generator.

2. Authority to initiate these projeets in accordanee with the
attached Plaus for Dovelopment is requested. =

For the Chief of Engineers:

/é/ F. S. Boesson, Jr.
/%/ F. S. Bosscn, Jr.,
Lt. Col., Cecrps of Engineecrs,

Chief, Engincering and Development Branch,

Supply Division
Inelse.

n/e,

SPRMD 452.3 (4-27-43) 2nd Indorsement
Headquarters, Army Sorviee Forees, Washington, D. C., April 30, 1943.

To: Chief of Engineers (Attn: Ingincering & Devclopment Branch,
Supply Division). .-

Request contained in the 1st Irtorsement is approved.

For the Commanding General:

Inels. n/%

for' - W. A. WOOD, JR.,

R.. R. Robins Brigadier General, General Staff Corps,
Colonel, General Staff Corps Director, Requirements Division

Chief, Development Branech /E/ Francis J. Dailis, Jr. Lt. Col. Sig. C.

-
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SUBJECT: Request for Devclopment Projects.
SPLSD 3rd Indorsement

Office, C. of E., Room 1424, Tempo. Bldg. G, 23rd & C Sts., N. V.,
May 1, 19543.

To: The President, The Engincer Board, Fort Belvoir, Virginia.

The following development projects as outlined in basic
letter and in acrordance with the inclosed military characteristics
and plan of development arc approved and assigned to the Enginecer
Board:

a. BB 600 A(4) - Ballonet Type Very Low Altitude Balloon.

D. BB 610 G - Hand Operated Winch f'or Very Low Altitude
Balloons.

. BB 620 H - Low Pressure Hydrogen Generator.

By Order cf the Chief of Engincers:

/s/ F. C. Kendall,
/t/ F. C. Kendall,
Major, Corps of Engineers,
Bxec. Officer, Engineering & Development Bruanch
Supply Division.

Tncls: n/c
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Project No. BB 620-H Low Pressurc Hydrogen Gencrator

Authority for Initintion of Project:

Letter Headquartnrs, Antiaircraft Command, Richmond,
Virginia to the Commanding Genceral, Army Ground Forces, Viasl.ington,
De C., sutject: Development of Low Pressurc Hydrogen Gencraor,
dated Fcebruary 19, 1943, file AAC 580.854/k-l - GNSBL; 2nd
indorsement, Headquarters, Services of Supply to the Chief of
Engineers, dated March 8, 1943, filc SyMD 412.42(2-19-43) and to
5rd indorsement Office, Chief of Enginecrs to the Enginecr Board,
dated March 27, 1943, )

Purpose of Project:

To develop a suitable methanol-water hydfogen generator
for use with barrarge balloon organizations.

Military Characteristics:

l.  To consist of a low-pressure generator, a compressor and
all of the accessorics required for the generation of hyldrogen and
-its storage in standard gas cylinders at 2,000 pounds »ressure, per
square inch.

2. To be capable of geonerating and storing in gos cylindors
en averago of at least 2,500 cubic feet of free hydrogen per hour
of operation.

3« To be capable of being usefully operated for 20 hours per
day.

4, To produce hydrogen of higher than 99 percent purity.

S5«  To have the maximum practicable percentage yield for all
materials used for the generation of hydrogen.

6+ To have the minimum practicable requirements of cooling
water and gas drying materials.,

7+ The Generator:

8. To be capable of being broken down readily into sube-
agsemblies, cach of which may be transported in a standard 2%-
ton truck,
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b. Subassemblies to be mounted on skids. of wheels in
such @ menner as to facilitate their being loaded onto and
unloaded from a standard Zéhton truck.

c. To be capable of being asscmbled from subassemblies
and placed in opcration in less than five hcurs, by the crew,

8. The Compressor:

o To be capable of being broken down into subassemblies
each of which may be transported in & standard 2%-ton truck, or
to be mounted on wheels, as a trailer, capable of being towed
at 25 MFH, on good roads.

b. To be capablz of brcing assembled and integrated with
the gcnerating unit, ready for operation, in less than five
hours, by the crew,

9. Each assembly and subassembly of the breekdown for
transportation to have minimum size and weipght, consistent with
other requirements.

10. To involve a minimum hazard to operating pecrsonnel.

11, To requirc the minimum practicablc number of operators.,

-oa
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Froject np 620-1 Lov Fressurc Hydropren Gencrator
Plan for hevelopment
April 26, 1049
1. o test the lov and medium pressure methanol-water hyiropon

gcncraior d"wo oped by the U. §. Havy end leancd te the Enpineer
Beard in wccordance with arrancements made by the Chief of Engincers,
e To contuct nmanufucturers and sceur: pr~y:halg f'ar the
construction of pilot molele with nccesznry modilications for barcafo
talloon use basced upont the results o0 the tost  utlined abave.
S Mo military characteristics have bosn aprroved, but the
Yesion will be based upon the ©ollowing consi-brations:

o, T~ be eapeble of prencrating at least 2,500 cubic foet
af Mydrosen ner Lour of operation,

W Tyt canalle oL bodng usefully operateld for 20 heurs
n e

Bo To nroduce onn o with o soindmon hy roeen content of
53" exclusive of watir vo cr oonbint,

Ao Toe roquire a omindnum of moterinls reguired for the
remerats e
Jeneratlon e

(1) Prerer chedece of reaction to be used.

(2) ‘aximum chaicel efficicney during renction,
consiatent with other regpadrenonis

e

(3) Minimum requirements of cuoling wator,
¢. To require a minimum of personnel for operation.

£+ To have minimwn size and weight consictent with other
characteristics.

G To permit the use ~f n compressor for raising the
praessure of the rcsulting gases tn 2000 pounds per squarc inch
LI CESUre.,

4e  After constructing pilot models, several enpginecring tests

will be conducted and the units will be sent to the Barrage Balloon
Board of the Coast Ariillery Corps for scrvice test and corment.

e
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Ue  After receiving the results of t.: service tests, dosirable
changes will be incorperated in the design, specifications will be
prepared, and standardization procedure initiated based upon
recommendntiong ¢f the using service. Gooeral plans and specifi-
cntions will also be preparcd for o 1000 cu.ft. generator for usc
of sther than balloon orgenizations.

Lpproisval by Board

Date

P
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RETORT, BARRAGE BALLOCN BO/RD FROJECT NO. 137. Subject lo. 57-8
dated 7 July 1943.

* ¥ ¥ % %

Description of Low-Pressure, Methanol-Water llydroger. Generator,

e General. The low-pressure, methanol-water hydrogen gen-
crator is a trailer-mounted unit 8 feet wide, 20 feet long, and
12 feet high., The weight is 29,000 pounds. The gas production
system consists of a 140-galloun feed tank, a feed pump, a vaporizer,
a prehcater, & catalytic converter, an air-cooled cooler, a water
separator, and a gas scrubbing column, The scrubbing cycle consists
of the gas scrubber, a centrifugal scrubber pump, a regenerating
column, & boiler, a centrifugal boiler pump, a hest exchanger, and
an air cooler. Distilled woter for the feed is provided by a water
still. Heet is furnished by means of oil burners supplied with
combustinn air by a blower. Air for oll cocling is suprlied by e
second blower. Power for the oparav:on of tie plunt iy provided
bty an Allis-Chalmers, 32-horsepower, 4-cylinder gusoline cngine
connected directly to the muin drive shaft through a disk type
clutch. Powcr is transmitted to the various equipment pieces
through V-belt drives,

2. Trailer., The treiler is a four-whecl Kentucky model,
The roor wheels have 9.00 x 20 du~l tires; the front whzels have
7.5C x 15 durl tires. Tho trailer is equipped with vacium brake
system on two reor wheols, but has no puirking brake. There is a
standard tail light at thic rear but thoere are no resr and side
marker lights, reflecters or hleckout lights., A standsrd Army
jumper cable will not fit the single clectrical conncction on the
front.
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SPECIFICATIONS
Model 1-B 400 - 4 wheel trailer drawing #TW 317-A
FRAME

1/4 x 5\" at front neck with reinforcing insert. 1/4 x 7" from

necle to rzar énd over all length - 15 £t. - both ends square.
FRGNT DOLLY

4 ft. hinged draw bor - with 2 sofevy chnins

4-1/2" Timken tubular axle - no brokes - deyton cast steel wheels

12 inch - 15 x 7 rims for low bed tvpe 7.50 x 15 dual tires.

Special springs shackled at each end.

Dolly frame members 1/4" steel.

Gear lock at front end for backing.

5th wheel is 30 iuch flat ring type.

RELR AXLE

Spriags specinl tvpe some &s front,

Tirdzen tubular axle with Timken.

P. series brakcs 183 x 5 with 3/4" molded lining. Vacuum broke
EICIC ISR N

ayton stecl wheels and brake drums.

.00 x 20 dual tires mownted on 20 x 7 rams,

tandard stop tail light.

Paint Navy Gray.

g U1 -3

3
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——

REFORT, DLANRAGE BALLOON DOARD FROJECY HO. 137. Subject No. DH7-8,
d{l‘ted J1 lly l 9 \) (]

¥k ok ik ok

Deccription of the Portable Chiciagzo Preumatic Tool Company

Air Compressor

le General. The compreusor i of the uir-cooled, Cricngo Pneoumatic
Tool Cormpany, ay, P- type design, huwring four cylinders and four compression
sbagos. '

Za ristonse. The pistons are ceruated through rods and croscheads
in addition to che cunventional awtomotive-type oonnnoflhb rod linlage,
but the pistous, nevertheless, are sinsle-actiangs. The crossheads cre
Built like complote pistons with piston rings for oil control und to
form an affective gas senl botvicen the crank casc and the gpace above
the cro“uhund. Gus leaking puast the compruessor pistons-ig tranped in
the space between the piston wand the crossheoad wund is piped bachk to the
,ompr ssor inlet for recomprossion,

d¢ Intercool 'rsa fir-cool.d, firjud-vube-uvrpe intercoolors arc
provided botwoon cach »Ff “he snee . #0ivs couprescion stages. An aftur-
coolur of the smue “po is optilordl cquipnent, but vas not providod on
the comprussor testude  The fin wad tube stricture of the coelors is
aade up alrost mbtirdly of coppore Funs cre wrrangoed Lo drar cool air

over the tubus,

de Safcty Vanlvess Bach intorcoolor is orovided with o safoby
rilve to prevont cxeessivo pressurce’ i ti.c intercoolur or in the com-
oression cylinder dischersing into it., The finsl-dischargoe flunge also
has o saloty valve. The safeby valve scettings are as follows:

First stuge "85 1hoe

Sccond stage 210 lbs.
Third stagoe 85C 1bs.
Fourth stage (fionl disclargo) 2,400 1bs,

e  Salcty Shut-off Controle When the compressor is to be used

to compress hydrogon gus with qui intake pressurc above ahuaosphoric, tho

comprussor is provided with o shut-off control arreagdd to stop the

nnchin' if the.datalke pressurc folls bolow two pounds gauges This pro-
s the possibility of druving in atmospnoric air through any loaks

JHIBIT “B"

S
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in the piping, and alsc stops the machine if the sourcc of gos fuils.
m

The cnuorol cquipment cousicts of o diaphriym shut-off valve and a
throttle controller witi. suiteoble pipe and fitdingse

6  Lubrications. The couwpressor craublsh:ft bearings, connccting

rod buarinte, .nd crosshend pin bushingn arce ludriecsted by a full

prossure systone Thao crosshead walls are lubricated by spray from tho

crankshafts The couprecsor cylinders ore lubricated by a forced fecd
$h B

lubricator, driven by bolt from tho intercocler fon drive pulleye

mt

7o myincs The compreossor is drivon by a six-=cylinder, Cator=-
£ & J J »

pillar Dicgel ongino, model D=4500, through a spring-locded, nultiple-

disk clutche The speud of the ongine ic gov.amed at 900 rpiie

8¢  Troilere The couplote wilt is mouwnted on o four-wheel trailer,
copoble of selng cowed 30 miles ver hours

Og Goneral Datue

e Numbor of stages 4
be Nuiber of Compressor Cylinders 4

cs  Diancter of Cylind.r Borcs, Inches 6-1/2, 3-1/4, l-lS/iG
and 1-1/4
de  Strokc, Inches . 5ul/2

0e Capacity Comprecsor Croanliensce 01i), Gallons 4

fe  Capacity Conproesszer Force Feod Cyliwder
Lubric.bor, Pints 7

e Inlet Prossurc, Lbe por Sq. Ine, Gaurc 0 to &

he Discharge Pressura, Lbe por Sq. Ine Gouge 2,200

(Irdot, Inches K
ie Pipc Size, Coupressor (

(Discharge 1
Je Conprossor Spoed, rpm 900
ke Conpressor Displacoment, cfn . 95
le Compressor Delivery, cfm 71

e  Engino, Caterpillar Tractor Company, Modol D=4600

o e . gL

—— -
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Nunber of fhgine Cylinders 6
Engine Boro and Stroke. Inchos 4= /2 x 5-1/2
Capacity Fucl Tank, Gallons 39
Capacity Hnginc Lubricating 0il, Gallons 545
Capucity whpgine Cooling System, Gallons 15

Woight on Standard Stccl Whoels, Lbs, 7,900

Weight Without Rumming Goar, Lbs,. 7,285
(Longth 14 fte, 3 ine
Overall Dinmonsions on Standard(Width 5 fte, 9 ine
Stcel Wheel Mounting (Hoight 6 ftey, 5 in,
(Length 14 fte, 3 ine
Ovorall Dincnsions Without (Width 4 ftey, L in.
Running Gear (Height 6 fte, O ine
Sizc Pnounctic Tiros 7e50=16,8 ply

3
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EXTRACT FROK DUPONT OPILATING . .ANULL G UITIT (REVISED)

QUTLINE CF PROGRIESS AND bwUIPLENT.

All equipment essential to the operation of the CGRX unit
is mounved on an 8 foot by 20 foot trailer and is arranged so as
to require a minimum road clearance of 12 {eet. Tho motive power
for all moving parbs is provided by a specd geverned Allis-Chalmers
52 He Po =4 cylind~r gasolinc engine conncected to w main drive shaft
from which belt drives transnit power to the various equipment pieces.
The following descriptions may be morc casily followod by refercence to
Piping Diagram, Figure 1, and Tlow Shoot, Figurs Z.

, The methanol-wicter feod mixturc is contained in @ 140 gallon
feed storage tank (Zq.Pc. Ho. 1) suspended under the trailer frame.
This fecd is supplied to the unit by means of o ruciproeating fuc
pump (Eq.Pc. No. 2) which has a maximum capacity of about 1.3 G.P.ii.
(610 1bs./%r.) cnd walch ray Ye adjusted from zero Lo full flow by
changing the length of the plung.r stroke. The output of this pump
is fed to a coil typoe vaporizer (Eq.Pc. llo. 5) where the fecd is
vaporized before being fod to the converter. All haat required for
the various operations is supplicd by means of o0il burners foed with
0il from the fucl oil storape tank (Zg.Pe. HWo. 3) by means of a soar
punp (Eq.Pc. No., 4). Combustion zir is suppliud by the combustion
air blower (Zq.Pe. Ho. 11). i interloeking control is provided so
that anyone of three factors, low fedd pruossurc, low oil pressure or
low combustion cir pressure, will resuli in the closing of an air-
operated shut-off velve in the fucl line to the burncrs. (Note: On
all units cxcept the {irst the fuctors causing closing of the air-
operated oil wvnlve will cwlso cunusc closing of a velve in the feed line).

Thu vaporized foed ot o tenmpercture in oxoess of 212° F. is
fed to a coil prohsater (Tq.Pe. Ho. G) where the touperaturc is raiscd
to ubout 570° F. and then fed to a 77-tubc single pass converter
(2q.Pc. MNo. 7) where the reacticn cccurs. Dach tube of this unit is
filled with DuPont CY catalyst. Both Eq.Pc. Ho. § and Bq.Pc. No. 7
arc heated by a hot gas strecam circulated by the hot gns blower
(Bqs Pes No. 9). Heat is supplicd to this ges stream by dircet mixing
cf the circulating gascs with the products of combustion of an oil
burner in the air heater (Iq. Pe. Mo. 10). Detniled head loads and
flows arc shown on Flow Shoet, Figurc 2.°

Since the net hcat of reaction is endothermic, a temperature
drop is token in the eonverter and the oxit mixture, consisting mainly
of carbon dicxide, hy:rogen and stcam, leaves the converter at about
480" F. n~nd ¢nters the convoerter cosler (Eq. Pe. lo. 8) where most of
the steom is condonscde Bq. Pe. ¥o. 8 is air-cooled and consists of
ten passes of four parallel finned tubes. The cooling air is supplicd

“l-
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by the cold air hlower (Eq. Pc. Mo. 13). The water condensed in Eq. Pe.
No. 8 is removed from tne gas stream in the separstor (Zq. Pe. No. 16)

and then drunied for reeycling, provided that extended operation cf the
unit proves this procedure to be satisfactory.

To prevent contaminacicn of the feed umixture to the converters
the unit mvst be suppliced with distilied water. Since the watcer recovered
is only a portion of thst fed, a water still (Eq. Pc. No. 13) has been
provided, The boiler is a firo-tube type heated by an 0oil burner (Eq. Pc.
lo. 12) with two passos on the fluc gas. Steam from tho boiler is condensed
in En. Pc. No, 14 which is a 7-vuss, 4-parallel firnod tube air-coolod
exchenger supplied with air from Eq. Pc. Lio. 15. "ater from the condenser
iz drummed for usc es nccdod, On standing this wator may show traces of
rust whicii will not be havmful to the epersation, The water should be
M lterod through several layers of cloth to reoneve large particles,

The cooled hydrogon-carbon dioxide mixturc from Eq. Pc. No. 16
flows to the €O, scrubber (En Pc. Ho. 17) wherce it is scrubbed with o
S0%  monocthano %aminc DA) solution to remove the curbon dioxide, This

scrubber is 2 f'ect in dlum ter and is paclicd ‘L*H 1/2 inech stoel ringss.
Tho gas passcs up through the pacling which is wwethod by a continuous
utr am of LCA selution added through a scven-point distributor at the top
the column, The gas leaving Eq. Pe. No. 17 »asscs through a scparutor
(ﬂq. Pc. 1jo. 28) to remove any spray carvicd over from the sc”ub,cr. A%
this point the hydrogen should contain less than 25 of hoeavier gascs wnd
is ready for usc. The COp rich (A soiuticn from the Lottonm of BEq. Po. Ho.
17 is picleed up by the rich solution pump (ilg. Pe. io. 18) and puiped
through huat cxchangor (Dq. Pe. No. 19) where it picks up heat from hot
regencrated HEA solution. The rich solution flows through the tube side
of cach of the five cxchanger bundles and then to the regeneration column
(Eq. Pc. No. 20). This colwan i: similer to the scrubber in construction
and is also packed with one-halfl inch rings, but opcrates at 3% pounds
prossuro, The solution colloeehing in tho bottom of the regencrutien column
is pumpoed by circuleting vwip (Ba. Pe. io. 21) throupl. the IEA boile
(Eq. Pc. No. 22) where ik is oarflllly vnporizad., Bq. Pce Noo 22 is oil-
fired and tho liquid flows through two parallcl coils whilc being heoated.
The mixturce of vapor and liquid is returncd to the basc of thce rogencration
column to supply heut for the regeneration of the VEA solution. Sincoe more
heat is added to the column than is regquaired for chemiceal reaction, o
condenser (Bq. Pe. No. 24) is provided to remove the cxcess heat md to
condensc thoe water vapor present in the carbon dioxide rcliused from the
spent MEA solution. This unit is a finned tube cooler of 10 passer znd 8
parnllel tubes, coolcd by air from the cold air blower., Condensed liquid
iz colleeted in the scparator (Tg. Pe. Mo. 26) and roturned to the basc
of the regeneration coluwm,. The relcased carbon dioxide is ventod to tho
atmesphere through an automatic back nressurc valve which maintoins o
constant pressurc on the regenuration systom.
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Liguid frem the busc of the regencration colurm is lct dowm
through the shell side of the heat cxchanger Dq. Te. No. 10 where it is
partially cooled by cxchange with tho rieh liquer. It is then passod
through a finncd tubc conler of 45-2 pipe passes (Eq. Pe. io. 26) whore
it is ceoled sulficicntly for reusc in tvhe scrubbor, The cyecle on the
sclution is then rcpeated,
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Portable, 4 Stage, Diesel Engine Driven, Hydrogen Compressor for
Low Pressure Methenol-Water Hydrogen Generator.

use with




Low Pressura Methanol-Water Hydrogem Generator.
Side Yiew Showing Power Unit, Cooler Fan, and Gas Scrubbing

Low Pressure Methanol-Water Hydrogen Generator.
Front View Showing Distilled Water and MEA Boiler.

Systan.
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Low Pressure Methanol-Water Eydrogen Generator.
Rear View S8howing Feed Veporizer, Preheater, Converter » and Air Heater.

Portable, Four Stage, Diecel Engine Driven Compressor
For Use With Low Pressure Generator.




APPENDIX "D", EXHIBIT 1

REPOKT, BARRAGE BALLOON BOARD PROJECT Mo. 137. Subject No. 57-8,
dated 7 July 1943.

* % % k ok
Iv. DISCUSSION:
* % k4 %

8. Comparison Between Low-Pressure, Methanol-later
Hvdrogen Generator and -1 Gene ator.--a. Ialntenance. The
low=~pr:ssure unit requires very little maintenance other
than thal which can be accomplished during operation. Tew
replacenents of parts arc necessary. The li-1 generator rc-
quires constant maintcnance and replacenent of parts re-
sulting in the plant being shut dowm 42 per cont of the time
for this work. The sparce saskets, valves, and sludge lines
required arc eicossive. I is estimated that the cost of
spare parts alone for one year would be $15,000.00 for an
M-l gzenerator as compared to not more than $3,000.00 for the
low=pressurv unit.

b.  Rew Mot.orials. The cubapge of raw materials
and fucl for the low=-pressure unit is approximatsly two-
fifths of that requircd for the M-l genorator. The difier-
ence amounts to 2.76 cubic feot of shipping space for ma-
terials for =ach thousand cubic feet of gas or a total dif-
ference of 3,312 cubic fost per month for an LA battalion
or for a VLA baltaiion operuting balloons in tandem and
using approximately 1,200,000 cubic feet of gas per month.

¢. --Water. The low~pressure unit requires 595
gallons of wateY por hour, while 900 mallons per hour are
required for the M=l gonerator.

d. Cost of Gas. The cost of gas per 1,000 cubic
feet, based on raw matorials and fucl, is §1.50 to $2.00 with
the low=pressurc units as compnred to $7.50 to $8.00 with
the M-1 generator. The differcnce of $6.00 per t iousand cubic
foet would amount to a total of §$7,200.00 per month for a
battalion. ' '

e. Crow. Tho minimum drew roquircments arc four
men for the low-pressurc unit and cight men for the li-1
senerator.
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f. Opcration, The operution of the low pressure
unit is continucus. After the plant has reached operating
condition, it will produce at o constant determined rate for
ns loung as desired. The il=1 senerator uses 2 batch operation
process which requires frequent shutdowns to recharge the
gencrotor with materials. The time lost in rocharging the
M-1 roncratar cach time is equivalent to that required to
start the low-pressurc plant initinlly. Thile the M-l plant
will produce more gas per opernting hour, its overall pro-
duction is less than that of the low-pressure plunt.

e Protective Clothing. Wo protociive clothing
is required for operators on the low-prassurc unit ns none of
the row materials or waste products is -injuricus to flesh or
clothing. Rubber gloves, pogmles, rubber overshoes, and
cottom outsr clething are ruquired fur uperators on the M-1
gonerator due o the anturc of coustic soda, one of the raw
muterials which must be handled, and due to the danger of
rupturc «f hirh-pressurc lines containing hov cuustic so-
luticins.

h, Mobility. The lowepressurs plant, including
the compressor, oan be towed at 30 mph over good roads and
at luwer spoeds over poer roads or rough torrnine  The b=l
sencrotor can bo tewed nt only 15 mph sver good roads and not
2t 211 over poaor roads or roupgh terrain.

i. Instyllatin. ¥Wo spoeial installation is re-~
quired [or the Tow=prossure plant.  For the li=l generator pro-
vision must be made for drains and disposal of the cnustic
sludgme. C

J« Purity o Gas. The nas produced by the low-
presgure plant conbains from 98 per coent to 99.5 per cent
hydregen, while the gas produced by the M-l rencrator contains
93.4 per cent hydrogen. The impurity with the low-pressurc

plant is principally carbon dioxide which is not objecctionable,

while the impurity with the M-l generator is principally
oxygen which is highly objectionable.

ke Weight. Buch gencrutor weighs 29,000 pounds,
but the low-pressure plant requires o scparate compressor
veishing an additional 7,900 pounds.

1.  Cost. The initindl cost of the low-pressurc
generator is £22,000.00 and of the eompressor $5,800.00. The
initial cost . f the H-1 jemcrator is $19,000.00

m. Tabulur Compuarison. .Exhibit "E" is a tabular
comparison of the hydrogon goneravars.

-

e e Al
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DU EXHIBIT 2

TABULAR COMrsRISON OF HYDIOGEN GiliiRATORS

1
!

i

Hydrogen Generotor M-1.

liethanol-Watcer
Hydrogen Generator

Feéerrosilicon-Caustic

30da Process

Aluminum-Caustida
Soda Process

liow=Pressure

Mediwn-Pressu

l.Weight (uncrated
2 7eight (crated)

deDinensions

29,000 1bs.
51,565 1bs.

8 ft. x 18 ft,

29,000 1bs.
31,565 1bs.

8'ft. x 18 it

29,000 1bs.
53,600 1bs.

3 fte x 20

16,200 1bs.,

19,000 1bs,

(wicrated) 6 in. x 11 £t - 6'ine x 11 fte | Tt. x712 £to |8 ft.x16 Tt
. 7 ing : 7 ine ’ x 12 ft.
4eVheli ht of conm- Hone Fone 7,900 1lbs.| 2,150 lbs,
pr-essor 0 '
TeGenerator cubage 2,400 cul.ft. 2,466 cul.ft, 2,030 cudtd 2,140 CUlE Lle)
(crated) )
G.Compressor cubagd - Hone None 620 cu.ib. 280 cueft.
(uncrated) '
TeMobility (good 15 nph 15 wph 30 nph 30 nph
roads) '
8+0verall produc- 3,470 culfts/nr. 4,810 cu.ft. hr.it,000 cu.ft./ Unknovm
tion rate H hr.
{ .
9 Maximun rate 7,000 cu.ft./hr. 8,000 cu.ft./%r.&,SOO cu.ft./ 1,800 cu.ft./_
obtained hr. hre
Je.Ravr materials pey
1,000 cue.fts
i
of gas:
Ferrosilicon G5 1bs,
Aluainum 55 1bs,
Caustic Soda 884 lbse 109 1bs.
Gasoline <5 gal, «3 gal. 6 gal. «6 gal,
Methanol 046 pals, 0.6 gals.
Fuel 011
EXHIBIT "&"

o
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T4BULAR COMPARTISON OF HYROGDH GENDRATORS (Continucd)

Hethanol-Jater
Hydrogen Gurerstor M-l Hydropgen Generator

Perrosilicon-Caustié Aluminua-Caustic

Soda Proccss

Sode Process

odloem coom

Low-Prcssureliled.-Piressure

I
. Raw Nabtcrials. ..f.. S - g
cubage/l,OOO )
cu.ft. gas: :
|
Ferrosilicon 1.42 cu.flt. | . .o
Aluminumnm ] :O.Gb cu.fte !
Caustic Soda HoBh eRolo 13296 cu.ft.. b .
Gasoline 0.028 cu.ft. 10,028 cu.ft. 10,056 cu.ft. 0.056 cu.flt.
' Methanol : 11,09 cu.ft. |1.09 cu.ft.
Fucl 0il l 0.75 cu.fte 10.53 cu.ft.
Total 4 .66 cu.rt. 12,64 cu.ft. 1.90 cu.ft. |1.58 cu.lt.
i .
. Water requirc- ) i i ! .
ments per hour. 300 gals. % 5,500 gals. 55 gals. | 39.4 gals.
? |
¢ !
' Raw Matecrial: 37.62 i 610442 $1.50-2.00 'l.50-32.00
Cost per 1,000 E !
cu.ft, gag. ' l }
| i ;
4. Cost of gencra- |319,000.00 119,000.00 1b22,000.,00 |$16,000.00
tor : !
|
2. Cost of com= i ' ; )
prossor None ifone $5,800.00 '42,200.00
| ]
! . |
3. Crew : 8 niecn ]8 1en 4 ' men :4 nen
7+ Spccinl cloth~ |Rubber gloves inuobgr gloves None  flone
ing recquircd Goggles ‘Gogrles
Rubber overshocs Rubber over-
shocs
Cotton outer Cotton outer
' clothing i clothing®
.. Typc operation qutcn Batch - - |Continuous !Continuous
'+ Basc of opera- Eair Fair Good ‘Good
" tion’ : -
J« Maintenance and . Excessive Cxcessivo Little ‘Little
replacememnt ! _ '
« Wastc products |Somi-solid sodium = j5¢dium-aluminate|Carbon 'lCafbon
silicate siudge and caustic dioxide d10x1dc
and coustic soda | soda £as lgas
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APPROVED DESIRABLE MILITARY CHARACTERISTICS
FOR A PORT/BLE HIGH-PRESSURE HYDROGEN GENER~TOK
FOR LOW ALTITUDE BARR.GZ B.ALLOON UNITS.

1. To be capable of penorating at least 4,000 cubic feot of
hydrogen per hour of opersation.

Bc To be capabl: of gencrating gos continuously while unit
is in operation,

3. To be capeble of being uscfully operated for 20 hours per
day.

4. To preduce gas with 2 minimum hydrogen content of 99 per
cent calculcted on the dry besis.

5. To producc hydrogen &t r pressure corresponding to thet
uscd in the cylinders in use,

G. To requirs @ miniiaum of matericls for the gencration of
hydrogun by:

a. Proper choice of recction to be used.

b. Moximun chemicel oificiency during that reaction,
consistint with othoer roquiremeonte.,

c. Minimum requiran.nis of cooling water, :nd gos drying
or purifying nmoterials.

7. To ruquire = minimum of personrecl to opercte it,

8. To require & minimum of eccessory equipment, spire perts,
oir sprcinl nnd unusunl tools.

9. To be mounted on skids so that the gonerator ns a unit
cen be moved short distrnces,

10, To be cnpeble of beinp dismounted into units of such size
mnd weigh to parmit transportation on = 2-1/2—ton truck.

11, To have a minimum sizce ond weight, consistent with othew
requirements.

12. To provide a minimum hazerd to opeorating personnel,

EXHIBIT "

dl-v




APTEHDIX "B" cont

APFROVED DESIRABLE MILIT.RY CIARACTERISTICS
FOR A& MOBIL.. HIGH-PREISURE IYDROGEN GENER.(TOR FOR
LOW ALTITUDE BfRR..GE LALLOONS,

To be similar in 211 psrlformence characteristics to the portable
high-prussure generntor, except that it shell be mounted cn one or
more trailers or sumi-treilers cepsble of being towed at leasc ten
miles pur hour over nord-surfocsd roads end ot least five miles per
hour over cordinaly dirt re-ds, end b cepble of muneuvering into
position on normel fTorrain sites cithor forwards or bockwzrds.
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JFPROVED DREIR BLE I ILIT. BY CE/RACTZRISTICS FOR
A FORT/BLEL LOW-PRESSURI MYDROGEN CGZNiR. TOR FOR B/ RR..GE BALLOON UScd.

1. To be capeble of peneroting 4,000 cubic few=t of hydrogen
per hour of operation.

2 To bo capebhle of gencrating ges continuously wnile unit
is in operction.

3. To bu cuprhle of being uscefully opertted for 20 hours pe.
dry. '

d, To produce hydrog.n of 99 por cent pﬁrity exclusive of
vnter vapor content, and wrter vapor contunt to be reduced so that
it ¢h~11 not exceed ntmospheric scturntion.

5. To hrve provision which will prevont trovel of gases in
the reverss dircetion (i. ¢. into the gener:tor) duc to any momon-

ory oxcess in pressure in the menifold or inflotion sleeve; to bo
yrovided with « s-lety valve which will opur-te with sufficient
fretor of s~iwvty to :liminste versornncl hrz:ird,

G. To ruquire ¢ minimum of mrteorinls for ths generation of
hydrosen by

£, Lroper choico of rerction to be uscd.

b. Mex s chenmictl oiUicicney during thet re.ction,
cousistent with other roquiremints,.

¢. Vinimunm requironeaats of cooling woter, ond ges
drying or purifying m terials.

7. To reaquire o minimum of personnel to opernte it.

it To require ¢ minimum of sccessory equipmeat, sprre prrts,
or vpecinl and unusunl tools.

a To be copeble of rigid attaochmont o oounit, or in
toched nnd recsscembled sections, to the standord truck
s, or of being lovded into the stend rd Erl/é—ton crmy truck.

(¢

3

w0

=
0N
il O

[N

)

10. To be provided with ckids which permit its remevel r'rom
tho chassis or truck. Skids tu be such that the gencerotor cen be
moved short distences over nerm:l terrain after remove.l {rom thoe
trensporting vehicle.
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11. The gencrstor as & whole, or, alternatively, but not
prefferably, cach demcuntoble section ther.of, not to woigh more
Elian 5,70 pounds,

118 To heve a minium size -nd weight, comsistent with other
chrracteristics.

13. To be useble dirccetly in the vicinity of the barrage
vrllosn, for topping-up purposes.,

14. To permit the
of the resulting puses
gns cylinders,

usc of o comprescor for raising the presesurc
o vhet roguired for stornge in compresscd
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EPCRT, BARRAGE BALLOON BOARD PROJECT No. 137. Subject No. 57-8

dated 7 July 1943.

TOOLS, SPARE PARTS AND SUPFLIES FOR LOW-PRSSSURE GENERATOR

be included.

Iv.

Quantity
Required

2 Jdoz.

1

AS ISSUED BY THE NAVY DEPARTIEHT

The following items, or their available equivalents, sre to

DISCUSSIOH:

* ¥ *x % %

Tools, Spare Parts and Supplies. The list of

tools, spare parte, end supplies (lxniblt "D") issued by
the Navy Department with cach low-pressure generator is
believed to be adequate although it would be desirable to
have a gas analyzer of less fragile type.

set

1. TOOLS

Blades, hacksaw, 12 inches long, 24 teeth per inch,
Can, gnsolinc, safety, Protecto seal, 5-gallon.
Chisel, vold, 3/8-inch.-

Chisel, - cold, 3/@-inch.

Cutter, gauge glass, for 3/4-inch diameter tubing.

Cutter wheels and pins, gauge glass for S/E-inch

diameter tubing.

‘EZy-outs, sizes Nos. 3, 4, and 5.

Faucets, 5/4—inch,"Protecto s<al, automatic,
vith provision for locking.

Fuinels, 15-inch diemeter, with 40-mesh screen.
File, flat, bestard cut, 12 inches long.

File, taper, double cut, 10 inches long.

-1- "




Quankity
Required

1
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Frame, hacksau, adjiustable, for 12-inch bleades.

Gun, greasc, push type, for Alemite hydraulic fittings.
Hammer, ball poin, 1-3/4 1bs.

Knife, putty.

Lock, oad, Yalc Wo. 724, with t.ro ksys.

%

Oiler, bench, l-pint copacity. i

Pails, l4-guart capacity.

Plicrs, combination, 8-inch.

Plicrs, «lectriciuns, 8-inch.

Punch, drive pin, 3/32-inch diamcter point.
Screw driver, S/Q-inch wide blade, 16 inches long.
Scrow drivor, §/10-inch wide bLindz, 6 inches long.
Tool, {laring, for 1/4-inch ©o 3/4—inch coppor tubing.
Tools, packing, fiound No. 4-P.

Torch, gasolias, singls nccedle, l-pint capacity.
Wronch, barrel, for'55-gallon cpacity drums.

Wrench, box, 12=point, 15° offsct, 11/16-inch and
l/?-inch opcnings.

Wrench, construction, 7/8-inch opening.

Wrench, Croscent, 6-inch.

R

Jrench, Crescent, 10-inch,
L b
ilrench, pipa, rigid stroight pattern, 10-inch.

Vlrench, pipe, rigid straight pattern, 16-inch.

-2a
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Guantity
Reguircd .

1 Wrench, pipe, rigid straight pattern, 24-inch.

1 Wirench, tire, for 5/8—inch lug nuts.

2 scts “Irench, sot screow, including hexagon sizes 5/%4-inch.
3,/52-inch, 1/8-inch, 5/32-inch, 3/16-inch, 7/32-inch,
1/4-inoh (1 long and 1 short wrench of each sizc)

1 llrench, spark plug.

2. BUUIPIENT SPuiD IURTS

Equipneat Plece No. 2-Process Fusd Pump-Hills HeCanna 1XB-14
o Single Unit Pump

Cunntity Part To. Description lcterial
1 1o=H218 Qas£ing Oilite
1 | 1i-5226 Rockst Pin Stcel
1 11=5244 - -Bushing - 0ilito
1 15229 Bushin,: ' 0ilito
1 [=5220% Chkehing 0ilito
1 . 15251 . : Pivgt'?&nl ' Steol
1 1{=5233 - . Pivet Bolt Stecel
1 M-5250% _ Bushing . 0ilite
1 M=5257 =Pin . . Stecl
1 M-5253 . . Bushing L Oilite
1 M-5264 Pin o steol
51b. - " pump proking Garlock 5203
; 8-inch ;qugro_ or cqual
1 8025 ‘.- o é/@:inoh“horizpntal
.- ' . compgsiticonc type

check valve.
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Squipment Piccc lfo. 4 - Fuel 0il Pump - Viking Rotary 0il Pump §
: Hodsl BFH ..
1
1 - ‘ Pump complete

4 scts 5 . : Pump packing.

bquipment Picco No. 5 = Vaporizers

1 ¥o. 781 Huuck Hunufecturing Couwpany refroctory
tilc combustion chumber.

1 Cuno Filter, type DS, bronzo curtridge, length
.1—5/8 inches, spacing 0.005 inch.
AY

-1 Resvlator valve, Cash, claks D, 3/8-inch, range
(r te 25 pounds, 200-pound body.

Sguipnent Picce ¥Fo. 9 - Hot jir Blower.

2 Pillow blocks, sinflo, Fifnir type SLO, for
/. Q o . -
1-7,/16-inch shar't Jismetor.

Tquipnent Picce lo. 10 -~ Het fir Heator.

1 Fo. 780 Huuel: innufccturing Company refractory
tile combustion chanrbor with 19-inch 0D x

10-inch ID x 9-inch lon; cxtension.

Bquipment Pilecc ilo. 11 = Cumbustion Air Blower - No. 1507-H
BCIt Driven Spcacer 1uIti-Stage turbe Blower.

1 set- Felti:washer and rope packing.
1 set Ball bezring (2).
1 sct . Inpcllers, ‘completc. B

Equipment Piecce Mo. 12 - Ylater Boiler Burner.

1. Ho« 779 Hauck Hanuf'ccturing Conpany refractory
tile combustion chanber,

Bquipment Picce Moo 15 - Cold Alr Blowver.

2 Pillow blocks, single, Fufnir type SA0, for

- 1-15/16-inch dianctcr shaft.
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Bquipment Tiecc Ho. 18 = American-iinrsh Centrifupgal Pump No. 1la,

Type RD, All=-iron. 1
1 =y, inpellaf, Yo. 244, .

1 Sheft, stesl, .. «1C.

2 Ball buarings, Yo. 8157 (1 Ho, 6205Z and 1 Ho.
82052NR, SKF ball buurings)..
5 1b. Tunp Luckin;,'l/ﬁeinch square, Garlock 5203 or

cqunl.
Dnuipncnt Ticce Mol 21 - Allis Chalmers All-iron Cent-ifugal
Turp, 8S8CBB, 6 x 1-1/2-inch.

2 Ticcninnical Scal ball bearin;; assembly, rafnir
K N q : 3
type 1107-L, rer 1-7/16-iach Jdianctor shafit.
il Sleeve, shaflt, ~ll-ir-n.
- . vy Sy s . -
5 1bh., Tump poeking, 3,/8=inch siuare, Gorlock 5203 or ogunl.

s

Squiprent licce iu. 22 - I, Buller.

1 Mol 782 linwck Lonalicturing Company refructory tile
combustiin chamber,

1

Bquipment Ticce e 27 = Gusoline Ungine, Allis-Chalmers,
ifadel =25, Outb ard Boearin g, s-cyilinder,

Suantity Tart flo, Description
Z U=2158 Bushin=s, nnin bearing, front.
4 U=-3023 Bushin;, nain becring, rear and cenber.

2 12060 Filter clement, .il.

2 U=-3132 Scrovi, wvalvs adjusting.
4 T U-3164 ‘Inscrt, cxhaust valve.
4 T U~-21l2 Guide, valve stemn.
2 ©TU-3156 Yalve, inict.

. e
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Quantity Part o. Description

ey UY=5167 Velvo, oxhaust. - -
2 Uy-2833 - -Spring, valve.
& U-3131 Taper, valvé spring,
2 U-307% © Gosket, water rionifold, !
1 U-3198 Gaskot; cylinder hend.
1 1.-3006 éovog, cylindcr hecad.
2 ' 204801 . - Snap rings, vilve stem..
1 U=3505-1 G;skct, soar cover, ‘
1. U-30%0 Gasket, cork, iear cocver.
1 U=5184 Tunmp, wnater, conplete. J
1. U-3061 Guskeb, vater pump.
1 D7760 g Viilwe nn? seat, fuel, sizc 4£4.
1 sot 1-2890 Spark plugs. - 1
1 1207K . B.11 bearings, SKF.
6 'U-.-316?3_ | " Baclks®, manlfold, dolel il e
1 sct 208356 Guskot, monifold.
1 . U=3205 Grslet, combination. 1
2 . U=05181 . Gasket, oill pans
1 8506 Bearing, clutch, pilot by 1D.
1 - [Y-3090 Hese, rodiator, lowcr.
1 - 2056800 : Hosu, radintor, upper.
1 U-257 Filter asscmbly, fucl.
2 U=3030 - < Gusket, push rod covcr.
2 U-30%4 Gasket, push rod cover.
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ATTENDIX “"FY cont

Equipmcert I'icce N3. 2T {contihued)

8 U=-3989 Bearings, connecting red. |
2 U=-3072 Belts, fan.

4 "~ . ..Clamps,. hosc, No. 10.

1 212081 Diagran, wirinr:.

1 set Isnition enbles, magneta.

1 U-3182 ~ Screon, il pump.

Spare Vnlves and Instrurents.

1 Guauge, prossure, 2—1/? inch imerican, type 1830,
ran~c 0-50 peunrds, bronze clement, bronze cnase,
g with threaded brenze ring.

Ioy s Y-
1 Gauge, pressurc, 2-1/2 inch lhiarsh, range 0-75
pounds, stcel tube.

1 Gauge, pressure, *4-1/2 inch American, type
1079-8, range 0-G60 pounds.

1 Gnupe, pressure, 3-1/@ inch U. 8. Gauge Conpany
Heo AD7937; 1une 0-50 pounds.

2 * "gayran®™ Hetubes for 20~inch lliriam flowncter.

2 '.Thermcmeturé, Weston, lladel 221D, 3-inch, ranie
50-100 F .

2 ' Thernoncters, Vleston, Hodel 221D, 3-inch, range
200-1060°F .

2 Thermometers, ‘lesten, ilwdel 221D, 3-inch, range
0-200°F.

1 Tubing, metol, {lexible, l-inch, 2 feot iéng,
with l-inch standard pipe fernnle pipe thread
fittin; av beth"ends, for 75.psi air pressurce.

1 Tubing, netal, flexible, 2-inch, 2 fcet long
with 2-inch stundard pipe fernle pipe thread
fitting ot both ends, for 75 psi air pressurc.

2 Valves, 1/2-inch all-iron 7lsbe, 150 standard.

-7~




ATTDYDIX "FM cont
- T

Misccllanccus.

480 1bs. Dupont GCH catalyst.
. SUITLIES

GENBRAL SU.TLIES

Quantity
Require:l

1 set V-Bolts, N>. 75 A, ilatched sct of 2
1 set V-Belts, No. 75 4, liatched sct of .
1 sot V-Bolts, No. 854, H-tohed set of 2
1 sot V;Bcits, Mo« "106B, latched s;t of 2
1 sct . V-Bolts, No. 105B, Hntched sct of 4
1 can Coerment, Sucoth-on, Mo, 2, 1 peund
15 sht. Cloth, Brery No. 00, 9 inches x 10 inchos.
1 can Coﬁpuuﬁd, srinding, Gr;dc B, 4 ounces.
1 can Dope, oil, pipzs, 1 pint,
2 Bxtin—-uisher, rirs, Lux CQO, odel 10.
3 .Fitéin;, Moo 48F Inperial Brass, l/@-inch 0. D. tubc

X l/ﬁ-inch I. ¥« 8. coupling.

6 Fitting, No. 48F Imperial Brass, 1/4-inch 0. D. tube
X l/8-inch I. T+ 3. coupling.

) Fitting, No. 4lF, Imperial Brass, 1/4=-inch O. D. nut.

2 sht. Gaskct, sheet material, No. 60 J.Ll. Asbestos, 1 squarc
yard.

4 Glass, pauge, B/Q-inch diamcter x 24 inches lonpg for
200 pounds pressure (gluass tubes only).

6 cans Gredar, smnall cons.

8 tubes Lubricant, llaosterst' Lubrikeo 1i-6, 8-ouncc tubes.

2 Nipples, brass, 3/8 I.D7.S., 3 inches long.
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ATYDHDIX "F" cont
General Supplics (centinued) 1
i - Nuts, 1/4-inch, hoxaszonnl.
3 Mubs, 3/8-inch, wing.
40

[N

RN

-1

Muts, standard lLexarcnal, l/Z-inch Hamoter,

yds.

doz.’

‘Screws, cop,

Scerows, oo
Secrevs R
Screwe, oap,
Screws,

Scrows,

Screvw, sct, hollow hea:d, steel,
Screvi, sct, hollow hend, stecl,
Scrow, set, hollow head, stocl,

Sorow,
32 throsds/inch, 1/¢°

Screw, nachine, stoel,

Jilen Wo.o 2

crevs,

1 Jinphrasm
1 orifice

1 upper muide plate stud

1 valve plun

R e 1
Allen head,

michine, stcel,

Qe

hexomonnl head,

cap, hexagonal head,
cap, hexamonal heod,

N’\)- 8 (0016

he ot stel, l/‘l

steel,

1

3

13 throads/inch, S-I/E-inchcs long, A.S.T.I.
Specification A-193-39T, Grade B=7 or B-12.

Prckin : matoerial, S/B-inch wwistoed, asbestos,
Gorlock 17C0.

Tocking, gouce ilass, cone shaped for 3/4—inch
Lunkenhcimer Liquid ~aure, 310, 1024,

Trrts {or back-pressurce valve (5/4-inch ijason
alve) to incluus:

‘steel, 1/é-inch x 1-1/4 inches.

inch x 5/4 inch.

inch x 2-1/2 inches.
1/4 inch % 5/8 inch.
1/4 inch x 1/2 inch.

5/16 inch x 5/@ inch.

1/4 inch x 1-1/2 inchas

5/16 inch x 3/8 inch.
3/8 inch x 1/2 inch.
1/4 inch x 1/4 inch.

-inch ‘iamcter)
inch long, vval filister hend.

oo 10 (0.190-inch diameter).
24 thrcads/inch, 5/8 inch luong, ~val filistor head,



A7 BVDIX "F'" cont

General Supplics (continued)

2

20

Cuant ity
Required

5 vinls

Screv, 1/4-inch 10.250-inch) machine, stecel, 20 throads/
inch, 1/4 inch iong, oval filister head.

Screw, thumb, 5/lG—inch dianeter x 1 inch long.

! 0 ) - . \
Screw, thumb, 1/4-inch Jianmeter x 0/4 inch long.

Screw, nachine, steel, lo. 12
24 throa.s/inch, 1/2 incnh 1

(0.216-inch diamctor).

e, oval filistor head.

Studs, 1/2-inch diamctur, 13 threads/ineh, 3-1/: inches

long, ...8.T.il. Specification A-105-397,

B-12.
Tepe, friectium,
Tubing, copper,

1/2-*.110)1 0.D.

Vinshers, Bruass,
thick.

l-inch 0.D. x

Viashers, lock, helieal spring,

ANALYRICLL & UINZHT

3/ inch wile,

Gr:ivie B=7 or

I/E—p,unﬁ r.1l.

5/8-inch I.D. x .08l inch

(D SULTLIES

Acid, sulfuric, fixation %/1.0, standardized.

Bottle, capacity 4 ~unces, !

Bauttle »

Bottle,
Catalvmuc N, 841,

?

Funnel, Diancter 75 rn, Yo,

Gns analysis apparttus,
1 Bays, s sanpling, sizo
1 jnidoll o. A-09-870.
KA
(V]

-1 Gas [lcasurine Burrctiteo
1 Leveling Bulb, capacity
15tand and case.

~10-

Jurrcll, oo

805 .

T
1.

dropping, copncity 125 ce., Fisher No. 3000.

reanent, capacity 32 ounces, B.ottle Ho. 502,

6160.

nsisting of:
6 inches.

Froancis Auto-Bubbler Dipebtes Ho. A-20-100.
Mo. 4=39-980.

250 cc. M. A=50-280.
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APPENDIX "I cont

Inalytical Zauipment and Supplies (continued)

Quuntity
Requiread

2 Hydrometer, with 0-50° C. thermometer enclosed. Range
0.895 to 0.955, Mo. 54208 Special.

2 Hydrometer, with 0-50° C. thermometer enclosed. Range
0.945 to 1.J005, Ho. 52300 Special.

1 Hydrometer jar, diameter 38 mm., height 300 mm., Kimble
No. 200G0.

2 tube Lubri-seal.

1 Methyl orangze, 4 ounces, in tin-lined screw-cap bottle.
1 box Peper, filter, Whatman MNo. 4, Diameter 11 cm.

2 Pipettes, meesuring, capacity 5 ce. Kimble No, 37020,

2 Pipettes, mcasuring, capecity 10 cc. Kinble Ho. 37020.
2 Potesh, caustic, 1l-litur bhottle, Ficher Jo. 10-595.
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CORPS OF ENGINEERS
(ENGINEER BOARD)
TENTATIVE SPRCIFIC

EBP No. 483
28 September 1943
ATION

GENERATOR, HYDROGEN GAS, LOYW PRESSURE MUTHANOL-WATER TYPE,
TRAILER KOUNTED, 4000 CUBIC FEET PER HOUR

A.  AFPLICAELL SP

A-1. Specifi

ECIFICATIONS AND DRAWINGS.

cations. - The specifications enumerated below of the issue

in effect on the date of the invitation to bid are made a part of this speci-

fication; except t
provisions of this

A—l_z_a_.

A-1b.

A-lc.

hat in case of their conflict with this specification the
specification shall govern:

Federal Specification, No,:
77-T=721 - Tubes; Automobile and l.otorcycle, Inner,
Ue S, Arny Specifications, Nos,:

T-1i8L4 - Corps of Inginecrs Tentative General Specification
p
for Finishing, Treating and Painting.

T-1483 -~ Corps of Engineers Tentative Specification for
fiaintenance janruils and Spare Parts Catalogs for
gngineer fquipment,

T-1739 -~ Corpa of Engineers Tentitive Specification for
Stancard Requirements for Narking Corps of Engi-
neers Shiprents.

USA-LP~91-400 - Ordnance Depertment Specificetion for

Tires, Militery, Pneunmctic: Truck,
Trailer, Automobile and liotorcycle,
Nongovernmental Specifications:

Society of Automotive Iingincers Standards,

American ¥Yelding Socilety Standard Qualification Procedure.

A=2. Drawings, -~ The following U, S. Anuy drawings of the issue in

effect on the date
cation:

A"?_a_-_o

of the invitstion to bid ere nade a part of this specifi-

Corps of ingincers Drawings, Nos.:

A 4180-1 ~ Nameplate

A 4180-2 - Transportation Data Plate

B 2311-1 ~ Transportation Units, Wiring Diagram for Trailer
D 2363~ - Transportation Equipment, Trailer Units, Lunctte

Coupler, Details,

-1-
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A=2b, Ordnonce Depertment Drawings, Nos,

B 161059 - Reflex Reflector,

07950-W(X) = Coupling Socket and Hinged Cover Asscrbly.

07955-% - Cablc Asscnbly,

08242-X - Lamp, Service Tail and Stop and Blackout Tall,

08243-X - Lamp, Blockout Tail and Blackout Stop.

08671-¥ - Blackout Li;ht Switch - Trailcer,

08789-Y - Lamp Assumblies, Service and Blackout Cleorivc.,

08405-Z - Studs and Cap Nuts (Wheel liounting).

08408-Y - Disc and Rim Assembly, 20 x 8 Sizc,

087596-% - Tool Sets (Complete with Tools) Fioncer Dquipn.nb
(Kotor Vehicle) Set No. 1,

C-57093-X - Pintle Assembly (Kevised).

B-1. This specification covers one type of trailir mouniud Lovw procsure
hydrogen generator using distilled water #nd specially distililed methonol
for the gencration of hydrogen gos.

C.  MATERIAL iND WORKEANSHIF.

C-1, Materisls. - The waterisls used for cach prrt of the hydrogen
generator shall be s specificd hereoin and on the epplicsblo drowings. When
a definite moterisd is not specified, the motorizl usod shall be of the best
quallty normally used for tiw purros. in ;ood comrerein] practico, Qll mate-
rials used sholl be fr.. {rom dofeels wrd blomishes (lmperfections) thrt moy
affect the serviceability aznd sppearance of tiw ILPL&“Ld hydrogun i_nglutor

and all meterinls usced shall be such os to produce finishied products mecting
the requircments of this specliicntion,

C-2. Workmenship. - Workmanship throushiout shill be of the hisliest grade
and in accordance with the best standard practice,

C-2a. Fabricntion. - Defore laying out or working in iy v
materinl sholl be thoroughly streightenced by mothods theot will not rcouid
injury, exccpt thrt shorp kinks or bonds will be cause for rojection,
ingz shall be ne:tly and accurately done oand all portions of the work .l
finished. Re-ontrant cuts shall be wmade in the best possible monner;
they cannot be made by shearing, o rcectangulzr punch moy be uscd.  Corg s
shall be square and truce. Flame cutting may Lo used for cuttling irst;zi mf
shears or saws, but il flame cutting is uscd, burned surf-ces shall b
sufficicently to remove osh and cooling :checks and to provide a smooth surf;nc
for fabrication. All bends except for winor details h(ll bu mude by the

use of metel dies or fixtures in order to insurc uniformity of =siz. znd chape
Where heating is required, precautions shell be talien to avoid overhe-bling t
metal, and it shall be allowed to cool slovly, ALl beolts, nutcr, and ccrows
shall be tight, ALl rivet and bolt holes shall be accurstoely mochined. Rivets
shall be driven hot with prussure tools., Vhen driven, rivets s 1l completely
£ill the holes, bs ncet and finished, ond the heads sholl be in full contict
with the surfacc of the member. All holes sh-ll be drilled to stecl tumplets,
All burrs, rough cdges and edges of holes sholl be ground smooth to avaid
injury to hands,
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C~2b., Welding and Welders.

C-2b(1l). Welding. ~ The surfaces of all parts to be welded
shall be free from rust, scale, paint, greasc and other foreign matter. In
all cascs where cmbrittlement of the parent metal is likely to result, pre-~
hcating or arnealing shall be employed., Flux coated metallic clectrodes shall
be used. The electrodes shell be of a type that will produce a weld having
chemical and physical properties similszr to the parent metal. The weld shall
develop full strength of the parts connccted. All welding, unless otherwise
specified, shall be in accordance with tuce azpplicable current rules of the
American %Welding Socicty.

C~2b{(2). Velders., -~ Welders who have not been certified
under a code satisfactory to the Contracting Officer within two y.ars of date
of signing the centract will be required to pass successfully the test as
prescribed by the "Standard Qualification Procedurce!" of the Amcrican Welding
Socicty bufore being assigned to production work. The cortractor shall bear
the expense of conducting thuse tests and shall certify by name:, to the Con-
tracting Officcr, welders who have successfully passed the prescribed tests,
The contractor shail require eny welder to repeat thesu tests when in the
opinion of th¢ Contracting Officer, the work of the welder indicctes ¢ reason-
able doubt of his proficivncy. In such cascs the welder shall be recertifiod
as above if hc successfully passes the rotest; otheridse he shall be disquali-
fied until he has successfully passcd a rotest,

D.  GENERAL REQUIRENENTS.

Sec Scetion 2.

=1

DETATL REQUIRELENTS.

E~l. Description. - The hydrogen generating plant shall produce hydro-
gen cssentially by cracking ncthonol on a catalyst in the prescnce of steam
to form & hydrogen~-carbon dioxide mixture and scrubbing the mixture with a
monoe¢thanolemine solution to remove the carbon dioxide, Frovisions sheall be
mede for regeneration and recycling of Lhe scrubbing solution., The plant
shall have a continuous output cnpacity when referred to 29.92 inches of mer-
cury and 32 degrecs F, of not luss than 4000 cubic feet per hour of actual
free hydrogen containing less than 2 percent by volume of heavier gases. This
capacity shell be obtainable whilc recveling the scrubbing solution ond with
ambient tempereturcs of 90 degrees F. ~nd 2 rclative humidity of 80 percent.
The rated cepacity sha2ll be obtained while using not more than 23 gallons of
methoanol and 15 gellons of burner fuel oil per hour, The goenerator shall nor-
melly operate at a pressurc of O to 5 pounds per square inch., The complete
hydrogen generating cquipment shall be mounted on an 8 foot by 20 foot trailer
and arranged so that the maximun height will not exceed 12 fect., The complete
trailer mountud plant shall weigh not nmore thon 29,000 pounds,

E~2. Trailer., - The gencrating plont shall be mounted on a drop frame
trailer so constructed thit it may be physicrlly adaptable for towing by a
standard Corps of Engincers truck. The lozd of the troiler sh:ll be distri-
buted so thet not mor: then 70 percent nor less than 55 percent of the gross
weight will be on the rear wheels. The treiler frame or chassis shall consist
of ¢ither formed or rolled structural stocl shapes. All freme members shell
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be of the proper. size and shope, properly gusseted and braced such that there
shall be a minimum of sagging or distortion of thc frame under full load when
towed at average speeds of 30 miles per hour,

E~2a., Drawbar. - The chassis shall be provided with a drawber
equipped with a lunette ring conforming to Corps of Engincers, U, S. Army
Dravring No. D 2363-1., Thc towing height of the drewbar shall be suitsble for
usc with pintle hooks mounted ct heights of from 30 to 36 inchus.,

E~2b. Whcels and Wheel Bearings.,

E-2b(1). Wheels. - All whecls for the trailer and dolly
shall conforn to Ordnance Department Drawing No. 08408-Y and shall be fittcod
with studs and cap nuts conforming to Ordnaence Department Drawing MNo. 08405-Z.

E-2b(2). "hecl Bearings. - All wheels on the trailer and
dolly shall be mounted on tapered roller anti-friction bearings of sufficicnt
capacity to carry the lozadings at a speed of 35 miles per hour. A positive
means of meking small adjustment shall be provided, The berring shell be e
design cpproved by the current S.4.E. spccificntions for similar eapplic:tions.

E-2c. Tircs. - The trail.or and dolly shell be fully cquipped with
heavy duty, truck-bus bclloon type tires with at least 10 plics and shall
conforri to Ordnance Dopartment Tentoative Speecification USA~LP-91-400, Class
"3, and shall be fitted with inner tubes conforming to Federal Specification
2Z-T-721.

E~2d. Brakes.

B-2d(1). Service Brekes, - The eir chambers shell be lo-
catud 2bove the centur line of the axlce to prevent their being damoged and to
provide trziler clearance in off-road opurstion. The brakes shrll be of the
2-shoc, heavy duty, rigid cnchor, cam type. Controls shall be provided with
standard emergency breckawvey feoturcs. The breakeway arrangenent shall mecot
with the requircments of the Interstete Commerce Commission. The controls
shall be scaled in a menner thot will insurc sotisfactory opurntion in any kind
of weather., Fropurly locoted droins shell be provided for draining the con-
denscte from the chemibers, diaphragns, cylinders, ctc. All ~ir hose fittings
shall be the replaccable type with spring protectors. Air line filters in both
cmergency and scervice lines are required, Reley cmergency exhoust chock voelves
and heavy duty clamping studs shcll be furnished. The brakes shall be pro-
vided with suiteble, fully e¢ncloscd worm and gesnr type slock adjusters,  All
parts of the air brakce control systum shall be similar, cqunl and intoerchange-
able with the cquipment manufactured by the Bendix—-iestinghousce Automotive Air
Brake Company, Pittsburgh, Pennsylvenia. Brake anchors and cams shall have
lubricction fittings designed to provent excessive greasing. Broke linings
shall be not less then onc square inch of friction surfoce for cach 40 pounds
of gross axle weight., There shall be provided with cach trailer the following
air hose connections and couplers:

(1) Two detachable 8 foot air hose¢ lines cquipped with
standard cir hos¢ couplings shall be supplicd with cach trsiler for conncct-
ing the breke system to the prime mover, When detached, these hose conncetions,
with the clectrical connecting cable, shall be carricd in the trailer.
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(2) Two standard air brake counlings shall be provided on
each chassis for connecting the brake lines to the prime mover,

(3) A dumy coupling shall be attached with a chain to
each of the two chassis hose couplings. ‘

E-2e. Axle, - - The axle provided shall be of good quality and
sectional shape. The axle shall be designed with a factor of safety which
conforms to that used in commercial practice. The spindles shall be of heat
treated alloy stecl, forged from the full size bar and ground to size,

E-2f. Service Brake Performance Requirements. - When used with a
prime mover having comparable brakes, the entire brake system shall be capable
of consistently bringing the fully loaded vehicle to a complete stop at a
rate of deceleration equivalent to a stop within 30 feet from a speed of 20
miles per hour, when operating on an approximately level, dry, concrcte pave-
ment,

E-2g. Farking Brake. - In addition to the air brakes specificd
the whuels of the rear axle of cach trailer shall be equipped with 2 hand
operated mechenical braike control. The brake sholl be capable of sliding the
rear wheels with a full load on an approximately level, dry, concrete pavement.
The setting mechanisu shall be of the ratchet and pawl type or cquivalent.
The parking bralke hendle or wieel shall be placed in a suitable position on
the off~road (right hand) side of the vehicle, No part of the brake mechanism
shall be a factor limiting the travel clcearances,

E-2h. Wiring uznd Safcety Markers. - A1l trailcr lemps shall be
wired in accordence with the schematic disgrsm shovm on the dravings. The
viring shall be of the rubber (synthetic or 100 percent reclaimed) insulated
type or rubber (synthetic or 100 percent reclaimed) and febric insulated type
c¢ncased in an approved loom or flexible condult, If tlexible metal conduit
is used, splices shall be made in junction boxes., ALl termincls shall be
soldered to the wire vncs. Any junction blocks used in the system shall have
the bases made of licarte, Bakclite, or other ecqually suitable metirizl and
be cquipped with suitabls studs, washers and nuts for the ettachment of the
wire and termincls. The circuits shall be color traced. The lights and re-
flectors shall be located on the trailer Irmnc as shown on Corps of Ingincers
Drawing No. B 2311-1, A cable of the corrcet length for connecting the trailer
to the prime mover shall be furnished with cach trailer. The cable shall con-
form to U. S. Army, Ordrance Department Drawing No. 07955-". A compartment
shall be provided on the trailer for cerrying the cable wien not in use. 4 -
coupling socket conforming to Ordnance Depertment Drowing No, 07950-7(X) shall
be mounted one on the front and onc on the rear of the treilor. The tail and
stop lamps on the trailer shall be recessed in the framc. The lensces shall be
se¢t back approximately 1/2 inch from the surface of the frome members. ALl
lamps shall be readily accessible for the chenging of bulbs, lenscs, and for
nmaking other repairs,

E-2i. Bushings and Lubrication.

£-2i(1). Bushings. - Where anti-friction bearings have not
been specificd, all rotating shafts, trunnion pins, ctec., shall have bushings
made of steel backed bronze or other equally suitable matericl with amplc
bearing surfaoce,
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E-2i(2). Lubrication. - All moving parts shall be provided
with suitable means of lubrication. The spring shackles, hubs, radius rods,
trunnion pins, and any other part subjected to considerable wear shall be
fitted with a pressure lubricating system. All pressure fittings shall be
located in an accessible, protected position, and shall be of the hydraulic
type serviceable by a pressure gun manufactured by the Alemite Division of the
Stewart-Warner Corporation, Chicago, Illinois.

E-2j. Pintle Hook, - A pintle hook conforming to Ordnance Depart-
ment Drawing C-57093-X shall be provided,

E-2k. Pioneer Tool Set. - One Pioncer Tool Equipmsnt Set, completve
with rack shall be furnished with each trailer and mounted in a protected,
accessible location so as to avoifd interference with the operation of the
plant. The tool set shall conform to Ordnance Department Draving No. 07596-W,

E-21l. Trailer Manufacturer's Nameplate. - A standard manufacturer's
nameplate shall be permanently attached to the trailer. The nameplate shall
give model number, date of manufacture, size or capacity, and any other inior-
mation usually supplied on nameplates,

E-3. Framework. - Thc steel framing for support of cquipment shall con-
sist cither of formcd or rolled structural steel shapes. The body plan shall
be adapted to fasten to the chassis,

E-4., Controls and Fiping. - All piping, fittings, valves, mcters, indi-
cators, and other items requirced for ready dismzntlement, replacement, ad-
Justment, or for the successful operation of the penerator shnell be provided
and instzlled so thet they arc readily accessible,

E-5. Nameplate and Transportation Datc Flatc. - An etched zince nameplate
as shown on Corps of Engincers Dreawing Mo, A 4180-1 and transportation data
plate as shown on Corps of fngincers Drawing No. A 4180-2 shall be mounted
in suitable locations on the generator., The proper designotions for insertion
in the nameplete will boe furnished by the Contracting Officer.

E-6, Finish and Painting. - The complete trailer and the cquipment of
the plant normally peinted in good commercial practice snall be finished and
painted in accordance with Corps of Fnginecrs Tentative Specification T-1184,
Class "A", Type "1" for steel. A U. S, Army registration numbcr to be sup-
plied by the Contracting Officer shall be stenciled on cach unit.

E-6a, Stencilling, - In accordance with paragraph D-5b of the cbove
specification the unit shall have the gross weight stencilled in white paint
on each side in such a position that it will be readily discernible to inter-
ested dock or military personncl, The position of the marking shall be subject
to the approval of the Coptracting Officer. Such letters and figurcs shall
be of a block type, two inches high, with a stroke¢ of 3/8 inch,

E-7. Working Dravings.

E-7a. Responsibility for final design sh-ll rest with the con-
tractor, and detailed drawings necessary for manufacturing the equipment shall
be prepared by him,
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E~Tb. As soon as practicable after approval of the contract the
contractor shall submit to the Contracting Officer for approval, working
drawings and manufacturer's plans and specifications in duplicate for the
canplete hydrogen plant. Approval of such drawings, plans and specifications
will not relieve the contractor of the responsibility for setisfactory opera-
tion of the plant,

E~7c, Before final payment is made, the contractor shall furni.h
for use in future procurenent by the Government, to the Contracting Officer,
complete drawings and specifications with latest revisions included thereon
of the equiprent as furnished by the Government. All record prints furnished
shall be reproducible.

E~-8, Maintenance hanuals and Spare Farts Catalogs. - The contractor shall
furnish maintenance manuals znd spare parts catalogs covering the description,
operation, adjustment, maintcnance, lubrication and spare parts lists for all
cquipment furnisiied, The contents of these manuals shall be as set forth
wnder "deteiled specifications! outlined in paragraph 6 of Speeification
T-1483. The cover of each senuzl shall state the machine name and niodel,
manufacturer's name, dete of approval of the manual, title of the manuel and
machine scrial numbers to whica the sporc parts catalog zpplies. (The machine
name shall be as furnished by the Contracting Officer, in accordance with
standard nomenclature): A preliminary dwiwmy manuscript made up of typewritten
sheets, clippings, photographs, sketciics and other suiteble material, will
be forwarded to the Contracting Officer for epprovel., After preliminary ap-
proval, prool sample copies, in duplicete, of the haintenance hanual and
Parts Catalog, will be forwarded to the Contracting Qfficor, for final ap-
proval, After final appreval two covies of the kcintenance Manunls and Parts
Catalogs will be furnished with zach machine, and two additionel copies per
meshine plus menuaels to the totzl required by the contract or invitation to
bid, which will be determined by the sparce parts lists for the machine, will
be shipped to the Engincor Supply Officer, Columbus Quarternaster Depot,
marked; "Attention: Sparc Parts Brancihi". When speceifically called for in the
invitation to bid or the contrnct, tacse moruals shall conform: to Corps of
Engincers Tentative Specilieaticn T-1483,

B~-9, Sparc Farts and Toois. = On2 sct of first cchelon spare parts and
tools listed in Appundix "A" horeof shell oe furnished and shipped intesrally
and simultancously with the prime equipsent covered by this specification.
When a manufacturer's model number or part number is shown in Appendix "AM,
it shall be construcd as being for identific:tion purposes onlv. If it is
anticipated thut any delay would occur in the shipment of the prime cquipment
covered by this specificrtion for reason of the above requirement, tie Con~
tracting Officer shall be notificd promptly. No shipment of primc cquipment
shall be made unless the first cchclon sparc parts arc shipped with it or
unlcss written approval lor shipment without such purte has been received
from the Contracting Officcr. -

F.  INSPECTION AND TESTS.

F-1. Inspection. = The plent in wiidch this equipment is being constructed
shall be open at 1l times during working hours to tne Contracting Officer
and his representatives or inspcctors, who shall hav. the right to follow the
material through all the processes of manufacture, Every facility including
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suitable office spuce, equipment and supplies shall be given the inspectors
for the proper execution of their work. The contractor shall make, at his
own expense, and previous to tests by the Contracting Officer, or his repre-
sentatives, sufficient tests to insure that the equipment conforms in all
respects to the specifications, Each unit will bz inspected to sec that it
is constructed, finished, and packed in accordance with the requirements set
forth in this specification.

F-2. Tests., - The cquipment shall be given tests as may be nceessary
to assurc compliance with this spcecification. When tests are made at the
factory, the contractor shall furnish all facilitics and supplics necessary
to determine whether or not the squipnent conformris and operates in accordarc:
with this spezcification. The manufacturcr shall be hcld responsibic for any
defects in material or workmanshin wiich arce of such : nature thel they cannot
be detected by coreful inspection and tests.

G.  PACKING AND MARKING FOL SHIIT zNT.

G-l. Packing. = Packing shall be in accordance with the instructions
furnished by the Controcting Officer.

G72. Harking..- Markipg.for'shipment z"1all be in accordance with Corns
of Engincers Tentative Specificetion T-1739.

H., NOTES.

H~1. Copies of this specificestion and Corps of IZngin.ers drawings mzy
be obtained from the Fngincer Boord, Fort Bulvoir, Virginin., Other specifi-
cations and publicctions listed herein mey be obt-ined from tine following rp-
plicable addresses:

Federzal Specilicitions - Supcrintendent of Documunte,
Washington, D. C.

Us S. Amiy Specificctions - Dffice, Chiof of Ingin.ors,
fashington, D. C.

Anicrican ¥Wolding, Society Fublicutions ~ American “elding
"\") ™"

Sccicty, 33 Yicst 39lh Stroot, New Yori, Muw York,

Socicty of Automotive Hngincers Specificotions - Socicty of
Automotive Enginecrs, 29 "est 39th Strect, New York, How York.

H-2. GEngircer Board Tentetive Specifications zre ed interim specifica-
tions which may be converted to Corps of Engincers Tentrtive Specifications.
They are uscd for the procurcment of cngincer cquipnient during development,
and for the purposc of meking rccommendntions to the Officc, Chief of Fnginuers.
They should not be accuptid as indorscd by thc Corps of Enginecers or the Engi-
neer Board for quantity procurcment, unless accompinied by specific instructions
as to their use,

H-3. The following paragraph should be mode a part of the contrach:
Guarantee, - Any defcct clearly duc to frulty design or to faulty metecrial or
workmanship, which may devilop vithin onu yoar aftoer campletion of the contract,

unless otherwisc spoeified, shall be made good by and at the oxpense of the
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contractor, Corrections or replacements requlred because ol faulty design,
material, or workmenship, shzll be made within the continentel limits of the
United Stctes by the contractor at his expense, and at the convenience of
the Government either at the plint of the manufacturer or at the point where
the couipment is at the time located if so directed by the Contracting Cfficcr,
Corrections or replacements for units outside the continentsl limits of the
United States shall be made at the expense of the contractor, it baing under-
stood that the Government will deliver the units to the contractor at thoe
Uolumbus Quartermaster Depot, Columbus, Ohio, or that the Govermment will.
accept delivery f.o.b, Columbus Quartemraster Depot, Columbus, Ohio, pack:
for export shipment, of such replacement parts as may be readily 1ns{axlud in
the field., The Contracting Officer shall decide which method is to te pursucd,
Corrcctions or replacements required becouse of Tfaully design shall o of rodo-
sign aprroved by thc Contracting Officer, The Contracting Officer sl
cide whether corpections or replacements are due to foulty desipn, moteri:zl
or workmanship.,

NOTICHE, = When Government drawings, specificntions, or
other date arc used for any purpose other than in con-
nection with a definitely rolated CGovernment procurement
operation, the United Strtos Governmment thercby incurs
no responsivility nor any obli""tion whqt~ocvur; and the
fact thet the Goverrnment miy have fommulrt.d, furnished,
or in any wey supplicd the seld drawings, apucifications,
or other dztc, is not to bo regerded by implicution orp
otherwisc =g in »ryr menn.r liconsing {hoe helder or any
other poroon or cornercbion or covvey.ane eny rights or
permission to manuf-cture, uwse, or 5:ll ony patented in-
vention thet wow i any wey be reloted thercto,
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APPENDIX 28 Septarber 1943

To: Corps ol Engineers
(Engineer Board)
Tentative Specitfication
EBP No. 483
28 September 1943

GENERATOR, HYDROGEN GAS, LOW FPRESSUIL METHANOL-WATER TV
TRAILER MOUNT“D, AOOO CUBIC FEET PEE HOUR

A."

First Echelon Spare Parts and Tools

The following sp:rb parts and tools are congidered an integral part
of each generator and shall be provided, suitably packed, with each unit
shipped.

a. Tools. = There shail be furniched with cach hydropgen generot-
ing plant 21l the wrenches and spacinl tools required for overabting, maklng
adjustments or ficld repairs. (upe01ﬂ] tools shall moar: thosc wineh are not
standard commercicl tOOlu). The tools wnd manner of thoeir storage shall be
subject to the approval of the Contracting Officer,

b. Spare Farts., - The contracter shall furnish ae xt.[ral cquip-
nient with voch hydrosen genorating unit a "ficlad sel" consisting of adequate
spare parts to insure paintoispeo st conticued opurition of Lib cauipnient

on an averzge ol 500 opursting hours por onth for o six sonths period. A
list of the proposed spore parts shell he submitted to th: Conbracting Officer
for approval,
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