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THE GENERAL BOARD
UNITED STKTES FOKCES, EUROPEAN THEATER

V-2 ROCKET ATTACKS AND DEFENSE

PART ONE

INTRODUCTION

1., Backgrourd

a., World .ar II has witnessed the development and employment
of offensive weapons of the rocket type which heve become a mattor for
serious concern, if not well~founded apprehension, by all individuals
who bear any portion of the burden of bheir country's defense. The
long range, accurate control, and devastating effect actually attained
by present rockct-type weepons scem fantastic. However, sober reflec—
tion gives still greater apprehension for the futurc. The perfection
of techniques slready neer complstion, ineluding the odditlon of etomic
power, malkes it difficult to ovecr-cstimete the potential of the rocket
or guided missile es 2 military weapon, gr to exaggeratc the appalling
consequences of failure to cope with this menace.

b. In 1929 Germeny embarked upon a program to develop long—
range rockets for military use, .. serics of 10 rockets, known as the
"A" series, resulted; thc best known was the "A=4", which was generally
called "Vengeance ..eepon Numbar Two', or simply thc "W-2', The V-2 was
the only one of the scries that was operationally successful.l It is of
interest to note thet the "Vengeance ‘Jeapon Number One", also variously
known as the "V-1U2, the "Pilotless Aircraft®, or "PAC" was not a rocket
and was not in the "A" series projoct. The V-2 was e suporsonic-velo-
city, cigar~sheped rocket, about 47 fect long. It recached o velocity of
about 3,400 milce per hour, a range of cbout 200 miles and & maximum
ordinate of over 50 milcs., The main propulsion fuel consisted of five
tons of liquid oxygen ard four tons of alcohol. These liquids were
forced simultanecously into the jet motor by a 460 horsepowcr turbine-
opcrated pump, which used 375 poundas of hydrogen peroxide and 25 pounds
of sodium pcrmangsnatc to generatc stcam for its power. The total
weight of the rocket, incdluding a one-ton warhcad, wes abat 14 tons.

2. The Purposc of This Study is to invite attcntion to the tre~
mendous importeanco ard difficult nasture of the problems involved in
offonsive and dcfensive use of long-ronge rockcts and guided missilcs,
and to meke spceific rcoccommendstions for dealing with these probelms,

1 P 23 Bibliography Ref 15.

2 P 23 Bibliography hef 23.
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! HISTORY OF DEVRLOPMENT OF THE V-2
blpi0ht OF DEVRLOPMENT OF THE V-2

3. Ihe Long-kKange Rocket Program of the Germans included m huge
research project desigxid to 'develop several types of rocksts under the
title of the "A" Series®. Thera were 10 typgs in the series, from A-1l
through 4-10, In the entire series, the A~4*, better known as the V-2,
was the only one Lo be used operationelly. This study, therefere, is
concerned mainly with the V.2,

4. Purposs. The purpose of the rocket project was to develop and
produce long range wespons. Tremendous strides in rocket develcpment
were mede in the program and it is not hard to visualize what could
have been in store for the Allies had the Germans been given time to
complete the development,

5. History of Development of the "A" Serieg. The Germans started
varicus development work on long-range rockets in 192G, but due to lack

of government subgidy, the program graduslly died out, However, in 1932
the Germen army placed General H. C. Dornberger in charge of a group of
scientists to continue development in the rocket field., FProfessor Von
Braun was given control of the development of the "a" Series of long-
ranga rockets, and it was he who added much impetus to the program. The
development continued and finally, in 1938, rockets of the A-3 end A-5
type were first fired. They were experimental models which preceded the
development of the A-4. The A-4 was first fired successfully in Cctober
1942,

6. Most of the Experimental Work was garried out at a tremendous
laboratory at Peenemunde, Germsny, (F.P9532)7. Production was started
near the end of 1942, with a planned output of 900 rockets per manth,
This cxperimental station was bombed by the hoyal Air Force (British) .
in August of 1943, snd so hosvily damaged that development and production
were seriously roterded. It is estimst¢d that productioc was delayed at
least six months. FHowever, the A-4 was produced at verious places th-
roughout Germany by factory dispersion. 4n underground plant was built

1. The A-Series did not include various rocket-type projectiles used by
Gorman artillery,

2. In this report the German Lang-Range Rocket A-4 will be referred to
by the commonly known term, V-2. _

3.. All map coordinates listed in this study refer to the G.5.G.5.-Ser~
ies (Britigh) Nord de Guerre Zone.



at Nordhausen, Germeny, (kD 1227), which resched e production rate of
250 rockets per month, The totel productian for ell plants resched 700
per month by February 1945. By the end of the wer, the A-10, a guided
missile designed to bombard New York, was ready for construction.

7. Deteils of Seriss &4-1 to a-10,

p. 4=l. This rocket wes probebly started in 1931.1 Ven
Breun detes it as 1933, seying that it wes never launched, due to many
difficulties. It wes directly stebilized by me large gyro in the nose.
This equipment weighed approximately 82 pounds, Nitrogen expulsicon was
to bs used. It was intended to be lsunched vertically from an adjust—
eble pletform, usuelly referred to as s launching tsble.

b. The A-2 was Yery similar to the A-l oxcept that the gyro
wes placed in the center, In 193/ the A-2 wes successfully lrunched
vertically from o leunching tebls, and stteined e helght of two miles.

c. The A-3 wea designed primerily for propulsion reseerch. It
wes launched vertically from e teble, and. was steered autometically by
rudders in the exhaust streem, It did not resch supersmic speeds. It
did reech en sltitude of ebout 1,300 yards. It was ¢ ciger-shaped mise
sile, reported to have been rbout four feet-six inches long snd ebout
12 inches in diemeter.

s de The A-4, commonly Imomn es the V-2, is the subject of this
report,~ It wes developed end tested at Peenemunde, Germeny, (RP9532)
end hed its first successful flight in October 1942. Experience gainsd
with the -3 and the A-5 contributed to the development of the V-2, The
cost of production of the V-2 wes c¢atimeted to be epproximately 60,000
each. This figure is probebly ineccurate since a greet deal of sleve
lebor wes used in its menufacture,

e, 7The A-§b3 is en A~4 with small wings to incresse the rangs
from about 180 miles to about 270 miles by gliding.z‘ It wes desipgned
to cover this distance in ebout 15 minutes. It wes intended to use the
A-4b {which could be ersily mpde from an A-4) until the A-9 wes devel-
oped end put into production

f. The A-5 wes primarily usad for reseerch in cantrol mechsn-
isms,® This wes the first model to use grephite blades for the jot-
streem rudders. It sttained a meximum horizontel renge of ebout 11
miles when launched at en engle, fnd e maximum ordinete of ebout seven
miles when launched verticelly, The missile wes recovered by parachute
for re-use, It did not reach supersonic speeds., The 4-5 wes reported
to be about 20 feet long with an 1P-inch diameter end to be powered by
a hydrogen peroxide-potessium permanganate motor,

g. The &-€ wrs designed to obtain supersonic speed but wes
never constructed? The motor used Selbei {nitric scid) and Visol (e
hydrocerbon wixture) but had too lcw a epecific impulse for the purpose.

1, P 23 Bibliograrhy Lef 20.

2. P 23 Bibliograrhy hef 15 end 21.

3. P 22 Bibliogrephy Lef 11, P 23 Bibliography Ref 21.
4. P 22 Bibliography kef 13,

5, P 22 Bibliogrephy Ref 11.

6. P 23 Bibliocgraphy kef 21,

7. F 23 Bibliography Eef 22.



h. The 4-7 resembles an A-5 with small w:ings.1 It was
1auniﬁad horizentelly from en airplane to obtein experimentcl deta on
gliding,

i, The A~B wes planned but never built,? Use of a liquid
alcohol motor wes contemplated,

Je ,A_-2.3 The A-9 wes similar in eppesrancs and results to
the A-4b%, but wes of different internal construction. It wes proposed
to develop and menufacture the A-9 in place of the A~4. However, the
conversion would have been difficult, and the A-4b, which could be
produced much more quickly, was being developed as e temporary substi-
tute. The plen was to shoot the missile vertically into the air snd then
ineline it towerd the terget, Its design included wings to ensble it
to glide until over the target, whore it would go into & vertical dive.
It wes expected to travel sbout 375 miles (its maximum range) in 17
minutes. A proposal wes made to launch it from a catepult to incresse
its range. It wes also proposed to instsll a pressurized ¢sbin, and to
use e humen pilot., The pilot would drop the warhead on the target, end
then return to his bese. 4 retracteble lending gesr would be used in
the landings Lending speeds ns low as 100 miles per hour were sntic-~
ipated,

k. The A-10 was never built, but plens for its production
wera completed:g It wes to be used o3 & teke~off motor for the 4-9,
supplying e 200-tan thrust for this purpose, When the A-9 attained

a velocity of approximately 1,500 miles per hour, its own motor would
begin to function, and the A-10 would be jettisoned. It was expected
that the 4-9 would then attain a gelocity of about 3,30 miles per hour
and a range of about 3,500 miles.” It was also proposed to use a
humen pilot in this combinetion.

1. F 23 Bibliography Ref 22.
2. P 23 Bibliography Ref 22,
3. P 23 Bibliography Lef 23.
4. P 22 Bibliography Ref 13, !
5. ¥ 23 Bibliogrephy Ref 1l4.



CHAPTRR 2

DESCRIPTION +ND QPEHKATION

SECTION 1

GENEEAL DESCRIPTION

8. Pnysical Charactoristics. The V-2 rocket® is a cigar-shaped,
strcamlined, guided missile, 16 feet-10 inches long, with a maximum
diameter of five foot~five inches. It consists of ¢ sharp, conical war-
head, a cylindrical conter section, emd o tepered sftcrbody csrrying four
cxternal fins. Tho take-off weight is 14 tons, of which one ton is ex—
plogive and nine tons axe fucl. This fucl is all consumed in thc f irst
&0 secords of flight.

.

9. Power Supply. The fuel pump of the V-2 is an auxiliery stecm
turbine pump, opcrated by 375 pounds of hydrogen pcroxide snd 25 pounds
of sodium permanganatc. It develops 460 horsspower in one sccond, 2nd
forces the sntire mein fucl supply, consisting of nine tons of alcohol
and liquid oxygoen, into the main combustion ch..mbcr in one minute. The
ignition of the alephol-oxygen mixturc produces a 28-ton thrust from the
large venturi at tho momont of teke-off, which gives the V-2 an initial
acceleration of 32.2 fcet per second per sscond.

10. Control of the V-2 is by meens of fins, both in the tail surface
and in the jet stream. Theso fins :rc¢ positioned by hydrzulic servo
mechanisms oparated by an extremely clebor:te intelligence or control
system. The central control system consists of the following: Two
gyros to providc stobility cbout the three axes of the missile; : radio
to provide azimuth control; an intogroting accolcremeter to turn off the
powcr when a spocific velocity for range control is rezched; 2nd 2 time
switch control which couscs the missile to tip on o 47 decgree slant to-
werd the target after it has been launched vertie:1lly.

TSECTION 2
DETATLED DESCRIPTION

2
11. The V-2 is Composed of the Following Main Components:

a. The warheead.

b. The contrcl compirtment.

c. The center section (contains moin fusl tanks).

d. The auxilisry power unit (turbine for forcsd fuel supply).
¢. Msin powcr unit {combustion chamber and venturi).

f. Teil unit ond thrust ring.

12. The #erhead is e very pointcd cone six feet-five inches long and
contains 1,620 pounds of high cxplosive (cost nmetol): !’uhgn loaded it
weighs 2, 190 pounds. It cartains threc fuzes: Iwe inortiz fuzes and

1 P 23 Bibliography Kef 15.
2 P 23 Bibliegraphy kef 16.



dnc eloctricsl nose fuze. The werhead is suitable for carrying atomic
bombs; thers is little doubt shet it was intended for th:t purpose.

13. Iho Control Compartment is six fect~-four inches long and con-
teins all of thc various cortrol equipment. The compsrtment normally
contains:

Unit Function
(a) ‘"Vertikant" Gyroscope Controls the r ocket in roll and yaw.
{b) "Herizont" Gyroscope Controls the rocket in pitch.
(e¢) Control implifier Transmits control signals to control

. surfeces ¢t teil end of rockct.
{d) Integroting accelcrometer Shuts of £ fucl supply at predetermined

velocity.,
(2) Hadio Trensmitter- Shuts off fucl supply. (alternste for
Roceiver the Intograting Accelerometsr)
(f) Radio Control Keceiver Controls the rocket in line,
(g) Time Switch Ovcr-riding control to shut off fuel
supply. ' B .
(h) "Stirg" Unit Warhcad crming unit.
(i) Three Storzge Batteries Power Supply.
(J) Hain Elcctrical Distri- Power Distribution.
bution Pznel
(k) Three Motor Altecrnators Control of power supply.
(1) Three Conpressed Alr To prcssurize slcohol tank after rock-
or Nitrogen Bottlcs et rooches rarefied atmospheore.

14. The Centor Scction contains the mdin alechol cnd liguid-oxygen
fuel tanks, It is 20 fcet long and is completcly insulnted with spun
gless to provent the extrame heat gonaroted by skin friction during
flight from -exploding the fuel. The forward tank has a capacity of 1,000
gallons of zlcohol. The rear tank, of cqual capzcity, contzins the 1i-
quid oxygen. The fucl line, from the 2lcohol tenk, pcsses through the
oxygen tank, and is insulcted to provent the slcohol from freezing.

15. The suxilirry Power Unit is within the tail section between
the msoin combust ion ch:imber wnd the oxygen tonk,

a. It consists of:

(1) Hydrogen peroxidc tenk.

(2) Sodium permanginatc tonk,

(3) Combustion chzmber.

(4) Turbo-pump ¢nd main fuel pumps.
(5) Heat cxchonger.

b, The hydrogen peroxide snd potassiwn permeng:nate enter the
small combustion chamber -nd gencrete high pressurc steca which, in turn,
operctes the fucl pump turbine. The fuel is pumped cut so rr-pidly that
means must be token to svoid the formotion of & vocuum with the result-
ant collepsc of the fuol tinks, In the casc of the zlcohol tank, this
purpose is secrved by an eir-vent and sir bottles. In the casc of the ox-
ygen tank, the hest exchonger used exhaust steam to warm & limited amount
of oxygen, which then returns to thu oxygen fuel tank in grostly oxpanded
form, snd estrblishes the nccesstry interncl prossurc.

¢. The rear of the thrust frrme, which is in thec canter seetion,
carries four universcl joints to which the forwerd end of the main com-
bustion chamber and venturi .ssembly is fostensd by stocl rods. It is
this frome thet -ctuslly receives the farward thrust of the venturi tube.

16, Ths Moin Power Unit is the plece of production of the terrific

-6 -



jot stremm which propels the rocket. The unit consists of the combus<
tion chamber »nd the venturl tube which is welded to, ‘nd in prolongo-~
tion of, the chamber. 4lcohol »nd liquid oxygen, pumped scprrotely but
concurrently into the chambor through 18 cups located rt its head, aro
ignited in the chamber.* The venturi tube is of a doublc-wzll construec-
tion and is cooled by the flow of slcohol between the inner and outer
walls on its wey to the cambustion chzmber. In addition, therc is a
series of smoall vents around the inside of the venturi tube which, in
pernitting a small amount of clcohol to enter the venturi tube direetly,
influence the propulsion process.

17. Thg Tail Unit _nd Thrust hing assembly cmsists of & wclded
and riveted stecel shell, supporting four l2rge strbilizing fins mounted
radielly and ot right ongles to each other. At thc outer end of each
fin is located a stzbilizing tob. These tabs sre the princip:zl meons
of directionzl control for the rock.t whilc it is below the str:tosphere.
The ovirall lcngth of the tcll unit is 14 feet-six inches. This ine
cludes the 1lG-inch overhong of the four fins. Fustened to the end of
the t2il unit ond the v anturi tube is o thrust ring. Four carbon tabs,
or internal control vancs, cre mounted on the thrust ring end loc ted
in thc path of the jet stream. Those veines assist the externsl tebs in
directional control while the rocket is below the stratoespherc, ond per-
form this entire function unassisted whilc the rocket is in the streto-

sphere,
18. The Dimcnsions ond Weight zre as follows:

8. Overall length, 46 feet-10 inches.

b. Largest diameter of body, five fcet-five inches.

¢. Meximum width across fins, 1l foeet-10 inches.

d. The cntirc unit, when empty, weighs 3,800 pounds. With
its warhoad and fuel load its weight is approximotely 14 tons.

SECTION 3

DESChIPTION OF FLIGHT

19. The Flight of the Hocket combines the action of ¢ conbrolled

missile 2nd a free projsctile.* In four scconds it recachss an alti-
tude of zpproximstely 2,000 fzet, when the time switch actuctes the
directional control system which, in turn, directs the rocket along a
curved path until it reaches un mngle of 47 degrecs with the horizon-—
tal. It then continues in straight flight along this course until

it has reachcd the pre-coaputcd velocity required for it to hit the
tavget, Approximately 80 sccords after lesunching, it has resched this
velocity, ond the integrsting acceleromstor switches off the power
unit. The velocity, at this time, is zbout 3,400 miles por hour, Af—
ter the power unit hes been cut off, the V-2 follows thc trajectory

of ¢ frec body in space, reashing a meximum orginate of more than 50
miles before returning to the surfzce of the certh. ithen the rockot
returns to the atmosphcrs, it is slowed down to ebout 1,800 .miles por
hour. Air friction causos the rocket surface to rsach a temporaturc
of about 300 degrees centigrode, just beforc it strikes the earth.
Developments wera celsyed becnruse this extreme heat ceuscd some pro~
maturc sir bursts. This malfunction was largely overcome by insula-
tion. The rangc =t which the V-2 can operctc most cffectively 1s a
little less then 200 miles. hs wag.mentioned before, the rocket was .
used beyond its most effectivc operational range against London.

1 Sce pa-rvagrapl-l 22k, below.
2 P 23 Bibliography hef 15 and 24.
-7 -



CHAPTER

ORGANIZATION AND OPERATIONS REQUIRED
FOR LAUNCHIAG THE V-c

SECTION 1
TACTICAL ORGANIZATION
<0. Qrgenizstion.

8. The initiel Germsn field organizetion for the tacticel
operation of the V-< wes o division under the commend of Generel Kemmler.
This division loter beceme Lort of the Reprisel Corps (formed during
Februery #nd Merch 1945)., Genhercl Kemmler vics designeted to commend
the corps, vhich operated both the V-Z's cnd the Filotless fircraft (V-1).
The rocket argenizetion was c:lled the Reprisel Division.

b. The Repriscl Division consisted of three firing regiments
ond specisl technicsl units. The regiments consisted of o regimentel
headaurrters, three firing betteries und one security bettery. Ench of
the three firing betteries consisted of three platoons. The first ple-
toon was the lsunching or firing pletoon. The second wes the technicol
platoon, snd wes responsible for testing #nd ropairing damaged _
rockets. The third, celled the fuel #nd rocket pletoon, wes responsible
for tronsportetion of the rockets from the reilhezd to the technicel
plrtoon end the trensportetion snd losding of fuels. Esch lsunching
platoon was capoble of leunching six V-2's per day.

BYENTS PRECEDING LAUNCHING
“l. Esteblishing the Firing Sites.

&. Tho division commender determined the locelities in which
regiments were to conduct operstions. The regimentcl commender then
eseigned ¢n aren to erch of his three firing bettcries. Esch betitery
commender then sclected three firing sites (pormelly zbout one thousond
yerds epert) within his erec. Bugincers, from the spocicl technical
units of the division, when necessrry, built or improved the roed nct,
and accomplished the surveys and celculotions for oricntrtion end firing.
The firing pletoon preprred the three firing sites of the bettory.

b. The roguiremcnts for r V-2 firing-site were simple. It ves
neeegsery to heve a firm foundation of vood, concrete, or metel sheeting,
for the firing teble,” ond p suiteble plece to position end dig in the
verious ccecssory vehicles,” such ¢s the control vehicle, generctor-test
vehiclc end rir-pressure vehicle. Rodios were elso set up when "redio-
notor cut- off" control wrs used ingtced of the integrating scculorometer.
¥hen sll vehicles were in and the clectrieel ceble end communicriioa lay-
out wes completed, the site wes rotdy for oporstion.

1 P 23 Bibliography Ref 19.
2 P 23 Bibliogrephy Rof 18.



22, Preperctions for Firing.

a. The technicel troop erccted e specinl lifting crsne st the
reilhend, for usc by the fuel end rocket pletoon, to trensfer rockets
from freight cers to the Videlwngon (rocket trensport vehicle). fThe
rocket vrs then teken to the technicsl britery's shope for on overnll
functionsl test in the horizontel positien. This was the second of
three tests performed on each rocket. The first weng ot the plent, in
the verticel position, rnd the third wes ct the firing site, la the ver-
ticle position. The sccond test wrs reguired because the rockets were not
westher-proofed ¢nd, if exposed to the olements for ¢ fou veeks after
menufocture, they usurlly needed clectrierl cdjustments 2ad sometimes
mechenierl replercements.

b. The techniczl unit mede €11 tests, £djustnents, snd neces-
sery repeirs, then mounted snd fuzed the worherd. The rocket wes then
recdy for trensfer from the technle:l brttery to the lcunching bettery.
The lsunching bettery pleced the rocket on the Meillerwsgod (a vehicle
for moving tae rocket to the firing site end erccting it for firing).

c. Two or three hours before the time scheduled for firing,
the rocket wes reccived from the technicel plrtoon rerdy to fire, ex-
cept for the operctions deseribed below.

d. The Meillerwcgon vies driven up to the leunching site, vhere
the rocket wos crected in its cradle znd the firing teble was roised
wider it until it took the weight of the rocket. The Meillcrwrgon wes
then pulled cbout » yerd pwey, wherc its scaffolding wes used in testing
end fueling the rocket.

<. Tac rocket wes then levoled so thet its longitudinel exis
wng verticel.

f. The hetches were oponed cnd the externsl cleetricrl con-
trol cebles inserted in snep-ewey receptscles, cnebling quick relense
of the cebles &t trke-off.

g. The cerbon contrsl venes were then stteched. These were
left off untll thc rocket wes erccted, since they were quite eosily
broken.

h. Next, the mrin verticsl tests were conducted. These con-
sisted of running the gyros rnd checking the vine control systems, pres-
sures in sir bottles, functioning of rrdio control eyuipment, ond elec-
tricel switches snd wiring.

i. Vhen »11 tests were successfully completed, the rocket wos
reported roedy for fueling. The four types of fuel needed were lorded
geperctely in thig order: Alcohol, liquid oxygen, hydrogen peroxide,
and sodium permengonecte.

j. Upon completion of fueling, the rocket wrs checked for
azimuth. One peir of venes hod to be exuctly in line with the torget,
or direction of fire. The finsl testing of the steering mechenisa wrs
rerformed vt the snme time.

k. The site wes then cle:red :nd the order for leunching given.
Three engineers in the control vehicle were required to crrry out the
soquence of operntions to leunch the rocket. The fuel wrs allowed to flow
into the combustion chember, where it wes ignited. As soon s the flow
vng even snd the engincers were putisfied thet everything wes function-
ing properly, the circuit wes closed. This initirted the mixing of the
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sodiun pernrngeacte ond the hydrogen peroxide, which in turn developed
strem so repidly thot the fuel pressuring turbine wes brought to 460
horcepower in one second. As soon ¢s the fuel started entering the com-
bustion chember ot full pressure, the tremendous thrust wrs developed,
Tnis thrust 1ifted the rocket off the ground™ rnd sterted it on r rrpid
recelerction vwhich finflly recrched eight times the accelesrtion due to
grevivy.

1. The tocticel mobility of ¢ V-2 leunchiog unit ves comprreble
to thet of o medium ertillery bettery. The time from when the rocket
v s brought to the Lleunching site until 11 signs of cctivity hed been
removed ¢fter firing wes belicvved to be two to three hours.

1 P 23 Bibliogrerhy Ref 17.



CHAPTER 4

EXTENT AND EFFECT OF V-2 ATTACKS

SECTION 1

IENT OF EFFORT

23, Beginning end Duretion. The V-2 attecks sterted on England
end the Continent at ebout the same time, On 8 September 1944 a V-2
lended on Paris, and & few hours leter, London had its first bomb.
This heralded & lcng sustained rocket cempaign con Continental tergets
and Lenden. The sttack lasted until the firing units in Holland end
Germany hed been over-run during the last days of the war in Europs.

4. Attack cn London. On 8 September 1944 the first V-2 hocket
in the assault on Lendon exploded at Chiswick, England (a suburb of Lon-
don). This was the beginning of a long snd bitter campaign which lasted
until March 1945. & great deal of property demage in London was ceaused
by this continuous mttack, but the Allied war effort was never seriocusly
affected. At no time did the atteck sassume such importence thet a major
diversicn of air force bombing missicns to combat it became necessary,
The essault on Londen ended on 28 March 1945 when the Allies overran the
lewching sites, During the entire asssult 1,116 rockets fell on Eng-
land. & large percentege of these fell within the built-up area of
Londen, Inasmuch as London was actually beyond the intended operationel
range of the V.2, meny of the rockets fell short,

25, Attack on Continentel Targets., During the V-2 cempaign a num-
ber of targets an the Continent were attacked with varying intensity.

The first and least importent was Paris. This was followed by attacks
on Antwerp, Brussels, end Liege in Belgium, snd Meastricht (VK 5552) in
Holland, There was only cne recorded tecticsl use of the V-2, which was
on 17 March 1945, when 1l rockets were dirscted ageinst the Ludendorf
Bridge at Hemagen, Germany (WF 6422). Some officers are of the opinion
that this attack wes partly respcnsible for the final collapse of that
important bridge across the Rhine, The strategicel use of the weapon
will be covered in the following peragraphs. The attacks on Antwerp end
Liegs werse the most extensive end will be discussed in detail.

26, attacks on dntwerp snd Liege.

a. after the single rocket foll on Paris on 8 September 1944,
no more were fired against tergets on the Cmtinent until 13 September
1944, when a rocket fell nesr Brussela, The next day four more rockets
£8ll in the Brussels srea. That dey (14 September 1944) can be regarded
a8 the real beginning of the long range rocket campaign.

b. During this early period, no good intelligence or reporting
system had been developed; consequently, the figures on the number of
rocket incidents are not relisble. The best aveilable figures show that
during the period 14 September 1944 to 12 October 1944 an average of four
and cne-half V-2's per day were directed at Liege (en undetermined few
pessibly intended for Masstricht), end a very few directed at Lille
(VH 7946), Brussels and Ghent (VJ 1980), Liege bare the trunt of this
attack,
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ce. The attack shifted from Lioge to .ntwerp on 13 October 1944,
and from then until the war's end (except for the previously mentioned oner
day attack on the Remagen bridge) was concentrated on that eity. From
that date until 13 December 1944, & averaze of nihe plus V-2's per day
landed in the vicinity of Antverp, Near the end of QOctober 1944 and the
beginning of November the number of rocket incidental was over 100 per
week and the biggest day recorded vwas 2 November 1944, with 2 incidents.

ds. 4 mare reliable 4llied intelligence system was started on
1. December 1944, and mrked the beginning of operation of the Continen-
tal Crossbow¢ Forward Unit of Supreme Headquarters, Allied Expeditionary
Force, From the date of its becaming operational until the end of the
campaign, the Crossbow unit reccrded not only rocket incidents but also
launchings. Figures subsequent to this dete can be considered gquite
reliable, During the first three weeks of this period, the launchings
continued at a rate of more than 100 per week., This was the most in-
tense period of the entire campaign. From 1 January 1945, the attack
fell off steadily until the close of operations on 28 March 1945. There
was an exception during the third week in February, vhen the launchings
for the week reached 91, but this was a short=-lived spurt and the dovm=-
ward trend continued.

27. Summary of the Effort,

8. From 8 Septamber 1944 to 1800 hours 14 December 194), 888
V-2 ground incidents were recorded on the Continent. From 1800 hours 1l
December 1944 to 08,5 hours 28 March 1945 (when rocket attacks ceased)
91l rockets were succesefully launched. The total number of recarded V-2
incidents was 1,802, This figwre cannot be considersd better than e good
estimate becau.se. during the early period, there vwas not ai adequate col-
Lecting and collating system of V-2 intelligence, and during the entire
period there was no way of accounting for those rockets that never climbed
high encugh to be observed visually or by radar,

b, By scientific study of ground incidents, prisoner of var
interrogations, and other means a final estimate wes made that 1,950 V-2's
were fired during the rocket campaign, of vhich approximately 1,780 were
aimed at Antwerp, and the rewaining 170 at other Continental tergets, in-
cluding Liege, Paris, Lille and possibly Maastricht, Brussels and Ghent.
It appears from a study of the fall of shot between ILiege and Maastricht,
along the Meuse River, that the Germans experimented viith the feagibvility
of attacking river crossings with V-2's, as they did ageinst the Remagen
bridge.

SECTION 2

a. The rockets may be classified in three general groupings as
regards their efficiency:

1 Incident = the official term adopted %0 md:l.cate the fall and axplosion
of ‘a missiles

2 fCROSSBOW" was the code word ndoptod to indiscato dofense against long-..
range missiles,
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(1) Pailures - Rockets which did not rise high enough to
be picked up by the radar surveillance sets,

(2) Wild rounds ~ Those rockets vhioh were detected but
did not fall within en 18 mile ¢ircle around the center
of the targetls

(3) Buccesses = Tose rockets which did fall within an 18
mile.cirole around the cenier of the targets

bs The number of feilures has been determined by questioning
prisoners of war, and fram diaries kept by local inhabitants near certain
launching sites. Although the information is rather meager, it is used -
as a means in computing percentages on various subedivisions of failures,
wild rounds and successess The sub-diviajon of failures is as follows:

(1) Cancelled Jaunchinms - These Were usually due to mech-
anical failures within the rocket mechanisme If the
delay was greater than 100 minutes after oxygen fueling
the launching had to be cancelled because the liguid
oxygen froze other elements and the rocket had to be
thavied outs

(2) Stending Duds - These rounds vers ignited but failed
to leave the .ground due to some mechanical breakdowm
within the rockets

(3) Bising Duds = These rounds left the ground but never
rose-high.enough for radar detection and usually fell
to earth in the vicinity of the launching sites

ce Tabulation of Bfficiencys 4fter careful evaluation of all
date, the following percentages for V-2 efficiency were computeds

Failures 31“5%
Cancelled launchings-~---- =124 0%
Standing QUdS=m-wmevamwemeee= 5,0%
Rising duds Te5%

Wild rounds ——m——— 1045%

SuccoaE 6= 6540%

Within six mile circle~w=ev=rew-39,0%
Outside six mile cirele, but
within 18 mile circlemw=me===ws26,0!
100, %

Frap the above tabulation, it may reedily be geen that 65 percent of all
attempts to launch rockeys resulted in hits within the 1lB-mile circle
around the center of the target which included 39 percent within a six-
mile eircle. Since cancelled launchings involved the expenditure of effort
at least equal to that required for successful launchings, they are in-
cluded in the above tabulations to show the efficlency of the launching
operationse & rscomputation excluding cancelled launchings uould shov

the percentage of launched rockets falling within the 18-mile circle to

be 74 percent, including 4k percent vithin the six-mile circles

.1 A circle, 18 miles in diometer, was arbitrarily ssleated ap reughly
covering the area of Grsater London,
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29, Effegtiveness.

a, The Germans hoped, by their Continental V-2 cempaign, to
destroy or cripple the Allied supply line through Antwerp and Lieges
Antuerp bore the brunt of the attack, due %o its greater impartence as

a major ports Liege received about 10 percent of the attacks. It was

of congiderable importance as a communications center and railhead, and
wag located on a main supply routes The effect on the flow of supplies
through both of these targets was practically negligible. Therefore, the
V-2 attback failed in its primary objective,

be Although the V-2's did not achieve success in their primary
miggion against Continental targets, they were eminently successful in
diverting marpovier end equipment fram important military functions to
render civil defense servicess. The entire passive air defense systems
of Antwerp and Liege had to be overhauled. This was necessary in order
to keep dock workers, railroad men, and cther essential civilians, from
leaving the areés.

ce Casualties and materiel damage resulting from V-2 attacks
were severe. In Antwerp, Liege, and viecinity, same 5,400 persons vere
killed, 22,000 vounded, and 90,000 houses were destroyed. These losses
were not determining military factows, but they did adversely affect mor-
ale, and made it difficult to maintain an adequate supply of eivilian
labore
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CHAPTEK 5

COUNTE: MEASUREY P4ST_anl PHOPOSED

SECTION 1

DEFENSIVE MELSUAZES USID IN %OhID Wah IT

30, General. a. OSeveral considerations reletive to the setting
up of any defensive measures egsinst V-2 were apparcnt when the subject
wzs first studied by Supreme Headquarters. The first requirement wss
to organize a unit to collect and evaluate all cvaileble inform-tion on
the rockets. Next, soiconc hed to be mede responsible for analyzing
the opcrational usc of tha wezpon by the ¢nemy. Finelly, someonc had
to be charged with the plinning of defcnscs against the rocket ettecks,

b. The Supreme Comacnder, aftcr cnrcful anelysis of the probe-
lem, cherged the Assistant Chief of Staff, G~2, with collecting all
availsble intelligence inform tion on the V-2 rocket project. He charg-
ed the sir Defcnsc Division with the rcsponsibility of gothering =nd
evaluating all inform:.tion on f2ll of shot and other matters portinent
to rockcts. In other words, the G-2 wss chopged with intelligence prior
to launching und the air Defonse Division wzs cheorged with collecting in-
formation on thc rockcts after they h d been lzunched. In sddition, the
iir Defense Division wes ch.rged with prepsrations for definse cgeinst
V-2's and with 2 study of the feasibility of ths use of & similar waapon
by the Allics. The G-2 delegzted ths evalustion of the intelligence
dats to the assistant Chief of Staff, s-2, who sttached ths necesszry
officers to tho iir Dafense Division to assist in evaluating intelligence,
and to act :s air Force advisers to the Chief of the alr Defcnso Division.

¢, After much thought, two methods of intolligence collecting
were devised ard put into practice, together with thc counter mezsures
to be institubed, which consisted principelly of .ir cttacks zgainst V-2
fecilities. These counter mocsurcs will be covered in detsil in this
chaptsr.

31, Intelligence, a. Intelligencc is considorcd &s & dofense
method in this study baceuse it hzd such an import.at benring on the
sctive defensive methods used in the operstion. Supreme Headquirters
set up several diffcront units, 111 under the air Defonsc Division, for
collecting information on the lesunching, flight und f£:o11 of V-2's., The
mesng of gathering this informetion were » sound renging unit, = redsr
deteoction unit, snd & fzll of shot orgenization. In addition to the
above units, ficld force units, slso rendered periodic reports covering
fall of shot cnd lesunchings.

b, Information on the full of shots was reported by the army
groupa, srmies, Heedquarters Communic:rtions Zone end the fall of shot
organizstion set up sroumd the tsrgets. Thc latber unit was cclled o
Counter Battory cnd Field Observation Unit. It reportecd through the
Continentel Crossbow Forweid Unit} and Advance Headguorters of the Alr
Defense Division, Supreme Hemdguorters.

c. Intelligence as to the loc:tion of rocket firing areas wes

1 The hezdguorters comprising the steffs needed to supervise the oper-
stion of tho Roysl nir Force (British) end U.S. 2md British srmy
rocket detection resources.
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obtzined from radsr surveillance units and from visual cbscrvetion of
condensation trails of ascending rockets.™ This informction was re-
portod to a spceizl section within the sir Defensc Division 't Supreme
Hezdquorters, celled the Colloting Section,

¢. Collation of Information. The Collating Section of the
Air Defensc Division et Supremc Heodquartirs, after rcviewing ell avail-
able informetion, woldad it together into e coherent story and distri-
buted its deily rcports amd weekly summerics to 211 concorned. There
was £ considcrcble time lzg in confirmed accurate roports. Inasmuch as
the Coll-ting Section had to serve two purposcs, th.t of disscminction
of tactical informztion cnd the collection of informetion for scientifie
reserrch, it rendercd threc types of reports: First, . Flash keport on
all unconfirmed inform. tion for possible emcrgency toctic:l use; secondly,
a morc accurate cdeily totzls report without much deteil; end thirdly, a
completc deteiled report for use in rescarch and futurc planning. The
detailed rcport had an &verage time l:g of cpproximately 32 hours.

e. Informstion rcgerding rocket lsunching cnd ficld storage
gites, routcs, ! means of conveyznce was obtained by the Intelligence
Scction from ground zgents, prisoners of war, photographs znd the Col-
loting Scetion. Based on this information, recommendations for active
defensc were prepared for bhe Chief, Lir Defense Division. (For the
letter's action see paragr:ph 34 below.)

32. Passive Defense Mensures. In 21l of the target arcas ¢ivilien
defensc orgenizations had tobe corefully reorgenized by the military
commanders in order thut :s much assistonce a2s possible could be given
to the local populaticn. This w.s very important becmuse l-rge numbers
of civilicns werc needed in handling ship cargoes ond trensportation
in the veriocus tzarget areas. s mass evacuntion of intwerp or Liege
would hsve had serious cffects on the logistical support of the field
armies. Thercforz, it wus necesscry to divert much offort to meking
the passive ir defense orgenization in the affocted citics ng effi~
cient s possible.

33. active Defense lieasures.

2. Gengral. The Chief, wir Defensc Division, Supreme Heod-
quarters, was chirgoed with coordination of ¢11 counter-measurws, whether
active or pessive, reliting to V-2's. Therofore, he reccived rocommend-
ations from the Intclligence Section on active dcfensc. Specifieally,
the Intelligence Section (known in full .s the Crossbow Intclligence,
Interprotation, =nd Operationl hecommendstions Scetion) wes responsible,
under the direction of thec Assistant Chief of Staff, »-2 Division, to
the Chief, »ir Deofense Division for:

(1) hecommending aress for armed recomaissance and tar-
gets for attack, «fter cvnlusting inform:tion from
tho Collsting Section, agents' roports, and photo-
graphic reconnaissancs.

(2) Requesting photogrnphic reconnaissance through A-2
chemnels.

(3) hequesting torget moterial through -2 channcls.
(4) Furnishing apprecistions on long-range rocket mottors

as required.
Using thc inform~tion zt his disposal, the Chief, air Defunse Division,

1 P 23 Bibliography hcf 25.
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Supreme Headquarters, msde suggestions tn the staff section
i ) concerned
(mostly .ir Stoff) thet certsln defcnsive sctions be implementcde.: )

b. 4.5.? Defensive Measurcs, The nir zction, 2gzinst tergets
and arens associated directly or indirectly with the firing »f rockets
2gainst Continental targets, was taken by Second Tecticel .ir Force
(British) pursucnt to instructions issued by ilr Staff Hendquarters on
16 November 194L. These instructions stated thit the defonse of the
Port of sntwerp was vitzl, and ordered that appropriate 2ir -~ction shoule
have ¢ flexible priority varying from "just below special projects! to
"above routine missions.! The snticipzted figure of 48 rockets launched
every 24 hours wis nevar reached amd it wis never ncccssiry to =ssign

air counter-measurcs ageinst rocket attacks a higher priority than that
stated above.

c. There werc four types of ~ir sttack on rockct activitics:
(1) Proerrenged atbacks on specific tsrgots.

(2) .rmed reconnzissince sorties over zreus in which static
torgets were suspected or flecting torgets might pre-
sont t hemselves.

(3) hail interdiction missinns tu check tronsportation of
supplies to firing arcas or ficld storzge sites.

(4) Hight intrwer missions into V-2 supply arcas.

The pre~sclected targcts were slmost inveriably vital points in the
supply system., Launching or storage sitcs could mot be located from
aorisl reconnaissance, so werc not subject to prearranged ettacks. The
arsed reconnaissance missions werc nommally routine missions snd picked
up whatever rocket information they could, The reil interciction mis-
slons worc tho most e¢ffective of all types of migsions sgninst the V-2,
The railway routes to the launching srezs werc kept under almost con-
stant alr interdiction, and an anclysis o the intordiction zttacks
against these routes showed definiteo results. The night intruder mis-
sions were valueble because it was known that practierlly 21l activitias
concerning V-2's wore carriod out under cover of darkncss. Scveral
rockct railheads were bombed by thesc night intruders.

d. although the cxsct degree of cffectivenzss of 2ir counter
measures taken cannot sccurately be Qeterminced, informebion availeble
points to the conclusion thut, pencrslly spezking, the nir effort
against rocket installations end their transportcotion znd supply facil-
itios was effective =- the rocket effort inviriably went down as the air
effort went up, cnd vice versa,

SKCTION 2
COUNTLn, wmE..SURES

34, Mcasupes Taoken to Comb:st V-2!s, sfter they had been launched,
wers inoffectual. Some minimizing of damoge and ccsueli';ies was accom=
plished by passive defense mezns, but no mcthod wes de_:vued to cgmbat,
the V-2 in flight. &ir bomb rdment a2gzinst lcboratorics, .facton.ea, in-
stallations and supply facilitics of V-2 did achicve considereble success,
and was a me jor factor in giving the .llies time to complste t,hci?
ground offensive, and actually occupy Germen territory: It is po:.Lnted
out and emphasizod that thc only proven means of definitsly stopping V-2
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sttacks is to overrun and physis: ly occupy all territory from which
these missiles could be launched. Prior to such occupation the only
mecns of combatiing the V-2 was to attack, through the uir, the factor-
ies, supply facilities, lines of cowmunicetion, transportation facili-
ties and, where possible, the lsunching sites. Our margin of timc was
not great, and it ls certain that more extensive attocks were danger-
ously near. Keport number 237-45 of the United States Navel Technicel
Missior on guided missiles, reads as follows:: “Therc is little of hu-
morcus nrture in the stotement so oftcn heerd thrt the Germens intended
to bombard New York from lsunching sites in Burope, rs two missiles, the
4~9 ond 5=105 werc under develupment for use sgainst the U.S. in the
cerly months of 1946, This contemplated use was scientifically possible
and undoubtedly would have beon realized h-d time permitted.® It is
clear thzt the United Statos must establish ¢t oncc, within the atruc-
ture of the nationsl defanse, 2 mo jor organization for the development
and producticn of long-range rockets and guided missiles suiteble feor
cffensive and defensive dction. Unitscmust be established, equipped,
and t ined in the use of these wespons so that they may be brought in-
tec zction immedistely upon @ thre:t to owr notionsl security. The sr-
ganization indicetod above shauld include clements of farces which have
primary intarest in long-renge missilcs and which hove progresseé far-
thest in the development of the necess:ry equipment, technigue of em=
ployment ancd Jrgunizationsl structures required for offcnsive usc of
this weapon cnd £for dofense cgeinst it. The underlying principles
governing the cmployment and applic:tion of strotcgic destructive power
remsin the szmc regerdless of the corricr which transports the destruce
tive sgent to the terget. Planming for thc offensive usc of long~
range missilcs must tcke cdvantzge of exporience slrecdy grincd in the
applic:tion of strategic air power.

35, Proposed Passive Defgnse Measurcs must be considcred which will
include all practicsble steps to cveid or minimize the coffects of guided-
missile attacks upon the United States. Thesc measwres will inelude:
Permanent, fodorallye-sponsorod velief, rescue ond rchabilitation organ-
izations; dispersal of stretegic industrics ~n¢ important defense fzcil-
ities; and the usc of uncderground ond overhcad protection.

36, Proposec .ctive Counter Measures, subdivided inte two types:

offensive and defensive, sre discugsed below.

a. Offensive Counter Measur.s arc thoso steps taken to con-
trcl or cripple an enemy's ability to produce, assemble, ~nc launch
rocket projectiles. Two courses of zction present themselvas: First,
to attack the enemy from z distence by long-renge bombrrdment; ~nd sec-
endly, by invading and physiczlly occupying his territory. The first
cours¢ dictrtos the devalnpment by us of supersonic-velocity missiles,
incorporating the most -dvantageous military chsracteristics of long
range, accurate control, snd deep penetration. The second course of
setion, that of invision, is beyond the scopo of this study.

b. Dofensivc Counter Msasures are thosc stcps token to combet
enemy rockebs of ter they h: ve been launched against us. Thess measures
come within the scope of antiairersft srtillery, -nd indiccte drastic
changes in equipment and in our present concsption of defensive methods.
Development in the following fields ls envisioned:

(1) Greetly improved reder, infra-red, or other beam con-
trol,

1 P 22 Bibliography kef 1. ’ A
2 The a~9 and #-10 were designed to be used together =s one unit.
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(2) MHoming devicos (target sceking).

(3) Television,

(4) Proximity fuzes (for counter rockets).
(5) utomic explosive.

(6) Remotely-controlled detonstion.

¢, To date, there is no proven method of successifully com-
JDbatting suporsonic-velocity projectiles in flight., The British devised
a plen for an cnticireroft artillery defense of London in ¥World Wor II,
The plon was bosed upon two premises:  PFirst, thst a warning could be
reccived upen which 2 prediction could be made of the one-mile square
within which a V-2 would fall; snd seconddy, +that a gun defense could
place sn umbrellz of shell fragments of sufficient magnitude =nd inten-
sity above the threatencd arca thet the V-2 would be destroyed. The
plan wss never put to o test., It is believed to be impracticeble on
account of the prohibitive number of antizircraft units reguired. There
is mo cxpericnce upon which to bise 2 conclusicn is to the probeble ef-
feet of shell frazgments on V-2's,
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CHAPTER 6

37. Conclusions and Recommendations.,

a, (Conclusions: In view of the facts developed in the fore—
going study, it is concluded that : ’

(1)

(2)

(3)

(6)

The V~2 rocket is so new to warfare, its characteris-
tics 80 novel and of such magnitude as to distance and
speed that its offensive possibilities have, to date,
far outstripped defensive measures.

The German use of V-2 was not a decisive factor in
Wiorld war IX, as it did not deliver a crippling blow
to the Allied war effort, It did, however, inflict
enormous casualties and surfering on Allied civil
population, and was a serious morale problem and
military threat.

Rockets and guided missiles are on the threshold of
attaining additional development of such sensational
characteristics of range, control and destructive
power that they certainly will become a decisive
military factor.

Passive defense measures involve a ¢omprehensive dis—
persion of vital industry, and the development of
underground faculties,

Active deifense measures necessitate the :bility to
control or crinnly an enemy's ability to produce, as-
semble and launch rocket projectiles,

To date there is no -roven methnd nf successfully
combatting V-2's in flight,

b. Recommendations: In view of the summary of known facts
about V-2 weapons set forth in the preceding conclusions, it is ob~
vious that to insure a continuation of nur national sxistence we must
take prompt and vigorous counter measures against the possibility of
attacks upon ourselves by any notential enemy, It is therefore recomm—

ended that:
(1)

A major organization be established within the
national defense structure, to be charged with respon-~
sibility for:

{a) Devolopusnt and production of guided missiles
sultible for defense against long-rengec guided
missile and rocket attack,

(b) Develooment and nroduction nf suversonic-velocity
gulded missiles and rockets suitable for offen-—
sive action at long range.

(¢) Orgenigzetion and training of a corns of units,
established and equipped, for offensive and de—
fensive onerations with guided missiles and
rockets of both super and subsonic speeds.
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(2) There be established permanent federzlly-controlled
passive defense organizations to be charged with
responsibility for measures to minimize the effects
of rocket and gulded missile attacks uwon the United
States. Théese measures to ineclude:

(a) Organization:and training of relief, rescus and
rehebilitatinn organizations,

(t) & study of the necessiiy for, and ways and means
of, dispersal of strategic industries and impor-
tant defense facilities,

¢) A study of the necessity for, and ways and means
N s
of, duplication of communication and transport-
ation facilities,

(d) Develepment of overhesd and underground pro-
tection.
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tion IV, “V" Weapons,.

10. SHAEF Air Defense Review Number 8, dated 30 April 1945, Sec-~
tion IV, "V" eapons.

11'. Appendix I, A-4b Long~Range Rocket,
12. Appendix I1, A-ib Long-Range Rocket.

13. Appendix III, Flight Path of A-4b and A-9 Long-Range Rockets.

- 22 -



4.
miless

15.
16,
17.

18,
Vehicles

19.

Appendix IV, Flight Path of A9/il0 Long-Range Rocket - 3 4500

Appendix V; V-2 (i-4 Long-Rangs Rocket) in Flight,.
Appendix VI, Cut-iway Diagram of V-2,
Lppendix VII, V-2 (4-L Leng-Range Rocket) Belng Launched.

f\ppend:bn VIII, List of Principal Ground Installations and
Required for Firing, Published by SHLEF,

appendix IX, Typlcal Lnunchmg Site, showing simplicity of

permanent facilities.

20,
2L,
22,
23,
2h.

25,

sppendix X, Characteristics of 4=l, =2, and A~3.

ippendix XI, Characteristics of i=~L, A~hb, and 4<5.

Appendix XII, Characteristics of a=-6, /-7, and /-8,

appendix XIII, Characteristics of i~9, A-10, and 8103 (V-1).
appendix X1V, Flight Path of V-2 (A-4 Rocket).

appendix £V, Photograph of Condensatiopn Trails of two V-2's

over Antwerp.

26.

Appendix XVI,AVIIL; XVI1L, LIX, XX, HMiscellaneoussPhotographs

of V=2 Rockets and Rocket equipment.

- 23~



A-4B LONG RANGE

APPENDIX | ROCKET



A-4B LONG RANGE ROCKET = -

TR

APPENDIX | &

-

-
g

RN WIS



11 XIOANIddV

Slugbatn einer Sernrakete mit Jtagfigeln Reickweite: 750 km

b )
120
100
0
80
«
M iliis
] |
Mﬁsl’ oo 7L" 21"’ 300 400 500 600 %0 70
Héhen und Entfernungen in kw
5
29
@ i)
» T
2. a
D
>
z% 3
m ; .g
2° 35
o p X
ol
= ©
- 32
-

[——

J woa [.' s |2 SlAerak Sug




Al X!1GN3ddv

S31IN 00GE
L3NO0H JONVYH ONOT

-
C
@
I
_.{
B
ot
I
o
m
>
!
©
~
>
f
o

Flughahn eirer zweistufigen fernrakete mit Jragfligeln Reiduseite: 5400 Am

%ohe und Eniferrungen ir km

BN HTBIM

3201-C

AreD- GlA+Vaafc
Flughbahn



; e A
. V-2(A-4 LONG RANGE ROCKET)
APPENDIX V IN FLIGHT




GERMAN LONG-RANGE A-4 ROCKET

‘ ; [ -]
ROCKET MOTOR CONTROL

& VENTUR! COMPARTMENT
AUXILIARY MOTOR UNIT

TAIL UNIT

WARHEAD

& FUEL PUMPS

kz

IA  XION3ddV

1, ALOOHOL TANK PNESSURISING FIFE S. AUTOKATIC PILOT 19. GLASS WOOL 23. BURNER ASSRAELY
2. SLINGING FOIWT 40. OONTROL AMPLIFTER 20. TURBIIGE 30, STABILISUIG FIN
3, CENTRAL XXPIODER TUEE 1.  ALCOHOL TANK 21. IYDPROGEN FEROXIDE TANK 31. JUTER RUITER
MATXN DISTRTMOTICON 3OX & B 12, CQUTLET VALVE 22, SCIIUM PERMANGANATE TANK 32, THRUST RING
GROUND OONTROL PLUGS 13. DRAINAGE VALVE 23. QIVGEN & ALOOHDL PUKES 3. CARBON VANE
5. ALTEBWTOR 3 NBGULATOR 1) ALOOBOL DELIVERY FIIE 24, TURRINE EXHAUBTS 34 SERVO MDTOR
6, TIME SWITOM 15. OXYGEN FUELLING INIET 25. OXYGEN MATN VALVE . 35. ALCOHOL FEED FITES
7. ALOCHOL PUELLING INIET 16, STACK FIFR 26, ERACED SIEXL FRAME . OXYGEN FEED FITES
8. ATR PYESSURE GIIGE & 17. DOUBLE SEAT VALVE Z7. COMPRESSED AIR BOTTLES 3. AUXILIARY COMBUSTION CHAMEFR
HAND CONTROL COCK 18. HEAT EXCHANGER UNIT 28, DISTRIBUTION BOX 38, AERTAL SUFFORTS -



V-2 (A-4 LONG RANGE ROCKET)
APPENDIX VII BEING LAUNCHED
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RESTRICTED

SUPREME HEADQUARTERS
ALLIED EXPEDITIONARY FORCE
AIR DEFENSE DIVISION

LIST OF PRINCIPAL GROUND
INSTALLATIONS AND VEEICLES
REGUIRED IN FIRING GERMAN

LONG RANGE ROCKET (A-L4)
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LONG RANGE ROCKET GROUWD TQUIPHENT

ITEM

1. Veohicles and Trailers

-

Ce

e

2. Eguipment and Accesrories

a,

b.

C.

Fire Control Car

Firing Platform
Transport and
Erzction Treiler

Treiler for
liquid oxygen

Trailer for
liquid alcohol

Hydrogen Peroxide
tankar

Hzating Trailer for T-Steff

Gensretors

Leitstrahl and Zronschlus>

vehieles and trailsrs

Crancs

Calcium permanganate containers

Oxygen oump

Alcohol pump

Hydrog:n peroxice Pump

Oxygen hasas

Alcohol hoses

APPINDIX VIII

BEMARKS

Contrel launching
and in som: cascs,
flight pf the rockst

Platform from which
rocket is launch:g

Erection of rocket
et firing site

Fueling on site
Fucling on site

Fusling on site

Powar supply for
control ear, =tc¢

Ground control in
azimith and renge

Moving rockets from
rell cars

Fucling on site

Transfer of fusl
from trailsr ta
rocket

Transfar of fusl
from trailsr to
rockat

Treasfer of fusl
from trail:zr to
rockst

frensfer of fusl
from trailer to
rockst

pransfer of fusl
from trailsr to
rocket

1

3

3

1-2

12



LTEM
g. Hydrogen Peroxide hoses

h. Counlings for fueling

i, Valve for fusling

j« Valve containers

K. Quintiple coupling and ceble

1. Cables

m. Alr comprescors

n. ZEquipment to produce hot air

o. Specisl plugs with cables

P+ 3Bor containing relay mechanism
and transformer sites

q. Igniters

ry Tost Equipment

8, Ladder

t. Platforms with frames for
sdjusting rocket components

APPEWNDIX VIII -3 -

BEMARKS

Transf:r of fuel
from trallsr to
rocket

Transfer of fuel
from trailer to
rocket

Transf:r of fuel
from trailzr to
rocket

From Heilerwagen
to rocket

411 elnctricel con-
nections for ground
equipment

Fusling

Drop when rocket
erves platform

Ignite Fuzl At
launch

For testing rocket
when in launch
vosition

Fitted to rocket
when in launch
position

-3
3-5

1-2

2 zach

1-2

3G
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GERMAN A-SERIES ROCKETS
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GERMAN A-SERIES ROCKETS
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GERMAN A-SERIES ROCKETS
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FLIGHT PATH OF V-2 (4-4 GERMAN ROCKET)

R

Free body in space

‘1.
50 miles “*j}

Stratosphere N\

_— . . T

it

_Earth Surface

200 miles —

Initial Vertical Flight
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GONDENSATION TRAILS OF m
_ 5 TWO V-2's OVER ANTWERP
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Rocket being shifted
from railroad car to
VIDALWAGEN by mobile
gantry-crane (STRABOKRAN)

Fuel convoy; vehicles
towing alconol, hydro-
gen peroxide and oxy-
gen trailers.

Oxygen treiler being
filled at Raillhead
i from railway tanker.
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Deflector plate be-
ing pleced in poei-
tion under firings
table.

Rocket loaded on
MEILLERWAGEN being
brought upr to fir-
ing table.

MEILTERWAGEN elevat-
ing rocket into ver-
tical position on
firing table.
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"Girdles"™ securing Fuel vehicles in
rocket to MzILIbBR- position at rocket.
WAGEN being removed.

Rocket beingz positioned on firing table
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FEUERLE ITFPANZER (mo-
bile armored fire
control tank) tow=-
: ing ABSCHUSSTISCH
“~ ) (firing table)

FEUERLEITFANZER
in position

Interior of Fire Control
Chamber; showing control
panels; these are normal-
ly in the FEUERLEITTANZER
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"Lining up" rocket to
ensure in the true
vertical position.

Start of ignition of fuels

Hocket 1ifts into the air
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