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1 object of Investigsetion

The objeot of the trlp was to sscerteln Germsn experi-
ancs of saroplane undercsrrisges snd their methods of design,
testing snd menufscturing them. BEngqulries wersos also meds
about their methods of testing whesls for strength. The
Gesign and testing of wheel brekes will be coversd ln a
gseparate report from the Wheel 3Brake Tesm. During the trip
preliminary lanformetion was obtelned abtout the German asro-
plans tyre industry in ordsr fto declde the teargets for the
asroplens tyre teasm which will submit s separate report.

2 Summary of Qonclusions

2.1 Genaral. The reslatlionz betwesn the sircraft smd
undercarrless Tirms and the German Air Ministry developed in
mach the ssme way as in this country. Thel r experiencs,
generally, was similar to our own except for ths troublss
gue to higher landing speads desoribed in the next persgrsph.

2.8 Outstending troubles. Thelr out gtending troubls
had been due Lo the very high landing speeds ~ up t0 150 m.p.h.-
which cauged large drsg forces due %0 spinning up the wheels
at touch down which in turn caused the shook absorbers to
jem, so making the tyres “hottom™ and collgpse. The troubls
waes overcoms by a combination of fslrly small changes but it
led to serious proposals to spin up wheels tefore touch down,

2.3 Deslgn requirsments, The German design reguirements
spocified ﬂg%r s%an&aras of energy absorption and strength
than thoss mged In this country. For some time thsy have
had & requirement specifying that the ensrgy to bs absorbed
between proof and ultimate conditions is to be at least 50%
of that absorbed at proof conditions.

2.4 gtrustura. German matheods of construction followed
orthodox pPractice generglly except for their mueh widsr use
of welding including flash walding. In this respsct they
wers much mors sivenced than British mactice and probably
as much s¢ as smerican.

3. Targets and Personnel vislted

%.1 The main targets visltsd woere:-

Date Firm Parsonnal
25/10 f45 VeDuMe I,uftfahréwerke, Al Ge, Dr. gl bai C25/554
and Grosssuheim, HNear Hansu. Dr. Tongses

31/10 /45
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Davs Fizm Pergonnsel

87/10/45 Elma Gem.b.H., Weiblingen, Dr. Michael 25/203
snd Hear stuttgart.

29/10 /45

5.8 Short visits and enguiriss ware made st the follow-
i1ng targety;~

85 /10 [45 V.Doil, Bedderunsi: Herr Plelmes ©25/560
26/10/45 Hutchineson Gummi Wwarka,
Manthelm, Ir.F.Huslacher
29/10 /45 Blektron Gemebo.H., Bad Canstsatt,
Stuttgart. Ch.Ing.Barkhepdt
3 /10 /45 veith Gummi Werke, HSchst in 25/110
Qdenwald, Herr Turnsr
1/11/45 Deutsche Imnlop, Hansau. Dr.Xrsmer

Herr Pitjer(Late
Landing Gear
Specialisgt of
Rﬂchlin)o

4. Goneral., Design snd Dsvelopmsns Procedure

4,1 TUndercarriages. In Germeny the reiaticns haitween
the Alr M ETry, ige official technicel establighments end
the afrcrgft and undercziriage firms developed on very similar
lines to thoge in Knglard, The girereft firms relied on
specialigt firms to dewsign and make the landing gear ghock
absorbexrs, the thres spesoeisglist firms being v.D.M. at
Groasseuhelinm, Klmag at Walblingan end Xron Prinz st Solingen.
VeDolle and Elma designed and producsd the prototype shock
absorbers, gemerslly of the olec pnsumatic typs snd esch
had seversl subcontrasctors whaich put them into prodmetion, %the
worksghops of the parent firm concentrating on the production
of one or two types only. V.D. M. and Hlma also designed snd
produced compoments for gircraft hydrmilic sysiems. Eron
Prinz specialised in the "ring spring" types of shook absorber
which were hegvy but were popular amonz ops rators becszse no
maintensnce was reguired, Towards the end of the war, howevsr,
Kron Prinz started to develop oleo pmeumatic shock absorbers
tut thelr experience was limited. In principle, 4 reraft
firms were fres to choose their speciglist firm but from
gbcut 1943 the plr Minietry direscted’'new designs to partiocular
ims.

A9 in kmngland, Tas gircersit firms preduced lgyouts Ior
thel r undercarri sgss. The detall design snd rarticulsrly
gh‘a‘b of the shock sbsorber was developed by the spselgist
irma,

4.8 plrereft wheelis. The Gegign, testing anf production
of goroplene whesls was done by V.D.M. end Elektron of Rad
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Canstatt, from which Zlma, Waiblingen was an offshoot in 194Z2.

4.3 proraft Tyres. The design and development of air-
oraft tyres wes dona oy tarse firms, vlz. Continerntal et
genover, Dunlop's at Hanmu and Phoenix at Harburg. seversal
other Tirms meds seroplans tyres but they worked to drewings
or inatructions from these three firmas.

5 V.D.M», Grossauheim, Near Hanaun

5,1 Gensrsl. This firm wes also known gs Continental
Metal, A.G., 8uad it mede landing gesr shock abgorbers, wheals,
trakes snd hydraulic equipment. The faotory wes started in
1942 when the firm separsted from the parent organisastion,
V.D.M. at Heddernhaeim. The Directgr was Dr. Welbel and his
chief Teobnicel Asalstant was Dr. Tonges, both of whom were
interrogated.

The teschnical statf comprised 25 draughismen snd 12
teshniclans employed on stressing or testing work, 10 or 12
fitters were engsged on testlng work. 411 the design work
and testing was done at Grogssuheim where sll prototypes were
made; there wers 8 or 10 subconirsctors producing components
+0 their designs. Apart from hydrsulic asquipment the prod-
notion st Grossauheim wes concentrated chiefly on Ju.88 under-
carrisges of which 450 were made psr month; nose wheel units
for H9.219 and Me.162 were slso in production thers.

V.D.M. designed lending gear for the following types of
gl rorsft:~

Main undarcarrisge snd tellwheel unit

Ma.ll0
Meseler Storeh

Main undercarrisge and nosewhesl unit

He.219 (night fighter tricycle)
He.280 (jet tricycle limited numbsr)

Maln underosrriage

Ju.B8, 188 snd 388 (Kron Prinz ring spring tail-
wheal unit)

Ju.52 amd 282

16.210 and 410 [Klma end Kron Prinz tallwhesl units)

N€.183 {skil urndercerriage)

n,W.169

H8.111 {taiiwheel unlt wes Heinkel with Kron Prinz
ringsi.

He 11]  Shockabaerimy wual



Nosswheal Tnit

H6.162 { jet Tighter, maln nndarcarriage was Elmse
urit &3 for Me.l0%)

5,84.1 Gensrgl. The workshope were wall eguippsd
with maebins toole of genersl purpose tyres; thers
wers not meny special purposs machines. The plant
included heat treatment, welding and chromium plsting
squipment and material testing and chemicael labora-
tories in sddition to squipment for testing hydrauliic
componsnts, wheels and undsrcarrisges.

Iittle demags was caused by bomblng but the
hydreaulic mschins-shop, the development shop and part
of the design offices, comprising roughly 40% of the
plant were wreocked by American ertillery fire at the
erogaing of River Main. Some of the remaining
machine tools have been removed gnd Admerican Army is
taking over part of the plant for vehicle repsir work,

B.2.2 wWelding. The plpnt was well equipped Ior
wolding e was g Siemsns fiask welding machine
whioch hed besn in uss for producilen of Ju.Bf maln
underserriage units for about six months. The flasgh
welé joined two porilons of the outer cylinder of the
ghoekk absorter and the vyroduction time per joint was
five minutes compared with ons hour 20 minutes per
joint when this was made by arf welding pravicusly.
The stsal weas stated to have an ultimata s%rength of
57 ¢o €7 tons par squars inch and pas-eiedsd to have
bsen of thse chramimn ngrganess Lype (wi‘bhcmt molyh-
dennm) . They hef tried a strongsr steel heving an
nltingte strength af 76 tons B r squers inch but the
welding was found %o be too difficudt.

The maximum force which oculd be exerited by the
mgehine waes 20 tons and the sectiongl eraea whieh
could be weldsd waes stated to bz sbout 15 sgquars
inches for soft steel and sbout one~half that ares
fer nigh tersils steel.

According ¢ the chief ergineer very extensive
tsats had besn mads on flash weldsd speclmens bafors
tha method was sdopbed for production and they had
bEad ro trmubies with 1% in sarvice. The records of
the firm were badly dgceged so that it will probably
be fimpossible to obtaln the results of their tests.
It is not known whether their welding spsciaglist
egould be traced.
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mhs plant included Y-ray equipment which, sccording
to the chief enginesr, was ussd at esrlier stages for
redlo exsminsgtion {photographic) of wslds made. Towards
the snd of the war, however, only 400 of the welds wers
X=Toyad.

5.245 Tegb gulpment. They had hed twe drop testing
machined o1 the verticsl slider type; +the lsrger hed a
capaclty of 16 tons. Both hed been daestroyed =nd only
the wreckege was I56I. "he mmchines wers equipped with
air oylinders which could be used to simulate wing 1if%,
but frequently thess were not used end the wsight wes
correctad to represent alrborne conditions a3 in British
practice,

It was statad that wedgss wers ussd to slmulets
dreg loads, but Herr Welbel, whom wa lunlsrrogsted, was
uncertain what angles were uszsd. de sgid that it
dependsd on cheracterigtics of the slrcraft but he d4id
not know wioet these warsa.

Measursments maia wers:-

{i) To%tal %ravel through s yulley (reducing) systen
by a direct pencil rscord on s rotating drum.

(i1) Axle trevel by e gimllsr method, when rsguired.

(1i1) vVertical resction by a hydrsulic pressure unit
or by a plezoelectric unlt {with Cathode ray recorder)
when finer messurenents wars ragulrsd. These megsure-
ments veacotded the resctlion dirsct by plsecing the units
on the ground or btetwesen the undsrcarrisge and the mass
sbove 1%t.

another machine wWas being constructed by Schenk of
Dermstedt which would permit drops on to a rotating drum.

Shoek Absorbers

5.3.1 Degizn of shock =bsorbsr. The early type of
shock absoTber msde by vhls Tirm was the "raudi" or
V.D.M, type waich uses air only as in the Avro Aneon
type of unit (ses Flg.l). 4 urdt of this type was
deslgnsd rscently for the He.l77 main urdercarrisgs.
Gensrally, however, the typicsal desigr of thls firm was
as shewn in Mig.2, end is simller to gome British types.
The orificss were originelly in the form of slots in the
rem, {2.2. 118.110), but latterly a plain drilled oriifice
wes used as thls was found sstisfsctory for most purposes
and aased production.,
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Another type of shock absorber used was sn slter-
native design for the He.1l77 mein undercarrisge and is
a3 ghown in Pig. 3. Gragse was uged in plece of the
more conventionsl hydreullc fluié in $Phis unit chiefly
heceuge the lgtfer ¥as 1D BLoxt Buppiy. it wag aglso
stated to lsak legs under the conditions of zero
pregeure whiclh apply ¢ this ftype of unit undar stetic
condltions.

Gompreassion retles ware 2 ¢z 4 to 1 for maln under-
carri ages axd & or 11 to 1 for nosewhesel units,. Noxmgl
prossures, fully extended were in ths region of 12 1o 20
a_tuea?kew.:suwbqt for srticulated unlts pressurss a8 high as 70 to
80 el i Gn 1286&..

il comprogsion units had been ccansidared but not
pursued dua tc glend troubles and lsck of Time Jor
development. Orifice siZes were gemarally determined
emplrically avd confirmad by drop tasting.

5.3.2 ghook sgheposrbar congtruction. Apart frem the uss
of welding mentionad In paregraph 5.2.2 thelr methods
of constructiorn gre orthedox by British standards.
Towards the end of the war they received considersble
prasgure from the German pr Minilatry to simplify the
Job in order tc cut down production timas, The ume
of hard chromium plating for sliding tubes was maine
tained howsver. Gensrglly their lsnding gsar units
gppeared t0 be hsgvy by British sisnderds.

6, Rilma G.m.b.H., Walblingen, Near Stuttgart

6,1 General. This firm mwads landing gear shock absorb-
ers and hydraullc equipment; 1t was originslly & psrt of
Elektron Gem,b.H., at Bad Canstati, from which it separsted
in 1942-1943 when it moved tc Walblingen. The Director was
Herr Michesl whs was interrogated.

Thelr desigao staff numbersd 40 - 50. All the design
work gnd testing was dons at Walblingen where all prototype
unlts were mada, There were seversl subcontrasctors prod-
upling components to their designs but gpart from hydraulic
equipmert the preduction et Waiblingen wes concentrated
chlefly on F.W.190 and the F,W.152 which was develoyped
from it by Profegsor Teri, The production rate at
wai blingen was 1,000 undercerrisze units ver month and 500
tailwhes]l mnite per manth which was schlsved by 198 men.

The deslgn snd production of whesls and brakes remelned
at Elsktren, Basd Caspgtatt where ths responsible technical
steff ware the Diwector Ur. Bisebign gnd Ing. Burkherdt.
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“he most recent units dosigned at Hlms wers:-

¥eln Iosewhesl Tailwhsol
Undarcarrl gges Units Unit
Me.109 Do« 335 Me.210~41C
MW.180 148 . 268
W.152 AT.234
70« 335
Ma.268
AT, 234 -

nhe firm's policy was to install ampls teat equipment.
5.8 Plant.

6.2.1 The workshops were well equipped with
machins tools of gensral purpose types. Thera
wera not many genersl purpose machines, The plant
included hest treatment, welding snd chromlum
plating equipment and testing laboratorles. The
plant is undemaged but the racords heve bgan lootaed.
The factory is under the control of the Military
Governmant st Waiblingen and the German mansgement
has been turnsd out.

f.2,2 Welding. Tls plant was well equlppsd for
walding There were two A.H.G. Il esh welding
machines, the smd ler of which was stated to have
bheen in use for preduction jobs since 1939-1940.
For some time 1t had besen used regularly for FW.190
mein undsrcarriasge upits for which the steel was
stgted to have en ultimete sbtrength of 57 - 67 tons
per squars ineh ( §mcification No.1604) and was of
the chromium msagensse type (without molybdenum).
The maximum force of the smaller machine was about
15-20 tons and the sectional area whlch could be
weldad was B8-10 square inches for soft steel ard
4.5 square inches for hight ensils steel. The
largeT machine was stated to be ons of the three
lsrgest flash welding machines in Gerpany; 1t was
installsd but not quite reedy for use. Its
maximum force was 50 toms end $he nominal ratsd
capacity was 31 aquare inchas for soft steel.

According to ths chisf snglneer very osxtenslve
tasts hsd been mads on Flash walding befors it was
sdopted for productiocn, partisularly to gesertaln
the best timing ssgquence and "squseze™; thay hsd
hed no troublss with Lt in sarvica. They found
thet generally pressures reguirsd wers about 1.9
tons par squars inch for soft stesl end 3.8 tons
per square inch for high tensile stsel.
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Ae already stated the records of the fim
wore looted sc that 1t will probably be impossible
to obtaln reports of thelr tests. it i not
¥rown whether their weldibg speciaglist counld be
traced.

6.2.3 Test Eguipment, The only machine in uge
up to the 'e'n'ﬁ‘iof the war was a small machina of
8~3 tons capacity. It lg of the vertical gilde
typo snd wes not equipped for wedge drops as
there was very little bracing. It was used for
deve lopment work only, and when Klmas were satis-
fied with the performsnce of s unit it was sent
to fechlin for officiel tests.

FProvielion was made for fully s rborne testis
with alr cylinders.

The only measurements made were reaction (by
& hydraulic unit on the ground) and total travel
by a rack and pinion device. The records ware
mede on rotating drum driven by & synchronous
motor, No electronic measuring apparatus had
been tried and Dr. Mlchsel was not in fevour of
this type of measuring sgpparatus.

The new tsst bullding had bsen constructed
to contain two drop testing mechinses, a 150 ton
rress and a pulsator for fatigue tests. Ths two
drop testing machines were to be arranged on
smiwFcarriages so thet either comld be used to
drop test units on to 8 central rotating drum of
S metres dlameter or on the ground. The machines
wers made by Xarl Scherk of Darmstadt; the largest
drop mass of the =smegllar machine wes 5 tons ard
of the lerger machine 80 tons. The 5 ton mschine
had besen delivered but not assembled, The 20 ton
macktine was stated t¢ bs under construction. 1Its
halght wes sald to be about 12 metres. The 150
ton press was being mgde by M.A.H. of Nuremburg.
The pulagtor was btel ng made by Losenhguen of
Duaseldorf.

A testing machine wgs used for repetition
tests on the ssaling rings of shook sbsorbsrs gnd
jeoka. The stroke wass 400 mme. but the mschine
was arranged so that smsller gtrokes than thess
counld be used. The normg endurence test was
taken as 10,000 strokes.

Shock shgorbers

6+3.1 Design of shock absorbers. The general type
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of shock shsorber design was similar to that made
by V.D.M. {Fig.8), but thay had also developed a
negt design of a Type not sean much in thig
country {(Fig.4), Its mein sdvantsges wers siated
to be sass of production and small hydrsnlic fluid
aontant,

The use of gresse wss not favoursd by thls
company a8 no sdvanteges could be szesn snd filling
would bo difficult with the types of unit mamfac-
tured by thig firm,

agrifice sizes wers detarmined from the shgpe
of the load deflsction curvaes raquirsd {Method
not gtated but probebly similar to that in use in
Britsin).

Dr. Michsel hezd ypreviously dons some work on
pradiction methods which had bzen published in
"uftfehrtforschung® 1937, but it seomsd thet 11ttls
work of this type had baen carrisd out by the
designers of undercarrisges during the wer period.
It was stated that the thsorstical lnvestigstions
had besn continued by D.V.L. (Kochanowskl) but
thers had besen littla contset with industry.

Dr. Michesl wes of the opinion %that the laew
zovarning ths comprosslon of alr in shock
sbgorbers was nsither simply =adisbatlc or }so-thermal,
out that the valus of v 1ln the squation pv™ =
congstant stsrtsd at 1.3 at the beginning of the
stroks and dscreased to 1.0 at full compression.
No experimentsl confirmation of this was given.

5,3.8 Shook absorbar construction. Apart from
the use oL woidlng mentionsd Ln paragraph 6.2.2
their methods of constrmction srs crthodox Ly
British stsnisrds. Towmards the end of thse way
they raceived considsrable prassurs from the
Serman AlY Ministry to simplify the jeob in ordsr
to cgut lown production timas. in g ternativa
mothod of making FY.190 undsrearriszges had hsan
introduced in which ths outar cyliandsr was flazb
weldsd in two places and was built up from =
circulgr ssctlion by bosgses attached by welding in
plase of the origlnel forged varsion. The FW.130
ahock gbsorber contzing sn Lr arsstine form of
galf aligning hothom bsaring made up of rocking
HeEmant . Fonlng cporations maras omittsd alto-
gather and ground horas wera ussd. Tha hard
chromium plating 1/100 - 2/100 mm, thick was
retginsd, however, on the sliding tubes. A8 an
axample of low production times the i®.862 shock
ataorbar snd Jack were being mads In a totsl ilms
of 100 man hours by ons of Their suvcontravtors -
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Opel, Frenkfurt, Generglly thelr lgnding gesr
units appearsd to be heavy by British standsrds.

T Landing gear design

1

ol Miscellanscus vublstendliag proulemns

-

Teledl It appears that the effect of large drag
forces gt touon dewn due Vo splnning up of the
wheslg haa recently become s mariéws problem.

The Germsgna consider that this was malnly due to
the high landing speads of thelir siroraft ocompared
with those of the Britigh - they quoted figurasg of
200 - 220 k.p.bh. for thelr jet aircraft.

The drag forces thus persist for a conslder-
able time, during whioch the shock sbaorhsrs mre
Jammed by friction effects resulting from the drag
component, 80 that the whole impaot of landing wae
taken on the tyre. This resulted in bettaming of
the tyre =srd subssquent failure.

This state of affsirs wses slmost cstastrophic
on Me,.262 at firet, on which only s few (5 or 6)
landings could nommally be made bsfore tyre
fallure ocourred. Ar.224, TW.190 and other sir-
oraft wers mentioned as having high failure rates
from this cause.

Scme mention was made o0f the fTact that
lnexperienced pilote tend to lend tricycles famter
then necsasary which mccentuateg the problem.

_ Two gpprosches were made to the solution of
tkis problem, FPirstly etops were taken to improve
the functionsl qualities of shoock sbesorbers under
drag condltionz, and to incremse the tyre strength,
and gecondly, thay ware trylng out the possibllities
of spinning up the whsels before landing.

The firset mods of ildprovsment met with some
guccass, In the cege of the FW.190, increasad
shoock abaorber btearing cenmtres, s spscisl lowar
bearing, and repositioning of ths torsion links in
front of the leg produced a substantisl improve-
ment. In the cgse of the Me.26R,tests showed that
by lowering the tyrs pressureX and increasing the

X it 1z mot underatood why this redmnction of tyre pressure
{from 75 to 60 pes.i) should heve resulted in much improve-
ment. It is suspected that 1t may have been made simuml-
tanecusly with a reduction of shodk ghsorber pressurs. (See
interrogation report of Herr Helmschrott) and some mention
was also mede of contrifugal effects on tyre stiffness which
they thought was Increased at speed,
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number of plies in the tyre a more satisfactory
stats of affalrs could be Obtalned.

The gecond mods of ilmprovement (i.e. pre-—
rotgtion of the wheels) had not been fully explored.
Phe gensrsl opinion was that elactric or hydrsulic
motors, although they do the Jjob effactivaly, are
tco heavy and complicgtaed for general uss, ani they
thought that a flapping type of vane =s projected
for Ma.262 production was & bettsr solution.

Thls had been flight tested at Hechlin end gave
peripheral speeds of 140 k.p.h. for an gpproach
spaed of £50 k.p.h.

general opinion had not crystalllsed on
the best line of attack. Improvemant in under-
carriage layout wes Tregardmd as the sest solutien
but faillng this prerotation of wheels was consid-
ered desirsble, hut not at the expense of excegs-
ive compliscation. (¥.B, From a curscry luspec-
tion of some drawings it eppears that their bear-
inz centres gre short compared with sritish
practice and 1t is our opinion that this 1s res-
rongltle for much of their difficulty). When
askad sbout reduction of abrasive wesr dus t0
gpinning up they said thet such wear would de
reduced, btut it was olear thpt thelir mein problem
wes to prevent failure of the tyre by bursting
for the reasong described.

The general adoption of drop testing
mechines which could operate on to rotsting drums
was a clear indication of the importance of thils
problem to the Wermans.

7.1.2 Nosewheel strength and snergy abgorption
criterla sppeared to be in an unsatisfaotory
gtate. yone of the unndercarrisge personnel
interviewed had much information on the way in
which these wers determined, but the f& lure rate
of nosewheals wss apparently not serilous.

Tedsd Shimmy. Kosewheal shimmy had caused &
certaln smount of trouble whilch was cured by
hydrsilic shimmy d#npers. VDM seld they
slways incorporated hydraulic shimny Q&nPars in
their designs, and the fluld was removsed from
these during prototype tests to determine wiatne
z.lzivgas necessary to embody dsupers in productlion
Se
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Theoreticsl studiesg of shimmy hed besn made
by Profassor Promm of the Technicsl High School,
Aachen snd & professor of the Technical High School,
Darmetedt, sceording to informeticn recsalved.
Profassor Kamm of Stuttgert Technical High School
had basn irvolved in much practicsl work on the
prohlem.

7.1.4 we,163 Skid undercarriasge. This proved
unsetisTactory for tTwo reasons:- - :

(1} The =mireraft was immoblle sfter land-
ing which resulted in corgdegtion of the
landing strip.

(11) Ths skid was harsh in operstion snd
hsd causgsed injury to the pilots on
lgnding. his was partly due to the
ahsence of the cushioning effect
obtginsd from ths tyre, and psrtly dus
to the complicated shocik absorber-
retrgctlion jack combination whioch
1imited the initial flow of fluid in =
magnnar diffiecult to ovsrcoma. Krxper-
{ence hsd indlcsted that sccelerations
of the order 6g wore experienced fairly
often st touch down, &nd & specisl
sprung seat was introduced to reduce
injury to the pilot.

7.6 Landlpg gesr layoutl

Tha Cermans' unfortunsts experlience with the largs drag
forces st touch down mentionsd in paregrsph 7.1.1 hes
colonred thelr outlock on undercarrisge layout. Both flrns
visited sxpresssd a prefersncs for sriiculsbed srramgements
in which ths shock sbsortsrs would function when large drag
forces ars prosent. Por the same reeson, prasumably, ths
opinion was held that thz bast setting for a cantilsyver unit
wag ©o inmolime 1t st sbout 20° (but not mors than £59); ths
inpartgnes of obiaining adequate Moveriap" was recognised.

For noss whesl unitg the bassgt ilnelinzgtion for cantilasver
units was ragsrded as 18% = 150,

7.3 TLanding gesr rsqulremeanis.

These were stebed gensrally in "Bsuvorschriftsa fur
Luftfehresnge™, last lssusd In 1936, and which had bsen
gmanded from time te time, We wera unszble to obteln a copy
of *his or of the relsvant gmendmsnts. Thase rsguirements
were Lssued by Prufstells fur Iuftfshrzenge. Borlin-sdlsrshof
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and the chief man conscernsd was Oherstabsinginieur
v.Pﬁé?rim. Tha men concerned with the undercerrisge side

wes . Haupting Xasperelt.

Such information =s was obtsinsd on the undercarrisge
requirements is given below

7.3.1 TvVarticgl velvoity snd energy absorption. Tha
original Feqal rements derined the verfIcE% velocity as
corregponding to the sinking speed of the alrcrsft ab
stalling speed, engine off, When this besams too
large to be practicsble, a certaln pPercentsge, gensrally
60% to 90% was 1lgid down by D.V.L. for each alrcraft
according to ite dutiss. {As the siroraft weight
inoreased and 1t was no longer possible to meet the
requirememts, arguments ensued over the poercentaze of
stalling sinking speed to be uwsed).

?hia velocity &eterminsed thae limit lending condltion,

The energy absorptlon was then tased on this
veloeity and the statio load on the undsroarrisge;
alrborns condltions ware assumed. In sddition it was ek
required thet 507 addltionel ensrgy should be absorbsd
betwean limit and ultimate conditions.

et

1t sppesrs thst the energy sbsorption conditions cu{B
neoded Uy be proved under conditions of zero drag and
gide load,

7.3.2 8Streangth pnder lgndi conditions. For the

maln undeToarT1age LNore were three maln streseing cases
as shewn in ¥.q &SI The maximum vertical reaction, P,
wag deotermined schreugh tha requirsd ensrgy absorption
and svailable stroke, which was glven by the sircraft
firm. In gaepneral P wss between 3 and 4 times the
static losd on the undercarrisgs.

An ultimate factor of 1.5 was reguired on limit
logds for ultimate strength on the undsrcarriasge and
g Tactor 1.8 to 2.0 on the rest of the mirfrems. A
fgetor of 1.35 was regquired on the structure for 1limif
condi tions. Thers was 2lso a 4rift lending csse of
which no detslils were obteinsd.

7:3.3 Strength unier taxying conditions. Two cases
warg mahtiaoned It nw detsils zlven. Thege ware -

(2) Stratght taxylng at teize-off welght.
{b) Curved texying for which the side l¢ed hed
baen doublsd during the war ysars.



7e3.4 Telilwhsal unitas. The tailwheel unlt energy
ehaorpticn was vesed on the stetic loesd sbove the tall-
witesl and the same weloclty as the main undercarrisge.
Ho dstalls wers obtained on drsg and slde loads.

Te3.5 Hozewheel unlts. It =appesared thset requirsments

for nosswnesls was still in g stetes of flux, The undsr-

cgrriags fimms stabed that ganerally they were provided

with s vertical velcclty and snergy absorption bty the

purent flrm, ard ‘they thought some formulae were evolved

for this purpose. A% 7,D.M. 1t wes stated that nose-

whesl static losds wore gengrally 8 %o 107 of the alr-
craft weight snd that the tUnfactored dynamic noge-

wheel lopds were usually about ten times the' atatlo.

No further detslls were ohialnsd.

8. Al reraft wheels

8.1 Genaral. The largest siroraft wheal asnd tyrs
combinatioll made was 1600 X 600 mms,., two of which were used
on M.890 welghing 40 -~ 50 tons. Thi s equipment was msade
gnd tried but not in large quan tities. The German opinion
was that as the size of aircraft incressed designers would be
more likely to uge a grester number of small wheels than ask
for larger wheel and tyre egqulpment. In & projected dsvel-
opment of the Ju.290 it wes intended to use four wheels,

1450 x 550 mmg., for g statlec loed of 14 tons psr whesl,

B.2 wheel strength. Two strength tests on wheels hsgd
baen usged, gn sndurance test snd a statio test. The andur-
ance Test wae mads wlth & tyre in plece gnd the combinstion
was driven by a drum gtgndardised at & metres disemeter for
g distance of 5,000 kem. at s speed of 3 k.m. per hour.

It was undaratocd thet wheels rerely fsiled on this tsgt but
tyr§s d1d and stopping times were allowed for the tyres to
cool.

The gtetlc tast was made with the tyre deflsbed, the
nominsl fecter required on gtatic losd btsing st lsast 5.0
and the strength schleved was usuelly much hligher than 6.

Apart from whesl tropubles dus to overhseting of brakes
or to bottoming of tyres, German ssroplens wheels wsre
stated ti have ggnerslly bvean ssatisfactory in mervics.

8.3 Whesl brakes. The design and tegtlng of whsesl
brekes hgs been deegll with by the wheel brake tegm snd wilil
be covared by s separate raport.

At Hlektron G.m.b.Z the opinlon wsgs held that their
multiple dise type brsks in which sltsrunste discs wers
chromium plated and faced with "powdered lron" wes far
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superlor to ths snoe brakes usuglly ussd.

9. Alrorgft tyrsesg

9.1 Design firms. It was sscertainsd that sircrsit
tyre dsesigd development in Germany was Iin the hands of
three firms, viz.,

Continantel, Hanover.
Deutsche Dunlop, Hanau.
Phoenix, Harbursz,

gevaersl other firmg made aireralt tyres but they ectsd under
the guldance snd instructions of ons of the three firms
alrosdy mentioned. The gircraft fyre team is visiting
these Larzets and s sepsrate report will be lssued.

9,8 Tyre troubles. In parsgraph 7.1.1 particulsrs
are glven O Werman troublea due to the largs drsg forces
arising from high landing speed. Thess troubles were
ghewn up at once by high tyre fallure rates. Semersglly,
Messerschmitt types gave mout troubles with tyres becsuge
thet firm consistently overloadsed tyres 1n an sndesgvour
to keap wheel size amaell for ease of stowags. The meximum
tyre pressuresg in general use wore gbout 4-5 stmospheras.
o indicgtion was obtelned of any tendency to use higher
prossures presumably becsuse thelr asrodrome surfeces are
not so good as in this country where much higher pressures
ars prepossd.

T.F. & 5. LTD., NOTTM.
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TABLE | FiG S

CASE |
P NO DRAG

Pu = MAX REACTION OBTAINED FROM DROP TesT

CASE 2
DRAG THRY <.G

<.

CASE 3
DRAG BEWIND &.G




